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OCTACHLOROCYCLOTETRAPHOSPHAZA-
TETRAENE WITH GLYCEROL.}

HOMAID A. AL-MADFA and ROBERT A. SHAW*

Department of Chemistry, Birkbeck College (University of London), Malet Street,
London WCIE 7HX, U.K.

(Received October 17, 1988; in final form November 28, 1988)

The reactions of hexachlorocyclotriphosphazatriene and octachlorocyclotetraphosphazatetraene
with glycerol give rise to spiro-bridged derivatives, N,P,ClJOCH,CHO(CH,0)|N,P;Cls and
N,P,CI[OCH,CHO(CH,0)|N,P,Cl,, as well as a spiro-monodentate derivative, N,P,Cl,-
[OCH,CHO(CH,OH)]. N.m.r. investigations of these products are reported.

The reactions of hexachlorocyclotriphosphazatriene, N3P,Clg, (1), with mono-
functional reagents, have received a great deal of attention.”> Those of octa-
chlorocyclotetraphosphazatetraene, N,P,Cl;, (2), have also attracted interest.>
The reactions of difunctional reagents, mainly with compound (1) or its
derivatives, have recently come to the fore.*® Only one study, that by Labarre’s
group in Toulouse, has been devoted to a trifunctional reagent. This
is the reaction of compound (1) with a triamine, spermidine, H,N(CH,);-
NH(CH,),NH,.”® Only one product (3), was reported from this reaction’ and
this was shown by X-ray crystallography to have a six-membered spiro ring (3A),
involving one N;P; moiety and a bridge to a second such unit.? No evidence was
found for the isomeric product (3B) containing a seven-membered spiro ring, or
for monodentates based on (3A) or (3B). Both, six-membered and seven-

membered spiro rings, are well documented in phosphazene chemistry.® !
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t Presented in part at the 4th International Symposium on Inorganic Ring Systems, Université
Paris-Sud, France, September 1985.

PS. 4512 A



18: 40 29 January 2011

Downl oaded At:

2 H. A. AL-MADFA AND R. A. SHAW

RESULTS AND DISCUSSION

From the reaction of the hexachloride (1) with glycerol we isolated an oily and a
crystalline product. The former was shown, by HPLC, to contain small amounts
of the known five-membered spiro derivative, based on ethylene glycol,
N;P;{O(CH,),0]Cl,, (4).>'" Analytical data of the major product from the oily
fraction indicated a composition corresponding to N,P;Cl(O,CsHg). The mass
spectrum showed a parent ion peak at 348. It had an isotope pattern characteristic
of four chlorine atoms. Hydroxy compounds are known to lose water (—18) and
to pick up a proton (+1) under mass spectrometric conditions.'”"* Adding 17 to
348 gives 365, which corresponds to N;P3°Cl,(O,C;He). Two isomeric structures
(5A and B) would be in keeping with this.

/(H,OH HO\(/"I

HyL—Chy Hy(— Ch me” e CHy

7N R o we” o,

O\P/O 0\p/0 O\P/ '|J 01

Z ™~ 2 P72aS ~p

N N N N N N 4?P\\
= b G o) e o I a

~ NS

a” ™7 Sa a” v o a” X Da P 7

(4) (5A) (5B) ()

The *'P n.m.r. spectrum of compound (5) [8 Pspiro 24.7, 6 PCl, 26.2 p.p.m.,
’J(PP) 64.7 Hz) (Figure 1) was closely similar to that of the five-membered spiro
derivative (4)° [6 Pspiro 24.4, 6 PCl, 26.15 p.p.m., *J(PP) 67.4 Hz] and very
different from that of its six-membered analogue (6).° Clearly, by analogy the oily
derivative must be assigned the five-membered spiro structure (5A). The
chemical shift values of the Pspiro and PCl, nuclei and the proximity of their
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FIGURE 1 *'P{'H} n.m.r. spectra of compounds (4), (5), and (6) (CDCI, solution, room
temperature at 24.15 MHz).
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chemical shifts point decisively to a five-membered spiro moiety.® A relationship
between *'P chemical shift and OPO bond angles (and hence ring size) in PN,O,
tetrahedra has been demonstrated.'' In studies of the reaction between benzal-
dehyde and glycerol the product based on a five-membered ring (oily) predomin-
ated over that with a six-membered ring (crystalline).'*

The crystalline product (7) had a composition corresponding to
NgPs(0,C;H;)Cl and its mass spectrum confirmed this (parent ion at 674). Two
isomeric structures (7A and 7B) would fit the above. The *'P n.m.r. spectrum of
compound (7) [6 Pspiro 24.2, § PCl, 26.25 p.p.m., 2J(PP) 66.1 Hz (spiro moiety),
6 PCI(OR) 16.8, 8 PCl, 23.5 p.p.m., 2J(PP) 65.2 Hz (bridged moiety)] resembles
closely the superposition of that of the oily product (5A) (and also of that of
compound 4) and that of the monoethoxy derivative, N;P,CIs(OEt)."> This
strongly suggests that this derivative too is based on a five-membered spiro ring
and this was confirmed by X-ray crystallography.'® Thus the crystalline compound
has the structure (7A) and like the oily derivative is based on a five-membered
spiro ring. From the reaction of the octachloride, (2) with glycerol we isolated
only one compound, a crystalline one (8). Its elemental analysis corresponded to
NgP:Cl,;0,C;H; and its mass spectrum (which showed the presence of 13
chlorine atoms) confirmed this. Again we must consider for this spiro-bridged
derivative two isomeric structures (8A and 8B).
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The *'P spectrum is complex [& Pspiro, 7.8, 6 PCl,(2) —2.8, 6 PCly(1)
—4.7p.p.m., 2J(Pspiro-PCl;) 58.7, 2J(PCl,— PCl,) 28.2Hz (spiro moiety),
8 PCI(OR) —6.4, 8 PCL,(2) —3.9, 8 PCly(1) —5.9p.p.m., 2][PCI(OR) ~ PCl,]
31.2, %J(PCl,—PCl,) 52.1Hz (bridged moiety)], but indicates six groups of
absorption signals. One would expect two independent patterns of the AB,C or
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AB;X type. The proton coupled spectrum reveals an additional quarted fine
structure at & 7.8 and an additional tripiet fine structure at § —6.4. Thus the
former can be assigned to the Pspiro group, the latter to the P(OR)CI moiety.
There appears to be no data available on five-membered spiro derivatives of
compound (2) e.g. N,P,Cl4(O(CH,),0]. However, the six-membered analogue,
N,P,Cl{O(CH,);0], (9) has its Pspiro absorption at 6 —10.5."” In the cyclotriphos-
phazatriene series the Pspiro absorption for the five- and six-membered groupings
occur at 624.5 and 3.4 respectively. The former thus absorbs 21.1p.p.m.
downfield from the latter. In the cyclotetraphosphazatetraene group, compound
(8) has its Pspiro absorption 18.3 p.p.m. downfield from compound (9). Clearly
the former has the structure (8A). The absence of a monodentate derivative,
under our experimental conditions, is presumably related to the greater reactivity
of the tetramer towards nucleophilic attack compared to that of the trimer.
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Comparing the reactions of our tri-ol, glycerol, with that of the tri-amine,
spermidine, we make the following observations. (i) In reactions with the
hexachloride (1), we were able to observe and isolate a monodentate derivative
(5A) with the tri-ol, none was reported for the triamine, presumably due to the
greater reactivity of the latter. (ii) Having the choice between a five- and a
six-membered spiro ring, the tri-ol prefers the former. By contrast, the triamine
favours the six- over the seven-membered spiro moiety. Monodentate derivatives
of bifunctional reagents have been previously reported.'®'

EXPERIMENTAL

The starting materials (1) and (2) were obtained as gifts from Shin Nisso Kako Co Ltd. All solvents
used throughout this work were obtained from May and Baker Ltd. Glycerol and deuteriated solvent
(CDCl,) used for n.m.r. spectroscopy were obtained from Aldrich Chem. Co. Ltd. Pyridine, silica gel
60 for column chromatography and silica gel 60254 tlc plates, with layer thickness of 0.25 mm, were
obtained from BDH Chem. Co. Ltd. All reactions were monitored by using silica gel 60 precoated tic
plates and developed with ninhydrin (0.5% w/v) in butanol solution. To separate the products column
chromatography was used (packed with silica gel mixed with a suitable solvent). The amount of silica
gel used depended on the particular separation being carried out. However, 50 g of silica gel were
normally used for each gram of the mixture to be separated. Melting points were measured on a
Reichert-Kofler micro heating stage fitted with a polarising microscope.

Mass spectra (electron impact) were recorded on a VG 7070H mass spectrometer with Finnigan
INCOS data system (University College, London) and VM 7070 and VG ZAB 1 F double focussing
mass spectrometer with UV chart recorder system (The School of Pharmacy, London). 'H n.m.r.
spectra were recorded using a JEOL FX-200 spectrometer (operating at 199.5 MHz), a Bruker
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WH 250 spectrometer (operating at 250.48 MHz, Kings College, London) and a Varian XL 400
spectrometer (operating at 399.95 MHz, University College, London). Samples were dissolved in
CDCl, and placed in 5 mm n.m.r. tubes. Measurements were carned out using a CDCl, lock, TMS as
internal reference and sample concentrations of 15-20 mg/em®. *'P n.m.r. spectra were recorded
using a JEOL JNM FX-60 spectrometer (operating at 24.15 MHz), Varian XL-200 spectrometer
(operating at 80.98 MHz, University College, London) and a Varian XL 400 spectrometer (operating
at 162.0 MHz, University College, London) with 85% H,PO, used as external reference. Carbon-13
n.m.r. spectra were recorded using a JEOL FX-200 spectrometer (operating at 50.10 MHz), and a
Bruker WH 400 spectrometer (operating at 100.62 MHz, Queen Mary College, London) and a Varian
VXR 400 spectrometer (operating at 100.577 MHz, University College, London), TMS was used as an
internal reference.

The reaction of (1) with glycerol. Pyridine (4.1g, 51.90 mmol) was added dropwise to (1) (9g,
25.86 mmol) in dichloromethane (200 cm®). To this solution glycerol (2.4 g, 26.09 mmol) was added
dropwise. The mixture was left to stir approx. 24 h at room temperature. It was then examined by
tlc; three components were observed. The solvent was removed in vacuo. The residue was then
applied to a chromatographic column.

The column was first eluted with a mixture of CH,Cl,/n-hexane (7:3), which eluted first, starting
material, (1), (30%). Following this, an oily fraction was obtained, which was characterised by mass
spectrometry and n.m.r. spectroscopy as the monodentate derivative (SA), yield 0.36 g (4%). The
eluent was then changed to diethyl ether and this eluted the third component. This was recrystallised
from benzene to give (TA), m.p. 96°C, yield 0.8 g (9%). [Found: C, 5.3; H, 0.8; N, 12.4%; M™* 674.
C,H;O;N(P(Cl, requires C, 5.3; H, 0.7; N, 12.4%; M (for C;H;O;NP> Cly) 674]. By using hplc
(25c¢m x 11 mm ID column system usmg S-20 m silica gel, 25% ethyl acetate in petroleum spirit as the
mobile phase and a flow rate of 5.0 cm®/min) compound (4). [Found: C, 7.1; H, 1.2; N, 12.5%; M*
335. Calc. for C,H,O,N;P,Cl, C, 7.1; H, 1.2; N, 12.5%, M (for C,H,O,N,P3* Cl‘) 335] was isolated in
small yield from the oily fraction, whlch contained mainly the monodentate (5A). Ethylene glycol
could not be detected in the original glycerol by mass spectrometry.

The reaction of (2) with glycerol. Compound (2) (5g, 10.78 mmol) was dissolved in dioxane
(200 cm®). Pyridine (6.95 g, 87.97 mmol) was added dropwise. Then glycerol (8.1 g, 88.04 mmol) was
added dropwise. The mixture was allowed to stir at room temperature for 24 h. Some insoluble
residue resulted. The solution was filtered and the solvent removed on a rotary evaporator. Tlc of the
residue showed the presence of starting material, (2), and one other compound. The residue was
dissolved in dichloromethane and placed on a chromatographic column. Elution with dichloromethane/
n-hexane (7:3) gave first starting material, (2), 40%, followed by the tetramer bridge compound
(8A), recrystallised from benzene, m.p. 195°C, yield 0.75 g (15%). {Found: C, 3.9; H, 0.6; N, 12.5%;
M* 903.4339. C,H;O;NgPsCl;; requires C, 4.0; H, 0.6; N, 12.4%; M (for C;H;O,N.P¥Cl,,)
903.4337].
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