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A new olefin-substituted tetrachlorocyclof$-phosphazene (NPINPPH C[OC(O)Me=CHy} (4) and an unigue
bicyclo-15-triphosphazene [(NPQLNPPr,C(OH)Me ) have been prepared from the reaction of MeC(O)CI
and (NPC}).NPPrH in the presence of . Exclusive formation ot could be achieved by using an excess of
both EtN and MeC(O)Cl. The phosphazene ringsSimre bridged by one carbon atom. The presence of this
C(OH)Me bridge induces an asymmetric environment which renders the isopropyl ligands no longer equivalent
under NMR conditions. Crystals &f are monoclinic, space groug2:/n, with a = 13.158(1) A,b = 9.555(1)

A, c=14.859(1) A5 = 115.502(6), V = 1686.1(3) B, andZ = 4. Crystals of5 are monoclinic, space group
P2i/c, with a = 13.255(2) A,b = 12.050(2) A,c = 16.280(2) A8 = 98.91(1}, V = 2568.8(7) R, andZ = 4.

Introduction of a new 1,1-disubstituted alkene (NRGNPPHC[OC(O)-

i ) ) Mel]=CH} (4). In addition a compound with formula [(NPg3
Olefin-substituted chlorophosphazene rings have proven to NPPrL,C(OH)Me () could be isolated, which is the first
be very suitable for radical (co)polymerization reactions resulting representative of a new class of compounds in which two

in hybrid inorganie-organic polymerd=* In contrast to the cyclophosphazene rings are bridged by one carbon atom.
well-known polyphosphazenes in which the backbone consists |, this paper the synthesis and crystal structured ahd5

of alternating phosphorus and nitrogen atoms, these polymers,jj e discussed. The polymerization and thermal behavior
have a carbon chain backbone with the cyclophosphazene ringsy¢ 4 will be described elsewhere.

as side groups. Due to their special architecture these systems

exhibit interesting thermal propertiésMoreover PCJ groups Experimental Section

can be used in further substitution reactiéns. ) ) ) ) )
= he li it is k hat hvd h h Materials and Instrumentation. All reactions were carried out in
rom the literature it Is known that hydro phosphazenes act an atmosphere of dry oxygen-free nitrogen using standard Schlenck

as nucleophiles in addition reactions due to their polar phos- techniques. Hexachiorocyclotif-phosphazene was kindly provided
phorus-hydrogen bond. By utilizing this route, it is possible py Shin Nisso Kako Co. and purified by recrystallization frathexane
to link phosphazene rings to a wide variety of functional groups (Merck). 1-Isopropyltetrachlorocyclotfi®-phosphazenel] was syn-
as olefins, thiocyanates, ketones, and aldeh§desall cases thesized according to the literatureTriethylamine (Merck) was dried
the phosphorus attacks at the electron deficient carbon centeron KOH and distilled from KOH under nitrogen. Acetyl chloride (98%,

Alternatively, hydro phosphazenes can react with alkyllithium Janssen) was used as received. Tetrahydrofuran (THF, Janssen) was
reagents to generate phosphazeno arfions. distilled from sodium/benzophenone prior to use. All other solvents

In search of novel routes for the synthesis of chlorocyclo- were purified and dried by conventional methods.
Y y NMR spectra were recorded on a Varian Gemini-200 spectrometer

trlphlosphaz.ene. precursors with polymerizable groups linked to operating at 199.984), 50.29 £3C) and 80.95 ¥P) MHz. CDCh

the inorganic ring by a phosphorusarbon bond, we have (*H and *C) was used as internal standard. (NfiCh CDCl; was

investigated the use of hydro cyclotriphosphazenes. In our applied as external reference #P spectra. High temperatutid NMR

approach we allowed a monohydro phosphazene, (N#PG?- experiments were performed on a Varian Unity 500 spectrometer

PrH (1), to react with MeC(O)CI. This resulted in the formation operating at 499.862 MHz. Elemental analyses were carried out at

the Microanalytical Department of the University of Groningen.
Preparation of N3PsCl4(i-CsH7)C(OC(O)CH3)=CH, (4). Acetyl

® Abstract published if\dvance ACS Abstract€ctober 1, 1996.
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Cl, 34.85. 'H NMR (CDCly): 1.19 (dd, 6 H, Mez3Jpy = 20.7 Hz,
8Jun = 7.1 Hz), 2.07 (m, 1 H, CH), 2.23 (s, 3 H, C(O)Me), 5.81 (dd,
1 H, =CHj, 2Juy = 2.4 Hz,3Jpy = 31.7 Hz), 5.99 (dd, 1 H=CH,,
234n = 2.4 Hz,3Jpn = 10.5 Hz). 3C{'H} NMR (CDCL): 14.0 (Me),
20.8 (C(O)Me), 28.4 (dt, CH\Jpc = 97.7 Hz,%Jpc = 4.0 Hz), 119.2
(d, =CHj, 2Jpc = 20.4 Hz), 148.2 (d, €, YJpc = 146.5 Hz), 167.7
(C(0)). *P{'H} NMR (CDCl): A2B type, 19.4 (PG), 30.5 (POrg),
2Jpp unresolved.

Preparation of [N3PsCl4(i-C3H7)].CCH3OH (5). A solution of 0.16
g (0.5 mmol) ofl and 50uL (0.36 mmol) of EtN in 10 mL of THF
was cooled to-40°C. Acetyl chloride (4QuL, 0.56 mmol) was added
quickly to the stirred solution, and the temperature was allowed to rise
slowly to room temperature. After the mixture was stirred for 18 h at

that temperature, the solvent was evaporated, and diethyl ether was pcaica 93

added to precipitate the salts. After filtration the ether was removed
in vacuo, and the crude product, which consisted,of, and5, was
further purified by flash chromatography (silica gel 60 mesh-230
400; eluant hexane/THF 85:15; elution ordeb, and4). Yield: 0.05
g (0.07 mmol, 29%) of a white solid with mp 17476 °C. Anal.
Calcd for GH1¢ClsNgOPs: C, 14.05; H, 2.65; Cl, 41.48. Found: C,
13.91; H, 2.74; Cl, 41.47*H NMR (CDCly): 1.27 (dd, 6 H, Me3Jpy
= 20.0 Hz,3Jyy = 7.1 Hz), 1.33 (dd, 6 H, M&Jpy = 19.3 Hz,3Juy
=7.1Hz), 1.80 (t, 3 H, Me3Jpy = 15.1 Hz), 2.50 (b, 1 H, COH), 2.65
(m, 2 H, CH). *3C{H} NMR (CDCls;): 16.2 (CHMe), 16.6 (CHMe),
20.6 (C(OH)Me), 29.3 (dt, CHMe 1Jpc = 83.6 Hz,3Jpc = 3.0 Hz),
29.3 (t, COHMe 1pc = 64.5 Hz). 3'P{'H} NMR (CDCl): A:B type,
19.0 (PC}), 48.2 (POrg), 2Jpp unresolved.

X-ray Structure Analysis. Transparent colorless crystals®d0.07
x 0.38 x 0.52 mm) andb (0.10 x 0.12 x 0.15 mm) were used for
characterization and data collection. The crystals were glued on a top
of a glass fiber and cooled to 130 K by using an on-line liquid nitrogen
cooling systerfhmounted on an Enraf-Nonius CAD-4F diffractometer
interfaced to a MicroVAX-2000 computer. Unit cell dimensions and

the orientation matrix were determined from a least-squares treatment

of the setting angles of 22 centered high-order reflections from various
parts of reciprocal space in the range 16.6 < 24.3 for 4 and of 22
reflections in the range 14.4 60 < 15.4 for 5 in four alternative

settings respectively. The spacegroup was derived from the observed

systematic absences. Reduced cell calculations did not indicate any

higher metric lattice symmetf},and examination of the final atomic
coordinates of the structure did not yield extra metric symmetry
elements?13 Crystal and/or instrumental instability was monitored by

measurement of the intensities of three reference reflections that were,

collected after ever3 h of X-ray exposure time; there was no indication
of crystal decomposition. Intensity data were corrected for Lorentz
and polarization effects and scale variation, but not for absorption.
Varianceso?(l) were calculated based on counting statistics and the
term (P?12) whereP (=0.020 and 0.030, respectively) is the instability

constant as derived from the excess variance in the reference reflec-

tions1* Equivalent reflections were averaged and stated observed if
satisfying thd = 2.50(l) criterion of observability. Pertinent numerical
data on the structure determinations are given in Table 1.
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Table 1. Crystallographic Data fo4 and5 and Details of the
Structure Determination

4 5
chem formula GH120|4N302P3 CgH]_gClgNeOPG
fw 404.92 683.74
space group P2:/n P2i/c
a, 13.158(1) 13.255(2)
b, A 9.555(1) 12.050(2)
c A 14.859(1) 16.280(2)
B, deg 115.502(6) 98.91(1)
v, A3 1686.1(3) 2568.8(7)
A 4 4
A 0.71073 0.71073
1.595 1.768
F(000), electrons 816 1368
u(Mo Ko, cnrt 9.9 12.7
no. of data: tot., unique 7460, 3669 6204, 5236
no. of data obsdl (= 2.50(1)) 3283 4427
no. of refined params 210 335
R, R/ 0.048, 0.055 0.040, 0.055

AR = J(IIFol — IFell)/2IFol; Ry = [X(WIFo| — [Fc))?/%|Fol?*2

subsequent difference Fourier synthesis resulted in the location of all
the hydrogen atoms, which coordinates and isotropic thermal displace-
ment parameters were refined. Fdhree strong, low-order reflections
were excluded from the data set in the final refinement. The crystal
of 5 exhibited some secondary extinction for which thealues were
corrected by refinement of an empirical isotropic extinction paraméter.
Final refinements o were carried out by full-matrix least-squares
techniques with anisotropic thermal displacement parameters for the
non-hydrogen atoms and isotropic thermal displacement parameters for
the hydrogen atoms. Final difference Fourier maps did not show any
significant residual features. Final fractional atomic coordinates and
equivalent isotropic thermal displacement parameters for the non-
hydrogen atoms are given in Table 2. Selected molecular geometry
data are collected in Table 3. Scattering factors were taken from
Cromer and Mani® Anomalous dispersion factors were taken from
Cromer and Liberma# and included inF.. All calculations were
carried out on the HP9000/735 computdy &nd on the CDC-Cyber
962-31 computers) at the University of Groningen with the program
packages XTAL2 PLATON,? (calculation of geometric data), and a
locally modified version of the program PLUPO(preparation of

illustrations).

Results and Discussion

Reaction Mechanism. The reaction ofjemisopropyltetra-
chlorocycloA®-triphosphazene 1j with an excess of acetyl
chloride and ENN in diethyl ether at ambient temperature yields
gemisopropyl-2-ft-acetoxyvinyl)tetrachlorocyclotri®-phos-
phazene4) as the only product. This could be determined from

34 i i
The structure was solved by Patterson methods, and extension of P NMR spectra of crude reaction mixtures. Compoudnd

the model was accomplished by direct methods applied to difference
structure factors using the program DIRDfF.The positional and
anisotropic thermal displacement parameters for the non-hydrogen
atoms were refined with block-diagonal least-squares procedures
(CRYLSQ);® minimizing the functionQ = Yn[w(|Fo | — kIFc|)3. A

(9) van Bolhuis, FJ. Appl. Crystallogr 1971, 4, 263.

(10) Boer, J. L. de; Duisenberg, A. Acta Crystallogr 1984 A40, C410.

(11) Spek, A. L.J. Appl. Crystallogr 1988 21, 578.

(12) Le Page, YJ. Appl. Crystallogr 1987, 20, 264.

(13) Le Page, YJ. Appl. Crystallogr 1988 21, 983.

(14) McCandlish, L. E.; Stout, G. H.; Andrews, L. Bcta Crystallogr
1975 A31, 245.

(15) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.;&arci
Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla, C. The DIRDIF
program system. Technical Report of the Crystallography Laboratory;
University of Nijmegen: The Netherlands, 1992.

(16) Olthof-Hazekamp, R. ICRYLSQ, XTAL3.0 Reference Manuddll,

S. R., Flack, H. D., Stewart, J. M., Eds., Universities of Western
Australia, Geneva and Maryland: Nedlands, Australia, Geneva, and
College Park, MD, 1992.

which is sensitive to hydrolysis (formation of acetic acid), could
be fully characterized by NMR methods and an X-ray structure
determination (Figure 1).

To explain the formation of4, two points should be
considered. First, the presence of #heacetoxyvinyl group
directly bonded to the organo-substituted phosphorus atom
suggests that two acid chloride molecules are involved in the
reaction withl. Second, it is known that hydro cyclophos-

(17) Zachariasen, W. Hicta Crystallogr 1967, 23, 558.

(18) Cromer, D. T.; Mann, J. BActa Crystallogr 1968 A24, 321.

(19) Cromer, D. T.; Liberman, DJ. Chem. Phys197Q 53, 1891.

(20) XTAL3.0 Reference Manuafall, S. R., Flack, H. D., Stewart, J. M.,
Eds.; Universities of Western Australia, Geneva, and Maryland:
Nedlands, Australia, Geneva, and College Park, MD, 1992.

(21) Spek, A. L.Acta Crystallogr 199Q A46, C34.

(22) Meetsma, A. Extended version of the program PLUTO. University of
Groningen, The Netherlands. (unpublished), 1992.

(23) Johnson, C. K. ORTEP. Report ORNL-3794; Oak Ridge National
Laboratory: TN, 1965.
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Table 2. Final Fractional Atomic Coordinates and Equivalent Table 3. Selected Data on the Geometry4and5, with Standard
Isotropic Thermal Displacement Parameters for Non-H Atoms with  Deviations in the Last Decimal Place Given in Parentheses
Esd’s in Parentheses

a. Compound!

2\a
X y z Uq (A9 Bond Lengths (A)
a. Compound} Cl(1)—P(1) 2.012(2) P(3}C(1) 1.793(5)
CI(1)  0.04227(10) 0.50376(14)  0.21940(8)  0.0437(4) CI(2)-P(1) 1.985(2) P(3}C(4) 1.793(4)
Cl(2) —0.07048(9) 0.53572(14) 0.36081(9) 0.0422(4) CI(3)—P(2) 1.995(2)
CI(3)  0.2369(1)  0.17789(12)  0.58203(9)  0.0415(3) Cl(4)-P(2) 2.016(2)
Cl(4) 0.3075(2) 0.18611(12) 0.40898(9) 0.0401(3) P(1-N(1) 1.584(4) P(3¥N(2) 1.610(3)
P(1) 0.08018(8)  0.49808(11)  0.36579(7)  0.0237(3) P(1)-N(3) 1.555(3) P(3¥N(3) 1.612(4)
P(2) 0.24046(8)  0.30983(10)  0.47937(8)  0.0244(3) P(2)-N(1) 1.579(4)
P(3) 0.28848(8)  0.59341(10)  0.50292(7)  0.0214(2) P(2)-N(2) 1.558(3)
O(1)  0.4099(2)  0.6579(3) 0.6935(2)  0.0283(8) O(1)-C(4) 1.409(5) O(1)C(6) 1.365(5)
0(2) 0.3371(3)  0.5023(4) 0.7631(3)  0.0508(11) C(4)-C(5) 1.313(7)
N()  0.1147(3)  0.3429(4) 0.4044(3)  0.0312(11) 0(2)-C(6) 1.194(7) C(6)C(7) 1.496(8)
N(2) ~ 0.3239(3)  0.4322(3) 0.5301(2)  0.0263(9) C(1)-C(2) 1.528(7) C(1yC@) 1.531(7)
N(3)  0.1623(3)  0.6203(3) 0.4188(2)  0.0267(10)
C(1)  03883(3)  0.6753(5) 0.4673(3)  0.0283(11) Bond Angles (deg)
c(2) 0.3814(4) 0.6120(6) 0.3704(4) 0.0390(14)  Cl(1)-P(1)-Cl(2) =~ 100.14(7)  C(LyP(3)-C(4)  106.5(2)
C(3)  03710(5)  0.8341(5) 0.4592(4)  0.0408(16)  CI(3)—P(2)-Cl(4) ~ 100.70(7)
c(4) 0.3021(3) 0.6786(4) 0.6151(3) 0.0257(11)  N(1)—=P(1)=N(3) 119.4(2))  N(2rP(3)-N(3)  115.9(2)
C(5) 0.2249(4) 0.7569(5) 0.6240(4) 0.0388(14)  N(1)—P(2)-N(2) 119.8(2)
c(6) 0.4175(4) 0.5611(4) 0.7637(3) 0.0299(12)  P(L)-N(1)-P(2) 119.5(3) P(HNER)-P(R)  122.2(2)
c(7) 0.5373(4) 0.5412(6) 0.8377(4) 0.0399(14)  P(2)-N(2)-P(3) 121.9(2)
b. Compounds O(1)-C(6)-0(2)  122.7(4)  O(C(6)-C(7) 126.5(4)
CI(1)  0.18384(9) 0.11955(9) 0.15765(8)  0.0349(3) OM)-CE-C) 11084
CI(2)  0.37362(9) 0.10476(9) 0.29228(7)  0.0332(3) b. Compounds
CI(3)  0.57397(8)  0.33030(9) 0.15004(6)  0.0276(3) A
Cl(4)  0.40452(9) 0.36518(9) —0.00072(6) 0.0312(3) Bond Lengths (A)
CI(5) —0.01909(8)  0.90854(8) 0.07406(6)  0.0248(3) P(1)-C(1) 1.807(4) P(4C(4) 1.865(4)
Cl(6) —0.13873(8)  0.69550(8) 0.09876(6)  0.0233(3) P(1)-C(4) 1.856(4) P(4)C(6) 1.811(4)
CI(7)  0.07016(8)  0.70610(8) 0.39875(5)  0.0216(3) Cl(1)-P(2) 1.992(2) CI(5¥P(5) 2.017(1)
CI(8)  0.15515(8)  0.92481(7) 0.33909(6)  0.0245(3) Cl(2)-P(2) 2.004(2) CI(6)yP(5) 1.990(1)
P(1) 0.30201(8)  0.43898(7) 0.23029(6)  0.0154(3) CI(3)-P(3) 2.010(2) CI(7¥-P(6) 1.999(1)
P(2) 0.30388(8)  0.21020(8) 0.20659(6)  0.0185(3) Cl(4)—P(3) 2.005(1) CI(8Y-P(6) 2.008(1)
P(3) 0.42120(8)  0.34205(8) 0.12260(6)  0.0186(3) P(1}-N(1) 1.616(3) P(4rN(4) 1.611(3)
P(4) 0.18587(7)  0.66160(8) 0.17165(6)  0.0142(3) P(1)-N(3) 1.624(3) P(4yN(6) 1.617(3)
P(5) —0.00355(7) 0.76466(7) 0.13805(6)  0.0142(3) P(2-N(1) 1.558(3) P(5rN(4) 1.556(3)
P(6) 0.10571(8)  0.77543(7) 0.29541(6)  0.0144(3) P(2)-N(2) 1.584(4) P(5yN(5) 1.596(3)
O(1)  0.1098(2)  0.4969(2) 0.23919(18) 0.0220(9) E(g%m(g) i-ggé(g) E(G}“(g) i.ggg(g)
N(1)  0.2679(3)  0.3145(2) 0.2506(2)  0.0202(10) ( )—_ (3) .565(3) (6YN(6) .558(3)
N(2)  0.3754(3)  0.2240(3) 0.1378(2)  0.0255(10) O(1)-C(4) 1.431(5) C(4yC(5) 1.520(6)
N(3)  0.3829(2)  0.4471(2) 0.16512(19) 0.0189(10) C(1)-C(2) 1.530(7) c(6YC(7) 1.543(6)
N(4)  0.0834(2)  0.6945(2) 0.10969(18)  0.0177(9) C()-C(3) 1.521(6) C(6)yC(8) 1.526(6)
NS sy omen oz oo s e e
- : - : C(1)-P(1)-C(4 111.5(2 C(4yP(4)y-C(6 113.6(2
C(1)  0.3565(3)  0.5055(3) 0.3265(2)  0.0198(11) CI((:L))—P((Z))_—C(I()Z) 100.6\%(%) Cfgé(§él(%) 100.3&%)
C(2)  0.4623(4)  0.4559(4) 0.3554(3)  0.0288(16)  ()i3) p(3}-Ci(4) 10056(6) CI7-P(6)-CI(8) 100.56(6)
C(3)  0.2898(4)  0.4964(4) 03943(3)  00291(16) Ny pay-N@)  1151(2)  N@FP@A)-N®6)  115.3(2)
C(4)  0.1818(3)  0.5077(3) 0.1826(2)  0.0176(11)  N(1)_p2)-N(2) 1200(2) N(@AYPG-NGE)  119.3(2)
C(5)  0.1427(4)  0.4528(4) 0.0997(3) ~ 0.0264(14)  No) pi3y N(E)  120.0(2)  N(5-P(6)-N(6)  119.8(2)
C(6)  0.2950(3)  0.7109(3) 01277(2)  0.0216(12)  ply N(1)-P(2)  122.7(2) PHBNWA)-PG)  122.6(2)
C(7)  0.2865(4)  0.8386(4) 0.1240(3)  0.0265(14) P} N()-p(3)  1194(2) PEING)-P®)  119.2(2)
C(8)  0.3020(4)  0.6636(4) 0.0418(3)  0.0281(14)  p1) NG3)-P(3)  122.22) PHBNE)-POE)  122.3(2)
8 Uge = Y535 Uja*a* aa. P(1}-C(4)-P(4)  116.6(2) O(IJC(4)-C() 111.2(3)

phazenes can act as nucleophfiésyhich implies that these (.7 equiv of EfN in THF at —40 °C. Under these reaction
compounds are capable to nucleophilic addition reactions at conditions théP NMR spectrum of the crude reaction mixture
carbonyl functionalitie* For that reason it is very probably  showed that only a small quantity dfwas formed together
that the formation of an acetyl derivativ@,(see Scheme 1)  with a relatively large amount of another product with resonance
can be considered as the first step of the reaction sequence. signals at 48.2 and 19.0 ppm. These resonances could be

Due to the presence of the strong electron-withdrawing assigned to the novel compousdin which two cyclophos-
phosphazene ring in combination with the electronegative phazene rings are bridged by one carbon atom. The bicyclo-
carbonyl group, the methyl protons B are slightly acidic. ~ 15-phosphazene was fully characterized by means of NMR (
Abstraction of hydrogen with a base results in the formation of 13C and3lP) and elemental analyses. Furthermore the structure
the enolate intermediat®. Subsequent reaction & with a of NgPsClg(i-CsH7).CCHOH was confirmed by an X-ray
second molecule of acetyl chloride leads to the formatioh of  structure determination (Figure 2).

To obtain some evidence for the reaction scheme proposed, The formation of5 follows the proposed mechanism and
1 was allowed to react with 1.1 equiv of acetyl chloride and explains the influence of the amount of base and acetyl chloride
on the reaction pathways. When excesiNEnd acetyl chloride

(24) March, JAdvanced Organic Chemistry; Reactions, Mechanism, and ilibri i ; ;
Structure 4th ed.; John Wiley and Sons: New York, Chichester, are used, the equilibrium betwe2rnda3 is shifted to the right,

England, Brisbane, Australia, Toronto, Canada, and Singapore, 1992; and any3 that is formed will react directly with acetyl chloride
p 879. to give 4. Moreover, the excess acetyl chloride will convert
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Figure 1. Perspective ORTEPdrawing of the non-hydrogen atoms
of 4 with the atom labeling scheme for the non-hydrogen atoms. All
non-hydrogen atoms are represented by their thermal displacement
vibrational ellipsoids drawn to encompass 50% of the electron density;
the hydrogen atoms are drawn with an arbitrary radius.

Figure 2. Perspective ORTE®Pdrawing of the non-hydrogen atoms
of 5 with the atom labeling scheme for the non-hydrogen atoms. All
non-hydrogen atoms are represented by their thermal displacement

Scheme 1 S e .
vibrational ellipsoids drawn to encompass 50% of the electron density;
ip _H the hydrogen atoms are drawn with an arbitrary radius.
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. . . Figure 3. Projection of the unit cell ob along [001]. For sake of
f'i” hydro phosphazene Immedlately_lrﬂ:o Cons_equently_, th_er_e clarity only a limited set of atoms are shown. Hydrogen bridges
is no or very little 1 available for side reactions. This is in  H(11)---N(5) create infinite chains along [010].

agreement with the observation that under these circumstances

only resonance signals dfare found in théP NMR spectrum = 20.7 Hz,2Jyn = 7.1 Hz), for5 two separate double doublets
of the crude reaction mixture and no trace$ahn be detected.  are observed. Temperature dependéhtNMR experiments
When an excess of is present, an alternative pathway is in C,D,Cly; and GDsNO, showed the two separate double

possible during whict? reacts with a second moleculeto doublets to remain below 12%C. Above that temperature
give the bicyclic compound. extensive decomposition & took place.

NMR Spectra. In the proton decouplefC NMR spectrum X-ray Crystal Structures. Both in4 and5 the phosphazene
of the bicycloA5-phosphazene derivativé)(two singlet reso- rings are nearly planar with small deviations from planarity.

nances (16.2 and 16.6 ppm) are observed in the methyl carbonFor the six-membered ring hthe atoms P(1), P(2), P(3), N(2),
region of the isopropyl group. For similar phosphazene and N(3) form a plane, with largest deviation being 0.011(1)
derivatives with an isopropyl group, likk only one resonance ~ A. Atom N(1) is located at a distance of 0.148(4) A from that
signal is found. As this phenomenon can not be the result of a plane. An almost similar situation has been found for one of
P—C coupling, two magnetically inequivalent isopropyl groups the phosphazene rings 1 the atoms P(1), P(2), P(3), N(1)
must be present in the molecule. This inequivalence is only and N(3) are situated in one plane within the experimental error.
possible, when the two phosphazene rings can not rotate freelyAtom N(2) lies outside that plane at a distance of 0.118(6) A.
around the carbon atom that connects the two rings. AssumingThe other phosphazene ring fapproaches a twisted boat
a free rotation of the isopropyl groups, two pairs of methyl conformation.

groups can be discerned, one facing the OH group of the bridge, Very weak hydrogen bond interactions, bordering to signifi-
the other facing the methyl group. The asymmetric influence cance, are present in the crystal 4f Distinct interactions,

of the bridge is also seen {itl NMR spectra. Where fot the however, can be observed between the moleculess.of
methyl resonances (1.19 ppm) appear as a double doéligt ( Hydrogen bonds between H(11) and N(5x{ =¥ + vy, 1>
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—2) with a length of 2.14(4) A (sum of the van der Waals radii are equal within the experimental error withweighted averages
is 2.75 &5) link the molecules together into infinite chains  115.4(2) [N—POrg—N], 119.7(1y [N—PCb—N], 122.3(1}
along [010] (Figure 3). [POrge—N—PCl], and 119.3(1) [PCL—N—PC}L]. Comparable
The sequence of NP bond lengths in the molecules 4f values are found for (NP@bLNPHPr28 The exocyclic G-P—C
and5 is for both molecules identical. In the ring segments angles in5 are larger than id, which may be explained from
PCh—N—PCh the N—P(Ck) bond lengths are equai{veighted  sterical considerations. The-€P—Cl angles are equal with a
average for both molecules 1.586(3) A), but longer than those o-weighted average amounting to 100.49(8)
in the segment POsg-N—PChL (o-weighted average for both
molecules 1.558(1) A). The largest values are found for qfrersthe possibility to uséin radical polymerization reactions.
N—POrgg_ bonds with an average _Iength equal to 1_'615(2) A However it will be clear that homopolymerization of a 1,1-
These dlﬁergpces can be explained from the difference in disubstituted alkene, such 4swill suffer from steric hindrance
electronegativity ) of the phosphorus centersiz. the larger caused by the bulky acetoxy and phosphazene ring, rendering
the electronegativity, the larger the ability fofbonding?® This the a-carbon atom (C4) quite inaccessible for the a&dition of

means that in the segment P@rgN—PCh, wherey(PCh) > . .
27 : another alkene. Therefore this novel phosphazene monomer is
2(POrg),*" the N—P(C) bond is shortened, whereas the other expected not to be suitable for radical homopolymerization as

is lengthened. From the same reasoning equal bond lengths X . . , :
can be expected in the segment PAN—PCh. The same in that case two sterically hindered species are involved in a

pattern holds for the endocyclic bonds in the starting material propagation reaction. Preliminary polymerization experiments
(NPCh),NPHPr 28 indeed show that homopolymerization does not proceed. Co-

polymerization leads to successful results. A detailed study of
the polymerization behavior o# will be the subject of a
forthcoming paper.

Polymerization. The presence of an olefin functionality

Not only the endocyclic bond lengths but also the corre-
sponding endocyclic bond angles in the moleculed ahd5
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