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(a) 

(b) 
Figure S1. The ESI-MS spectra of (a) 6a and (b) 7a.



3

Figure S2. (a) In CDCl3, the experimental and (b) simulated 31P {1H} spectrum of the pure monocyclic 

4d.
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(a)

(b)

(c)

Figure S3.  The conformations of (a) the tetramer ring, (b) the five-membered spiro ring and (c) 

packing diagram of 2.
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(a)

(b)

(c)

Figure S4.  The conformations of (a) the tetramer ring, (b) the five-membered spiro ring and (c) 

packing diagram of 4c.
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Figure S5.  TG curves of the cyclotetraphosphazenes (2, 3, 4d and 5b).
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Figure S6.  TG curves of the cyclotetraphosphazenes (4c and 5c).



8

Section S1. ESI-MS, NMR and FTIR spectra of the compounds

ESI-MS spectra of compound 3.

ESI-MS spectra of compound 4c.

711, [M+H]+, 100

755, [M+H]+, 100
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ESI-MS spectra of compound 4d.

ESI-MS spectra of compound 5b.

401 [P2N6FC17H32 + H]+, 100

801 [M+H]+, 60

742 [M+H]+, 100
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ESI-MS spectra of compound 5c.

ESI-MS spectra of compound 4b.

742 [M+H]+, 100

756 [M+2H]+, 100
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31P NMR spectrum of compound 2.

31P NMR spectrum of compound 3.
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31P NMR spectrum of compound 4c.

31P NMR spectrum of compound 4d.
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31P NMR spectrum of compound 5b.

31P NMR spectrum of compound 5c.
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31P NMR spectrum of compound 4b.

1H NMR spectrum of compound 2.
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1H NMR spectrum of compound 3.

1H NMR spectrum of compound 4c.
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1H NMR spectrum of compound 4d.

1H NMR spectrum of compound 5b.
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1H NMR spectrum of compound 5c.

1H NMR spectrum of compound 4b.
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13C NMR spectrum of compound 2.

13C NMR spectrum of compound 3.
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13C NMR spectrum of compound 4c.

13C NMR spectrum of compound 4d.
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13C NMR spectrum of compound 5b.

13C NMR spectrum of compound 5c.
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13C NMR spectrum of compound 4b.

IR spectrum of compound 2.
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IR spectrum of compound 3.

IR spectrum of compound 4c.
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IR spectrum of compound 4d.
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IR spectrum of compound 5b.
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IR spectrum of compound 5c.
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IR spectrum of compound 4b.



26

Section S2. Single Crystal X-ray Structure Determinations

       The crystallographic data were collected on a Bruker APEX II QUAZAR three-circle diffractometer 

diffractometer by Mo K radiation (=0.71073 Å) at T = 173(2) K (for 2) and 125(2) K (for 4c). No 

absorption correction was applied. The structures of 2 and 4c were solved using direct methods1 and 

refined by full-matrix least-squares against F2 using all data.2 All non-H atoms were refined 

anisotropically. The molecular and packing diagrams together with the ring conformations of 2 and 4c 
were drawn by the ORTEP-3 program incorporated in the WinGX package.3 The H atom positions 

were calculated geometrically at distances of 0.93 Å (aromatic CH), 0.97 Å (CH2) and 0.96 Å (CH3) (in 

2) and 0.95 Å (aromatic CH), 1.00 (methine CH), 0.99 Å (CH2) and 0.98 Å (CH3) (in 4c) from the 

parent C atoms; a riding model was used during the refinement process and the Uiso(H) values were 

constrained to be xUeq(carrier atom), where x = 1.2 (for CH and CH2) and x = 1.5 (for CH3). In 4c, the 

NH hydrogen (H5) atom is located in a difference Fourier map, and refined freely.
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