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Reaction of chlorocyclothiaphosphazenes NPC12(NSOX)2 (X = CI, Ph) and (NTT12)2NSOX (X = CI, F, 
Ph) with KS02F in bulk leads to fluorination at the phosphorus centers. The substitution reaction follows 
a geminal pattern. Reactions of rrans-NPF,(NSOPh), with Grignard reagents RMgX (R = Me, 'Bu) show 
substitution of fluorine by alkyl p u p s  to be a slow process. The more reactive PhMgBr gives an 
acceptable reaction rate and good yields. Organolithium reagents offer organo-substituted cyclothia- 
phosphazenes in low to moderate yields, depending on the reagent used. Crystals of cis-NPF,(NSOPh), 
are monoclinic, space group E , / n .  with a = 13.665(7) A, b = 10.676(1) A, c = 9.897(3) A, p = 90.55(3)", 
V = 1443.8(9) R3, and Z = 4. The final R and wR values are 0.034 and 0.043. respectively. The PN and 
SN bond lengths vary from 1.571(2) to 1.590(2) A. 

Key words: Cyclothiaphosphazenes, fluorination. 

INTRODUCTION 

A variety of reagents, PbF2,'-3 KSO,F?-" AgF,'.'.'' AgFZ.'* SbF3?13-'s NaF,8.'2.'6- 
and KF/18-~rown-6'~ have been applied to convert (NPCI,), (1) into compounds 
N3P3F6-,Cl, (n = 1-6). Fluorination of 1 proceeds via a geminal substitution 

Several of these aforementioned reagents have also been tested in the case 
of chlorocyclothiaphosphazenes. Reactions of cis-NPCl,(NSOCl), (2) with AgF, or 
SbF3 and (NPCl,),NSOCl (3) with AgF, yielded cis and tram-NPCl,(NSOF), (4, 5) 
and (NPCl,),NSOF (6), respectively.20-22 In all cases metathetical replacement of 
chlorine ligands is restricted to the sulfur centers, which can be explained by an 
initial coordination of the fluorinating reagents at the sulfur-bonded oxygen 
Reactions of NPCl,(NSOX), or (NPCl,),NSOX (X = F, C1 or Ph) with NaF or KF/ 
18-crown-6 in MeCN only gave traces of fluorinated derivatives (X = Ph), whereas 
hydrolysis phenomena were observed for X = F or Cl.24 

In the present study we report reactions of compounds NPCl,(NSOX), (X = C1, 
Ph) and (NPCl,),NSOX (X = F, C1, Ph) with KS0,F as fluorinating agent. Further- 
more reactions of trans-NPF,(NSOPh), towards Grignard and organolithium reagents 
have been investigated in order to get some insight in the reactivity of 

?Present address: Philips Research Laboratories, Pr. Holstlaan, 5600 MD, Eindhoven, The 
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262 H. F. M. SCHOO et of. 

perfluorocyclothiaphosphazenes. The structure of cis-NPF,(NSOPh), will be 
described. 

EXPERIMENTAL 

General. All experiments were carried out under dry oxygen-free nitrogen. Hexane. dichlotomethane 
and chloroform were dried and purified according conventional methods. Tetrahydrofuran. pentane and 
diethyl ether were distilled from a sodium-potassium-benzophenone mixture. The compounds cis- 
NPCI,(NSOCI), (21," (NPCI,),NSOCI (3),na cis and tranr-NPCI,(NSOF), (4, S).mzl (NPCI,hNSOF 
(61," cis- and rrons-"CI,(7USOPh), (7,8).= (NPCI,),NSOPh (9),= and KSO,Fm were prepared according 
published procedures. Grignard reagents were prepared in THF from the appropriate halide and mag- 
nesium. MeLi and PhLi were prepared in ether from methylchloride and phenylbromide as described 
elsewhere."' 'BuLi was obtained commercially from Janssen. LiO'Pr was prepared by stirring 'BuLi and 
'PIOH in diethyl ether for one hour (at mom temperature). The HPLC experiments were carried out 
using a Waters HPLC system consisting of two 6000A pumps, combined with a R401 RI detector. 
Separations were performed on Lichrosorb Si 60/10 columns (outside diameter 22 mm, length 30 cm). 
"P and NMR spectra (in CDC13) were recorded on a Nicolet NT 200 spectrometer operating at 81 
MHz (for 'IP NMR) or 188.2 MHz (for '% NMR) using (NpcI,), (19.9 ppm, solution in CDC13) and 
CFCI, (0 ppm, solution in CDCI,), respectively. as external references. Chemical shifts to low fields are 
taken positive. 'H NMR spectra were recorded with a Jeol C6O-HL spectrometer, using TMS as an 
internal standard. The NMR data of the compounds prepared are given in Table I. Mass spectra were 
obtained with an AEI MS 9 spectrometer. Microanalytical information was supplied by the Microana- 
lytical Department of this University. 

Preparation. The preparation of compounds 10-18 took place without the use of solvent during re- 
action. Care must be taken that the reaction mixture is thoroughly stirred and that the components are 
well-ground before use. 

Reaction of2 with 1 equivalent of KS0,F. A mixture of 2.0 g (6.4 mmol) of 2 and 0.94 g of a KS0,F 
(6.4 mmol)/KF (2.7 mmol)m mixture was heated at 120°C for 0.5 h. Vacuum distillation afforded 0.2 g 
of a colorless oil (bp 80-85°C at 0.1 mm Hg). which solidified in the receiver as white crystals. 
According to "P NMR and mass spectrometry the distillate contained (la.3a,5a)-NPCIF(NSOCI)z (10). 
(la,3aJB)-NPCIF(NSOCC1)2 (11). and cis-NPF,("SOCl), (12) [for nomenclature see Reference 3 11. Ef- 
forts to separate the reaction products were not successful. 

Preparation of cis-NPFdNSOCf), (12). A mixture of 2.0 g (6.4 mmol) of 2 and 1.88 g of a KSO,F 
(12.8 mmol)lKF (5.5 mmol)% mixture was heated at 120°C for 2 h. Vacuum distillation afforded 0.4 g 
of a colorless oil (bp 46-49°C at 0.15 mm Hg) which solidified in the receiver as white crystals with 
mp 49-51°C. Yield 0.4 g of 12 (1.4 mmol. 22%). Anal. calc. for N3PS,FzCI,0,: N, 15.11; S. 23.06; CI, 
25.50 found: 14.94; S, 23.26; CI, 24.93. Mass spectrum: m/e 242 (M+ "CI - "CI, 100%). 

When the same reaction procedure was carried out at 17oOC. the distillate also contained trans- 
NPF,(NSOCI), (13) (based on "P NMR). 

Attempted preporation of NPF,(NSOF),. A mixture of 1.0 g (3.6 mmol) of 4 and 1.6 g of a KS0,F 
(10.8 mmol)/KF (4.6 m m 0 1 ) ~  mixture was heated at 60°C for 0.5 h. Neither distillation nor extraction 
gave any cyclic products. 

Preparation of(NPFJ,NSOCf (14). A mixture of 2.0 g (6.1 mmol) of 3 and 3.5 g of a KS0,F (27.8 
mmo1)K.F (1.8 mmol) mixturem was heated at 100°C for 1 h. Vacuum distillation afforded 0.72 g (2.7 
mmol. 44%) of a colourless liquid (bp 4244°C at 15 mm Hg. Anal. calc. for N,P,SF,ClO: N, 15.95; 
S. 12.17; CI, 13.45; found: N, 15.99; S, 12.08; CI, 13.34. Mass spectrum: m/e 228 (M' "Cl - "CI, 
100%). 

Preparation of (NPF,),NSOF (15). A mixture of 1.9 g (6.1 mmol) of 6 and 3.6 g of a KSOZF (24.4 
mmol)/KF (10.5 mmol) mixture% was heated at 90°C for 1 h, after which the reaction mixture was 
allowed to cool to mom temperature. Sublimation (40°C. 15 mm Hg) gave 0.3 g (1.2 mmol, 20%) of 
colorless crystals of 15, which had to be stored in the refrigerator at 5°C. Mass spectrum: m/e 247 (M', 
100%). 

Preparation of cis and tram-NPF,(NSOPh), (16, 17). A mixture of 7.0 g (17.8 mmol) of 7 (or 8) and 
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CY CLOTHIAPHOSPHAZENES 263 

TABLE I 
"P and NMR data' of compounds prepared 

6PpO 6P(Y) 6F(A) 6F(B) 6F(C) 'Jm 'Jm 'J- 

(la,3qSp)-NPCIF(NSOClh (11) 19.4 

cis-NPF2(NSOClh (12) -1.4 

Wm-NPFmSOC1)2 (13) 0.2 

(NPF&NSOCI (14)' 4.2 

(NPF&NSOF (IS) 4.4 

m-NPFz(NSOPhh (17) -1.0 

(NPF&NSOPh (18)' 3.5 

ciS-NPFz(NSOPh)2 (la) 1.8 

gm-NPCIzNPF2NSOPh (19) -2.4 

(lq3fl,Sa)-NPFPh(NSOPh)1(20) 20.9 

bmrr-NpPh2(NSOPh), (21) 17.4 

(ls3p,5a)-NPF'Bu(NSOPh~ (22) 41.0 

1080 

-74.8 -79.9 984 959 95 

978 

-69.4 -76.3 954 931 93 

-72.2 940 

26.5 -69.2 -72.0 938 934 90 

-54.9 1028 

-75.4 1091 

' Chemical shifts in pprn; coupling constants in Hz. 

Compound not isolated, data restricted to "P NMR. 

' M'BB'XX' spin system with 6PpO = 6P(X'), direct analysis of '9 NMR spectrum not 

possible. 

M'BB'CXX' spin system with 6PpO = 6P(X'), direct analysis of '9 NMR spectnm not 

powile. 

4.5 g of a KSO2F (35.7 mmol)/KF (2.3 mmol) mixturem was heated at 120°C for 0.5 h. after which the 
reaction mixture was cooled to mom temperature and extracted with diethyl ether. Recrystallization from 
hexane gave pure 16 or 17. 
Cis-NPF,(NSOPh), (16): yield 5.5 g (15.1 mmol. 85%) of white crystals, mp 81.5-82.0"C. Anal. calc. 
for N3PS2CI2HI,,F2O2: C, 39.89; H. 2.79; N, 11.64; S, 17.71; found: C. 40.02; H. 2.75; N, 11.85; S. 
17.93. Mass spectrum: m/e 361 (M'. 100%). 

Trans-NPF,(NSOPh), (17): yield 5.8 g (16.1 mmol, 90%) of white crystals mp 77.5-78.5"C. Anal. 
calc. for N3PS2Cl,Hl~202: C, 39.89; H, 2.79; N, 11.64; S, 17.71; found: C. 39.60; H, 2.74; N, 11.70; 
S, 17.80. Mass spectrum: m/e 361 (M', 100%). 

Preparation of (NPF2) ,  NSOPh (18). A mixture of 5.0 g (13.5 mmol) of 9 and 7.0 g of a KS0,F (55.6 
mmol)/KF (3.6 mmol) mixturem was heated at 120°C for 0.5 h, after which the reaction mixture was 
cooled to room temperature and extracted with diethyl ether. Sublimation (80°C at 1.0 mm Hg) gave 
3.3 g (10.8 mmol, 80%) of white crystals of 18 with mp 85.5-86°C. Anal. calc. for N,P,SC&F,O: C, 
23.62; H, 1.65; N, 13.77; S. 10.51; found: C, 23.46; H, 1.65; N, 13.68; S, 10.50. Mass spectrum: m/e 
305 (M+, 100%). 

Preparafion ofgem-NPCIJVPF,NSOPh (19). A mixture of 4.0 g (10.8 mmol) of 9 and 3.2 g of a 
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264 H. F. M. SCHOO et al. 

KSO,F (21.6 mm01)lKF (9.3 mmol) mixturezR in 50 ml of benzene was stirred at reflux temperature for 
5 h, after which the reaction mixture was cooled and filtered. Removal of the solvent by evaporation 
gave 3.3 g of a thick oil containing 9. 18 and 19 (according to a "P NMR spectrum). Separation by 
means of HPLC (hexane was used as eluent) gave three fractions: 1.2 g (3.2 mmol, 30%) of the starting 
material. 1.0 g (3.2 mmol, 30%) of 18 and 0.6 g (1.8 mmol. 16%) of 19. Recrystallization of the third 
fraction from hexane afforded 0.5 g (1.5 mmol. 14%) of pure 19 as white crystals, mp 80.0-81.5"C. 
Anal. calc. for N3P,SCJ-I5F2CIZ 0: C. 21.37; H. 1.50; N, 12.47; S, 9.49; CI, 20.76; found: C, 21.06; H, 
1.60. N, 12.68; S, 9.55; CI 20.80. Mass spectrum: m/e 337 (M+ 35Cl, 100%). 

Reacrion of 17 wirh one equivalenr of PhMgBr. To a solution of 1.5 g (4.2 mmol) of 17 in 75 ml of 
THF was added 4.7 ml of a 0.9 n solution of PhMgBr in diethyl ether (4.2 mmol). The mixture was 
stirred at reflux for one week. After removal of the solvent the crude reaction mixture was dissolved in 
CH,CI, and filtered through silicagel. HPLC using CH2C12 as eluent gave 0.32 g (0.9 mmol, 21%) of 
the starting material, followed by (Ia,3/3,Sa)-NPFPh (NSOPh), (20). Recrystallization from a 20:l mix- 
ture of hexane and THF gave 0.80 g (1.9 mmol, 46%) of 20 as white crystals. mp 100.0- 101.5"C. Anal. 
calc. for N3PSZClsHlIFO2: C, 51.55; H, 3.60; N, 10.02; S, 15.29; found: C, 51.79; H, 3.59; N. 10.17; S, 
15.44. Mass spectrum: mle 419 (M+, 100%). 

The third HPLC fraction consisted of rrans-NPPh,(NSOPh), (21). Recrystallization by adding diethyl 
ether to a solution of 21 in chloroform gave 0.07 g (0.1 mmol, 3%) of 21 as white crystals, mp 162- 
163.5"C. Anal. calc. for N3PSzC,Hm0,: C, 60.36; H. 4.22; N, 8.80; S. 13.43; found: C. 60.02; H. 4.23; 
N. 8.87; S, 13.36. Mass spectrum: m/e 477 @I+, 100%). 

Reaction of17 wirh 1.5 equivalenr of'BuLi. A solution of 7.0 mmol of 'BuLi in 15 ml of pentane was 
added dropwise to a stirred solution of 1.7 g (4.7 mmol) of 17 in 175 ml of diethyl ether at -90°C. 
The reaction mixture was allowed to warm to mom temperature over a period of 8 h. Stirring was 
continued for 17 h at room temperature. After filtration the solvent was removed. The remainder was 
dissolved in 50 ml of CH,CI, and filtrated over silicagel. Evaporation of the solvent gave the crude 
reaction mixture, consisting of (Ia.3/3,5a)-NPFBu(NSOPh), (22) and 17 (ratio 3:2. according to 'H 
NMR). Twofold recrystallization from a hexan- mixture (51 )  gave 0.22 g (0.6 mmol, 13%) of 
pure 22 as white needles, mp 157.5-158.O"C. Anal. calc. for N3PS,C,JIl$0,: C, 48.11; H, 4.79; N, 
10.52; S, 16.05; found: C, 48.06; H, 4.85; N, 10.46; S. 16.03. Mass spectrum: mle 399 (M+, 27%). 

X-ray analysis of 16. Suitable crystals were obtained by recrystallization from a mixture of hexane and 
THE A transparent colorless, block shaped crystal, 0.05 X 0.10 X 0.20 mm, was glued on a top of a 
glass fiber and mounted on an Enraf-Nonius CAD-4F diffractometer interfaced to a Micro VAX-2OOO 
computer. Unit cell dimensions and their standard deviations were derived from the angular settings of 
21 reflections in the range 8.18" c 0 < 13.69". The unit cell was identified as monoclinic. Reduced cell 
calculations did not indicate any higher lattice symmetry." The intensities of the three standard reflec- 
tions, monitored every 2 h of X-ray exposure time, showed no greater fluctuations during data collection 
than those expected from Poisson statistics. Intensity data were corrected for Lorentz and polarization 
effects and scale variation. Correction for absorption was judged to be not necessary in view of the 
observed small intensity variation for a 360 +scan of reflection (310) close to axial. Variance ~ ' ( 1 )  was 
calculated based on counting statistics and the term (PI2) where P (4.040) is the instability constant as 
derived from the excess variance in the reference  reflection^.'^ Equivalent reflections were averaged and 
stated observed if satisfying the I > 2.5 a(1) criterion of observability. Pertinent numerical data on the 
structure determination are given in Table 11. 

The structure was solved by direct methods (GENTAN).% Refinement on F was carried out by block- 
diagonal least-squares techniques with anisotropic thermal parameters for non-hydrogen atoms. Hydrogen 
atoms were located on a difference Fourier map. Final refinement on F was 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. Convergence was reached at R 
= 0.034. A final difference Fourier map 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 HI. Molecular geometry data are collected in Table IV. Neutral atom scattering factors" 
were used with anomalous dispersion factors,% being applied to the non-hydrogen atoms. All calculations 
were performed on the CDC-Cyber 17Ofl60 computer at the University of Groningen with the program 
packages XTAL,)4 EUCLID" and a locally modified version of the program PLUTO." Tables of hydro- 
gen atom positions, thermal displacement parameters, comprehensive lists of bond distances and angles, 
Tables of F,, F, and u(F) and ORTEP plot" have been deposited with the Cambridge Crystallographic 
Data Centre. 
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CY CLOTHIAPHOSPHAZENES 265 

TABLE Il 
Crystal data and details o f  the structure 

determination 

Chemical Formula 

F o d  weight, gmol 

S P W  group 

4 A  
b, A 
c, A 
0, deg 
v, A3 
2 

T, K 

D d .  ,g.~n-’ 

F(000), electrons 

p(MoKa), cm-’ 

numba of reflections 

total, unique 

obsaved (I > 2.5 am) 

number of relined parameters 

final agreement factors 

R = W F .  I - IF, IIPIFO I 

CIZHIOFZN~WS~ 
361.32 

PZl/n 

13.665(7) 

10.676(1) 

9.897(3) 

90.55(3) 

1443.8(9) 

4 

130 

0.7 1073 

1.662 

73 6 

4.9 

3093,2809 

2220 

230 

0.034 

RESULTS AND DISCUSSION 

Fluorination 

The general reaction procedure for fluorination involves heating of a well-ground 
mixture of the ring system NPCl,(NSOX), or (NPCl,),NSOX (X = F, C1 or Ph) and 
an appropriate amount of KS02F above the melting temperature of the ring system 
concerned in an atmosphere of dry nitrogen until the evolution of SO, ceases. The 
products can be isolated from the reaction mixture by distillation (X = F, C1) or 
extraction (X = Ph). 

By heating C~S-NPCI,(NSOCI)~ (2) with one equivalent of KS0,F a mixture of 
two isomers of NPFCl(NSOCI), (10, 11, ratio 3:l) was obtained together with the 
starting material and the difluoro derivative cis-NPF,(NSOCl), (12). In accordance 
with a preferential attack at the oxygen side of the ring plane” the la,3cr,5acon- 
figuration (Scheme 1) is tentatively ascribed to the most abundant isomer. The mois- 
ture sensitivity of the fluoro compounds prohibited separation of the compounds by 
HPLC. Compound 12 could be isolated from the reaction mixture of 2 and two 
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TABLE III 
Final fractional atomic coordinates and equivalent thermal 

displacement parameters for non-H atoms with their estimated 
standard deviations in parentheses 

Atom X 

P(l) 0.06631(5) 

S(l) 0.01708(4) 

S(2) 0.12334(5) 

F(l) 0.1436(1) 

F(2) -0.0083(1) 

O(1) -0.0774(1) 

O(2) 0.1163( 1) 

N(l) 0.0227(2) 

N(2) 0.0473(2) 

N(3) 0.1082(2) 

C(1) 0.1026(2) 

C(2) 0.0935(2) 

C(3) 0.1590(2) 

C(4) 0.232q2) 

C(5) 0.2414(2) 

C(6) 0.1761(2) 

C(7) 0.2406(2) 

C(8) 0.3058(2) 

C(9) 0.3951(2) 

C(10) 0.4195(2) 

C(11) 0.3544(2) 

C(12) 0.2638(2) 

Y 

0.40853(6) 

0.222 18( 5 )  

0.16949(6) 

0.5091(1) 

0.4885(1) 

0.1864(2) 

0.0818(2) 

0.3637(2) 

0.1305(2) 

0.3083(2) 

0.2066(2) 

0.1016(2) 

0.0868(2) 

0.1745(3) 

0.2769(2) 

0.2946(2) 

0.1637(2) 

0.2632(2) 

0.2571(3) 

0.1521(3) 

0.053 l(3) 

0.0578(2) 

2 

0.34049(6) 

0.52064(6) 

0.28926(6) 

0.3 693(2) 

0.2637(1) 

0.5680(2) 

0.1802(2) 

0.4780(2) 

0.4015(2) 

0.2401(2) 

0.6555(2) 

0.7383(2) 

0.8451(3) 

0.8688(3) 

0.7846(3) 

0.6773(2) 

0.365 l(2) 

0.3527(2) 

0.4192(3) 

0.4956(3) 

0.5062(3) 

0.4412(2) 

4' (4 
0.0164(2) 

0.0141(2) 

0.0159(2) 

0.0255(5) 

0.0256(5) 

0.0196(5) 

O.OZZS(5) 

0.0166(6) 

O.Olao(6) 

0.01 86(6) 

0.0153(6) 

0.0183(6) 

0.0230(6) 

0.0240(6) 

0.0250(6) 

0.0 197(6) 

0.0163(6) 

0.02 1q6) 

0.0260(8) 

0.0263(8) 

0.0240(6) 

0.0203 (6) 

' uq= 1/3&Z,u@:q*a,. aj 

equivalents of KS0,F in a yield of 22%. Attempts to improve the conversion by 
applying an excess of KS0,F failed. A higher reaction temperature (170°C) led to 
the formation of both cis- and c ~ u ~ - N P F , ( N S O C ~ ) ~  (12, 13). The cis-truns isomer- 
ization probably proceeds via a S,l-like mechanism in the presence of KC1, formed 
during the fluorinating process. Contrary to its chloro analogue 2 cis-NPCl,(NSOF), 
(4) decomposed during reaction with KSOzF. Heating ("Cl,),NSOCl (3) or 
(NPCl,),NSOF (6) with four equivalents of KS0,F afforded (NPF,),NSOCl (14) and 
(NPF,),NSOF (15), respectively. Again low conversions (40%) were observed. 
Compound 15 sublimes at room temperature, which prevents elemental analysis. The 
structure was derived from mass spectral and "P NMR data. Reactions of cis- and 
truns-NPCl,(NSOPh), (7.8) with two equivalents of KSO,F provided the correspond- 
ing fluoro analogues 16 and 17 in high yields (80-90%). No mono substituted de- 
rivatives were detected, even when using only one equivalent of KS0,F. Also 
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TABLE IV 
Selected data on the geometry of 16. Standard deviations in the last 

decimal place are given in parentheses. 

Interatomic Distances (A) 
S(l) - O(1) 1 430(2) 

S(l) -N(1) 1 571(2) 

S(l) - N(2) 1 590(2) 

S(2) - O(2) 1.431(2) 

S(2) - N(2) 1 584(3) 

S(2) - N(3) 1 573(2) 

P(1)-F(l) 1.531(2) 

P(l) -F(2) 1.527(2) 

P(l) -N(1) l.566(2) 

P(1) -N(3) 1.572(2) 

(C -C) -h  1 . 3 W )  

Bond angles 0 
O(1) - S(1) - C(1) 

O(2) - S(2) - C(7) 

F(l)-P(l)-F(2) 

N(1)-S(1)-N(2) 

N(2) - S(2) - N(3) 

N(l) - P(1) - N(3) 

S(1)-N(1)-P(1) 

S( 1) - N(2) - S(2) 

S(2) - N(3) - P( 1) 

l08.6( 1) 

110.6(1) 

99.02( 8) 

112.3(1) 

112.3(1) 

119.0(1) 

123.2( 1) 

122.3(1) 

119.ql) 

(NPCI2),NSOPh (9) proved to give a high yield of (NPF2),NSOPh (15) when treated 
with KS0,F. Reaction of 9 with two equivalents of KS0,F in benzene at reflux 
temperature afforded gem-NPCI,NPF,NSOPh (19). which could be isolated from the 
reaction mixture by means of HPLC. 

According to the results described above fluorination by KS0,F preferentially 
leads to fully substituted derivatives via a geminal substitution pattern. 

Under the current reaction conditions low conversions are characteristic for the 
cyclothiaphosphazenes NPCI2(NSOX), and (NPCI,),NSOX (X = F, Cl), whereas the 
phenylated systems NPCI2(NSOX), and (NPCl,),NSOX (X = Ph) show almost com- 
plete conversions. This may be explained by the fact that the phenylated systems 
form homogeneous reaction mixtures with KS0,F at the appropriate reaction tem- 
perature in contradistinction to the halocyclothiaphosphazenes. 

Reactiviv of trans-NPF,(NSOPh), (17) Towards Grignard and Organolithium 
Reagents 

A number of reactions were carried out with 17 in order to get an insight into its 
reactivity towards RMgX and RLi (R = Me, ‘Bu and Ph). The experimental data 
(compiled in Table V) show that 17 is not very reactive in substitution reactions with 
Grignard reagents, except for PhMgBr which gives the phenyl substituted derivatives 
in moderate to good yields. This is in line with the behavior of (NPF,),, viz. sub- 
stitution reactions with aryl Grignard reagents are successfu1.40~4’ Compound 17 
seems to be somewhat less reactive than (NPF,),. The latter compound consumes 
one equivalent of PhMgBr completely in two days,40 whereas 17 needs a reaction 
time of a week. Probably, steric hindrance caused by the phenyl groups is responsible 
for the low reactivity. Steric hindrance also becomes manifest for the reaction with 
‘BuLi. Whereas (NPF,), is completely consumed by one equivalent of the alkyl- 
lithium reagent to give N,P,F,’Bu in 60% yield:, 17 yields a mixture containing the 
starting material and (1cr,3P,5a)-NPFrBu(NSOPh), (22) (ratio 6: 1; total yield of cy- 
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clic material 50%) under the same reaction conditions. Conversion is increased on 
addition of more than one equivalent of ‘BuLi, but the yield becomes very low. A 
similar observation was made for (NPF,),.” 

With MeLi some monosubstituted material could be detected (‘H, ”P NMR), but 
ring degradation appears to be the main reaction as a result of formation of carban- 
ions by deprotonation of the methyl Treatment of 17 with PhLi gives 
mono and disubstituted products, but yields are lower than those obtained with 
PhMgBr. As observed for Grignard reagents compound 17 exhibits a lower reactivity 
towards PhLi than (NF’FZ),. In the latter case mono and disubstituted products are 
obtained in yields of 60-70%.44 

NMR Spectra 

The NMR spectra of most compounds could be interpreted by a first-order treatment, 
however assignments of chemical shifts and coupling constants were verified by 
spectrum simulation (Table 1). The spectra of 14, 15 and 18 did not allow a direct 
analysis, but were simulated by varying NMR data from “simple cases.” Data found 
by simulation are not included in Table 1. 

The 31P NMR spectra of both 12 and 16 (ABX spin systems) consist of two 
doublets as the fluorine ligands are chemically non-equivalent. The NMR spectra 
show two doublets for each fluorine atom. Gem-NPClzNPFzNSOPh (19) represents 
an ABXY spin system. Its 3’P NMR spectrum consists of a doublet (Y-part) and a 
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TABLE V 
Experimental data' of reactions of 17 with RMgX and RLI 

Product Ratio Total yield (%) of 

Reagmt Solvent PFi PFR PR, cyclicmaterial 

(number of equivs.) 

MeMgI (2) EtiO 100 - 100 

'B-1 (2) EtzO 100 - 100 

(2) THF 100 - 100 

P W r  (1) THF 30 65 5 70 

(5 )  THF - 30 70 45 

' B d i  (1) EtiO 60 10 50 

(2) THF 90 10 80 

(2) THF - 85 IS 65 

MeLi (1)  Et20 90 10 40 

(1.5) EtiO 40 60 30 

(3) EtiO - 100 - 8 

PhLj (1) EtiO 10 90 - 50 

(1.5) EtiO - 75 25 40 

see also Preparation. 

bEstimeteci fiom NMR and/or HPLC Wrmiments. 

triplet of doublets (X-part). The triplet form of the X-part implicates that 'Jm and 
lJBX are almost equal. Spectrum simulation resulted in an optimum fit by taking 'Jm 
and lJBX positive and 'Jxy negative. (NPF,),NSOPh (18) represents an AA'BB'XX' 
spin system. The chemical shifts (experimental) are given in Table I. Simulation of 
the "P NMR spectrum was successful, when applying several multiple-bond FF 
coupling constants. However, simulation of the '% NMR spectrum did not lead to a 
satisfactory result. 

Structure of cis-NPF,(NSOPh), (16) 

The molecular structure and atomic numbering scheme of the molecule of 16 are 
illustrated in Figure 1, selected bond lengths and angles are given in Table Tv. The 
asymmetric unit contains one independent molecule with no atom setting at special 
position. The conformation of the inorganic ring resembles that of a half-chair4' with 
torsion angles ranging from -41.2(2) to 30.0(2)" and lowest asymmetry parameter 
AC, [N(l)] = 13.5(2)". Puckering parameters46 are Q = 0.319(2) A, 8 = 51.9(4)" and 
cp = 266.1(4)". The atoms S(2) and N(2) deviate significantly from the least-squares 
plane through P( l), N( l), S( 1). N(2). S(2) and N(3) with distances of 0.209(4) and 
-0.204(5) A, respectively. The asymmetric feature of the molecule is also reflected 
by the position of the phenyl groups, which are positioned under an angle of 17.7( 1)" 
to each other. The differences between the PN and SN bond lengths border to sig- 
nificance, which is in line with the small difference in electronegativity of the SOPh 
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FIGURE 1 Molecular structure (Pluto drawing) and adopted numbering scheme of cis-NPF,(NSOPh), 
(16). 

and PF, centers." The CC bond lengths in the phenyl rings are equal within the 
experimental error with a mean value of 1.390(1) A. However, three sets of CCC 
bond angles can be discerned, one for the endocyclic angles at C(l) and C(7) with 
a mean value of 121.5(2)", one for the angles at C(2). C(6), C(8) and C(12) with a 
mean value of 118.7(1)" and one for the angles at C(3), C(4), C(5), C(9). C(10) and 
C( 11) with a mean value of 120.4(1)". 

REFERENCES 

1. 0. Schmitz-DuMont and H. KUlkens, Z Anorg. A&. Chem.. 238, 189 (1938). 
2. 0. Schmitz-DuMont and A. Braschos. Z Anorg. Allg. Chem. 243, 113 (1939). 
3. 0. Schmitz-DuMont and M. Walther, Z Anorg. A&. Chem. 298, 193 (1959). 
4. F. See1 and J. Langer. Angew. Chem., 68,461 (1956). 
5. F. See1 and J. Langer. Z Anorg. Allg. Chem. 295, 316 (1958). 
6. A. C. Chapman. D. H. Paine, H. T. Searle. D. R. Smith and R. F. M. White. J. Chem Soc., 1768 

7. G. Allen, M. Barnard, J. Emsley. N. L. Paddock and R. F. M. White, Chem I d ,  952 (1963). 
8. J. Ehsley and N. L. PaddocL. J. Chem Soc. A, 2590 (1%8). 
9. B. Green and D. B. Sowerby. J. Chem. Soc. Chem C o w . .  628 (1%9); J.  Chem Soc. A, 987 

10. A. C. Chapman. N. L. Paddock. D. H. Paine, H. T. Searle and D. R. Smith, J. Chem Soc., 3608 

11. R. Riltz and C. Grundman, J. Inorg. Nucl. Chem. 1660 (1960). 
12. H. R. Allcock. "Phosphorus Nitrogen Compounds, Cyclic. Linear and High Polymeric System," 

13. B. Green and D. B. Sowerby, Inorg. Nucl. Chem Len., 5,989 (1969). 
14. N. L. Paddock and D. J. Patmore. J. Chem Soc. Dalton Trans., 1029 (1976). 
15. T. T. Bamgboye and D. B. Sowerby. J.  Inorg. N w l .  Chem, 43,2253 (1981). 
16. T. Moeller, K. John and F. Tsang. Chem I d . .  347 (l%l). 
17. R. Schmutzler, Inorg. Synrh., 9, 75 (1967). 
18, T. Moeller and F. Tsang. Inorg. Synrh., 9, 78 (1967). 

(1961). 

(1970). 

(1960). 

Academic Press. New York and London, 1972. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



CY CLOTHIAPHOSPHAZENES 27 1 

19. E. J. Walsh. E. Derby and J. Smegal. Inorg. Chim. Acra, 16, L9 (1976). 
20. H. H. Baalmann and J. C. van de Grampel. Recl. Trav. Chim. Pays-Bas, 92, 716 (1973). 
21. U. Klingebiel, T. P. Lin, B. Buss and 0. Glemser, Chem Bex, 106, 2%9 (1973). 
22. H. H. Baalmann and J. C. van de Grampel, Recl. Trav. Chim. fays-Bas. 92, 1237 (1973). 
23. J. C. van de Grampel. Rev. Inorg. Chem., 3, 1 (1981). 
24. B. de Ruiter, H. Winter, T. Wilting and J. C. van de Grampel. J.  Chem Soc. Dalton Trans.. 1027 

25. J. B. van den Berg, B. de Ruiter and J. C. van Grampel. Z Nafurforsch.. 31b, 1216 (1976). 
26. J. C. van de Grampel and A. Vos, Recl. Trav. Chim. Pays-Bas, 82, 246 (1963). 
27. H. H. Baalmann, H. P. Velvis and 1. C. van de Grampel, Recl. Trav. Chim Pays-Bas, 91,935 (1972). 
28. D. Susuki, H. Akagi and K. Matsumura. Synrhesis. 9, 369 (1983). 
29. (a) F. Seel and L. Riehl, Z Anorg. Allg. Chem.. 282, 293 (1955); (b) F. Seel. Inorg. Synrh., 9, 113 

30. Houben-Weyl, “Methoden der Organische Chemie,” Georg Thieme Verlag, Stuttgart. Vol. 1311. p. 

31. B. de Ruiter and J. C. van de Grampel, 1. Chem. SOC. Dalton Soc.. 1773 (1982). 
32. Y. le Page, 1. Appl. Crysr., 15, 255 (1982). 
33. L. E. McCandlish. G. H. Stout and L. C. Andrews. Acra Crysrallogx. A, 31, 245 (1975). 
34. S. R. Hall and J. M. Stewart, eds.. XTAL 3.0 Reference Manual, Universities of Western Australia 

35. D. T. Cromer and J. B. Mann. Acra Crysrallogx, A.  24, 321 (1%8). 
36. D. T. Cromer and D. Liberman. 1. Chem. Phys.. 53, 1891 (1970). 
37. A. L. Spek, “The EUCLID Package,” in “Computational Crystallography.” D. S a p ,  ed., Clar- 

endon Press, Oxford, England. p. 528, 1982. 
38. A. Meetsma, Extended Version of the Program PLUTO, Univ. of Groningen, Groningen. The Neth- 

erlands, 1992; W. D. S. Motherwell and W. Clegg. PLUTO, Program for Plotting Molecular and 
Crystal Structures, Univ. of Cambridge, England, 1978. 

39. C. K. Johnson, ORTEP, Report ORNL-3794, Oak Ridge National Laboratory, Tennessee, USA, 1%5. 
40. C. W. Allen. 1. C k m  Soc. Chem Commun., 152 (1970). 
41. C. W. M e n  and P. L. Toch. Inorg. Chem. 20. 8 (1981). 
42. K. Ramachandran and C. W. Allen, 1. Am Chem Soc.. 104,23% (1982). 
43. C. W. Allen, Chem Rev., 91, 119 (1991). 
44. C. W. Allen and T. Moeller, Inorg. Ckm. 7 ,  2177 (1%8). 
45. J. C. A. Boeyens. 1. Crysr. Mol. Srnccr., 8, 317 (1978). 
46. D. Cremer and J. A. Pople. J.  Am C k m  Soc.. 97, 1354 (1975). 
47. J. Hinze and H. H. Jaffe. 1. A m  C k m .  Soc.. 84, 540 (1962); J. Hinze and H. H. Jaffe, 1. Phys. 

Chem, 67, 1501 (1%3); J. E. Huheey, 1. Phys. Ckm,  69, 3284 (1%5); J. E. Huheey, 1. Phys. 
Chem., 70, 2086 (1966). 

(1984). 

(1967). KSO,F thus prepared has to be washed with MeCN and Et,O in order to remove DMSO. 

134, 1970. 

and Maryland, 1990. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


