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The reaction of hexachlorocyclotri(4 >-phosphazene), N3PsClg, with a series of pyrimidine-2-thiol in the presence
of triethylamine in boiling tetrahydrofuran solution affords only a geminal isomer, N3P3(N-S),Cl4 (N-S =2-pyrimidinyl-
thio (pms), 4,6-dimethyl-2-pyrimidinylthio (dmpms), and trifluoromethyl-2-pyrimidinylthio (fmpms)) in high yield. The
molecular structures of N3P3(pms),Cls (monoclinic P21/n, a =7.686(2), b =28.236(7), c=8.760(2) A, B =99.87(2)°,
V=1873.2(8) A3, Z=4, R=0.052) and N3P3(dmpms),Cls (triclinic P1, a=8.698(3), b=9.630(3), ¢ =14.179(6) A,
a=100.88(3), B =92.83(3), y=103.84(3)°, V=1126.9(7) A>, Z=2, R=0.049) have been solved. The crystal structures

- disclose that the nitrogen atom of the 2-pyrimidinylthiol group significantly interacts with the phosphorus atom of the
cyclotri(phosphazene) ring within the sum of the van der Waals radii (3.40 A). The P---N intramolecular interaction
of N3P3(dmpms),Cly (P(1)-N(5), 3.109(4); P(1)-N(7), 3.126(4) A) is considerably longer than that of N3P3(pms),Cls
(2.965(7), 2.986(7) A). Although such a unique intramolecular interaction does not seem to be exactly retained in solution,
the steric effects of the geminal bis-substituted ligands seem to hinder further substitution at other untouched phosphorus
atoms. The formation of only a geminal isomer and its structure seem to be involved in the mechanism of the substitution
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reaction.

The reactions of hexachlorocyclotri(4 °- phosphazene),
N3P;Clg, with a number of nucleophiles such as amines, al-
cohols, and organometallic reagents have been widely stud-
ied, since its substituted analogs are excellent models for
exploratory reactions that can be applied subsequently at
its linear polymer level.'—® Sometimes, however, the isola-
tion of the products tends to be somewhat intricate due to
the formation of several isomers and the degree of chlorine
replacement.*~” For the aminolysis, alcoholysis, and phe-
nolysis of N3P3Clg, fully substituted products have been pre-
dominantly obtained, even at or below room temperature.'®
However, the degree of replacement can be governed by sev-
eral factors, such as the steric requirements of nucleophiles,
the control of the reaction time, and the choice of solvent.®—"
For instance, the reaction of hexachlorocyclotri(4°-phos-
phazene) with sodium benzenethiolate in a boiling diethyl
ether or benzene solution yielded a mixture of N3P3(SPh),Cly
and N3P5(SPh)g; the yield of the latter increased with pro-
longation of the reaction time.*'>!® In particular, according
to our previous paper,' the reaction of N3P3;Clg with pyr-
idine-2-thiol produced only a gem-2,2-bis(2-pyridinylthio)-
4,4,6,6—tetrachlorocyclotri(/15—phosphazene). Furthermore,
the nitrogen atom of the 2-pyridinylthio group significantly
interacts with the phosphorus atom of the cyclotri(4°-phos-
phazene) ring (P---N, 2.96 A). Such a fascinating bonding
mode has stimulated our interest in understanding the struc-
ture and reaction of cyclotri(A>-phosphazene) molecules.

The crucial factor on the intramolecular interaction and its
related chemistry could not be clearly explained by simple
studies of only the molecular structure. Moreover, the asym-
metric 2-pyridinylthio groups have left a question about its
behavior in solution.

In order to expand the chemistry on the substituent
effects and solution-behavior, we report on a series of
N3P3(N-S),Cly (N-S =pms, dmpms, fmpms) obtained from
the reaction of N3P;Clg with 2-pyrimidinethiol or its analogs.
The ligands are capable of chelating to metals as either 2-
pyrimidinethiol (A, thiol) or pyrimidine-2(1H)-thione (B,
thione) (Chart 1). The coordination modes of the ligands are
directed by various factors, such as the basicity of the cen-
tral metal, the overall charge of the complex, and medium
effects.’>19

Experimental

Chemicals and Measurements. 2-Pyrimidinethiol (pms),
4, 6- dimethyl- 2- pyrimidinethiol (dmpms), 3-trifluoromethyl- 2-
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pyrimidinethiol (fmpms), and hexachlorocyclotri(4 -phosphazene)
(N3P3Clg) were purchased from Aldrich. Chemical analyses were
carried out by the Advanced Analysis Center at KIST. IR spectra
were recorded on a Perkin—Elmer 16F PC model FT-IR spectrom-
eter as KBr pellets. NMR spectra were measured in chloroform on
a Varian Gemini 300 NMR spectrometer for 3'P (121.44 MHz) and
on a Varian Gemini 200 spectrometer for 'H (200.00 MHz) and 13C

-(50.32 MHz). The chemical shifts were relative to internal Me4Si
('H and "°C) and external (CsHs0)3 PO ('P)*” for the indicated
nuclei.

Preparation of N3P3(pms);Cly.  N3P5Cls (3.48 g, 10.0 mmol)
and triethylamine (10.12 g, 100.0 mmol) were combined in 150 mL
of dried tetrahydrofuran. The mixture was stirred for 5 min at room
temperature, and pmsH (11.22 g, 100.0 mmol) was added. The
reaction solution was refluxed for 24 h. The triethylamine hydro-
chloride formed was filtered off. The filtrate was concentrated to
20 mL, and excess distilled water was added to precipitate the thin
yellow product in 84% yield. Recrystallization from a mixture of
chloroform and hexane (1:1) gave colorless crystals suitable for
X-ray crystallography. Mp 170 °C (decomp). Found: C, 19.10; H,
1.19; N, 19.50%. Calcd for CgHsN;CLiP3S,: C, 19.25; H, 1.21;
N, 19.65%. IR (KBr) 1556 (s), 1380 (s), 1206 (s, P=N), 1163 (s,
C=S), 580 (s), 520 (s). "HNMR (CDCl3) & =8.68 (4H, N-CH,
d, J=5.0 Hz), 7.21 (2H, CH, t, J=5.0 Hz). *CNMR (CDCL)
6 =167.44 (C=S), 167.36 (C=S), 158.58 (N-CH), 158.53 (N-CH),

1119.40 (CH). *’PNMR (CDCls) & =55.6, 42.4.

N3P3(dmpms);Cly.  This compound was synthesized in 80
% yield by the same procedure as mentioned above. The crude
product was recrystallized from toluene to obtain colorless crystals.
Mp 160 °C (decomp). Found: C, 25.20; H, 2.59; N, 17.53%.
Calcd for C;pHiaN,CLP3S,: C, 25.96; H, 2.54; N, 17.66%. IR
(KBr) 1580 (s), 1512 (m), 1247 (s, P=N), 1190 (s, C-S), 580 (s),
521 (s). "HNMR (CDCl3) 6 =6.90 (2H, CH, s), 2.50 (12H, -CH3,
s). »CNMR (CDCl3) 6 =168.78 (C=S), 168.75 (C=S), 165.64
(N-C), 165.54 (N-C), 119.02 (-CH), 23.96 (-CH;). 3'PNMR
(CDCl3) 6 =55.8, 40.9.

N;P3(fmpms);Cla. This compound was prepared in 75%
yield using the same procedure for N3P3(pms),Cly. Thin needle
colorless crystals were obtained in a mixture of toluene and hex-
ane. Mp 155 °C (decomp). IR (KBr) 1560 (m), 1338 (s), 1220
(s, P=N), 1195 (s, C-S), 1158 (s), 1123 (m), 590 (s), 522 (s)
cm™'. "HNMR (CDCL) 6 =8.96 (2H, CF3-C—CH, d, J=5.0 Hz),
7.55 (2H,—CH, d, J=5.0Hz). *CNMR (CDCl3) 8 =168.21 (C=S),
168.13 (C-S), 160.4 (~CH), 157.33, 157.25 (g, CF3—C, *Jc-5=35.4
Hz), 119.4 (q,—CF3, ' Jc—r=276.6Hz), 114.99 (CF;—C-CH), 114.93
(CFs—C—CH). *»’PNMR (CDCl3) 6 =54.2, 41.9.

X-Ray Crystallography. All of the crystallographic data
were obtained on an Enraf-Nonius CAD 4 automatic diffractome-
ter with graphite-monochromated molybdenum radiation (A (Ka1)=
0.70930 A, 1 (Kaz) =0.71359 A) at ambient temperature of 23(2)
°C. A preliminary diffractometric investigation indicated a crystal
system. Accurate cell dimensions were obtained from the set-
ting angles of 25 well-centered reflections by using a least-square
procedure. During the data collection, three standard reflections
monitored after every hour did not reveal any systematic variation
in the intensity. The data were corrected for Lorentz and polar-
ization effects. Absorption effects were corrected by the empirical
¢-scan method. The structures were solved by a direct method,
followed by a successive difference Fourier synthesis. The non-
hydrogen atoms were refined anisotropically, and hydrogen atoms
were placed in calculated positions with the isotropic thermal fac-
tors. All of calculations were carried out on a personal computer

Bis(2-pyrimidinylthio)cyclotri(A° -phosphazene)s

with use of SHELXS 86 or SHELXL 93.?" The crystal parameters
and procedural information corresponding to the data collection and
structure refinement are given in Table 1. The atomic positions and
equivalent isotropic thermal parameters are reported in Table 2 for
N3P3(pms),Cls, and Table 3 for N3P3(dmpms),; Cly.

Further details of the crystal structure investigation for
N3P3(pms),Cly, and for N3P3(dmpms),Cly are available on request
from the Director of the Cambridge Crystallographic Data Centre,
12 Union Road, GB-Cambridge CB21EZ, (U.K.). The complete
F, — F. data have been deposited as Document No. 70031 at the
Office of the Editor of Bull. Chem. Soc. Jpn.

Results

Synthesis. The reaction of N3P;Clg with a series of
2-pyrimidinethiol in the presence of triethylamine in a boil-
ing tetrahydrofuran (THF) solution afforded only a bis-sub-
stituted cyclotri(4°-phosphazene). The two 3'P chemical
shifts in the ratio of 1:2 explain the formation of the bis-
substitute (Fig. 1). Although the chemical shift at around
40 ppm corresponds to untouched PCl,, a paucity of struc-
tural information still remains. Thus, single-crystal X-ray
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Fig. 1. 3'PNMR spectra of N3P3(pms)Cly (55.6, 42.4;

top), N3P3(dmpms),Cls (55.8, 40.9; middle), and
N3P3(fmpms), Cly (54.2, 41.9; bottom) in CDCls.
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Table 1. Crystallographic Data
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Compounds N3P3(pms),Cly N3P3(dmpms),Cls
Formula C3H5N7C]4P3SZ C11H1-4N7C14P3Sz
Formula weight 499.03 555.13

T/°C 23(2) 23(2)

AlIA 0.71073 0.71073

Crystal system Monoclinic Triclinic

Space group P2, /n (No.14) PT (No.2)

alA 7.686(2) 8.698(3)

b/A 28.236(7) 9.630(3)

c/lA 8.760(2) 14.179(6)

aldeg 100.88(3)

Bldeg 99.87(2) 92.83(3)

yldeg 103.84(3)

VIA3 1873.2(8) 1126.9(7)

zZ 4 2

dey/™gm™? 1.770 1.636

Absorption coefficient/mm™ 1.119 0.939

F(000) 992 560

Crystal size/mm 0.15%0.25x0.50 0.35x0.40x0.60
Ormax/deg 25 25

Index ranges h, k, £l h, £k, £1
Reflections collected 2193 3522

Independent refns [I > 20(1)] 2045 3288

Parameters refined 217 253

Goodness of fit 0.977 1.113

Final R indices [I > 20(D]? R1=0.0516, wR2=0.1304 R1=0.0492, wR2=0.1296
R indices (all data) R1=0.0567, wR2=0.1357 R1=0.0498, wR2=0.1304

Largest diff. peak and hole/A’

0.409 and —0.380

0.792 and —0.346

a) Rl1=3"||Fo| — |Fe|[/S3|Fo|. wR2 = {3 (F2 — F22/S wFi}1/2, where w = 1/{ 02 F2+(0.0197P)2+0.00P},

and where P = {Max(F?2,0)+2F2}/3.

studies were undertaken for the title compounds. Among
the following possible three isomers for the bis-substitute,
only a geminal-1, 1-isomer was selectively obtained in high
yields (75—84%) (Chart 2). When excess ligands were used
in the reaction, the dimerization of the ligand occurred, in
particular, for dmpms ligand. Only the same isomer was
obtained in a similar yield by the reaction of N3P;Clg with
potassium salt of the free ligands under the same conditions.

Fully substituted compounds, [NP(N-S),]s, were not pro-

duced by changing the reaction conditions, such as the mole
ratio of the reactants and an extension of the reaction time (3
days), in contrast to [NP(2-OPy),]3?? and [NP(SPh),]3,%1>1¥
(2-OPy: 2-pyridinoxy; SPh: phenylthio), which were eas-
ily prepared by the reaction of N3P3;Clg with HOPy and
HSPh, respectively. Thus, the formation of only a gemi-
nal bis-substituted product, N3P3(N-S),Cly, irrespective of
the reaction conditions, seems to be ascribed to its intrinsic

e
| Nup? ‘N—T’ Nemep?

2,2-isomer  trans-2,4-isomer  cis-2,4-isomer

nongeminal
Chart 2.

geminal

molecular properties, which are explained later. The title
compounds are stable colorless crystals, which are soluble in
polar organic solvents such as THF, dimethyl sulfoxide, and
dimethylformamide, etc. but are insoluble in water.

Crystal Structures of N;P;(pms);Cly; and N;P;-

Fig. 2.
space-filling (right) views of N3P3(pms),Cls.

ORTEP shown at 50% probability level (left) and
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Atomic Coordinates (x10*) and Equiva-

Bis(2-pyrimidinylthio)cyclotri(1 5 -phosphazene)s

Table 2. Table3.  Atomic Coordinates (x10*) and Equiva-
lent Isotropic Displacement Parameters (A2 x10%) for lent Isotropic Displacement Parameters (Ax10%) for
N3P3 (pms)2C14 N 3P3 (dmpms)2Cl4

Atom x y z Uleq)® Atom x y z U(eq)®

S(1) - 8561(3) 694(1) 658 (2) 50(1) P(1) —1719(1) 7673(1) 2212(1) 37(1)

S(2) 9335(3) 1725(1) 1291(2) 52(1) PQ2) —4731(1) 8091(1) 2424(1) 43(1)

PQ) 8115(2) 1179(1) 2335(2) 36(1) P(3) —3441(1) 6729(1) 3653(1) 46(1)

PQ2) 5184(2) 1263(1) 3746(2) 41(1) N(1) —3174(3) 8277(3) 1899(2) 44(1)

P(3) 8371(2) 1033(1) 5476(2) 43(1) N@) —4849(3) 7332(4) 3317(2) 54(1)

CI(1) 3166(2) 809(1) 3396(2) 63(1) N@3) —1934(3) 6861(3) 3092(2) 46(1)

Cl(2) 3909(3) 1869(1) 3913(3) 71(1) S(1) 376(1) 9312(1) 2389(1) 48(1)

CI(3) 8837(3) 401(1) 6480(2) 68(1) S(2) —952(1) 6410(1) 1071(1) 52(1)

Cl4) 9731(3) 1449(1) 7106(2) 72(1) C1(1) —5203(1) 10044(1) 2822(1) 75(1)

N(1) 6069(7) 1276(2) 2241(6) 36(1) Cl(2) —6604(1) 7071(2) 1484(1) T1(1)

N(@) 6363(7) 1150(2) 5365(6) 52(2) C1(3) —4326(2) 4635(1) 3708(1) 83(1)

N(@3) 9249(7) 1054(2) 3980(6) 47(2) Cl(4) —2822(2) 7585(2) 5049(1) 79(1)

N@) 6812(7) 196(2) 2537(6) 48(2) N@4) 489(4) 12072(3) 2849(2) 48(1)

N() 7497(8) —172(2) 259(7) 50(2) N(5) —1210(4) 10568(4) 3734(2) 58(1)

N(6) 8319(9) 2146(2) 3734(7) 61(2) N(6) —1477(4) 3602(3) 823(2) 50(1)

N(7) 10272(9) 2553(2) 2368(7) 56(2) N(7) —3719(4) 4548(4) 1195(3) 62(1)

C) 7506(9) 186(3) 1235(7) 42(2) C) -215(4) 10826(4) 3068(3) 45(1)

C2) 6069(10) —206(3) 2879(9) 57(2) C(2) 137(5) 13267(4) 3365(3) 53(1)

C®3) 6003(11) —598(3) 1974(9) 59(2) C@3) —894(5) 13121(5) 4065(3) 61(1)

CcC4) 6739(12) —562(3) 659(9) 63(2) C4) —1543(5) 11767(5) 4240(3) 63(1)

C(5) 9281(10) 2195(3) 2630(8) 47(2) C(5) 918(6) 14689(5) 3129(4) 70(1)

C(6) 8319(13) 2517(3) 4675(9) 70(2) C(6) —2615(7) 11520(6) 5031(4) 93(2)

C() 9277(14) 2914(3) 4509(10) 78(3) C(7) —2220(5) 4643(4) 1045(3) 49(1)

C(8) 10204(12) 2922(3) 3322(11) 72(3) C(8) —2390(6) 2223(4) 733(3) 56(1)

. . . C©O) —3969(6) 2017(5) 896(3) 65(1)
a) Uleq) is defined as one third of the trace of the orthogonalized
U ten(s]or. & C(10) —4618(5) 3161(5) 1114(3) 66(1)
cn —1588(7) 1031(5) 467(3) 74(1)
C(12) —6346(6) 3023(6) 1257(5) 96(2)
(dmpms)z Cls. OR’I;EP aI‘ld SP ace- ﬁlhng views of the a) Uleq) is defined as one third of the trace of the orthogonalized
N3P3(pms),Cly are depicted in Fig. 2, and selected bond Uj; tensor.

lengths and bond angles are listed in Table 4. As expected
from the 3'P chemical shifts, the molecular structure was
confirmed to be a geminal 2,2-isomer. The C-S bond lengths
(C(1)-S(1), 1.763(8) A; C(5)-S(2), 1.778(7) A) of the 2-

Fig. 3.
space-filling (right) views of N3P3(dmpms),Cly.

ORTEP shown at 50% probability level (left) and

pyrimidinylthio group disclose that the ligand exists as a thio
tautomer (A) in contrast to the corresponding bond (1.692(2)
A) of the PySH ligand® (the crystal structure of PymSH
is not available) that exists as a thion tautomer (B) in the
solid state. The six-membered ring of “N3P3;” (P-N bond
lengths: 1.565(6)—1.590(5) A) approximates to a plane, the
NP3 atoms deviate from the resonance plane by less than
0.012 A. The most fascinating feature is that the nitrogen
atom of the 2-pyrimidinylthio group significantly interacts
with P(1) (P(1)-N(4), 2.965(7) A and P(1)-N(6), 2.986(7)
A), within the sum of the van der Waals radii (3.40 A).
The distances of N- - -P are very similar to those of Co(SPy)s
(2.96 A)," but are too long to indicate a normal covalent
bond. Thus, the interaction is best described to be the van
der Waals-type host—guest reminiscent of molecular recog-
nition. Such an intramolecular interaction in the molecule
is easily visualized by examining a space-filling view drawn
with the crystallographic coordinates shown in Fig. 2. The
nitrogen atom (N(4) and N(6)) of the pyrimidine group is
validly embedded between two chlorine atoms. As proof of
the interaction, the angle of S(1)-P(1)-S(2) (92.0(1)°) is no-
ticeably pinched from a tetrahedral arrangement. Moreover,
the angles of P(1)-S(1)-C(1) (101.2(2)°) and P(1)-S(2)-C-
(5) (101.5(3)°) are much smaller than the corresponding an-
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Table 4. Selected Bond Lengths (A) and Angles (deg)

N3 P3 (pms)2Cl4 N3 P3 (dmpms)z C14
P(1)-N(1) 1.584(5) P(1)-N(1) 1.590(3)
P(1)-N(@3) 1.590(5) P(1)-N@3) 1.588(3)
P(2)-N(1) 1.584(5) P(2)-N(1) 1.567(3)
P(2)-N(2) 1.579(5) P(2)-N(2) 1.573(3)
P(3)-N(2) 1.565(6) P(3)-N(2) 1.565(3)
P(3)-N(@3) 1.575(6) PB)Y-N@3) 1.558(3)
P(2)-Cl(1) 1.994(3) P(2)-CL(1) 2.004(2)
P(2)-C1(2) 1.989(3) P(2)-Cl(2) 1.981(2)
P(3)CI1(3) 1.9943) P@3)-Ci(3) 1.997(2)
P(3)-Cl4) 1.999(3) P(3)—Ci(4) 1.989(2)
P(1)-S(1) 2.080(2) P(1)-S(1) 2.074(2)
P(1)-S(2) 2.0943) P(1)-S(2) 2.072(2)
S(1)-C(1) 1.763(8) S(1)-C(1) 1.788(4)
S@2)C(5) 1.778(7)  S(2)-C(5) 1.785(4)
P(1)---N@4) 2.965(7) P(1)---N(5) 3.109(4)
P(1)---N(6) 2.986(7) P(1)---N(7) 3.126(4)
S(1)-P(1)-S(2) 94.95(7)  S(1)-P(1)-S(2) 92.06(6)
C(1)-S(1)-P(1) 101.2(2) C(1)-S(1)-P(1) 101.3(1)
C(5-S(2)-P(1) 101.5(3) C(7)-S(2)-P(1) 101.4(1)
N(O)-P(1)-S2) 11142 N()-P(1)-S(1) 109.8(1)
N@)-P(1)-S(1) 111.1(2) NQG)-P(1)-S(1) 113.1(1)
N@)-C(1)-S1) 119.7(5) N@GS)-C(1)-S(1) 117.9(3)
N(6)-C(5)-S(2) 118.9(6) N(T)-C(7)-S(2) 118.1(3)

gles of simply S-coordinated pyridine-2-thiol compounds
of [AuCl(2-CsH5NS)] (110.5(5)°)* and [Cu(totp)(tzdth)I]
(112.8(2)°).29 However, the angles of P-S—C are splayed
out compared with that (77.4(1)°) of a normal N,S-biden-
tate compound, [V(pyr),(tmeda)].?” In particular, each 2-
pyrimidinylthio group is almost perpendicular to the six-
membered phosphazene plane (dihedral angle: 81.0(2)°;
85.6(2)°), indicating the presence of the van der Waals in-
tramolecular interaction. Thus, the 2-pyrimidinylthio group
is bonded to a phosphorus atom of cyclotri(4 3-phosphazene)
in a pseudo-bidendate fashion in the solid state.

The molecular structure and space-filling views of
N3P3(dmpms),;Cly are shown in Fig. 3, and the relevant
bond lengths and angles are tabulated in Table 3. The
molecule was also elucidated as a gem-bis-substituted cyclo-
tri(A’-phosphazene). Among the two possible tautomeric
forms, the dmpms ligand predominantly acts as a thiol char-
acter in the molecule (C(1)-S(1), 1.788(4) A; (C(7)-S(2),
1.785(4) A). Thus, its overall structure is similar to the above
N3P3(pms),Cly, including both the bond angles of N-C-S,
C—S-P, and S—P-S and the bond lengths of C-N, C-S, and
S-P. In striking contrast, the dihedral angles (58.9(1)°;
58.6(1)°) between the pyrimidine group and the phosphazene
ring in N3P3(dmpms),Cly are severely deviated from 90°, in
contrast to those (81.0(2)°; 85.6(2)°) of the N3P3(pms),Cly.
The torsion angles of P(1)-S(1)-C(1)-N(5) (37.5(3)°) and
P(1)-S(2)-C(7)-N(7) (39.8(3)°) of the N3P3 (dmpms),Cl,
are significantly different from those (11.1(7)°; 4.1(6)°) of
the N3P3(pms);Cly. Such deviations of the dihedral angles
and the torsion angles can be seen from the space-filling di-
agram in Fig. 3. Thus, the intramolecular P---N distances
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(P(1)-N(5), 3.109(4) A; P(1)-N(7), 3.126(4) A) are con-
siderably longer than those of N3P3(pms),Cly (2.965(7) A;
2.986(7) A), presumably owing to the presence of the methyl
group substituted to the pyrimidine ring.

Discussion

Though the reaction of N3P3;Clg with a series of pyrim-
idine-2-thiol ligands can lead to the formation of several
isomers and various degrees of chloride replacement, only
a geminal 2,2-isomer was obtained in a boiling THF solu-
tion. Why does the present reaction so selectively produce
only a gem-2,2-isomer? In contrast, the cognate reaction with
HSPh predominantly affords a fully substituted product, (NP-
(SPh),)3;, under the same reaction conditions, even though
pms and SPh are very similar in bulkiness.®!>'» Thus, for
the present system, the pseudo-coordination of the nitrogen
atom may play an important role in the formation of the final
product. Such a unique structure seems to hinder a further re-
action, resulting in the formation of only a gem-isomer, even
though the conformation and the van der Waals interaction
of the title compounds are not exactly retained in solution.
That is, the restricted freedom of the substituted ligand may
cause difficulty in a further substitution at other untouched
phosphorus atoms. As proof of the limited freedom of the
substituted ligand, the '3C resonances around N atom in
N3P3(pms),Cls (C(1), C(2), C(4)), N3P3(dmpms),Cly (C(1),
C(2), C(4)), and N3P3(fmpms),Cly consist of two sets. The
characteristic chemical shifts demonstrate that the present
molecules are less fluxional in solution. However, such
a nonrigidity was not observed by the 'HNMR spectra in
solution at room temperature. Thus, NMR studies on the
present system containing symmetric ligands, such as pms
and dmpms, clearly visualize the solution-behavior in con-
trast to the 2-pyridinylthio analog, N3P3(SPy),Cly. Besides
the pseudo-coordination via the nitrogen atom, the size and
bond angle of the sulfur atom of the molecule may be in
part responsible for the molecular rigidity induced by the
unique intramolecular interaction. For instance, in the case
of an oxygen analog instead of a sulfur-containing ligand,
the fully substituted (NP(OPy);); (OPy =2-pyridyloxy) was
easily obtained instead of a bis-substitute, N3P3(OPy),Cly.??

Even though the present ligands have an additional nitro-
gen atom in the aromatic ring relative to the 2-pyridinyl-
thio ligand, a significant structural difference between the
N;P;(pms),Cly and the N3P;(SPy),Cly was not observed.
A comparison of the two compounds indicates that the
additional nitrogen atom prominently does not affect the
molecular structure, including the strength of the unique
intramolecular interaction. In contrast, the P---N interac-
tion of the N3P;(pms),Cly is fairly shorter than that of the
N3P3(dmpms);Cly. The methyl group of the dmpms ligand
may induce a deviation of the dihedral angle between the
pyrimidine group and the phosphazene plane, and thus the
distance of the P- - -N interaction significantly increases. This
fact is direct evidence that the bonding mode of the pseudo-
bidentate ligand is dependent on steric effects rather than
electronic effects.
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In conclusion, the reaction of N3P;Clg with a series of 2-
pyrimidinelthiol in boiling tetrahydrofuran solution afforded
only a geminal bis-substituted cyclotri(4>-phosphazene) as
the main product. The 2-pyrimidinethiol acts as a unique
pseudo-bidentate to a phosphorus atom in cyclotri(A >-phos-
phazene) analogs. The bonding mode of the ligand is sen-
sitive to the steric effects rather than the electronic effects.
The formation of only a geminal isomer can be explained in
terms of its prominent structural feature, which seems to be
involved in nucleophilic substitution.?®
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