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There is an extensive chemistry of binary sulfur-nitrogen (S- 
N) anions,’ several of which are hown only in coordination 
complexes with metals.2.3 Although there is polarographic 
evidence for the formation of S4Nd2- at low temperatures? this 
dianion has only been characterized in Ir5* and PtSb complexes 
as a tridentate (N,S,S’) ligand formed by insertion of the metal 
into an S-N bond of S4N4. Anions of diphosphadithiatetrazo- 
cines 1 are unknown, but Pto or PdO compounds readily undergo 
oxidative addition with these inorganic heterocycles to give 72- 
SJ’-metal complexes.6 

1 

We report here the preparation of the thermally stable dianion 
of 1 (R = Ph), which reacts with diiodomethane to give the novel 
bicyclic compound 3 in which a methylene group bridges the 
sulfur atoms of a PzN4S2 ring (see Scheme I). The methylene 
bridge in 3 is readily deprotonated to give the carbanion 
Ph4P2N4S2CHLi. The dianion of 1 (R = Ph) may also be used 
to prepare +S,S’ complexes of Ni and Pt (4a-c) and the S,S’- 
dimethyl derivative 5. 

The reduction of 1 (R = Ph) with 2 molar equiv of Super- 
Hydride gives very good yields of the corresponding dianion as 
its dilithium salt. A solution of Li[BEt3H] in THF (1.22 mmol) 
was added dropwise to a colorless solution of 1 ,S-PbP2N& (0.6 1 
mmol) in THF (1 S mL) at -78 OC. The solution became yellow 
with the evolution of Hz gas and, upon warming to room tem- 
perature, the deposition of a yellow precipitate of Li2[PbP2N&] 
(2) (0.46 mmol). This product is very slightly soluble in THF 
and insoluble in diethyl ether or toluene and decomposes in ac- 
etonitrile or dichloromethane. It is extremely moisture-sensitive 
but can be stored under a nitrogen atmosphere for several days 
at 23 OC without decomposition. It was shown to contain 2’ by 
the preparation of several derivatives (Scheme I). 
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Scbeme I. Reactions of 1 ,S-P~.,PZN~S~~- a 
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Key: (i) CH212; (ii) PtC12(PPh3)2, PtCI2(PEt&, or NiClZ(diphos); 
(iii) 2CH3I; (4a) M = [Pt(PPh&]; (4b) M = (Pt(PEt3)zl; (4c) M = 
Ni( diphos). 

The new bicyclic derivative 3 was obtained by the treatment 
of Li2[Ph4P2N&] with diiodomethane. An ex- of CH212 (1.20 
“01) in THF was added to a slurry of Li2[Ph4P2N&] (0.61 
mmol) in THF at -78 OC. Reaction occurred at room temper- 
ature and, after 62 h, workup produced air-stable white crystals 
of Ph&N4S2CH2 (3) in 23% yield after recrystallization from 
CH2C12-hexanes (l:2).9 The NMR data for 3 are consistent 
with a structure in which a methylene group bridges the two 
sulfur atoms of a PzN& ring symmetrically and this conclusion 
was confirmed by an X-ray structural determination.10 

The molecular geometry and atomic numbering scheme for 3 
areshownin Figure 1. TheintroductionoftheCH2bridgeexpands 
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31P(’H} NMR (in CH2C12): 8 -19.4 ppm. 1H NMR (in CDClJ): 8 
6.9-7.9 ppm (m. C ~ H S ,  20 H), 2.96 ppm (t, CHI, 2 H), 4J(IH-J1P) = 
0.7 Hz. W(’H] NMR (in CDCl3): 8 127.5-132.0 ppm (C~HS). 33.1 
ppm (t. CHd,  3J(13C-31P) = 43.1 Hz. MS (EI, 70 eV): m / z  504 (M+, 
100%). 

(10) Crystal data for C2sH22N,P2S2 (3): M = 504.6; triclinic space group 
Pi, CI = 10.340 (l) ,  b = 12.964 (2  c = 10.175 (2) A, a = 109.96 (1)O. 
y = 73.89 (l)’, V = 1195.0 (6) 13, Z = 2, DE = 1.40 g cm-3, Mo Ka 
radiation (A = 0.710 69 A), ~ ( M o  Ka) = 1.72 cm-I, T - 293 K, R = 
0.050 (R, = 0.060) for 2448 unique observations with I/u(I)  1 3.0. 
Data were collected at 293 K on an Enraf-Nonius CAD4F diffracto- 
meter in the 6/26 mode. All non-hydrogen atoms except phenykarbons 
were refined anisotropically. Hydrogen atom thermal parameters were 
fixed at 20% higher than those of the attached carbon atoms. Hydrogen 
positions were idealized on the basis of the geometries of the attached 
atoms. Final refinement was on F, by least-squares methods, refining 
178 parameters and utilizing the weighting scheme of the form w = 
4F?/u2(F). 
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Figure 1. ORTEP plot for Ph4P2N&CH2 (3). Selected bond lengths (A) 
and bond angles (deg): S( 1)-N( 1) 1.592 (3),S(l)-N(4) 1.595 (3),S(2)- 
N(2) 1.594 (3), S(2)-N(3) 1.597 (3), S ( l ) -C( l )  1.827 (4), S(2)-C(1) 
1.812 (4), P(1)-N(1) 1.620 (3),P(l)-N(2) 1.609 (3),P(2)-N(3) 1.610 
(3), P(2)-N(4) 1.607 (3),N(l)-S(l)-N(4) 115.6 (2),N(l)-S(l)-C(l)  
102.5 (2),N(4)-S(l)-C(l) 102.4(2),N(2)3(2)-N(3) 115.0(2),N(2)- 

(2), N(3)-P(2)-N(4) 119.1 (2), S( 1)-N( 1)-P( 1) 123.4 (2), S(2)-N(2)- 
P(1) 124.6 (2), S(2)-N(3)-P(2) 123.8 (2), S(l)-N(4)-P(2) 126.0 (2), 
S(l)-C(l)-S(2) 113.0 (2). 

S(Z)-C(l) 103.4(2),N(3)4(2)-C(l)  103.3 (2),N(l)-P(l)-N(2) 118.2 

the S S  separation from 2.528 (1) A in (1) (R = Ph)” to 3.033 
(1) A in (3), accompanied by a wide S( l)-C( 1)S(2)  angle of 
11 3.0 ( 2 ) O  at the methylene carbon. In addition, the methylene 
bridge enforces larger endocyclic bond angles at phosphorus and 
nitrogen, resulting in mean N-P-N and S-N-P angles of 11 8.6 
(2) and 124.5 ( 2 ) O ,  respectively [cf. 110.8 (1) and 120.9 (2)O, 
respectively for 1 (R = Ph)]. The mean S-N and P-N bond 
lengths in 3 are not significantly different from those found for 
1.” 

The new reagent 2 may also be used to prepare q2-S,S’ 
complexes of 1 with platinum or nickel (see Scheme I). The 
latter cannot be prepared by the oxidative addition of 1 with 
nickel(0) complexes.12 The known compound Pt(PPh& 
(Ph4P2N4S2) ( 4 4  and the new derivative Pt(PEt3)2(Ph4PzN&) 
(4b) were produced by the reactions of a slurry of 2 with cis- 
PtC12(PR3)2 (R = Ph or Et, respectively) at -78 OC.I3 The nickel 
complex Ni(diphos)(Ph&N&) (4c) was obtained in a similar 
manner from NiClz(diphos). The 31P NMR spectrum of 4c in 
CH2Cl2 consists of two 1:2:1 triplets at 6 45.5 and 44.1 ppm with 

The 8,Scdimethyl derivative, 5, was isolated as air-stable white 
crystals in ca. 30% yield after the treatment of a slurry of 2 in 
THFat 23 OCwith2 molarequi~ofiodomethane.~~ Thissynthesis 
of 5 represents a considerable improvement over the existing 
procedure, which involves the use of the explosive reagent Me& 
(NBr)2 in a three-step process.15 8,s’-Dialkyl derivatives of 2, 
as exemplified by 5, are potential precursors (via thermolysis) for 

4J(P-P) = 9.3 Hz. 

11) Burford, N.; Chivers, T.; Richardson, J. F. Inorg. Chem. 1983,22,1482. 
12) Chivers, T.; Edwards, M. Unpublished results. 
13) 31P(IH) NMR data for 4a (in CH2C12): 6 18.3 (t, PhJP, 4J(P-P) = 4.6 

Hz, IJ(P-Pt) = 2861 Hz), 39.3 ppm (t. PhZP, ‘4P-P) = 4.2 Hz, V(P- 
Pt) = 562 Hz), in good agreement with the literature values.6 IIP(IH) 
NMR data for 4b (in CH2C12): 6 4.5 (t. Et3P, ‘J(P-P) = 3.6 Hz, V(P- 
Pt) = 2733 Hz), 35.9 ppm (t, PhZP, 4J(P-P) = 3.6 Hz, IJ(P-Pt) = 536 
Hz). 

polymers based on alternating PN/SN backbones with three- 
coordinate sulfur,16 but they cannot be prepared by the cyclo- 
condensation reaction of Ph2PN2(SiMe3)3 with either RSC1317 or 
3 molar equiv of RSCl (R = alkyl).19 

Although the natures of the S S  bonds in 1 and (p-Sz)Fe,- 
(CO)6 are quite different,a the formation andsubsequent reactions 
of the dianion of 1 described above resemble the behavior of the 
dianion of (p-S2)Fe2(C0)6.23 Further investigations of the 
incorporation of bridging units into the P2N& ring by treatment 
of the dianion of 1 with metal or nonmetal halides are in progress. 

Finally, we note that the bridging CH2 group in 3 is readily 
deprotonated by “BuLi in THF at -78 0C.*4 The carbanion 
Ph4P2N4S~CHLi so formed reacts with iodomethane to give 
Ph4P2N&CH(CH3), which exhibits signals at 6 -1 8.4 and-20.4 
ppm in the 31P NMR spectrum for the inequivalent Ph2P groups 
(cf. 6 -19.4 ppm for 3). By analogy with related organosulfur 
carbanions, e.g. those derived from 1 ,3-dithianes,Z4 the chemistry 
of this new carbanion is likely to be extensive. 
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The 3lP(lH) NMR spactrum of the reaction mixture indicated that 5 is 
the only phosphorus-containing product, but several recrystallizations 
werenecessarytoobtainapuresample (freefromlithiumiodide). 3IP(lH) 
NMR data for 5 (in CH2C12): 6 27.0 ppm. IH NMR (in CDCI3): 6 
7.3-8.0 ppm (m, C ~ H J ,  20 H), 2.84 ppm (t, CHI, 6 H), 44H-P) = 1.2 
Hz [cf. lit. 6 2.86, V(H-P) = 1.4 Hz].I6 t3C(1H1 NMR (in CDC13): 
6 45.7 ppm (t, CH,), ]J(C-P) = 21.0 Hz. MS (EI, 70 eV): m / z  520 
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