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Figure 2. Neptunium(V) speciation scheme under a carbon dioxide 
partial pressure of 10-2.0 atm. 

to the triply charged N P O ~ ( C O ~ ) ~ ~ -  ion. The reliability of the 
log 813 value found in this work can be further assessed from 
the following discussion. The E l / ,  value of the Np(VI/V) 
couple in carbonate media was found to be constant in the 
range 0.1-3.0 M Na2C03? This was also observed by Wester 
and Sullivanlo in bicarbonate-carbonate solutions in the pH 
range 8.3-1 1.2. This behavior indicates an unchanging num- 
ber of carbonate ligands for Np(V) and Np(VI), which is three 
according to observations made by Simakin9 based on the 
solubility behavior of Na3Np02(C03)2 in carbonate media. 
The stability constant found in this work would also predict 
that N P O ~ ( C O ~ ) ~ ~ -  is the dominant species of Np(V) at  
[ C o t - ]  20.1 M. The E l l ,  value of the Np(VI/V) couple in 
carbonate media is 0.7 V more negative than that of this couple 
in a noncomplexing medium." This indicates that the log 
813 value of the VI species is larger by 11.84 than that of the 
V species. Using this value and that of log 013 for the Np(V) 
species found in this work gives an estimate of 20.37 for log 
P I 3  of Np(V1). This estimate is quite reasonable when it is 
considered that the corresponding log P I 3  value for U(V1) is 
21.8 l.I2 Comparable differences are observed between U(V1) 
and Np(V1) hydrolytic constants; the value of -log &s is 15.6 
for U(V1) and 17.5 for Np(VI).I3 Finally, an additional 
measure of confidence is derived from the fact that QH, as 
found in this work, is very close to that estimated by Kraus 
and N e l ~ o n . ~  

Raman spectra of the solid used in this study were obtained 
to further characterize this material. The main features in 
the spectra of NaNp02C03.3.5H20 are the bands due to vl  
vibrations of the NpO, moiety at  775 cm-' and those of C03 ,  
v1 at 1100 cm-' and v3 at 1404 and 1569 cm-l. The 775-cm-' 
frequency of the neptunyl symmetric stretch in this compound 
is similar to that for Na3Np02(C03)2, which is 772 cm-'.I4 
That such a similarity can occur between these two com- 
pounds, in spite of the different stoichiometry, is apparently 

(9) G. A. Simakin, Sou. Radiochem. (Engl. Transl.), 19, 424 (1977). 
(10) D. W. Wester and J. C. Sullivan, J .  Inorg. Nucf. Chem., 43, 2919 

L. J. Nugent, R. D. Baybarz, J. L. Burnett, and J. L. Ryan, J .  Phys. 
Chem., 77, 1528 (1973). 
L. Maya, Inorg. Chem., 21, 2895 (1982). 
C. F. Baes, Jr., and R. E. Mesmer, 'The Hydrolysis of Cations", Wiley, . .  
New York, 1976. 
C. Madic, D. E. Hobart, and G. M. Begun, Inorg. Chem., 22, 1494 
(1983). 

a consequence of the very similar environments of the N p 0 2  
moiety in the respective crystal structures as described by 
Volkov et al.15 The C 0 3  v 1  band (1 100 cm-I) has a higher 
frequency than that commonly observed for complexed CO,", 
which is about 1070 cm-1.16 The v1(C03) band in NaNp- 
02C03-3.5H20 is closer to those of magnesite or dolomite, 
found respectively a t  1096 and 1099 cm-'.I6 This perhaps 
reflects the ionic character of the lattice, with independent 
NpO, and C 0 3  units. On the other hand, the presence of a 
split u3 vibration for C 0 3  indicates some degree of coordination 
between the neptunyl and carbonate moieties. The splitting 
is less pronounced than that observed in Na4U02(C03)3, 1358 
and 1630 cm"." This uranium salt contains distinct U02- 
(CO,), moieties as shown by the crystal structure of the related 
ammonium salt.I8 It  appears, then, that the bonding in the 
neptunium compound is intermediate between a completely 
ionic structure and one containing definite dioxoneptunium 
carbonato anions. 

The carbonate complexation constants and the hydrolytic 
constants found in this work were used to calculate a species 
distribution scheme for Np(V) in the pH range 7.0-9.0 under 
a partial C 0 2  pressure of 10-2.0 atm. The results are shown 
in Figure 2. It was found that under the most likely conditions 
to be found in nature the dominant species would be Np02-  
C03- and/or NpO2(CO3)?-. Formation of N P O ~ ( C O ~ ) ~ ~ -  
would require relatively high C032- concentrations, which in 
turn would require an unusually high degree of oversaturation 
by the common carbonate minerals. Formation of Np020H-  
(aq) is not favored unless the source of alkalinity in a 
groundwater is not associated with carbonate ions. 
Conclusions 

Neptunium(V), in spiite of its general tendency to form 
weak complexes, forms relatively stable carbonato complexes. 
This leads to the prediction that this element, under most 
conditions found in groundwaters, would be present in a 
complexed form. This finding is of importance in predicting 
the transport characteristics of this element. 
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Following the pioneering work of Becke-Goehring et al.,3 
there has been a steadily growing interest in sulfur-nitrogen 

0020- 1669/83/ 1322-2095$01 S O / O  0 1983 American Chemical Society 



2096 Inorganic Chemistry, Vol. 22, No. 14,  1983 

chemistry." These efforts, spurred on more recently by interest 
in the solid-state properties of (SN),,5 have culminated in the 
synthesis and structural assay of a wide variety of mono- and 
bicyclic ring systems incorporating sulfur-nitrogen bonds. The 
focus of the present work is the synthesis of ring systems 
featuring the RNS02NR moiety, viz. 

Notes 

Four-, six-, and eight-membered rings have been reported with 
X = B,6 C2N,'Si,* P,9 S2N,11 S," and S3N2.11 Here we 
report the synthesis of new ring systems with X = C2, CS, and 
Silo. The significance of the Cz and CS rings is that they 
represent the first examples of saturated five-membered rings. 

Experimental Section 

Materials, General Procedures, and Spectroscopic Measurements. 
The sulfamideslZ OzS(MeNH)z and OzS(EtNH)z and the sulfenyl 
chloride" ClC(0)SCl were prepared according to literature methods. 
Other compounds were procured commercially. All solvents were 
carefully dried prior to use, and all operations were performed under 
an atmosphere of dry nitrogen. 

The 'H NMR spectra were recorded on a Varian XL-100 spec- 
trometer (100 MHz), IR spectra were recorded on a Perkin-Elmer 
157 spectrophotometer, and mass spectral data were acquired on a 
Varian CH 7 instrument at an ionizing voltage of 70 eV. Elemental 
analyses were performed by Mikroanalytischen Labor Beller, 
Gottingen, West Germany. 

Preparation of 02S(MeN)z(C0)2 (1). An excess of Et3N (5.0 g) 
was added to a solution of 2.5 g (20.1 mmol) of OZS(MeNH), in 40 
mL of C6H6 in a 100-mL two-necked flask equipped with a dropping 
funnel and reflux condenser. To this magnetically stirred solution 
was added dropwise a solution of 2.6 g (20.5 mmol) of C202C12 in 
30 mL of C&. An exothermic reaction took place. After the addition 
was complete, the reaction mixture was refluxed for 4 h. Filtration 
of the white solid [Et,NH]+Cl-, followed by removal of the volatiles, 
left yellow, solid 1. Recrystallization of the crude material from 
CHZClz/n-hexane at low temperature afforded 2.9 g (80.5% yield) 
of pure 1, an air-stable white crystalline solid, mp 118-1 19 OC. Anal. 
Calcd for C4H6N2S04: C, 27.0; H, 3.4; S, 18.0. Found: c ,  27.2; 
H, 3.5; S, 17.9. The mass spectrum contains a parent peak at m / e  
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= 178. The base peak appears at m / e  = 57 and is attributable to 
[MeNCO]'. IR: vco = 1800, 1760 cm-l; uso2 = 1180, 1285 cm-l; 
VNSN = 935 cm-'. 'H NMR (CHZClz): (s, b 3.67). 

Preparation of O,S(MeN),SC(O) (2). With use of a procedure 
similar to that described for the synthesis of 1, a solution of 4.0 g of 
Et3N and 2.11 g (16.9 mmol) of OzS(MeNH)z in 40 mL of C6H6 
was treated with 2.3 g (17.6 mmol) of c1c(o)scl  in 30 mL of C6H,. 
An exothermic reaction took place. Filtration, followed by removal 
of the volatiles, left a yellow oil. Distillation of the yellow oil (bp 
69-73 OC at lF2 torr) afforded 1.22 g (40.0% yield) of 2. Anal. Calcd 
for C3&N2O3SZ: C, 19.8; H, 3.3. Found: C, 21.7, H, 3.8. Compound 
2, a yellow liquid, undergoes decomposition upon standing at room 
temperature for 1-2 days, thus explaining the poor analytical data. 
However, the spectroscopic data leave no doubt regarding the identitiy 
of the compound. Thus, the mass spectrum features a parent peak 
at m / e  = 182. Fragmentation peaks of significant intensity appear 
at m/e = 93 and 61 and are assignable to [MeNS02]+ and [MeNS]', 
respectively. Moreover, the presence of CO and NSN moieties is 
indicated by the presence of uco and V N S ~  at 1720 and 885 cm-I, 
respectively, in the IR spectrum. The SOz stretching vibrations occur 
at 1195 and 1270 cm-l. As expected, the Me groups are nonequivalent 
in the 'H NMR spectrum. 'H NMR (neat): NMe (s, b 3.41). NMe' 
(s, 6 3.38). 

Preparation of 02S(EtN)2(SiMez)z0 (3). With use of a procedure 
similar to that described for the synthesis of 1, a solution of 4.0 g of 
Et,N and 2.4 g (15.8 mmol) of OzS(EtNH)z in 40 mL of EtzO was 
treated with 3.2 g (15.2 mmol) of (C1SiMez)20 in 30 mL of Et20. 
Following the exothermic reaction, the mixture was refluxed for 4 
h. After the volatiles were stripped, the resulting distillation gave 
3 (bp 71 OC at torr). The yield of pure 3, a moisture-sensitive 
yellow liquid, was 78.6% (3.5 g). Anal. Calcd for C8HzzNz03SSiz: 
C, 34.0; H, 7.8; N, 9.9; S, 11.4. Found: C, 33.3; H, 7.5; N, 9.7; S, 
11.1. The mass spectrum exhibits a parent peak at m / e  = 282. The 
base peak appears at m / e  = 267 and is attributable to (M - Me)+. 
IR: vsol = 1175, 1265 cm-l; vNSN = 920 cm-'; vsiosi = 1340 cm-'. 
IH NMR (CH,Cl,): Me,Si (s, 6 0.34), NCHzCH3 (t, 6 1.18, JHCCH 

Results and Discussion 
2,5-Dimethyl-l-thia-2,5-diazolidine-3,4-dione 1,l-dioxide 

(1) and 2,5-dimethyl- 1,4-dithia-2,5-diazolidin-3-0ne 1,l -dioxide 
(2) have been prepared by the reaction of the sulfamide 
(MeNH)2S02 with oxalyl chloride and (chlorocarbony1)- 
sulfenyl chloride, respectively, in the presence of Et,N (eq 1). 

= 7.0 Hz), NCHZCH3 (q, 6 3.22, JHC-H = 7.0 Hz). 

Me 
I N-C=O 1 0 0  
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Compound 1 is an air-stable white solid and 2 is a yellow liquid 
that decomposes on standing at room temperature. Both 
compounds were characterized by elemental analysis and IR, 
'H NMR, and mass spectroscopy (Experimental Section). To 
the best of our knowledge, these compounds represent the first 
examples of saturated SN2C2 and SzN2C ring systems. Pre- 
vious examples of these ring systems (4-6) involved unsatu- 
ration. 
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A great number of dioxygen complexes of transition metals 
have been synthesized as either peroxo 

or p-peroxo 

compounds.’ The study of their reactivity has furthermore 
suggested that they are key intermediates in selective catalytic 
oxidations, when dioxygen is the oxidizing agent.2 Many 
homogeneous3 or heterogeneous4 catalytic autoxidation pro- 
cesses, however, involve more than one type of metal. This 
led us to synthesize a heterobimetallic dioxygen complex in 
order to study the transfer of the dioxygen moiety from one 
metal center to the other in a multistep activation5 of 02. 

In the course of a study6 of the rearrangement of such a 
complex (Co/Mo), an oxygen-1 8 labeling experiment sug- 
gested strongly the intermediacy of a molybdenum(V) com- 
pound’ (2) able to react directly with dioxygen (eq 1). 

1 

3 
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Figure 1. ESR signal obtained by reacting compound 1 with dioxygen 
in CH2CI2. 

Figure 2. ESR signal of TCNE- (A in Figure 1) showing a small 
phosphorus splitting from the bis(triphenylphosphine)nitrogen( 1 +) 
cation. 

The importance of this unprecedented observation brought 
us to investigate its mechanism by carrying out an ESR in- 
vestigation. 
Experimental Section 

Bis(triphenylphosphine)nitrogen( 1 +) (pperoxo)pentacyano- 
cobaltate( 111) oxoaquopentacyanomolybdate(V1) (1) and bis(tri- 
phenylphosphine)nitrogen( 1 +) oxoperoxotetracyanomolybdate( VI) 
(3) were prepared as All solvents were reagent grade and 
thoroughly dried and degassed prior to use. 

The ESR spectra were obtained on an X-band Varian Model E 
109 spectrometer, at 25 OC with a cavity frequency of 8.9 GHz. The 
field was 3200 G, and the cavity of the spectrometer is a E.238 T 

The sample solutions were prepared with solvents thoroughly de- 
gassed on a vacuum line. Oxygen was introduced when it was desired 
by opening the system to air or pure oxygen atmosphere. 

Thermolysis of tert-butyl peroxalate (~-BuOOCO)~ was used to 
produce tert-butoxyl radicals during the generation of the “authentic” 
nitroxide 7. 

MllO. 

Results and Discussion 
A methylene chloride solution of complex 1 in a strictly 

oxygen-free atmosphere shows no significant ESR signals even 
for long periods of time. 

When the green solution is allowed to get in contact with 
air or oxygen, it becomes yellow and exhibits the ESR signals 
presented in Figure 1. The six broad bands ( A ,  = 70 G, g 
N 2.0026) characteristics of the coupling of the unpaired 
electron with a spin 5 / 2  nucleus cannot be unambiguously 
assignede8 

(1) Vaska, L. Acc. Chem. Res. 1976, 9, 175-183. 
(2) Mimoun, H. J. Mol. Carol. 1980, 7, 1-29. 
(3) Mimoun, H.; Perez Machirant, M. M.; Seree de Roch, I. J .  Am. Chem. 

SOC. 1978, 100, 5437-5444. 
(4) Hucknall, D. J. In “Selective Oxidation of Hydrocarbons”; Academic 

Press: New York, 1974; p 100. 
(5) Arzoumanian, H.; Lopez Alvarez, R.; Kowalak, A, D.; Metzger, J. J .  

Am. Chem. SOC. 1977, 99, 5175. 
(6) Arzoumanian, H.; La?, R.; Lopez Alvarez, R.; Petrignani, J. F.; 

Metzger, J.; Fuhrhop, J. J. Am. Chem. SOC. 1980, 102, 845. 
(7) Arzoumanian, H.; Lay, R.; Lopez Alvarez, R.; Metzger, J.; Petrignani, 

J. F. J .  Mol. Catal. 1980, 7, 43. 

0 1983 American Chemical Societv 


