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Figure 4. (a) Concentration dependence of the intensity of scattered light 
(scattering angle B = 90°). The lines shown use the result of a least-
squares fit with m = 6175, b - 8478, and r1 = 0.967 and m = 40656, 
b = -61017, and r2 = 0.999 for the data from 0.137 to 1.64 mM and 
from 2.74 to 13.7 mM, respectively (cmc = 2.02 mM). (b) Concentra­
tion dependence of the calculated Stokes radius. Values below 1 .OmM 
showed signs of an insufficient number of particles in the sample volume 
and have been omitted. 

of 1 appear as light areas (~200-A diameter) against a darker 
background. Close examination of Figure 2 reveals the triangular 
arrangement of cascade spheres visible on the surface of the 
aggregate. Calculations using dimensions determined from mo­
lecular models indicate ca. 40 molecules of arborol 1 per aggregate 
(Figure 2, e.g., aggregate A). Figure 3 shows a TEM of a higher 
concentration region where microcrystals of arborol 1 have formed. 

The micellar character of aggregates of 1 was also evaluated 
by light scattering experiments. The intensity of scattered light 
(8 = 90°), as a function of concentration, is shown in Figure 4a. 
The change in scattered intensity at a concentration of 2.02 mM 
is indicative of the critical micelle concentration (cmc). Dynamic 
light scattering gives a Stokes radius for the aggregate of ca. 950 
A (Figure 4b) and shows only minor dependence on concentration 
above CMC. 

(10) The initial concentration of 1 was below the cmc; however, aggrega­
tion occurred upon concentration during drying. 

Development and exploitation of these new polymeric cascades 
are in progress. 
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Transamination of tris(dimethylamino)phosphine with the 
macrocyclic tetrakis(secondary amine) 1,4,7,10-tetraazacyclo-
dodecane ("cyclen") results in oxidative addition of one of the N-H 
bonds to the trivalent phosphorus atom to give the pentavalent 
phosphorus-hydrogen compound C8H16N4PH1'2 which is an im­
portant synthetic entry to other phosphorus(V) derivatives ex­
hibiting novel structural features.34 This paper reports the 
transamination of bis(dimethylamino) sulfide with the same 
macrocyclic tetrakis(secondary amine). This reaction not only 
proceeds totally differently from the corresponding reaction of 
tris(dimethylamino)phosphine but gives an unexpected and un­
precedented type of sulfur-nitrogen cage compound. 

In a typical experiment 5.0 g (29 mmol) of 1,4,7,10-tetraaza-
cyclododecane5 is boiled under reflux in 35 mL of bis(di-
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Figure 1. Structure of C8H16N4S2. Hydrogen atoms of the methylene 
groups are omitted for clarity. 

methylamino) sulfide6 for about 1 h until the color of the solution 
turns from yellow to red. Cooling the concentration in vacuum 
gives a total of 4.0-5.5 g (60-80% yield) of colorless crystalline 
air-stable C8H16N4S2. The analytical sample, mp 170 0C,7 can 
be purified by vacuum sublimation at 110-120 0C (0.5 mm) or 
by recrystallization from methanol or chloroform. Similar re­
actions of 1,4,8,11-tetraazacyclotetradecane ("cyclam") and 
meso-5,7,7,12,14,14-hexamethyl-l,4,8,ll-tetraazacyclotetrade-
cane8 with bis(dimethylamino) sulfide give white C10H20N4S2, mp 
175 0C, and white Me6C10H14N4S2, mp, 195 0C, respectively.7 

The compound CgH16N4S2 forms orthorhombic crystals by 
sublimation: space group Pbcn; a = 11.367 (2) A, b = 8.278 (3) 
A, c = 11.266 (2) A; Z = 4; d^ = 1.45 g/cm3. The structure 
was solved by direct methods.7 Least-squares refinement7 using 
the 861 observed (/ > 3(T1) reflections after application of Lor-
entz-polarization corrections revealed the structure depicted in 
Figure 1 (R = 0.080 and Rw = 0.085). 

The structure of C8H16N4S2 (Figure 1) exhibits a number of 
interesting features. Its topology is that of a tetrahedron in which 
the four vertices are occupied by nitrogen atoms, four of the six 
edges by -CH2CH2- bridges, and the remaining two edges by 
sulfur atoms. This pattern of substitution reduces the symmetry 
of the tetrahedron from Td to C2 with the C2 axis bisecting the 
C5-C6 and C11-C12 bonds; this C2 axis is also the C2 axis of the 
space group Pbcn. The coordination at each nitrogen atom is 
nearly planar with the sums of the three bond angles at the 
nonequivalent nitrogen atoms N1 and N7 being 358.3° and 357.4°, 
respectively. The N-S-N bond angles are 117.2° and the S-N 
bond distances fall in the range 1.655-1.657 A. These parameters 
compare with the N-S-N bond angles of 114.5°, 113.2°, and 
110.7° and S-N bond distances of 1.688,1.678, and 1.657 A found 
by electron diffraction on bis(dimethylamino) sulfide9 and by 
X-ray diffraction on dimorpholino sulfide10 and bis(dicyclo-
hexylamino) sulfide," respectively, indicating relatively little effect 
of the cage structure on these important structural parameters. 

The size of the approximate tetrahedral cavity in C8H16N4S2 
formed by the nitrogen atoms is indicated by the three unique 
N-N distances: N1-N7 2.74, N1-N4 2.94, and N1-N10 2.98 A. 
Each of these distances corresponds to two of the six edges of the 
distorted N4 tetrahedron in C8H16N4S2. Assuming an average 
tetrahedral edge length of 2.89 A and a covalent radius of 0.75 
A for nitrogen,12 the largest sphere that can be contained in the 
cavity has a radius of 1.0 A. Thus a potassium ion with an ionic 

(6) Blake, E. S. J. Am. Chem. Soc. 1943, 65, 1267. 
(7) All new compounds gave satisfactory elemental analyses for carbon, 

hydrogen, nitrogen, and sulfur. Crystallographic calculations were performed 
by using the Enraf-Nonius SDP-plus computer program package. 
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(9) Hargittai, I.; Hargittai, M. Acta CHm. Acad. Sci. Hung. 1973, 75, 129. 
(10) Ramming, C; Nevstad, G. O.; Songstad, J. Acta. Chem. Scand., Ser. 

A A 1982, A36, 399. 
(11) Bruce, R. B.; Gillespie, R. J.; Slim, D. R. Can. J. Chem. 1978, 56, 

2927. 
(12) Huheey, J. E. "Inorganic Chemistry: Principles of Structure and 

Reactivity"; Harper and Row: New York, 1978; p 232. 

radius of 1.33 A is too large to occupy the cavity but lithium and 
sodium ions with radii of 0.60 and 0.95 A, respectively, are 
candidates for incorporation into the cavity. 

The proton and carbon-13 NMR spectra of C8H16N4S2 in 
CDCl3 at ambient temperatures each exhibit single resonances 
at 5 3.46 and 56.7, respectively, indicating equivalence of all eight 
carbons and all 16 hydrogens on the NMR time and resolution 
scales. The mass spectrum of C8H16N4S2 exhibits not only the 
expected molecular ion but also the fragment ions C8H16N4

+, 
C4H8N2S2

+, C4H7N3S
+, C4H9N2

+, C4H8N2
+, C4H7N2

+, C2H4N2
+, 

and C2H4N
+. 
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(^-Oxo)diiron(HI) complexes have long been of considerable 
interest for their distinctive magnetic and spectroscopic properties3 

and relevance to diiron nonheme proteins such as hemerythrin,4 

ribonucleotide reductase,5 and several purple acid phosphatases.6 

In contrast to other bridging ligands, where only weak antifer-
romagnetic coupling is observed, ji-oxo diiron(III) complexes show 
substantial coupling for which, with few exceptions, the values 
of J (H = -2JShS2) lie in the remarkably narrow range of -90 
to -110 cm"1 regardless of the geometry of the Fe-O-Fe moiety 
and of the number of ligands (4, 5, 6, or 7). With the exception 
of hemerythrin,9 in all these complexes the stereochemistry about 
the two iron atoms is identical. See Table I.4,7"17 
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