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Cogliano and Braude (1) suggested that dialkyl sulfides react with two moles of chlor- 

amine to give a series of caspounds having the probable general formula (R2&R%)2, termed a 

bis(iminodislkylsulfilimimine). On the basis of chemical end mass spactrometric data Appel, 

Fehlhaber, &ssgen and Schklhorn (2) have proposed the alternative formula R2S(RR)2, that 

is, a dialkyleulfcme diimine. For the same series of ccsspounds, Yellin and Laughlin (3) have 

also interpreted Rsmsn, nmr ana infrared spectra in terms of a tetrahedral diimine structure. 

We have determined the crystal and molecular structure of dimethyl sulfone diimine by X-ray 

single-crystal techniques and have found a tetrahedral structure as proposed by Appel et al -- 

sndby Yellin andLaughlin. 

Dr. R. G. Laughlin gave us a crystalline sample of dimethyl sulfone diimine that had been 

sublimed and then recrystallized fran acetcnitrile. Crystals of dknethyl sulfone diimine are 

orthorhuabic with unit cell dimensions of a = 5.44, b = 10.39 and c = 16.13 1. The observed 

conditions cn the Miller indices, hkk, for systematic absences are characteristic of space 

group F2dd.W F~QU a measured density of 1.324 g cm-3 we determine that there are 8 molecules 

per unit cell (the calculated density for 8 molecules is 1.318 g anm3). The general multi- 

plicity of space group F2dd is 16; therefore, the sulfur atcan of each molecule must lie on a 

twofold axis in one of the special eightfold positions, (x,0,0),(1/4 + x, l/k, l/k) and the 

corresponding positicns related to these by the translations of a face-centered lattice. In 

this paler space group the x parameter of one set of atcms may be arbitrarily chosen; there- 

fore we set the x parameter of the sulfur atoms equal to zero without loss of generality. 

----.._-_-___-__ 

*Sulfamide, (RH-J2S02, crystallizes in space group wad with a = 4.58, b = 9.14 and c = 

16.85 ii (4). 
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Since each molecule lies on a twofold axis we need to determine the positions of only one 

carbon atom and one nitrogen atan, along with their associated hydrogen atcms, if possible, 

to completely define the structure. 

Dimethyl sulfone diimine is hygroscopic and forms a crystalline quarter-hydrate (5); 

hence, crystals were handled in a nitrogen atmosphere and one was selected and enclosed in a 

Vycor capillary. The crystal was aligned for rotation about the [Oil] direction and six 

layer-lines of intensity data were recorded with nickel-filtered Cu IQ radiation using the 

multiple-film equi-inclination Weissenberg technique. In all, 232 independent reflections 

were observed out of 295 accessible in the Cu Ka sphere. Intensities were estimated by 

visual comparison with a calibrated strip made with a selected reflection from the crystal 

used throughout the study. Of the 232 estimated intensities, the intensities of 8 reflections 

were less than a minimum observable quantity; these are referred to as "less-thins." The 

intensities were corrected for Lore&z-polarizaticn effects but not for absorption effects; 

inter-layer correlations were made using equivalent reflections occurring on different layers. 

The structure was solved fraa a three-dimensional vector map and refined by the full- 

matrix least-squares method utilizing individual anisotropic thermal parameters. The current 

agreement index is R = 0.077 (R f 
C 11 F, 1 - t Fc 11 

c\Fo! 
, where F, and F, are observed and calcu- 

lated structure factors). None of the 8 "less-thans" calculated too large. 

At this stage of refinement the molecular dimensions are 

S-N = 1.53 i .Ob 1 $NSN' =l22'*3" $ NSC' = 103' + 2' 

s-c = 1.76 zt .qj It $ CSC = 103' + 3" $NSC = U3" f 2'. 
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The S-N distance 

and shorter than 

is essentially that 

the 1.60 1 found in 

of a double bond as predicted by the Pauling radii (6) 

sulfamide (4). The S-C distance is 0.05 h shorter than 
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the 1.81 A predicted for a S-C single.bond. At present, no significance can be attached to 

the different NSC angles. 

Pertinent distances and angles in a few related molecules are tabulated below. The 

ccntraction in S-N bonds on going fran S-NH3 to S-NH2 to S-NH indicates that-the S-N bond 

acquires more end more n-bond character as p-orbitals becane available on the nitrogen atan. 

The difference in bends in S-NH3 and S-NH;! groups has been noted by the original investigators 

and has been discussed in detail by Cruickshank (7) in his paper on the role of 3d orbital8 in 

n-bonds in sulfcnes, sulfsmides and related molecules. Among others, Moffitt (8) and Jaff; (9) 

have discussed the role of d-orbitals in multiple bonds. Azcng with their X-ray structure 

determination of ((CH3&i)2SOo, Jordan, Wsrren, Smith and Lipscanb (10) have carried out a 

LCAO-MO study of d-orbital interactions in (F2N)2S02. 

A-S-B 

(HN)2S(CQ2 

(Y)2S4 

((cH3)2nJ)2& 

S-A - 

1.53 A 

1.60 

1.62 

3 B-S-B A....,., B....B 

103" 2.68 A 2.74 A 

119 2.65 2.40 

I.20 2.72 2.52 

(~3)2NQCl 

(R3N)S03 

(R$SO3)X 

1.69 

i.73 

1.60 

02SF2 1.41 

S-B $A-S-A - 

1.76 i? 122" 

1.39 112 

1.45 113 

1.43 - 

1.48 - 

1.44 - 

1.53 I.24 

I20 

U-7 

112 

96 2.50 
; 

2.49 

^2.54 

2.40 

2.29 

Referez _ 

This work 

Trueblood & Mayer (4) 

Jordan, Smith, Lohr 
& Lipscani, (10) 

Rargittai (U) 

Kanda & Ring (12) 

Jeffrey & 
Stadler (13) 

Lide, Mann & 
FristrQn (14) 

Let us consider a general. molecule A2SR2. Following Cru?ckshsnks camnents on F2S02 we 

csn say that when the S-A bonds hove appreciable double bond character and when the S-B bonds 

are essentially single bonds the A-S-A angle should be significantly greater than the tetra- 

hedral angle (109O28') snd the B-S-B sngle should be significahtly less than the tetrahedral 

angle; this would apply to (NI$S(CI$)2 and F2Sq (see above). For a series of sulfones, 

(RS~)2C'INR, Wheatley and his collaborators (15, 16, 17) have found the C-S-C angle to vary 

fraa 106.2O to 107.2'. In pyramidal dimethyl sulfcoride, (C&&SO, the C-S-C sngle is 97" (18). 
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In all cases, the angles will be influenced by ionic and steric factors which generally will 

tend to increase the A.-*-A and B-...B intramolecular distances. As the S-A and S-B bonds 

both acquire appreciable double bond character the A-S-A and B-S-B angles should approach 

the tetrahedral value. The final angular values will, of course, be dependent cm the nature 

of each of the bonds and cm the various A....A, B-*.-B and A....B interactions. 

The short intermolecular distances are N..*.C = 3.42, C.*..C! = 3.85 and N.o..N = 

3.35 1. The N . . ..C and C....C distances are reasonable for normal van der Waals contacts. 

Fran an electron-density map and a difference map we have not been able to locate any 

hydrogen atoms. The Raman spectra indicate hydrogen bonding in crystalline dimethyl sulfone 

diimine (3). Since we have not located the hydrogen atraas we can cnly say that the most 

reasonable hydrogen-bonding framework would involve an infinite chain as indicated by the 

dashed lines; the N**.*N distances are 3.35 A. 
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We anticipate that absorption corrections and further refinement will lead to a more 

precise molecular geometry and to location of the hydrogen atans. We would iike to locate 
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the imine hydrogen atan not cmly because of interest in the hydrogen bonding but also be- 

cause of interest in the hybridization of orbitals on the nitrogen atom. A linear S-N-H 

group would imply a hybridization quite different from that for a bent group. 

We thank Dr. A. J. Mabis for helpful discussions end Dr. Bruno Morosin for furnishing 

the ccmputer programs used in this work. 
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