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The AGmlfinylsulfonamides R’S(O),N=S=O. (R’ = CHJ, p-CH,C+&) insertinto 
the Fe-R bonds of qS-CSH,Fe(CO),R (R = CH3, CH&H,) to afford qs -CjHSF’e- 
(C0)2N[S(0),R’] [S(O)R]_ These products undergo oxidation by m-ClC&&(O)- 
OOH to ~s-C~HsFe(CO)~N[S(0)2R’] [S(O),R] and rearrange on storage to 
175-C,H,Fe(Co),S(0)[NS(O),R’]R_ Reaction between the $-CsHsFe(C0)2R and 
CHsS(0)2N=S=NS(O)2CHs leads to the insertion products q5-C5H5Fe(C0)2N- 
IS(O)zCHJ CS(RWS(O)&&I - 

The compounds witi cumu3ated double bonds IV-sukfinylamines, RN=S=O, 
and sulfur diimides, RN=S=NR, may be regarded as close electronic and struc- 
tural analogues of sulfur dioxide. This analogy is reflected in several aspects of 
their organic chemistry, e.g., cycloaddition reactions [l-3], as well as in their 
ability to form transition metal complexes [4--6]. Reported here is a further 
extension of the comparative chemistry of these cumulenes, namely their 
behavior toward transiticn metal+arbon o bonds. Insertion of SO2 into metal- 
carbon linkages is a well ‘known reaction [7]. 

.ARhough there is no detectable interaction between $-CSHSFe(CO)2CH3 and 
each of &HsN=S=O and CdHr IN=S=O at room temperature in a period of 7 h 
to several days, the complexes q5-CSHSFe(C0)2R (R = CHB, CH2 C6H5 ) react 
readily with the more electrophilic N-klfinylsulfonamides, cH3S(0)2N=S=0 
andp-CH&,H$(O),N=S=O. Typically, &ZSH,Fe(CO),R and a slight excess of 
R’S(O),N=S==O in toluene or CHCl, were allowed to react at room temperature 
for 1 h to y&Ad a deep red solution. 33xcess R’S(O),N=S=O was destroyed with 
10% Hz0 in acetone, sol&t was removed, the residue was extracted with CHCl, , 
ar,d the extractwas dried over MgS04 and filtered. Since the products resist 
crysta@zation, they were generally isolated by evaporation of the solvent to 
leave orange-red glasses~~Elemental analysis shows them to be l/l adducts of the 
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two reactants*, and their N-(~~ls~yl)~~esulfonamidato-N structures 
(k-Id) ar&nferred from the spectroscopic data set out in Table 1. All complexes I 
exhibit three IR v(SOz) and u(S0) absorptions at 1300,1146--1135, and 
1085-1080 cm-’ , which may be compared with those at 1350,1165, and 
1080 cm-’ , reported fl] for the organic cycloadducts of 1,3-dienes and 
RS(O),N=S=O (A). 
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Complexes Ia-Ic undergo oxidation by m-ClC,H.+C(O)OOH to the correspond- 
ing N-(alkylsulfonyl)alkanesulfonamidato-M derivatives (Ila-IIc)**. 

In a typical reaction, Ia-Ic in CHJ& was treated with a slight excess of 
m-ClC&I&(O)OOH, and the resulting solution was stirred for 1 h. Excess acid 
was neutralized with NaHC@ in methanol; then solvent removal, extraction of 
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*Iaz Found: C-. 3232; H, 3.23: S, lS_l& C,Xl,FeNOsS, calcd.: C.32.45: EI, 3.33: S, 19.25%. 

Xb: Found: C. 44.85; EL 4.18: S. 16.49. C,$i,,FeNO& calcd.: C. 4h.02: & 3.69; 3.15.6796. 

**IIa: Found: C. 30.85; H+ 8.10; 2,18.12. CpH,,FeNO,S1 cakd.: C. 30.96; a. 3.18; S, 38.36%. 
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the residue with CH&12, and evaporation to dryness of the extract yielded a red 
solid, which may be recrystallized from l/l CH2Cl,/hexane at low temperature. 
The synthesis of IIa from Ia in this manner is particularly illuminating with re 
spect to the assignment of structure. The two CH3 signals in each of the ‘H and 
13C NMR spectra of Ia (Table 1) collapse to a single resonance upon oxidation of 
Ia to IIa. The equivalence of the CHs groups in IIa is consistent only with the 
proposed symmetrical N-(methylsulfonyI)methanesulfonamidato-N structure_ 
Moreover, these data also corroborate the N-(methylsulfinyl)methanesuIfon- 
amidato-N structural assignment to the precursor Ia. 

Storage of Ia-Ic in the solid or in solution leads to the formation of yellow- 
_ orange solids which appear to be the rearranged N-(alhylsulfonyl)alkanesulfin- 

imidat0-S complexes (IIIa-I&). For example, IIIc was isolated by slow (several 
days) crystallization from saturated CHC13 solution of Ia at -10°C. Support for 
the proposed structure is derived from the spectroscopic data included in Table 1. 
Thus, the ‘H NMR signals of the CH, and CH, groups bound to the sulfinyl 
sulfur experience a considerable (0.66-0.95 ppm) downfield shift from the corre- 
sponding signals of Ia-Ic. A similar deshielding of the 02SCH3 and 02SCH2 
protons has been noted upon isomerization of O-bonded to S-bonded sulfinato 
complexes [S]. In the 13C NMR spectra, the resonances of each of the carbonyl 
(210.1-ZOELO), C2H5 (87.~87.2), and, especially, CH, (78.0-75.9) and CH3 
(60_6-59-4 ppm) groups bound to sulfur, occur in distinct narrow ranges for 
both III and similar, previously reported [9], S-sulfinato complexes. However, 
these ranges are different from those for the corresponding resonances of com- 
plexes I, II, and IV (CO, 212.2-210.7; C5H5, 86.0-85.6; SCHz, 65.X-59.9; SCH3 
45.6-39.1 ppm). 

The reaction of t15-CsHSFe(C0)2R (R = CH3, CH2CsHS) with excess CH,S(OL- 
N=S=NS(0)&H3 in CHC13 leads tq the formation of a deep red solution. 
Unreacted, sparingly soluble sulfur diimide was filtered off and the product for- 
mulated as IVa-IVb* was crystallized at low temperature from CHC13. 

co 
I 

Fe-R f Cl+-S-N=S=N-S-CHa - 

I II 

co 0 

(a : R = CH3 ; b: R = CH2C6HS) 

Spectroscopic data of IVa-IVb are incorporated into Table 1. In the IR 
1350-950 cm-’ region strong stretching absorptions of the SO, and SN groups 
occur which are similar to those at 137~1345,1180-1160 (Pi) of NS02), 
1316-1280,1169-1120 (Y(SO*) of =NSOZ), and 1010-975 cm-’ (Y(SN)) re- 

*m: Fomd: c, 39.55; H, 3.86; S. 18.92. C,,H,,FeN,O,S, cakd.: C, 39.51; H. S-73: S. 19.78% 
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&@%d~[$$@r t&e organic cyclo~dducts of-1,8bukiiene and RS(0)2N=S=NS- 
(0)2R,(Bj. Eaoh.6fthe:)Htand ‘sC NMR$ectra of IVa shows three CH,‘signals, 
cc$&st&it:$@h the-proposed JJ-[S-methyl-N’-(methylsulfonyI)suJfi$niidoyl]- 
meth%.ewon&idatiN structure. The ‘complexes do not exhibit. fiuxional 
b&avior:at-ambient -temperatures. 

(B) 

The foregoing reactions demonstrate that RS(0)2N=S=0 and CH3S(0)2N=S=NS- 
(0)&H3, like SO2 itself, readily undergo insertion into the Fe-R bonds of 
$-C5HSFe(C0)2R. As with SOP, the initial products contain the harder, in this 
case nitrogen, donor atom bonded to the metal. It remains to be elucidated 
whether all three reactions are similar mechanistically; studies of the stereochem- 
i&y at a-carbon of the insertion of RS(0)2N=S=0 and RS(O),N=S=NS(O),R 
are in progress toward this end. 
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