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Transition metal-sultone complexes
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The reactions of electrophiles with complexes containing a transition metal-carbon
o-bond have afforded.a variety of novel insertion and addition products!. However, only
one example of a sulfur trioxide reaction has been reported among them: insertion of SO;
into the Re-C (alkyl or aryl) bond of RRe(CO)s?. The interaction of transition metal-2-
alkynyl complexes with sulfur dioxide® 4 V-thionylaniline?, and tetracyanoethylene® has
been shown to yield vinyl complexes containing a five-membered ring. In our studies to
determine the generality of this reaction with electrophiles, we have found that transition
metal-2-alkynyls react with sulfur trioxide to yield vinyl-sultone complexes (I: M =
w-CsHsFe(CO),, R = CH; and C¢Hs; M = 1-CsHsMo(CO)s, R = C¢Hs; M = Mn(CO)s,

R = CHj; and CgHs).

(9]

In a typical reaction, equimolar amounts of dioxane- SO; and Mn{(CO)sCH,C=
CCH; were stirred in CH,Cl, at 0° for 10 min. The resulting solution was neutralized with
aqueous NaHCOj;, dried over MgSQs, filtered, and evaporated to dryness. The light yellow
res-due was recrystallized from hot benzene to yield (40%) white needles of the vinyl-

sultone complex, (CO)sMn-C=C(CHs)-S(C),-O-CH,.

In a similar manner, the other sultone complexes have been isolated (40-70%
yield) as crystalline solids which are soluble in acetone and chloroform, sparingly
soluble in benzene, and insoluble in saturated hydrocarbons and water. They all decompose
slowly above ca. 145° in vacuo without melting. Elemental analyses for these complexes
agree with the calculated values.

The infrared spectra of the vinyl-sultones are presented in Table 1. It is notable
that their CO stretching frequencies are, within experimental error, identical with those of
the corresponding vinyl-sultine complexes. The SO stretching modes in the former com-
pounds give rise to strong bands at ca. 1310 and 1175 cm™. Organic suliones, for
comparison, show strong absorptions® at ca. 1360 and 1180 cm™.
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TABLE 1

IR SPECTRA OF THE VINYL-SULTONE COMPLEXES (I) IN THE v(CO) AND »(SO) REGIONS?
Compound Absorption maxima (cm'1)

M R v(CO) v(SO) region

a-CsHsFe(CO), CHj 2040 vs, 1975 vs 1301 s, 1181 vs, 1136 m, 913 m
n-CsHsFe(CO), CgHs 2035 vs, 1985 vs 1303 s, 1222 w, 1164 vs, 913 m
7-CeH:Mo(CO); CgHs  2030vs,1975vs,1930vs  1310s, 1221 w, 1170 vs, 935 m, 918 m
Mn(CO); CH3 2140s, 2030 vs, br 1316s, 1186s, 1135 m, 1066 m, 928 s
Mn(CO)s CgHs 2135s, 2030,2015 vs (br) 13225, 1226 m, 1176 vs, 938 m, 921 m

4K Br pellet, Perkin-Elmer Model 337 spectrophotometer.

The 'H NMR spectra of the sultone complexes are listed in Table 2. As expected
for a sultone structure, the —CH, —O protons, absorbing at 74.84—5.14, are equivalent. The
positions of these signals are ca. 0.4 ppm upfield from the average of the -CH,-O resonan-
ces in the corresponding sultine complexes. The CH,/CHj; proton coupling constant for
the methyl sultone complexes (R = CH3) is 2 Hz, identical with that for the sultine
analogs3.

TABLE 2

1l NMR SPECTRA OF THE VINYL-SULTONE COMPLEXES (1)?

Compound Chemical shift (+)

M _ R -CH,-0 R M(CsH;s)
7-CsHsFe(CO), CH; 5.14q (J=2Hz) (CH3), 7.83t({/ =2Hz) 5.02s
7-CsHsFe(CO), CgHs 498 s (CsHs), 2.54 s 5.22s
ﬂ~C5H5M0(C0)3 CGHS 493 s (C6H5), 2.53s 4.70s
Mn(CO)s CH3 498 q (J=2 Hz) (CH3), 7.77t(J=2Hz) -
Mn(CO)s CgHs 484s (CgHs), 2.54 s -

4CDCl; solution, Varian A60-A spectrometer.

The vinyl-sultine complex (CO)5Mn-Cr=C(C6H5)—S(O)—O-'CH2, prepared from
Mn(CO)sCH,C=CCsH; and SO,, has been oxidized to the analogous vinyl-sultone (42%
yield) with KMnQO, in aqueous acetic acid:

CH,
N CHa

o) .

(CORMI—G /O C:“::’:;‘H (CO)SMn-—-C/\
c—d X N\ /
/H \\o /C-———S\\=
GsHy Cn, O

thus providing further support for the assigned structure. Organic sultines are also
readily oxidized to the corresponding sultones!®” 12,
A series of electrophiles (EX:) have now been shown to react with transition
. metal-Z a.lkynyl complexes to form vinyl derivatives of the type
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M-C=C(R)-E-X-CH,. Our recent isolation and characterization of the w-allene complex
fm-CsHsFe(CO),(CH,=C=CHC4H;)] BF; from the reaction of n-CsHsFe(CO),CH,C=
CC¢H; with HBF,!3 implicates the following general scheme in the formation of these
1,3-cycloaddition products:

M—CH "X H H
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