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Iron and cobalt Complexes [Fe(RS02N)&O.H20], and [CO(RSO~N)~CO.~ /~H~O] ,  which are deficient of termi- 
nal and bridging metal carbonyls have been isolate, .;om the reaction of methane-, benzene-, and p-toluenesul- 
fonyl azide with iron pentacarbonyl, diiron nonacarbonyl, and dicobalt octacarbonyl. Hydrolysis of these with di- 
lute hydrochloric acid leads to the corresponding N,N'-bis(sulfony1)urea. Possible structures for the complexes 
involving coordination of a sulfonyl oxygen to the metal are presented and supporting evidence for such coordina- 
tion is given. Free singlet sulfonyl nitrenes are not formed in these decompositions. The decomposition of tert- 
butyl azidoformate with iron pentacarbonyl and diiron nonacarbonyl gave impure complexes, still containing ter- 
minal and bridging carbonyls, which could be hydrolyzed to give mainly tert-butyl carbamate, di-tert-butyl imi- 
nodicarboxylate, and N,N-bis(tert-butoxycarbony1)urea. 

Despite the large volume of information available on the 
thermal and photochemical decomposition of organic azid. 
e ~ , ~ ~ , ~ - ~  studies pertaining to the decomposition of organic 
azides by transition metal carbonyls have only recently ap- 
peared. Phenyl azide, which thermolyzes only above 120°, 
decomposes a t  room temperature in the presence of diiron 
nonacarbonyl to give a low yield of the nitrene product, 
azobenzene. The main product is the complex 1, which de- 
composes spontaneously in solution to the urea complex 2.5 

Ph 

1 2 
A similar complex was obtained from 2-azidobiphenyl, to- 
gether with the urea and nitrene-derived products.6 As part  
of our interest in generating sulfonyl nitrenes under mild 
conditions to study their behavior with aromatic com- 
pounds under kinetic control condition~,~97 we now report 
the results for the decomposition of sulfonyl azides and 
tert-butyl azidoformate by transition metal carbonyls. 

Results and Discussion 
The decomposition of excess methane-, benzene-, and 

p-toluenesulfonyl azide and p-toluenesulfonyl isocyanate 
with diiron nonacarbonyl a t  room temperature (heteroge- 
neous) or iron pentacarbonyl a t  60-65' (homogeneous) in 
benzene gave a low yield of the corresponding sulfonamide 
(3) and a high-melting amorphous iron complex (4) devoid 
of both terminal and bridging iron carbonyls. N-Sulfonyl- 
azepines (51, the expected aromatic addition products if 
discrete nitrenes were formed, were not detected nor were 
the corresponding sulfonanilides (6).  Thus, no free singlet 
sulfonylnitrenes are generated in these catalyzed decompo- 
sitions. 

RSO,N=C=O (R = p-CH3C,H,) 

6 

t iron comDlex + N ]  + co 

basic a'um1na (RSOJH)-CO 
7 

The nmr spectra of these complexes could not be ob- 
tained owing to their paramagnetic nature (vide infra) and 
their insolubility in solvents that  did not effect their de- 
composition, and the mass spectra could not be determined 
owing to their insufficient volatility. Elemental analyses 
(reproducible from run to run) satisfied an empirical for- 
mula corresponding to Fe(RS02N)2CO.H20. Hydrolysis of 
these complexes with dilute hydrochloric acid gave the cor- 
responding N,N'-bis(sulfony1)urea (7) in high yield (70- 
80%), while chromatography on basic alumina gave the cor- 
responding sulfonamide (80%). The crystal structure of the 
complexes obtained in this study could not be determined 
because of our inability to obtain them crystalline. They 
gave blue solutions in dimethyl sulfoxide from which the 
complex could not be recovered. 

The stoichiometry of the reaction was found to be azide: 
Fez(C0)g = 4. For the decomposition of methanesulfonyl 
azide with diiron nonacarbonyl, the molar ratio of nitrogen 
to carbon monoxide evolved was 0.68. The calculated molar 
ratio, in which seven molecules of carbon monoxide are lost 
from diiron nonacarbonyl and four molecules of nitrogen 
are evolved from methanesulfonyl azide, is 0.57. The ob- 
served ratio is expected to be higher since a low yield of 
methanesulfonamide was also formed. 

The decomposition of methanesulfonyl azide with dico- 
balt octacarbonyl in benzene a t  room temperature gave a 
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Table I 
67Fe Mossbauer Data of Some Iron(II1) Complexes 

Quadrupole 
Compd Temp, “K Isomer shift, 6 splitting, AE 

4, R = CH3 78 0.459 2~ 0.863 2~ 
0.023 0.008 

HFe (H20)EDTAa 78 0.457 0.422 
Fe(terpy) 3C13 77 0.46 0.54 
[Fe (phen) ]C104c 80 0.39 0.05 
Sr3[Fe(Ca04)3]2.2H20d 78 0.45 0.00 

a Reference 12. b Reference 13. c Reference 14. Reference 
15. 

cobalt complex (8), also devoid of terminal and bridging 
metal carbonyls, as the major product and a low yield of 
methanesulfonamide. Elemental analysis (also reproduci- 
ble) satisfied an empirical formula corresponding to 
C O ( C H ~ S O ~ N ) ~ C O . Y ~ H ~ O  for the complex. 

I t  is suggested that coordination of one of the sulfonyl 
oxygen atoms to the metal is the stabilizing factor which 
accounts for the absence of both bridging and terminal 
metal carbonyls in these complexes. Possible structures 
considered initially for the iron complexes were iron(I1) di- 
meric and polymeric structures. The observed magnetic 
moment for the iron complex (4, R = CHs) was found to be 
5.93 BM, however, and this corresponds to an iron(II1) 
high-spin complex. Magnetic moments for iron(II1) high- 
spin complexes vary from 5.7 to  6.0 BM.8 A metal-metal 
bond is unlikely in these complexes, since the observed 
magnetic moment approaches zero for binuclear complexes 
with metal-metal bonds.g I t  is not surprising that these 
complexes are high spin if the sulfonyl oxygen is coordinat- 
ing to  the metal because ligands having donor atoms of 
high electronegativity, especially oxygen and nitrogen, 
form high-spin complexes.lOJ1 

The Mossbauer data for the iron complex (4, R = CH3) 
and some related iron(” complexes are listed in Table I. 
The observed isomer shift ( 6  0.489) is in excellent agree- 
ment with that of other iron(II1) complexes. Since the qua- 
drupole splitting (AE) is high, the iron is clearly in a very 
unsymmetrical environment. 

The infrared spectra of these iron and cobalt complexes 
exhibited a number of intense absorptions. The strong ab- 
sorptions a t  ca. 3500-3200 and perhaps that a t  1625 cm-l 
could be due to  either “lattice” water or coordinated water. 
If “lattice” water, it should have been lost on vacuum 
drying a t  looo but was not. The intense absorption a t  1625 
cm-l is more probably due to a >C=N- moiety and/or less 
likely to a perturbed organic carbonyl function. 

The two sets of absorptions a t  1340,1360,1255 and 1150, 
1115, 1080 cm-l for the cobalt complex are assigned re- 
spectively to the asymmetric and symmetric stretching 
modes of two different sulfonyl groups. If a sulfonyl oxygen 
is coordinated to  cobalt or iron through oxygen, the two 
oxygen atoms of the sulfonyl groups are no longer equiva- 
lent and the degenerate vibrations are expected to  be split. 
For the binuclear complex 9, in which the sulfate group is a 

r H, 1 

L ‘S6, 
9 

bidendate bridge, the sulfate absorptions are observed as 
two sets of bands a t  1170, 1105, 1060, and 641, 571 cm-l.16 
In comparison, the free sulfate ion exhibits only strong ab- 
sorption at  1104 and 613 cm-l. Similarly, the iron com- 

plexes exhibited two sets of absorptions at  1345, 1310, 1270 
and 1165,1130, and 1070 cm-l. 

Possible structures for these complexes are suggested in 
10 and 11, which fit all the known properties of these mole- 

10 

11 

cules. It is appreciated, of course, that  numerous variants 
on stereochemistry and positional isomerism are possible, 
and these structures are presented only as a basis for future 
discussion. The polymeric nature of these complexes is sug- 
gested by their amorphous character and their insolubility. 
Of the two possibilities we would tend to  favor 11 in view of 
the absence of a normal urea VC=O in the infrared spectra. 

No reaction occurred between methanesulfonamide or 
N, N’-bis(methanesulfony1)urea and diiron nonacarbonyl 
in benzene at  room temperature or between methanesul- 
fonyl azide and diiron nonacarbonyl in aqueous ethanol. 

Since aryl azides form iron complexes still retaining ter- 
minal and bridging carbonyls,5%6 we tested the suggestion of 
sulfonyl oxygen coordination with the metal by studying 
the decomposition of o-azidophenyl methyl sulfone (12) 
with metal carbonyls. The azide 12 was synthesized from 
o-aminophenyl methyl su1fone.l’ 

The heterogeneous decomposition of an excess of 12 with 
diiron nonacarbonyl gave an impure iron complex exhib- 
iting weak residual metal carbonyls. Attempted purifica- 
tion uia Soxhlet extraction with benzene resulted in its de- 
composition to  o-methanesulfonylaniline and N,W-bis(o- 
methanesulfonylpheny1)urea. The decomposition of an ex- 
cess of 12 with dicobalt octacarbonyl resulted in the forma- 
tion of a cobalt complex completely devoid of terminal 
metal carbonyls, but whose infrared spectrum exhibited 
strong absorptions at  1605-1598, 1340, 1305, 1265, and 
1145, 1125, 1060 cm-l. Elemental analysis corresponded to  
the empirical formula C O ~ ( C ~ H ~ N O ~ S ) ~ C O - H ~ O .  The stoi- 
chiometry of the reaction, determined from the relative 
amount of unconsumed azide, appeared to be azide: 
CO~(CO)B = 2, in contrast to the sulfonyl azide reaction, 
when the stoichiometric ratio was 4. I t  is difficult to assign 
a plausible structure to fit the formula Coz(C7- 
H,NO2S)zCO.H20 without invoking a metal-metal bond. 
I t  is clear from the infrared spectrum, however, that  a car- 
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bony1 group, if present in this complex, must be seriously 
perturbed by the metal. The structure of this complex re- 
mains to be determined as well. 

Since the >S=O - >+S-O- bond is more polar than a 
carbonyl function, i t  was expected that the latter might not 
function as efficiently as the former in displacing metal- 
bonded carbonyl groups. This, indeed, appears to be the 
case. The decomposition of tert-butyl azidoformate by di- 
iron nonacarbonyl gave an iron complex which did exhibit 
terminal metal carbonyl absorptions at 2055 and 1980 

0 
li C6H6 A1203 

Me3COCN3 + Fe,CO, r- [crude iron complex] - 
0 0 0 

MeJCOCNNH, + (Me3COC),NH -t (Me,COCNH),CO 
13 14 15 

n II I1 

cm-l. This material was thermally unstable when heated to 
120° under high vacuum. Chromatography of the complex 
on basic alumina gave tert-butyl carbamate (13), di-tert- 
butyl iminodicarboxylate (14), and N,N'-bis(tert-butoxy- 
carbony 1)urea (15) in 11,9, and 40% yields, respectively. 

The decomposition of tert-butyl azidoformate with iron 
pentacarbonyl at ca. 65' in benzene gave an impure iron- 
containing material devoid of both bridging and terminal 
metal carbonyls. Dilute acid hydrolysis followed by chro- 
matography on basic alumina gave 13, 14, 15, and N-tert- 
butoxycarbonylurea in 5, 25, 3, and 5% yields, respectively. 
If the filtrate was chromatographed on basic alumina with- 
out prior acid hydrolysis, the following products were ob- 
tained: 13 (2.6%), 14 (5.5%), 15 (2.4%), and 5,5-dimethylox- 
azolidone (2%). 

Acknowledgments. This work was carried out during 
the tenure (by G. N. K.) of a University of Alabama Gradu- 



2516 J. Org. Chem., Vol. 39, No. 17, 1974 Bordwell, Wolfinger, and O'Dwyer 

ate School Fellowship and with the financial support of the 
National Science Foundation (GP-33361X). We also wish to 
express our appreciation to Dr. Mary Good of Louisiana 
State University in New Orleans for the determination of 
Mossbauer spectrum and the magnetic susceptibility data, 
and to Dr. David Zatko of our department for extensive 
discussions. 

Registry No.-Diiron nonacarbonyl, 15321-51-4; iron pentacar- 
bonyl, 13463-40-6; dicobalt.octacarbony1, 10210-68-1; methanesul- 
fonyl azide, 1516-70-7; methanesulfonyl azide iron complex, 
51779-40-9; methanesulfonyl azide cobalt complex, 51898-91-0; 
benzenesulfonyl azide, 938-10-3; benzenesulfonyl azide iron com- 
plex, 51779-42-1; p-toluenesulfonyl azide, 941-55-9; p-toluenesul- 
fonyl isocyanate, 4083-64-1; o-aminophenyl methyl sulfone, 2987- 
49-7; o-azidophenyl methyl sulfone, 51779-31-8; N,N'-bis(o-meth- 
anesulfonylphenyl)urea, 51806-01-0; tert-butyl azidoformate, 
1070-19-5; di-tert-butyl iminodicarboxylate, 51779-32-9; tert-butyl 
carbamate, 4248-19-5; N,N'-bis(tert-butoxycarbonyl)urea, 51779- 
33-0; N-tert-butoxycarbonylurea, 31598-86-4. 

Miniprint Material Available. Full-sized photocopies of the 
miniprinted material from this paper only or microfiche (105 X 
148 mm, 24X reduction, negatives) containing all of the miniprint- 
ed and supplementary material for the papers in this issue may be 
obtained from the Journals Department, American Chemical Soci- 
ety, 1155 16th St., N.W., Washington, D. C. 20036. Remit check or 
money order for $3.00 for photocopy or $2.00 for microfiche, refer- 
ring to code number JOC-74-2513. 

References a n d  Notes 
(1) (a) NSF Undergraduate Participant, summer 1970. (b) R. A. Abramov- 

itchand B. A. Davis, Chem. Rev., 84, 149 (1964). 
(2) L. Horner and A. Christmann, Angew. Chem., Int. Ed. Engl., 2, 599 

(1963). 
(3) R. A. Abramovitch and R. G. Sutherland, Fortschr. Chem. Forsch., 16, 1 

(1970). 
(4) W. Lwowski, Ed., "Nitrenes," Interscience, New York, N. Y., 1970. 
(5) M. Dekker and G. R. Knox, Chem. Commun., 1243 (1967). 
(6) C. D. Campbell and C. W. Rees, Chem. Commun., 537 (1969). 
(7) (a) R. A. Abramovltch and V. Uma, Chem. Commun., 797 (1968); (b) R. 

A. Abramovitch, T. D. Bailey, T. Takaya, and V. Uma, J. Org. Chem., 
39, 340 (1974). 

(8) B. N. Figgis and J. Lewis in "Modern Coordination Chemistry," J. Lewis 
and R. G. Wilkens, Ed., Interscience, New York, N. Y., 1960. 

(9) L. Sacconi and I. Bertini, d Amer. Chern. Soc., 90, 5443 (1968). 
(IO) L. Sacconi, M. Ciampollni, and G. P. Speroni, horg. Chem., 4, 1116 

(1 1) L. Sacconi and I. Bertini, J. Amer. Chern. Soc., 88, 5182 (1966). 
(12) J. J. Spijkerman, L. H. Hall, and J. L. Lambert, J. Amer. Chern. Soc., 90, 

(13) W. M. Relff, W. A. Baker, and N. E. Erickson, J. Amer. Chem. Soc., 90, 

(14) R. R. Barren, B. W. Fitzsimmons, and A. Owusu, J. Chem. SOC. A, 1575 

(15) P. K. Gallagher and C. R. Kurkjian, horg. Chem., 5, 214 (1966). 
(16) K. Nakemota, J. Fugita, S. Taneka, and M. Kobayashi, J. Amer. Chem. 

(17) M. P. Cava and C.  E. Blake, J. Amer. Chem. Soc., 78, 5444 (1956). 
(18) R. A. Abramovitch, J. Roy, and V. Uma, Can. J. Chem., 43, 3407 

(19) 0. C. Dermer and M. T. Edmison, J. Amer. Chem. Soc., 77, 70 (1955). 
(20) L. Field and F. A. Grunwald, J. Amer. Chem. Soc., 75, 934 (1953). 
(21) L. A. Carpino, J. Org. Chem., 29, 2820 (1964). 
(22) B. Loev and M. F. Kormendy, J. Org. Chem., 28, 3421 (1963). 
(23) W. J. Close, J. Amer. Chem. Soc., 73, 95 (1951). 

(1965). 

2039 (1968). 

4794 (1968). 

(1968). 

SOC., 79, 4904 (1957). 

(1965). 

Synthesis of Dihalomethyl and a-Haloalkyl Sulfones by the Halogenative 
Decarboxylation of a-Aryl- and a-Alkylsulfonylalkanecarboxylic Acids 

F. G. Bordwell,* Mark D. Wolfinger, and James B. O'Dwyer 

Department of Chemistry, Northmestern University, Evanston, Illinois 60201 

Received December IO, 1973 

The synthesis by brominative decarboxylation of meta- and para-substituted bromomethyl and a-bromoben- 
zyl benzyl sulfones is described. Included are nine ArCH$302CHZBr, four PhCHBrSO&H2Ar, and five ArCH- 
BrSOzCHzPh types. The nine bromomethyl benzyl sulfones were prepared from the dibromomethyl benzyl sul- 
fones by reduction. Halogenative decarboxylations of a-cyclopropylsulfonyl-a-phenylacetic acid and phenylsul- 
fonylacetic acid in refluxing carbon tetrachloride using N-halosuccinimides are described. Phenylthioacetic acid 
with N-chlorosuccinimide in CC14 gave mainly phenylthio-a-chloroacetic acid at 25' and mainly phenyl chloro- 
methyl sulfide at 77". Mechanisms for these reactions are discussed. 

The halogenative decarboxylation of a-carboxyalkyl 
sulfones has been used as a preparative method for haloal- 
kyl and dihalomethyl sulfones since before the turn of the 
century.1 Sulfone carboxylic acids of the type ArS02- 
CH2C02H give aryl dihalomethyl sulfones, ArSOzCHXz 
(X = C1, Br, or I) ,  whereas ArS02CHRC02H types give 
A ~ S O Z C H X R . ~  Since the corresponding sulfides, Ar- 
SCH2C02H, ArSCHRCOZH, RSCHZCO~H,  and 
RSCHR'C02H, are readily available from reactions of 
ArSNa or RSNa with ClCHzCOzH or ClCHRCOzH or 
from reactions of RX with HSCHzC02Na or HSCHRC02- 
Na, these provide convenient starting materials. The cor- 
responding sulfone carboxylic acids are obtained in high 
yield by oxidation. The latter react readily with halogens 
in aqueous acetic acid solution to give good yields, e$., of 
dihalomethyl aryl or alkyl sulfones.lg2 It is often conve- 
nient to carry out the preparation of the sulfide, oxida- 
tion, bromination, and decarboxylation all in a single 
reaction vessel, as in the preparation of bis-a-bromobenzyl 
~ u l f o n e . ~  In the present study this method has been ex- 

tended to the preparation of a number of other a-halo sul- 
fones, e .g .  

1. HSCHZCOZNa 

2. excess 30% H Z O Z  

3. NaBr 
ArCH& ArCHzSOzCHBr2 

Use of excess hydrogen peroxide in step 2 ensures com- 
plete oxidation of the sulfide and serves to generate bro- 
mine in the halogenation step. 

This method can also serve as a route to bromomethyl 
alkyl or aryl sulfones, since the dibromomethyl sulfones 
are readily reduced to bromomethyl sulfones by sulfite 
ion2 (see Experimental Section). 

ArCHzSOzCHBrz + SO3'- + 2 H z 0  - HzO-E t O H  

ArCHzSOzCH2Br + SO4'- + B r -  + H30' 

A number of types of a-bromobenzyl benzyl sulfones 
have now been prepared by this general route. 


