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Iron and cobalt complexes [Fe(RSO;N)2CO-H20],, and [Co(RSO;N)sCO-1%6H20],, which are deficient of termi-
nal and bridging metal carbonyls have been isolate. rom 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(sulfonyljurea. 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-butoxycarbonyljurea.

Despite the large volume of information available on the

thermal and photochemical decomposition of organic azid-

es, 224 gtudies pertaining to the decomposition of organic
azides by transition metal carbonyls have only recently ap-
peared. Phenyl azide, which thermolyzes only above 120°,
decomposes at 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
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A similar complex was obtained from 2-azidobiphenyl, to-
gether with the urea and nitrene-derived products.® As part
of our interest in generating sulfonyl nitrenes under mild
conditions to study their behavior with aromatic com-
pounds under kinetic control conditions,®” 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 at room temperature (heteroge-
neous) or iron pentacarbonyl at 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 (5), 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.
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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(RSOsN),CO-H.0. Hydrolysis of
these complexes with dilute hydrochloric acid gave the cor-
responding N,N’-bis(sulfonyljurea (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:
Fe3(CO)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 at room temperature gave a
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Table 1
Fe Mossbauer Data of Some Iron(III) Complexes
Quadrupole
Compd Temp, °K Isomer shift, & splitting, AR
4, R = CH; 78 0.459 + 0.863 +
0.023 0.008
HFe(H,0)EDTA- 78 0.457 0.422
Fe(terpy),Cls? 77 0.46 0.54
[Fe(phen),Cl, JC10O,¢ 80 0.39 0.05
Sr3 [Fe(CQO4)3]2 '2Hzod 78 0.45 0.00

@ Reference 12. » Reference 13. ¢ 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
Co(CH3S0:N);CO-1%H50 for the complex.

It 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(II) di-
meric and polymeric structures. The observed magnetic
moment for the iron complex (4, R = CH3) was found to be
5.93 BM, however, and this corresponds to an iron(III)
high-spin complex. Magnetic moments for iron(III) 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.® It 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.10:11

The Méssbauer data for the irén complex (4, R = CHgy)
and some related iron(III) complexes are listed in Table L
The observed isomer shift (6 0.489) is in excellent agree-
ment with that of other iron(III) 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 at ca. 3500-3200 and perhaps that at 1625 cm™!
could be due to either “lattice” water or coordinated water.
If “lattice” water, it should have been lost on vacuum
drying at 100° but was not. The intense absorption at 1625
em™! is more probably due to a >C=N- moiety and/or less
likely to a perturbed organic carbonyl function.

The two sets of absorptions at 1340, 1360, 1255 and 1150,
1115, 1080 cm~! 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

H,
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\504

9

bidendate bridge, the sulfate absorptions are observed as
two sets of bands at 1170, 1105, 10680, and 641, 571 cm~1,16
In comparison, the free sulfate ion exhibits only strong ab-
sorption at 1104 and 613 cm™1, Similarly, the iron com-
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plexes exhibited two sets of absorptions at 1345, 1310, 1270
and 1165, 1130, and 1070 cm—1-

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

No reaction occurred between methanesulfonamide or
N, N’-bis{methanesulfonyl)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,?® 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 sulfone.!”

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 via Soxhlet extraction with benzene resulted in its de-
composition to o-methanesuifonylaniline and N,N’-bis(o-
methanesulfonylphenyl)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~!. Elemental analysis corresponded to
the empirical formula Cog(C7H7NO2S8)2CO-Hz0. The stoi-
chiometry of the reaction, determined from the relative
amount of unconsumed azide, appeared to be azide:
Co02(C0O)s = 2, in contrast to the sulfonyl azide reaction,
when the stoichiometric ratio was 4. It is difficult to assign
a plausible structure to fit the formula Cog(Cs-
H:NO0,8);C0O-Hs0 without invoking a metal-metal bond.
It is clear from the infrared spectrum, however, that a car-
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ERpertaencel SeRtien
Sepgtal. ALL of azides with

were caxried ovt with oven-drieé (120°) glagsware ir a dry box under an

netal carbonyl

stnosphere of dry nitrogen. Infrared spectra were dstermined on a perkin-
Eimer 257 grating infrared spectrometer. Nuclear magnetic rescnance spectra
were recorded on a Varlan HA-100 or Perkin Elmar R-20B spectromster using
cetranethylsilane as cthe internal standazd. HMass spsctra wers recorded on

a CEC 21104 spectrometer. MHolecular sieve pellets (Fisher Selantific Co.,
type dh, M-237), which were employed for the separation of nitregen and carbon
moroxide, were ground up to 35-48 mesh and actlvated st 240° for 20 kr in

a gas chrcvatogragh (Varian Asrograph A-9C-P) usirg a helium flow rate of

30 mL/mi

pheny methyl sulfone

7 :
(18 3, 10.5 mole) (prepared by the mathod of Cava and Blake ') in distilles

FRE LERE. A mixture of o

water {20 ml) and concentrated hydrochloric acld (2.7 ml) was heated on a
stean bath until the soluticn becane hofogensous, sooled %o 0° and sodiwn
aitrite (0,80 g, 12 nmols) in water (15 nl) added dropwiss such that the
terperature 424 not exceed 5°. Sodiun azide (0.30 g, 12 miole) in water
(10 ml) wag then aéded dropwise, while the temperaturs was maintaired between
0-5°. The solution was stirred fer a further 3C min, poured into ice-water,
ard the product recrystalilzed from agueous ethanol {1:1 v/¥) to give
RARRMADRIELL I BRLEREE (-8 9, 30%) mp 93-94°; ir (XBr) 2140 (M),
1305 (50,}, and 1130 on’" (SO,11 mmr (OBC1,} § .07 (m, 1K), 7.90-7.17 {m, 31},
3.26 (s, 3%); mass spac. (70 ev) 197 (M';1G).
Anal. Caled for CHNO,Si C, 42.88) %
B, 367,

c, 42.76;

£ nethanesulfopyl szide.

(@) With di-ivon - Di-iron (0,576 g, 1.59 mmole}

was added in one portion to a stirred solution of msthanesulfonyl azide
(1.004 g, 8,31 mrole) in dry benzene (20 ml) at room temperature. Ths
resulting light yellow heterogeneous reaction mixturs was stirred at room
temperature far a further 8 hr, after wkich time gas evolution has ceased

and it had turned dark brown in color, It was filtered under nitrogen and
washe¢ with dry benzene (30 ml) to glve a tan amarphous Lren.femelss (081 9).
Tp > 300°. Careful sublimation of the material under vacaun (C.02 torz) a&
ar oll bath tempsrature of 115-120° gave mezhanesulfenanide (0,088 g,

13%) whoss spectrum wae identical to that of authentic material. The

Py AR AT R AR B8R, TN, -

By a procedure similsr o chat described above, iron pentscarbonyl {0.525 g,
2,68 mmole} and p-toluenesuifonyl azide (0,974 g, 4.95 nmole] gave z tan
anorphous iron complex, Caraeful sublimation of this material gave p-
toluenesulfonamide (C.04G g, 5%). Hydrolysis of he unsublimed material as
before with 2 ACL gave N,N'-bis(g-coluenssulfonyljures monchydrate. Res
crystallization fyonm aqueous ethamol (l:1 v/v) and debyération in a dryirg
pistol at 100°/0.02 7w gave H,
(1% 155-159.50)

bis (z-toluenesulionyl)urea, mp 155-156"

ungublined matertal was washed and analysed; ir (Kr) 3520-3260, 2930,
1625, 1430, 1400, 1345, 131G, 1270, 1250, 1165, 1130, 1075-10, 970, 843,
and 785-170 en L.

s, Caicd for HReN0(8, K01 €, 12,511 M, 2,78 N, 9.72; 8, 22,21
Te, 19.37. Found: C, 12471 H, 2.34) N, 9.79; 5, 21.82, Fe, 18.23.

The orlginal benzene filtrate vas chromatographad on silica gl (00 g}
Eluzion with ether (150 ml) gave a colorlass oil (0.22 3, 1.9 miolal whose
1z spectrun was identical with that of methanssulfonyl azide. No other
compounds weze aluted.

Tre ungublimed material (0.75 g) was added tu 28 HCl (12 ml) and stirred

for ca, 15 min at roon temperature, whereupen H,'
(0.43 g, 7281, mp 299-200° (14670 200-204°1 separated and was washed with
water; ir (KBr) 3250 and 3220 (), 1715 (03, 1315 (82,), ard 1125 o T (50,):

wir (DMSO-dg) i § 9.45 (MM, 2d, D0 exchangs), 3.30 (s, 6H).

bis (rethanesulfonyl) urea

ision of this t and colurn on basic alumina

{12¢ ) of the iron complex from methanesulforyl azide (5.8 mmole) and dfaron
nonasarsanyl (3.35 muole) gave methanesulfonamide (G.48 g, E08) on elution

with ethar-methanol (L:l wev, 150 mlj.
(bY  Bith iron Tren (0.403 g, 2.04 mmole)

was added to a stirred solution of methanesulfonyl azide {(0.303 g, €63 mrole)

in dry benzena (2§ ml), the resulting homogersous yellow sclution was heated
at ga. 60-85° with vigorous stirring for 6 hr, after which time the reactior

mixture was dark brown. It was cooled =

zoom temperature, filtered under
ritrogen, and the solids wasked with benzene (30 ml} to give the crude tan
amozphous ixon camplex (0,55 g), mp » 300°. Careful sublimation of this material
gave methanesulforamide (0.03 g, 7%). The unsublimed material had an ir

spectrun identical

that of the iron complex prepared as under (a}.
Anal. Calod for Cgi Pel

B, 2.73,

058, B2 €, 12815 6, 2,78, Founds €, 12.71;

)

The original benzene filtrate was chromatographed on silica gel (100 gl.

Elution with ether (175 ml) gave a colorless oil (0.30 g, 2.5 rmole) whoss ir

spectrur was identical %o that of startiry methanesuifenyl azide. No other

compounds were eluted,

Tre unsublimed matersal (0.51 g) was added to stirred 2 ¥ HCl (14 ml).

After stirring for ca. 15 min, N,K'-bis(methanesulfony:)urea {0.30 g, 99%)

wag obtained.

sulfore (1,67 g, 8.48 mole) gave a grey cabalt complex (0.43 g), decomp,
16041657,

Of €, 35.85 H, 3.2L; B, 5.5

anal, Calsd. for Gy H) Co.N,008,

Found: C, 36,191 H, 3.401 N, 5.4l

The benzere filtrate was chromatographed on silica gel (1€0 g). Benzane-
ether (1:1 v/v, 250 nl) eluted starting craztdophenyl methyl sulfone (118 g,
6.04 mmole), Benzenesther (14 v/v, 100 ml) and ethex (75 ml} elured o=

nethanesulfonylaniiire (0,12 g, B.53). No cther corpounds were detected.

£ tent-Buty)

. 1fonyl

2 WS RALESR JonR -
bi-iren nonacarboryl (0.23 g, C.062 mwole) was added in One portion o a
stirred solution of g-tolueresulfonyl Lsocyarate (1.5 g, €.87 mole) ia

dry benzene (20 ml). This was stirred at room temperature for 12 hr, filtered
under nitrogen, and washed with benzens to glve = tan colored solid (ca, 0.29
). mp > 0%, The fiitrate was concentrated under vacuum ta give a colorless
bil, Upon the addition of water to this material, a white solid precipitated
(0,76 g, 4.4 7mole) whick had an ir spectrum identical to that of authentic

p-tolueresulfonanide.

Hydrolysis of the iron conplex with 21 HCL as before gave

¥ -bis (p-
teluenasulfonyl)urea monchydrate (0.079 gi.

ik 1 eh. Suktene

(a) Wizh di-ivon 1. Di-iron
was added in

©.71 ¢, 1.9 madle)

ne portlen to a stirred solution of g-azidophenyl methyl sulfene
(0.94 g, 4.2 mwols) in dry benzene (S0 ml}. As the reacticn mixture was
stirred at room temperature it became wine-colored (ga. 2 hr), and then dark
Drown (26 hr). The reaction mixture was filtered and washed with benzene

(50 ml) te give a light brown impure complex (¢.21 g}, decomp. 155°. This
material was placed in & Soxhle: extractor and sxtracted continuously for

54 hr with benzens (30 ml). A white crystalline solid ssparated and was

! as. Nilobig 1

Lnxsa (0,06 @, mp 256-2599)
o (KBr) 3260 (WK), 1675 (0O}, 1310 (80,), and 1160 am™" (50,0; nmr (MSO~g)
§ 9:65 (N3, ZH, D0 exchange), €.40 {d, By and Hey Gy 4% Iy o
.21 (t, dg, 9y = 6.5 He), T.83 (6, H,l, 3.82 (s, 3.

= 5.5 Ha),

B
H, 4.51,

1. Caicd for CpgH) N,0:8,0 C, 48.30) H, 4.38. Found: €, 49.06)

The benzene extract from the Soxhlet extraction was chromatographed on
silica gel {ICD g). Henzene-ethar (1:1 v/v, 150 ml) and sther (75 ml}
eluted

methanesalfonylaniline (0.03 g}. No other compounds wera slused.

The original benzene £iltrate was chromatographed on eilice gel (150 g).
Benzane-athsr (11 v/v, 150 ml} gave go-azldopheryl methyl sulfons (0.17 g,
0.86 rmole).  Benzenewether (1:4 v/v, 100 ml) and ether (150 ml) eluted
grmethanesulfonylaniline (0.18 g, 273), Ko othar compounds vera detected,

(8) with dicobait octacarbonyl. 3y a procedure similar to that described
above, dicobalt potacarbanyl (C.437 g, 1,16 mole) and g-azidoshenyl methyl

bonyl 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=0 <> >*S_0~ bond is more polar than a
carbonyl function, it was expected that the latter might not
function as efficiently as the former in displacing metal-
. 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

bonded carbonyl group

CeHs

Me;COCN; + Fe;,COy ——— [crude iron complex] —>

room temp

0

I |
Me,COCNNH; + (Me,COC),NH + (Me;COCNH),CO

13 14

(2) Dimiron and excess Dimiron

(€.485 g, .35 mmole) was added in one portisn to a stirred solition of

freshly disz:lled terg-butyl azidoformate (sp 96-37°/42 wn: 1.19 g, 3.34 mmele)

in dry benzens [25 ml), The resulting heterogeneous reaction mimture was

stirred at roor

mperature for a further 10 hr, filtered under ritrogen,
and washed with éry benzens (20 ml) to give a rust~colored solid {0.65 g,
daconp. 270% ir (XBe) 2205 (veC=0), 2055 and 1980 an  (temminal CO).

Sublimation of th:s raterial at 120°/0.02 m caused its decomposition) ir

(k58) 2205 (Necw0lam ™.

Evaporation of the filirate under vacuum gave a light yellow o1l whose

ir spectram was idestical to that of startang tertbutyl azidoformate.

(o) With excess di-iron 7 bi-iren .572 9,

4.31 mole) was added in one portion to & solution of freshly distilled tert-
butyl azidoformate (1,557 g, 10.82 mmole) in dry benzene (20 nl). The re-
sulting haterogensous Teaction mizture was stirred &t room temperature ovar-

night, iltered under nitrogen, and uashed with dry benzens to gave a ruste
colorsd solid. The filtrate wss evaporated under vacuum but no organic
raterial revained. The solid was chromatographed on basic alunins (175 g).
Benzene-sther (411 v/v, 150 ml) sluted di-tert-butyl iminodicarboxylate

(0.133 ¢, 123}, np 118-119° {fzom hexane) {Ll€°} 115-221%), ir (K3x) 3260 (Na},
1795, 1775, ara 1760 c" (urethane €O}y mar (GCI,), b 6,80 (s, W, 1f,

0,0 exchange), 1.47 (s, 18HI.

Anal. Calcd for CIUHXSNOJ: <€, 35.3%; H, 8.76. Fount
Benzene-ether (1:l v/v, 150 rl} eluted tart-butylcarbamate (0,108 g, B.5%),
mp 104-106° (hexane) (11677 108-109.5%), 4r [XBr] 1840, 3320, 3250, 3200 and

1675 on™} (urethane CO); mnr (GOCL,) § 4.85 (s, XMy, 2H, 0,0 exchange), 1.42

€, 35.41) u, B.%8.

ts) SH). Bther (250 nl) and ether-msthanol (10:1 v/v, 150 ml) eluted fii-
RAR AR EER (0-56 9, 40%), np 122-124% (hexane); Lr (Kex)
3220 (NR), 1790 (urethana CO)\ and 1725 cn~ (urea CO)s mar (CDCLy) §.8.82
@M, 2, D0 exchanga), 1,47 (s, 18H); mass spec. {70 oV): no parent ion

at m/e 260,

anal, caled for C,

N gt O 50.77) B, 7.69. Found:
H, 7,81,

51.06;

No other compounds weve eluted.
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3
(1.04 3, 3.03 mole)
was added tc a stirred soluzion of methanesulfonyl azide (2,955 g, 24,4 mmola)

(e)  With dicobalt Dicobalt T

an dry beneens (50 ml). The resulting wine-colored homogeneous reaction mixture
was stirred at room temperature for 7 hr, filtered under nitrogen, and the
S0lid waghed with benzene (25 mil to give a light blue solid (1,64 g, 96%),

mp » 300°, Sublimafion of part of this material (0.14 ¢) as in (a) gave
rethanesulfonanide (za. 4«5 ng). The material which 314 not sublime was
analysed; ir (KSr) 3540-3180, 2920, 1625, L560-1535, 1405, 1340, 1310, 1255,

-1

1195, 1150, 1115, 1C80, 960, 925, B45, and 765 om

anal. Calod for CyR,CON,08, L/2M,00 O, 22,375 B, 2.50, Fourd:
C, 12.70; K, 2.65.

The benzene filtrate was evaporated under vacuun to give & colorless
ol (1.34 g, 11,1 mmole) whose ir spectrun was identical to thet of starting
rethanagulfonyl azide,

The uneublimed material (1.50 @) was added to 2N KCL {14 mi}. After
stirring for ca. 35 min,
obtained.

-bis (methanesulfonyl)urea (0.89 g, 7731 was

RECOREOELLL £ by BLEonr i AThEE

(a) Hizh dieiron nonscaboryl. By & procedurs similar to chas described
apove, di-iron nonacarbonyl (0,713 9, 1.96 mmols) and bsnzsnesulfonyl azide
(2.11 g, 11.6 mmole) gave & tan anorphous izon complex (L.41 3, BE%), mp > 300°;
ir (Br) 3500-3300, 3050, 53¢, 1570, 1480, 1450, 1405, 1350-1260, 1165, 1130,
1070, 1025, 1000, $20, 840-830, 755, 725, and 630 o .

Anal. Caled for C).i) FeN,0u8,"H01 C, 27.821 Hy 2.92) N, €.79. Fourd:
¢, 38.41; H, 3,03 ¥, 6,70,

Eydrolysis of this material (1.30 g} as befora with 2N KCl gave N

bis (benzeneaulfonyl)urea morohydrate (0.84 g, 78%). The latzer was dehydrated

in a dry pistol at 100%/0.02 mm te N,X'-bis{banzanesulfonyl)uraa, mp 155
e ® 155-156%1.

(b) Withn iron pentacarbonyl. By a procedure similar to that described
above, iron pentacarbonyl (0,395 5, 2.01 rmole) and benzenesulfenyl azide
(1.21 g, 6.51 mmole; gave a tan amorphous iron complex (0.81 g, 38%),
mp > 300°, whose ir spectrun was isntical to that cf the iron complex

obtained in {a).

bydrolysis of part of this material as before gave N,

-bis ibenzenesulfony) -
urea morchydrate (50%),

(c) With excess iron pentmearbonyl, A solution of freshly distlled

gert-butyl azidoformate (2.55 g, 17.6 mole) &nd iron pentacarbonyl (3.74 g,
19.0 mmole) in dry benzene (70 ml) was boiled tnder reflux for 12 hr with
vigorous aticring, The reaction mixture was cooleé to room temperatuce,

E£ilvered under n{trogen, and washed

Lth benzene (50 nl) to give a rust-
-1

colored solid fea. 2.46 g); ir (KBr) 2205 (¥=C=0) o

was added
o 2N KCL {20 ml) with vigorous stirring at room termperature. The re-
sulting homogeneous yeliow solution was stirred for a further 10 min,

and then axracted with ether (2 X 280 ml), The corbined etier extracte
were dried (MgsD,), and evaporatad urder vacuun to give a light yellow oil
which was chromatographed on basic alumina (150 g). Benzere-ether (3:1,

v/v, 175 1] gave a white 301id (0.4 9, 25¢), mp 115-116%, whose ir
spectzun was identical to that of di-tert-butyl iminodicarboxylate, Benzene=

sther (151 v/v, 150 ni] eluzed a white solid (0,106 ¢, 5.1%), mp L04-108°%,

whose ir spectrum was identical to that of rert-putyloarbamate. Ether
(150 ml) sluted a white solld (0,07 g, 3%) whose ir spectrum was identical
to that of N,N'-bis Yurea, 1010s1 v,

100 ml) elute an oily solid (6.073 g, 5%) which crystallized with eifficulty

£ron benzene-hexane (1:2 v/¥) to 3ive white plates of a compound tentativaly

idencified as YoiertrRNRORVEARRIIA HEER, M 185-187%; ir B 3385,

3362, 3230, 1715 {uzethans <O}, 169G o = lurea CO).

Anal. Caled for C.K N0, €, 45.00; H, 7.55: N, 17,48, Found: C, 45.06;

5712" %3¢

H, 7.86; N, 17,25,

“he original banzsne filirats was evapcrated wnder vacum to give a
1ight yellow oil which was chromatographed on basic alumina (100 g).
Benzens-sthex (4:1 v/v, 130 ml) elused di-gerzebutyl inirodicarboxylate

(0.107 g, 5.5%). Elution with ether (10C ml) gave ter

utycarbanate
(0.055 g, 2.6%), ard further elution with ether gava N,N'-bis(tert-
butoxycarbonyl)urea (0.054 g, 2.4%).

-meshanol (L0:1 w/v, 125 ml)
aluted an olly s01id (0,060 o which crystallized with difficulty from
hexane, Sublination of this material at §5°/0.05 m cave 5,5-dimethyloxazol:dons,
mp 77-79° (1it?® B0}, ir (xBx) 3250 (W), 725 e (0=0); mass spec.
(79 V) m/e 115 (47, 10). No other campourds were eluted.

AT AE b R D AREERL oD e LR
PATATRINORRTRTRRIVE - The apparazus comsisted of s mercury bubble trap,

2 thrae-way glass stopcock, rubber tuping (2 in), a glass tude, a rusher

septun and a round-bottomed flask (50 mll. A solution of methanesulfonyl
azide wo be dacomposed in degasssd benzene {30 mi) was frozen in a dry
1ce-acetons bath and then the appropriate amount of di-iron nomacarkonyl

was added, The systen was evacuated to 0.02 mm, and the frozen reactics
mixtore was then allowed to warm to room temperature. It was then stirred
at room temparaturs and the evolved saes were analyzed by 3.1.c. using

a5 ££ x 1/4 in 9A mcleculsr sleve (35-4B mesh) colunn at 4n oven temperature
of 72° and a heiiun flow rate of 3¢ ml/min, The ratic of Ny/CD was found

0 be C.68.

cm~!, 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 l)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-

ALO;

azolidone (2%).

out prior acid hydrolysis, the following products were ob-
tained: 13 (2.6%), 14 (5.5%), 15 (2.4%), and 5,5-dimethylox-
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Synthesis of Dihalomethyl and «-Haloalkyl Sulfones by the Halogenative
Decarboxylation of a~-Aryl- and «-Alkylsulfonylalkanecarboxylic Acids
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The synthesis by brominative decarboxylation of meta- and para-substituted bromomethy! and «-bromoben-
zyl benzyl sulfones is described. Included are nine ArCH2S02CH,Br, four PhCHBrSO;CHzAr, and five ArCH-
BrSO;CH,Ph 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 CCls 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 «-carboxyalkyl
sulfones has been used as a preparative method for haloal-
kyl and dihalomethyl sulfones since before the turn of the
century.! Sulfone carboxylic acids of the type ArSO.-
CH2CO2H give aryl dihalomethyl sulfones, ArSO;CHX,
(X = Cl, Br, or I), whereas ArSO2CHRCO2H types give
ArSO,CHXR.* Since the corresponding sulfides, Ar-
SCH:CO.H, ArSCHRCOH, RSCH>CO:zH, and
RSCHR’CO2H, are readily available from reactions of
ArSNa or RSNa with CICH2CO;H or CICHRCOz;H or
from reactions of RX with HSCH2CO2Na or HSCHRCOs,-
Na, these provide convenient starting materials. The cor-
responding suifone 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.g., of

dihalomethyl aryl or alkyl sulfones.l:2 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
sulfone.® In the present study this method has been ex-

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

1. HSCH9COgNa
2+ excess 30% H9Og

ArCHQX ArCstOZCHBrz

3. NaBr

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
ion? (see Experimental Section).

HgO=EtOH
+ 2H,0 ———

ArCH,S0,CHBr; + SOz%~

ArCH,80,CH,Br + SO~ + Br~ + H;0*

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



