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Reaction of m-terphenyl with 20% oleum at 100° gives both disulfonation and double sulfonyl bridging to
yield benzo[l]thieno[2,3-b)dibenzothiophene-3,9-disulfonic acid 5,5,7,7-tetraoxide, isolated as the disodium
salt (24%) and convertible (via the disulfonyl chloride) to the bis-sulfonanilide (44%) and the bis-N-butylsul-
fonamide (40%). Analogously, reaction of m-terphenyl with chlorosulfonic acid at 100° gives disulfonation
plus only single sulfonyl bridging to produce 2{4-chlorosulfonyl)}-7-chlorosulfonyldibenzothiophene 5,5-diox-
ide (80%), convertible to the corresponding bis-sulfonanilide (63%) and the bis-N-butylsulfonamide (45 %).

J. Heterocyclic Chem., 28, 187 (1991).

In 1956 VanAllan reported that 20% oleum at 90-100°
converts m-terphenyl (1) into a disulfonyl disulfonic acid
for which he proposed the structure 2a [4]. The molecular
formula of 2a was crudely established by elemental analy-
sis of its di-o-toluidine salt, but the results for percentages
of carbon and hydrogen were not within acceptable limits.
VanAllan implied that sulfonation of 1 with chlorosulfonic
acid plus hydrolysis of the intermediate sulfonyl chloride
also gives 2a, but he did not provide experimental details
for this conversion. We have now reexamined the sulfona-
tion with both of these reagents and have found that com-
pound 2a is, indeed, formed with 20% oleum but that
chlorosulfonic acid does not give the same parent system.

The product from treatment of 1 with 20% oleum under
conditions used by VanAllan was identified from its 'H
nmr spectrum in deuterium oxide. This simple spectrum
consists of two downfield singlets for one proton each at
8.39 and 8.36 ppm (H-6 and H-12), a singlet for 2 protons
(H-4 and H-8) at 8.30, and a doublet of doublets (Jo,cho =
8.3 Hz) for two protons each (H-1 plus H-11, H-2 plus H-10)
centered at 8.12. While this pattern of signals is consistent
with structure 2a, as shown, it does not eliminate a possi-
ble alternative structure (not shown) wherein the sulfonic
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acid groups are located at C-2 and C-10, instead of at C-3
and C-9 as in 2a. This alternative structure, however, is
deemed exceedingly unlikely inasmuch as substitution of
sulfonic acid groups at C-2 and C-10 is inconsistent with
known orientation rules. Thus, the sulfonyl groups at posi-
tions 5 and 7, as well as the sulfonic acid groups at posi-
tions 3 and 9, are meta-directing and the meta-terphenyl
parent molecule is ortho- and para-directing with respect
to the inter-ring sigma bond [5,6]. Both orienting effects
should lead to structure 2a.

Further identification of 2a was effected by reaction of
its sodium salt 2b with phosphorus pentachloride in re-
fluxing 1,2-dichlorobenzene to obtain the intermediate di-
sulfonyl chloride 2¢, convertible to the bis-sulfonanilide
2d (mp 296°, 44% yield from 2b) and the bis-N-butylsul-
fonamide 2e (mp 327°, 40% from 2b) by treatment with
aniline and 1-aminobutane, respectively. Although 2¢ was
only obtained in crude form, the two sulfonamides were re-
crystallizable to analytical purity, albeit with apparent re-
tention of solvent.

The reaction of m-terphenyl with chlorosulfonic acid
was conducted in essentially the same manner as describ-
ed by VanAllan for reaction of p-terphenyl, i.e. at about
100°. The crude disulfonyl chloride formed, 3a (80%), was
also converted into a bis-sulfonanilide, 3b (63%, mp
283°), and a bis-N-butylsulfonamide, 3¢ (45%, mp 206°),
both analytically pure.

It is very clear that corresponding sulfonamides from
the alternative synthetic routes are not identical, as based
largely on comparison of melting points, *H nmr spectra,
and mass spectra. Each of the products 2d and 2e from
the oleum synthetic route shows the same symmetrical pat-
tern of aromatic proton nmr signals as for 2a plus only one
set of signals for the two sulfonamide groups present. Con-
trariwise, the pattern of signals for aromatic protons in 3a
and 3c consists of only one downfield singlet for H-6, one
singlet for H-1, two double doublets for H-3 and H-4 plus
H-8 and H-9, and a symmetrical 4-proton AB system (J =
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8 Hz) for a para-disubstituted benzene ring. Additionally,
there are two sets of signals for the non-equivalent N-
butylsulfonamide groups in 3¢. The pattern for 3a persists
in the 3b disulfonanilide spectrum, supplemented by an
unresolved multiplet for 2 phenylimino groups at higher
field (8 7.0-7.3). The patterns of aromatic proton signals
not only show a difference between systems 2 and 3, but
also serve to establish the parent structural features of
both systems. Structure 3 is also consistent with expected
orientation rules. In fact, it has been reported that sul-
fonation of 1 with concentrated sulfuric acid at 100° pro-
duces m-terphenyl-4,4'-disulfonic acid la [7]. Thus, it
seems plausible that 2a may form by the reaction se-
quence 1 — la — 3d — 2a. Similar sequences are ap-
parent for sulfonation of the isomeric terphenyls [4,7,8].

As expected from the high melting points, the
solubilities of the sulfonamides 2d, 2e, 3b, and 3c are
limited in many organic solvents. All of these compounds
exhibit strong sulfonyl bands (from 2 broad ones to 4
sharp ones) in the infrared region. Their mass spectra
show major differences.

EXPERIMENTAL [9]

Sulfonation of m-Terphenyl with Oleum.

Technical grade m-terphenyl (Aldrich) was recrystallized from
ethanol to give white crystals, mp 87-89° 'H nmr (deuteriochlo-
roform): 6 7.97 (s, 1 H, H-2), 7.79 (d, Jorso = 7.5 Hz, 4 H, H-2/,
H-6', H-2", H-6"), 7.71 (split d, Jorno = 7.0 Hz,J = 1.2 Hz, 2 H,
H-4 and H-6), 7.45-7.68 (m, 7 other protons).

A quantity of 49.9 g (0.217 mole) of purified m-terphenyl (1)
was added slowly with stirring to 250 ml (472 g, excess) of 20%
oleum at room temperature. External heat was applied so as to
maintain a reaction temperature of 90-110° for 3.3 hours. The
warm mixture was poured onto 250 g of ice and the precipitate
was collected by filtration with a sintered glass funnel to give
crude disulfonic acid 2a; 'H nmr (deuterium oxide with sodium
trimethylsilylpropanesulfonate as reference): 6 8.39 and 8.36 (2 s,
1 H each, H-6 and H-12), 8.30 (s, 2 H, H4 and H-8), 8.12 (dd, AB
system, Jormo = 8.3 Hz, AS = 31.9 Hz, 4 H, H-1, H-2, H-10, H-11).
Precipitated 2a was dissolved in 1.5 1 of boiling water, basified
with solid sodium hydroxide, cooled to 10°, and filtered again to
remove insoluble by-products. The filtrate was treated with an
equal volume of saturated aqueous sodium chloride to salt out
the disodium disulfonate 2b as a faintly tan sold which was dried
in air at room temperature, yield 29.7 g (24 %, if one assumes that
the product is a monohydrate).

A sample of the foregoing 2b was dried at 55° to constant
weight; ir: 3700-3100 (broad, strong, water), 1310 and 1120 (sul-
fone), 1260-1160 (broad, strong, sulfonate anion), 1044, 581 and
563 cm™* (sulfone scissoring) [10-12].

Before further reaction the main part of 2b was dried at 144°
(0.1 mm) for 24 hours. A mixture of 7.81 g (0.014 mole) of this 2b,
4.2 g (0.02 mole) of phosphorus pentachloride, and 50 ml of
1,2-dichlorobenzene was refluxed and stirred for 22 hours. The
two-phased, cooled reaction mixture was filtered by means of a
sintered glass funnel and the solid residue added to an ice-water
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mixture [13]. The resultant precipitate was collected by suction
filtration and dried in a vacuum desiccator, yield 3.91 g (51%) of
crude disulfonyl chloride 2¢, violet fluorescence, used without
further characterization, for forming sulfonamides (vide infra).

3,9-Bis-(N-phenylsulfamoyl)benzo[1}thienof2,3-bldibenzothio-
phene 5,5,7,7-Tetraoxide (2d).

A mixture of 1.03 g (1.86 mmoles) of preceding 2¢ and 2 ml of
aniline (22 mmoles) was refluxed for ten minutes and then allow-
ed to stand overnight. The dark red reaction mixture was poured
into ice-water. The suspension of gummy precipitate in agqueous
solution was stirred vigorously for several hours until the precipi-
tate became granular. Filtration yielded 1.08 g (86 %) [14] of tan,
crude 2d. This solid was extracted with two 50-ml portions of
boiling 95% ethanol (extract discarded)[15] and then recrystalliz-
ed first from ethyl acetate and then from 2-butanone to give light
yellow, fine, electrostatic needles, mp 295-297°, R, 0.55 (silica
gellethyl acetate), violet fluorescence; ir: 3635 (water?), 3287
(NH), 1320, 1174, and 1158 (sulfonyl groups), 817 ¢m™'; 'H nmr
(hexadeuteriodimethyl sulfoxide): 5 9.15 and 9.07 (2 s, 1 H each,
H-6 and H-12), 8.33 (dd, AB system, J..zo = 8.2 Hz, A8 = 67.3
Hz, 4 H, H-1, H-2, H-10, H-11), 8.32 (s, 2 H, H-4 and H-8), 7.26 (1, ]
= 7.8 Hz) plus 7.04-7.16 (m, 12 H total, 2 phenyl plus 2 NH
groups); ms: m/e 664 (M*, 5), 139 (Ph-N=8=0¢, 2), 93 (PhNH.",
100), 65 (34).

Anal. Caled. for C,H,N,S,0,12 H,0: C, 53.48; H, 3.14; N,
4.15. Found: C, 53.67; H, 2.90; N, 3.95.

3,9-Bis-(N-butylsulfamoyl)benzo{1]thieno[2,3-b]dibenzothiophene
5,9,7,7-Tetraoxide (2e).

A mixture of 1.03 g (1.86 mmoles) of preceding 2c and 3.5 ml
(35 mmoles) of 1-aminobutane was refluxed for ten minutes and
then allowed to stand overnight. The yellow solid which precipi-
tated from the reaction mixture was collected by filtration (fil-
trate discarded) and added to ice-water. This suspension was
stirred vigorously for 30 minutes and the precipitate was col-
lected by filtration to give 0.92 g (79%) of crude 2e, mp 325° dec,
soluble in DMSO and 2-butanone, insoluble in 95% ethanol, ace-
tone, acetonitrile, and ethyl acetate. For infrared and nmr spec-
tra this solid was triturated with 95% ethanol and dried in air; ir:
3309 (NH), 3090, 2957, 2931, 2871 (all sharp, medium), 1326,
1308, 1174, 1159 (two pairs of strong sulfonyl bands), 816 cm™;
'H nmr (hexadeuteriodimethyl sulfoxide): 6 9.34 and 9.14 (2 s, 1
H each, H-6 and H-12), 8.46 (dd, AB system, J.,.4o = 8.2 Hz, AS =
64.0 Hz, 4 H, H-1, H-2, H-10, H-11), 8.38 (s, 2 H, H-4 and H-8),
792 (t,J = 5.7 Hz, 2 H, 2 NH), 2.84 (m, 4 H, 2 CH,NH), 1.1-1.5
(dm, 4 H, 2 CH,CH,CH,), 0.79 (t, ] = 7.2 Hz, 6 H, 2 methyl
groups).

The mass spectrum and elemental analysis were obtained on
the preceding sample after it was recrystallized from 2-butanone/-
petroleum ether (30-60°) and dried at 78° (0.1 mm) for 24 hours
to give faintly cream-colored granules, electrostatic, and with
green fluorescence, mp 326-328° dec; ms: m/e 581 (M*-Pr, 84),
552 (M*-NHBu, 100), 445 (581*-SO,NHBu, 49), 416
(552*-SO,NHBu, 32), 352 (M*-2 SO,NHBu, 37), 64 (SO,*, 67), 48
(SO*, 58), 42 (15), 41 (26) [16].

Anal. Calcd. for C, H,,N,S,0,-v2 C,H,0: C, 50.89; H, 4.88; N,
4.24. Found: C, 50.53; H, 5.04; N, 4.49.

Direct Chlorosulfonation of m-Terphenyl (1).

Ten g (43.5 mmoles) of recrystallized m-terphenyl was shaken
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in an oven-dried reflux apparatus, protected from atmospheric
moisture, while 50 ml (760 mmoles) of chlorosulfonic acid was
added dropwise. The resultant solution was stirred magnetically,
heated at 90-105° for one hour, and allowed to stand at room
temperature overnight. The mixture was poured onto ice to give
a cream-colored gummy and finely divided precipitate which was
hard to filter. Some of the water separated by decantation and
the remainder was removed by rotoevaporation, aided by the ad-
dition of toluene in the final stages. The residue was dried in an
evacuated desiccator, yield 17 g (80%) of crude 3a, used directly
in reaction to form sulfonamides (vide infra).

For characterization only, a sample of crude 3a was recrystal-
lized from 2-butanone to yield tan 2{4-chlorosulfonylphenyl}7-
chlorosulfonyldibenzothiophene 5,5-dioxide (3a), mp 258-265°;
'H nmr (hexadeuteriodimethyl sulfoxide): & 8.55 (s, 1 H, H-6), 8.37
(d,J;, = 8.1 Hz, 1 H, H-4), 8.02(dd, AB system, Jgo = 8.1 Hz, Ad
= 18.7 Hz, 2 H, H-8 and H-9), 7.94 (d, H-3) which overlaps 7.93 (s,
2 H total, H-1), 7.79 (dd, AB system, J..so = 8.1 Hz, Ad = 32.6
Hz, 4 H, H-2', H-3', H-5', H-6').

2-(4-N-Phenylsulfamoyl)pheny}-7-(N-phenylsulfamoyl)dibenzo-
thiophene 5,5-Dioxide (3b).

A mixture of 5 g (10.2 mmoles) of preceding crude chlorosul-
fonation product and 8 ml (92 mmoles) of aniline was refluxed for
10 minutes. The warm mixture was poured onto ice to give a
gummy precipitate, which became granular on stirring. This pre-
cipitate was collected by suction filtration, washed repeatedly
with water, and dried in air, yield 3.85 g (63%) of 3b as slightly
tan ecrystals, mp 238-260°, changed to colorless needles, mp
282-284°, on repetitive recrystallizations from 95% ethanol, ir:
3332 and 3242 (NH), 1349, 1298, and 1168 (broad, very strong-
sulfonyl groups), 760 and 743 (doublet), 581, 575 cm™ [12]; ‘H
nmr (hexadeuteriodimethyl sulfoxide): § 8.63 (s, 1 H, H-6), 8.49 (d,
Js4 = 8.1 Hz, 1 H, H4),8.22(s, 1H, H-1), 8.15 (d, 1 H, H-3) which
overlaps 8.11 (dd, AB system, A8 = 37.5 Hz, Jgy = 8.1 Hz, 2 H,
H-8 and H-9), which overlaps 7.95 (dd, AB system, A§ = 32.8 Hz,
Jome = 8.4 Hz, 4 H, H-2, H-3', H-5', H-6'), 7.0-7.3 (m, 12 H, 2
phenyl and 2 NH groups); ms: m/e 602 (M*, 100), 479 (M*
-CH,NS, 20), 448 (22), 447 (M*-C,H,NSO,, 85), 383 (447*-50,,
38), 382 (35).

Anal. Caled. for C,H,,N,0.S,: C, 59.78; H, 3.68; N, 4.65.
Found: C, 60.04; H, 3.81; N, 4.53.

2-(4-N-Butylsulfamoyl)phenyl-7-(N-butylsulfamoyl)dibenzothio-
phene 5,5-Dioxide (3c).

To a flask containing 12.1 g (24.7 mmoles) of crude 3a, cooled
in an ice bath, was added, in small portions, 10 ml (101 milli-
moles) of dried (over potassium hydroxide pellets) 1-aminobutane
(exothermic reaction). The mixture was then refluxed for ten
minutes and aliowed to cool somewhat. The gel which formed was
scraped into ice-water and the mixture was stirred vigorously te
give a granular solid. The precipitate was collected, washed, and
recrystallized from 95% ethanol (as with 3b) to give 6.2 g (45%)
of 3¢ as a faintly pinkish solid, mp 192-200°, changed to a white
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powder on further recrystallizations from the same solvent, mp
205-207°, purple fluorescence, ir: 3292 (NH), 2975, 2935, 2890
(all sharp, medium), 1334-1300 and 1177-1141 (strong sulfonyl
bands), 818 ¢cm™; 'H nmr (hexadeuteriodimethyl sulfoxide): &
8.736 (s, 1 H, H-6), 8.599 (d, J;, = 8.1 Hz, 1 H, H-4),8.292 (s, 1 H,
H-1), 8.233 and 8.196 (2 overlapping d, J] = 8.2 Hz, 2 H total, H-3
and H-8), 8.093 (2 overlapping d, 3 H, H-3', H-5', H-9), 7.940 (d,
Joreno = 8.1 Hz, 2 H, H-2' and H-6"), 7.873 and 7.709 2 t, Jey,ng =

6 Hz, 1 H each, 2 NH), 2.7-2.9 (2 overlapping t, 4 H total, 2
CH,NH), 1.1-1.5 (2 overlapping m, J = 6-7 Hz, 8 H, 2 CH,CH,-
CH;NH), 0.787 {t,J] = 6-7 Hz, 6 H, 2 methyl groups); ms: m/e 562
(M*, 41), 520 (27), 519 (M*-Pr, 90), 491 (28), 490 (M*-NHBu, 100),
426 (M*-SO,NHBu, 23).

Anal. Caled. for C,,H,N,0.S,: C, 55.49; H, 5.37; N, 4.98.
Found; C, 55.74; H, 5.26; N, 4.87.

REFERENCES AND NOTES

(1] Paper IV: L. H. Klemm, L. Lam, B. Severns and S. K. Sur, J. Het-
erocyclic Chem., 27, 1969 (1990).

[2] Undergraduate research student, 1989-1990.

[3] Postbaccalaureate research assistant, 1987,

[4] J. A. VanAllan, J. Org. Chem., 21, 1152 (1956).

[S] J. Ashby and C. C. Cook, in Advances in Heterocyclic Chemistry,
Vol 16, A. R. Katritzky and A. J. Boulton, eds, Academic Press, New
York, NY, 1974, p 211.

[6] H. France, I. M. Heilbron and D. H. Hey, J. Chem. Soc., 1288
(1939).

[7] C. Wulff and E. Roell, U. S. Patent 2,004,546 (1935); Chem.
Abstr., 29, 5282 (1935).

[8] C. F. H. Allen and D. M. Burness, J. Org. Chem., 14, 163 (1949).

[9] Infrared spectra were determined on potassium bromide wafers
by means of a Nicolet 5-DXB FTIR instrument and 'H nmr spectra by
means of a General Electric QE-300 instrument. We thank Dr. Sandip K.
Sur for assistance with some of these spectra. Electron-impact mass spec-
tra were obtained at 70 eV by Dr. Richard Wielesek of this laboratory on
a VG 12-250 instrument. Elemental analyses were conducted by Desert
Analytics, Tucson, Arizona. Fluorescence colors were observed under ir-
radiation in ultraviolet light of 254 nm.

[10] N. B. Colthup, L. H. Daly and S. E. Wiberley, Introduction to In-
frared and Raman Spectroscopy, Academic Press, New York, NY, 1968,
spectra 563 and 564, p 408.

[11] E. Pretsch, J. Seibl, W. Simon and T. Clerc, Spectral Data for
Structure Determination of Organic Compounds, Springer Verlag, New
York, NY, 1983, p 1230.

[12] J. B. Lambert, H. F. Shurwell, L. Verbit, R. G. Cooks and G. H.
Stout, Organic Structural Analysis, Macmillan Publishing Co., New
York, NY, 1976, p 245.

[13] The filtrate was discarded.

[14] Percentage yield corresponds to the isolation of a hemihydrate.

[15] Tlc of the extract showed the presence of three components, in-
cluding 2d.

[16] Except for signals at m/e 553 and 554 all of the peaks of relative
abundance >1% are reported here. Conceivably the appreciable size of
fragment ions at m/e 42 and 41 results either from loss of propene from
2e and/or ketene from solvent of crystallization. See F. W. McLafferty
and R. Venkataraghavan, Mass Spectral Correlations, 2nd Ed, American
Chemical Society, Washington, DC, 1982, pp 19-20.



