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I. INTRODUCTION

Several aliphatic sulfinic acids are known. The low-molecular-weight mem-
bers are viscous oils which are subject to rapid decomposition. They are usually
isolated as their salts, which are considerably more stable than the free acids.
The high-molecular-weight aliphatic sulfinic acids can be isolated as crystalline
solids (198). They are more stable than the lower members of the series; how-
ever, on standing, they also undergo disproportionation (36, 198) according to
the following equation:

3RSO.H — RSOSR + RSO;H + H,0

Aromatic sulfinic acids are in general more stable than the aliphatic analogs.
However, upon long standing, they too tend to decompose as above. Free aro-
matic sulfinic acids are generally and conveniently obtained by acidifying
aqueous solutions of their salts.

Sulfinic acids (and even their salts) tend to be slowly oxidized to sulfonic acids
on exposure to air. Their acidity characteristics are somewhat stronger than
those of the corresponding carboxylic acids. The ionization constants of ben-
zenesulfinic acid and p-toluenesulfinic acid at 25°C. are approximately 2 to 4 X
10-% (195). Aromatic sulfinic acids appear to be conveniently characterized as
thallous salts (108).

An attempt has been made to cover in the following sections the prepara-
tions of sulfinic acids which have been reported through the year 1949, Sulfinic
acids which were formed as intermediates (as in the synthesis of sulfonic acids)
and which were not isolated, or which were obtained as derivatives by changes
at other points in the molecule, have been disregarded.

II. REDUCTION OF SULFONYL HALIDES TO SULFINIC ACIDS
Sulfinic acids are most frequently prepared by the action of reducing agents
on sulfonyl halides, usually the chlorides (table 1). This is particularly true of
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TABLE 1
Reduction of sulfonyl halides (sulfonyl chloride unless otherwise specified) to sulfinic acids

SULFINIC ACID REAGENT YIELD REFERENCES
per cent
CH,S0;H Zn (14)
CszSO:H Zn (7, 14, 235)
(CH,);CHCHSOsH Zn (235)
(CH;):CHCH,CH,S0.H Zn (221)
CH,SO.H Zn 53 (165, 221)
CH.S0:H
CCL:SO:H SO, (11)
K,S0, (250)
H,S (191)
KCN (190, 197)
Nal (242)
NH, (aqueous) 197)
CHCIl:S0.H SO, (KOH, aleo- (197)
holic)
CgHsCHzSOgH Zn (225)
NaHg. (225)
(90)
CHsSO.H (14, 216)
Zn 85-95 (289)
(234)
(263)
Zun (Nal) (102)
Ca 17}
NaHg. (211, 226)
Mg (ether) 12.3 (109)
H, (Pd) (270)
Na:SO; (NaOH, 175)
aqueous)
Na,S (134)
Na:As0, a1n
Nal (103)
Nal (NasS;04) 81 (242)
CH;SH (KOH) (215)
Methyl sodium (38)
camphocarbox-
ylate
RMgX 0.5-53 (110, 288)
RC=CNa 43-72 (288)
(CeHs)2Zn (154, 167)
(Cell 5):PbS, (264)
R;NH, CS; 80 (34)
KOH (on sulfonyl (232)
iodide)
(C:Hj)sZn (on (232)
sulfonyl iodide)
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TABLE 1—Continued
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SULFINIC ACID REAGENT YIELD REFERENCES
per cen
O-CH;C;HASOQH Zn (285)
NBaS (134)
p-CH,CH,S0.H Zn 64-95 (30, 234, 302)
Na,S0, 88 (21, 175, 263)
NaHg, (223)
Mg 69.5~75 (109)
Sodium aceto- 70 (166)
acetic ester
Sodium malonie (166)
ester
Na,S (87, 134)
As,0; (NaOH) (115, 117)
Nal (103)
C.HuN, CS; (34)
RMgBr 10.7-67. (41, 110, 288)
RC=CNa 48-49 (288)
C¢H:MgBr (on 30.2 (110)
sulfonyl bro-
mide)
C+H MgBr (on 11.8 (110)
sulfonyl iodide)
Electrolytic re- (74)
duction
p-CICH.SO.H Na;S0; (on sul- 81 (176)
fonyl fluoride)
N2a:S0; 80 (175, 176)
H, (Pd) (270)
NaHg, (189, 220)
Na,S (134)
p-BrCH.SO.H Na:SO0, (288a)
H, (Pd) (270)
CS,, AlICIL, (210)
CS;, AlBr; (on (210)
sulfonyl bro-
mide)
0-ICH,SO.H (10)
p-ICsHASOzH Kgs (286)
p-CeH CH,SO,H NaHg, (95)
Nal (103)
p-CH,;0CH,SO.H Electrolytic re- (75)
duction
NB&SO; (175)
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TABLE 1—Continued

SULFINIC ACID REAGENT YIELD REFERENCES
per cend
0-HOOCCH,SO.H Na:S0; (60)
m-HOOCCH,SO,H Na.S0, 52 (60, 175)
0-NCCH.S0.H Zn (133)
p-NCCeH,S0,H Na:S0, 76.1-87.4 (3,57, 94, 293)
O-OzNCsH4802H NazSO; (314)
NH,NH, 80 (58)
SnCly, HCI, alco- 90 47
hol
m-O;NCJLSOzH SnCl;, HCI, alco- 71.5 (76)
hol
Na,SO0s 22.3 (76, 186)
C.H;NHNH, (67, 184)
R’SNa (288a)
p-OgNCsH;SOzH NazSOa (315)
|SOgH Zn (240)
CH(NO3),
50.H (NHy)28 (240)
CH(NH,),
SO.H Na.S0, 41.6-47 (40, 175, 271)
NHCOCH;
p-CH;CONHCH.C HSO.H Na:S0; 75 (44, 57, 61,
162)
p-CH;0CH,SO.H Na,SO, 87.2 277)
p-(CeHsCONH)CH,SO.H Na.S0; 70 (271)
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TABLE 1—Continued
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SULFINIC ACID

REAGENT

YIELD

REFERENCES

HOOCCH=CH©SOaﬂ

H,C

H,C

| |
oc cHCONHC  Dso.H
\ —

NH
3 5 4-(CHa)2C oHaSOzH
2, 4-(CHa)ZCoH3802H

CH,
SO:H

()

(CH:).CH

SO.H
0COO0C;H;s

()

H,C

2,5-Cl,CH,SO-H

2 , 5-Brzc gHsSOzH

NazSO.—;

Na.2803

Zn
Zn

Zn

NazSOa

NazSOa

NB@SO;

NazSO.—;

Zn

NazSOa

Na.zSO.-;

Na2S0;,

per cent

94.6

25

55-60

87.5

(175)

43)

(151)
(151, 152)

(18)

(169)

(105)

(1)

(1)

(133)

(310)

(106, 175)

(175)
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TABLE 1—Continued

SULFINIC ACID

REAGENT

YIELD

REFERENCES

cl
(hN<::::>&LH
NO;

(H<z::>>&hﬂ
Ci
<:::>>&LH

0:N

HOOC

<i::>>&x0he
Br
CHO
HOOC
<i::::>SOﬂI+ S0.H
Br Br
Br
-

NHCOCH,

Br
-y

NHCH;COOH

Br
-

NHCH;
2,4-(0:N).CsH;SO.H

NHCOCH,

CEO<i::>&LH

CH,CONH S0.H

CH.O

SnCly, HCI, alco-
hol

(CsHs;NH),

N&zSO;

Zn

Zn

Zn

Zn

N:H,

NazSOa

NB.zSO;

per cent
Quantitative

70

C1p)

(238)

(174, 175)

(24)

(46)

(46)

(46)

(59)

(45)

(26)
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TABLE 1—Continued
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SULFINIC ACID REAGENT YIELD REFERENCES
per cent
cicoNE?  Dso,H Na,80 (26)
C.H;0
HO Na,S0; (175)
HOOC@SOzH
CHs Na,S (134)
HaC@SOzH Zn (248)
H.C
H, C@SOzH
CH,
H;C CN Zn (133)
SO H
H,C
H,C CN Zn (133)
-
Cl
Cl N.H, 97.5 (58)
mod __ dsouH
NO.
CHaO NazSO; (182)
CH, 0@502}1
Br
S Zn (19, 300)
( \\“SOzH
O-CJ’L(SOzH)z N8.2803 (147)
m-CeH(SO.H), Electrolytic re- 50 75)
duction
Zn 60 (8, 234, 283)
p-CeH(SO.H), Zn (283)
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TABLE 1—Continued
SULFINIC ACID REAGENT YIELD REFERENCES
per cent
CH, Zn (283)
HOzSQSOzH
CHanHz(SOzH)z NazSOa (22)
(—@SOzH)z Na:S0; 60 (10)
S(—@SO;H)z Zn @31)
(=N®SOzH) Barium sulfhy- (12)
2 drate
SO.H C:HuN, CS. (34)
1-C;,H;SO.H Electrolytic re- 13.6 (75)
duction
Na,S (134)
Zn Almost (231)
quantitative
NaHg, (104)
Nasta (9)
C:H;MgBr 11 (110)
2-C1oH;S0.H H, (Pd) (270)
Electrolytic re- 12.6 75)
duction
Zn Almost (231)
quantitative
NaHg. (104}
NazSOz (9)
RSH 66.4 to (261)
quantitative
H,C SO.:H Zn Very good 65)
N
) 4
Cl SO.H Na,S0; 91 (15)
NaHg. (on sul- (104)

/
\

fonyl bromide)
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SULFINIC ACID REAGENT YIELD REFERENCES
per cent
SO:H Na,SO; 65 (15, 252)
Cl\ /
SOzH Na:SO; 90 (15)
N
N_ S
Cl
SOzH NazSOa 94 (15)
N
N/
Cl
SO.H Na;S0, 82 (15)
N
N/
Cl
SO.H Na,SO; 91 (15)
i 1
S__7°
SO.H Na,S0; 7 (15)
1
N 2°
SO:H Na:S0, 97 (15)
Se
N__ 7/
SO.H Na.S0, 60 (52)
Br
N
N/
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SULFINIC ACID

REAGENT

YIELD

REFERENCES

SO:H

S0:H
CH, CONHGQ NO:
50:Cl
CiH:00CO

HO\

SOH

NaHSO,8

NazSO;

NazSOa

K380,
NazS O;

NazSOa

NazSO;

Na;SO;

NazSOa

Na;SOs

per cent

80

(200)

(10)

(252)

(66)

(252)

(290)

(290)

(252)

(252)

(253)




TABLE 1—Continued

SULPINIC ACID REAGENT YIELD REFERENCES
per cend
S0,Cl SO.H Na:S0; (312)
—_—
N\ Vi N\ Vi
| HO
O0CO0C.H;
Zn (133)
Zn (133)
Zn 50 (56)
NazS (54)
C1sH (SO, H), Zn (283)
Q s— NasSOs (246)
2
SO.H Zn (123)
NasS0, (123)
N\ Y
N\ Y
HO@SOzH Na,S0, (83)
N Y
CH,SO0,H Zn 47-70 (192, 272)
/ Na;SO, 90 (126, 192)
=—=0
an’ CH,
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TABLE 1—Continued

SULFINIC ACID

REAGENT

YIELD

REFERENCES

CH,SO.H

=0
H,CCCH,
1

e
/

CH,S0.H

A BN

H,CCCH:8|0:H
Br

"W
(-

=

NazSOa

N&gSO;

NazSOa

NazSOs

Using the well-
known methods

Zn

Zn

per cend

(193)

(193)

(193)

(193)

(29)

(64)

(35)
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TABLE 1—Continued
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SULFINIC ACID REAGENT YIELD REFERENCES
per cent
Na,SO. (25)
N
Y
SO:H
| NasS0, (25)
N
Y
0:N SO,H
SO H Zn 57.1 (169)
CH,
(CH,),C
Na,S (135)
(0] Na:SO0s Changeable, | (83)
OH but good
1 1 Na.S (135)
SO.H
(0}
0 Na,S (135)
c N\S0,H
VY
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TABLE 1—Concluded

SULFINIC ACID REAGENT YIELD REPERENCES
per cent

0 Na.S 90.1 171
SO:H
SO0.H

0

0 Na,S 83.5 171)
SO:H

HO,8
0
0 Na,S 77.5 171
HO,S || SO.H

0

SO:H NaHSO, (266)
/\' Na,S (135)

0

0 Na,S (135)

| NH—QCH.

u SO.H
7

0
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the aromatic compounds, owing to the ease of forming aromatic sulfonic acids
by direct sulfonation. The first application of this approach to the synthesis of a
sulfinic acid was described in 1860 by Kalle, who reduced benzenesulfonyl chlo-
ride with diethylzine (154, 167).

Zinc dust in neutral or basic aqueous or in aleoholic media smoothly effects the
reduction (234, 302). If the sulfonyl chloride is dissolved in dry ether or benzene

2R802C1 + 27Zn — (RSOg)an + ch12

and sodium amalgam is added, the sodium sulfinate is formed (211, 223, 226).
The reduction can also be performed with calcium in aqueous base (17), with
magnesium in ether (109), and with iron or zinc in acetic acid (154).

Sodium or potassium sulfites in aqueous base are widely used (66, 176).

RSO.Cl + Na,80; 4+ 2NaOH — RSO;Na + NaCl + Na,S0s + H.0

Stannous chloride in hydrochloric acid is an effective reducing agent (47). Many
other salts, such as sulfides (134, 135, 240), thiophenolates (215), cyanides (190,
197), iodides (103), and arsenites (115), have been employed.

Reduction has also been brought about by sodium acetoacetic ester (166),
sodium malonic ester (166), and organo zinc (154, 167), lead (264), magnesium
(110, 288), and sodium (288) compounds.

The electrolytic reduction of sulfonyl chlorides in alcoholic sulfuric acid yields
some sulfinic acid (75). Hydrogen with a palladium catalyst also produces the
acid (270). Hydrazine or phenylhydrazine with sodium hydroxide is effective in
some cases (59, 67, 184).

Nitrated arylsulfonyl chlorides have been reduced by stannous chloride and
hydrochloric acid (76), sodium amalgam and ether (224), sodium sulfite (186),
zinc in aleoholic solution (241), and phenylhydrazine and sodium hydroxide
(184) to nitrosulfinic acids. Further reduction to the corresponding aminosul-
finic acids can be readily attained (252).

The reduction of sulfonyl fluorides (176) and bromides (104, 210) is also re-
ported. With the iodide, aqueous potassium hydroxide is sufficient for conversion
to the sulfinic acid (232, 282). )

0-, m-, and p-Benzenedisulfinic acids have been prepared by reduction of the
corresponding disulfonyl chlorides, the o-compound by sodium sulfite and so-
dium hydroxide (146), the m- and p-isomers by zinc reduction (234, 283), and
the m-compound also by electrolytic reduction (75). No trisulfinic acids are
recorded, although trisulfonyl chlorides are known.

III. SULFINATION OF ORGANOMETALLIC COMPOUNDS

Many aliphatic and aromatic organometallic compounds react with sulfur
dioxide to form sulfinic acids (table 2). Hobson (131) was the first to report this
type of reaction, using diethylzinc and sulfur dioxide. The more convenient
Grignard reagent has been used extensively for the preparation of aliphatic sul-
finic acids. The usual procedure is to bubble dry sulfur dioxide through an ether
solution of the Grignard reagent. For optimum yields it is desirable to conduct
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TABLE 2
Preparation of sulfinic acids via organometallic compounds
SULFINIC ACID ORGANOMETALLIC COMPOUND YIELD REFERENCES
per cent
CH,S0.H (CH;)2Zn (132)
C.H:SO.H (C:H;)/Pb (78)
(CzHa)zZn (131, 306)
C.H;MgX 5060 (Mg salt) | (260)
C.H:MgBr (144, 155)
C:H:MgI (+ SO:Cla) (209)
n-C;H;SO.H C.H;MgX 5060 (Mg salt) | (260)
C;H7MgBl‘ (2; 144)
n-CsHBSOzH C;HgMgBr (36)
CH;MgBr (—50°C.) 69 (Mg salt) 2, 144)
tert-CoHaSOH tert-C,H,MgCl (257)
n-CaHuSOzH C5HuMgBr (2, 144)
i-CsHuSOzH i-C5H11MgBr (36)
n-CeH1380:.H CeH;sMgBr 2)
n-C1H15802H C1H15MgBr (2)
n-CsH,750.H CsHy:MgBr 41.6 (Mg salt) 2)
n-GHxSO.H CsH;sMgBr 37.6 (Mg salt) 2)
‘n-CanSOzH CloHnMgBr 34.5 (Mg salt) (2)
n-C11H 280 H CuH,;MgBr 49.8 (Mg salt) @)
1-C1aH 280 H C1:H:MgBr 56.5 (Mg salt) (2)
Cqu(,MgBI' (—400 to 80 (Mg salt) (198)
—35°C.)
n-C1H2SOH C1:HyMgBr 38.7 (Mg salt) 2)
n-Ci1H2%S0.H Ci1HxMgBr 39.2 (Mg salt) 2)
ﬂ-CHHSISOzH CuHslMgBl‘ 43.0 (Mg salt) (2)
n-Cl(anSOgH CuHuMgBl‘ 572 (Mg salt) (2)
(CH.)CHSO.H (CH.),CHMgBr (28)
(CH,); CHSO.H (CH,),CHMgCl (36, 206)
(CH_.);CHMgCl 28 (111)
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TABLE 2—Concluded
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SULFINIC ACID

ORGANOMETALLIC COMPOUND

Y1ELD

REFERENCE

per cent

CH, CH, (28)
S0 H MgCl
CH, CH;, 50 @7)
AN / 26 (Na salt) (143)
SO.H gCl
QCCH: CH:CCH:
l \’/
CeH;:S0.H CHiMgBr (4 SO.Cl,) (209)
CH;MgBr 50-60 (Mg salt) | (260)
CsHsNa (21)
p-CH;CH,SO.H p-CH;CH ,MgBr 20 (287)
p-CH,C.H,Li 68 (287)
m-CH,CsH,S0.H m-CH;CH,Li 54 (287)
0-CH,;CH,S0,H 0-CH;C:HMgBr 50-60 (Mg salt) | (260)
0-CH.CH,Li 56 (287)
p-(n-C12Ha5) CeHSOH ArLi 63 (287)
m-(n-CnHz(,)CgH‘SOzH AI'LI 44 (287)
o-(n-CuH25)C¢H4SOzH ArLi (287)
/ﬁSOzH N X 50-60 (Mg salt) | (260)
/ \
(CsH):CSO.H (CsH;)sCNa Quantitative (265)
(CeH;),C=CHSO.H i (C:H;),C=CHMgBr 33 (233)
H+: HZO

RMgX + SO, —» RSO, MgX — RSO.H

the sulfination at low temperatures, i.e., —40° to —35°C. (198). A competing
reaction at elevated temperature is sulfoxide formation (41).

ArSO,MgBr + ArMgBr — ArSOAr + (MgBr),0

Another side reaction that may be encountered is disproportionation, e.g.,
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when an excess of sulfur dioxide is used in the preparation of the magnesium
salt of the sulfinic acid from 1-dodecylmagnesium bromide, the free sulfinic acid
is formed and undergoes disproportionation to the thiolsulfonate and the sul-
fonic acid (198). ‘

Organolithium compounds have also been employed recently for preparing
sulfinic acids (287). They appear to be superior in some respects to the corre-
sponding Grignard reagents.

IV. FRIEDEL—CRAFTS SULFINATION OF AROMATIC COMPOUNDS

Knoevenagel and Kenner (160) first employed this preparation of sulfinic
acids. A common procedure is to pass sulfur dioxide into a mixture of the aro-

ArH + 50, - A%, B0 ys0m
matic hydrocarbon, aluminum chloride, and some hydrogen chloride. An excess
of the aromatic compound which is being sulfinated or of carbon disulfide is fre-
quently employed as solvent. Although aluminum chloride is the catalyst most
frequently employed, the patent literature also reports the use of boron halides
for this purpose (148).

Several aromatic hydrocarbons and their halogen and alkoxy derivatives
(table 3) have been sulfinated successfully by this procedure. The patent litera-
ture also refqrs to the application of this method to p-aminobenzenesulfonarylides
(245), olefins (299), and aliphatic and alicyclic saturated hydrocarbons (148).

V. REPLACEMENT OF A DIAZONIUM SALT GROUP

Aromatic sulfinic acids may generally be prepared in good yields by treating
an acidic solution of a diazonium salt with sulfur dioxide or sulfurous acid in
the presence of copper (97, 98) or cuprous salts (50, 99, 100) (table 4).

ArNX + SO; + Hy,0 + Cu — ArSO.H + N. + HX + CuO(?)

There is evidence that reduction in this process is effected by the copper powder
and not by the sulfurous acid employed (97). For best results it is essential to
wash the copper first with alcohol and then with ether to remove traces of grease
(120). Furthermore, the diazonium sulfate is preferred to the diazonium halide,
since the latter tends to yield some aryl halide (97). Another important side
reaction is replacement of the diazonium group by a sulfonic acid group. For
example, treatment of benzenediazonium sulfate with aqueous sulfurous acid
in the presence of cuprous oxide results in a low yield of benzenesulfonic acid
(177). Still another possible side reaction is reduction to the corresponding
arylhydrazine. The sulfinic acid may be isolated by suitable extraction pro-
cedures or by taking advantage of the fact that the ferric salt is frequently
sparingly soluble in dilute acid (279).

VI. BASIC CLEAVAGE OF SULFONES

Many aliphatic and aromatic sulfones are cleaved by alkaline reagents to
sulfinic acids (table 5). A variety of reagents has been used for this purpose.
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TABLE 3

Preparation of sulfinic acids by Friedel-Crafts sulfination processes*

87

SULFINIC ACID YIELD REFERENCES SULFINIC ACID YIRLD ::’;‘;'
per cend
C:H;SO,H (1, 53, 80, CH, 80.5 | (160)
124)
80 | (160) 50.H
27.4 | (273) (CH,);CH
p-CH,CH,SO.H 94.0 | (160)
23.6 | (273)
LSO - CH, 71.9 | (160)
p-FCH.SO, 75 (119) HsC@SOzH
p-CIC4H,SOH 38.3 | (160) HC
p-BrC¢H.SO.H 57.0 | (160)
p-ICHSO.H 45.6 | (161) CH, 65.4 | (160)
HsC@SO:H
p-CH;OCeH;SOzH 15.7 (160)
CH,
OCH, ca. 50 | (127)
10-13 | (273)
S0.H S0.H 63.4 | (160)
H,C
H,C 94.0 | (160) \—:/
H;C SO.H
SO.H (34)
/ NS
CH, 81.4 | (160) S
H,C SO:H
CH, 78.2 | (160)
37.5 | (125
SO.H az (cm)m@so,m (201)
H:.C
St 2.8 | @8 (c.m)m@so,m (201)
CH;0 S0.H
CH, (CeH;)sC=CHSO,H?t 17 | (233)

* Unless otherwise indicated, the reagent employed was sulfur dioxide and aluminum
chloride with or without added hydrogen chloride.
t The reagent was thionyl chloride in an inert solvent.

Ethyl sulfone reacts with fused 90 per cent potassium hydroxide at 200°C. to
give ethylene and a 60 per cent yield of potassium ethanesulfinate (71). Other
low-molecular-weight alkylsulfones react in an analogous manner (71, 72).
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TABLE 4
Preparation of sulfinic acids via diazonium salts
SULFINIC ACID YIELD REFERENCES
per cent
C:H:SO.H 90 97)
Quantitative (279)
98, 99, 100,
175)
0-CH,;CH,SO.H 90 (97, 279)
(98, 100)
m-CH,CsH,SO.H (280, 281)
p-CH.C;H;SOgH 80 (97)
(175)
78 (279)
0-CICH,SO:H (118)
m-CleHqSOgH (118)
p-CICH,SO.H (118, 175)
O-BI'CQH;SO:H (118)
m-BrC«H,SO,H (118)
p-BrC.H,SO.H (118)
p-1CH SO.H (118)
0-CH,0C:H SO, H 90 97)
(98, 100)
p-CH;0CH,SO.H 50 97)
(175)
O-CszOCoH;SOzH 90 (97)
p-C.H0CH,SO.H 88 7)
COOH 74 97
SO.H 67 (60)
HOOC (97, 175)
SO H
CH,CH,COOH (199)
SO H
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TABLE 4—Continued
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SULFINIC ACID

YIELD

REFERENCES

O-OzNCoHASOzH

p-OzNC H.SO0.H

H,C __CH,

SO:H

H,C

mod __ Ysom

CH,
H.c@som
H,C

SO.H
H,C

CH;

SO.H

HC

m@som

OCH,

oS
cned S
CH,
OCH,

per cend

71

Quantitative

81

(157)

(44)
(39, 157)

(205)

(97, 205)

97

(205)

97

(268)

(268)

(120)

(120)

(120)
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TABLE 4—Continued

SULFINIC ACID

YIXLD

REFERENCES

OCH;,
SO H

()

£ 4
(@)

SO H

()

=
a

SO.H

()

HOOC

&
o

O:N SO.H

()

e
Z

S0 H

=
Q
o©
Q
=

H

’

e
Z

OCH,

O:N S0.H

()

per cent

71

57

97)

(120)

(275)

(51)

(1)

(140)

(140)

07

(268)

(268)

(268)
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TABLE 4—Continued
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SULFINIC ACID YIELD REFERENCES
per cend
HC__Cl (268)
m@so,ﬂ
CH, (268)
}Lc@so,ﬂ
cl
cl (268)
m@so.ﬂ
Cl
SO.H 41 (204)
1-C1eH,SO.H Quantitative (?) | (279)
C))
2-C1H-SO0,H Quantitative (?) | (279)
o7
Cl (281)
4 SO.H
N\
Br 60 (52)
4 SO:H
N\
OCH, 97-100 (141)
S0.H
0:N  S0,H 35 (308)

-




TABLE 4—Continued

BULFINIC ACID YIELD BEFERENCES
per cend
SO:H (39, 291)
NO;
NO. (291)
SO H
HO;S SO:H (246)
7
N\
SO H 7
SO:H
SO.H (C1p)
“so,a
HO,;S 7
“so,ﬂ
SO:H
(25)
J
N\
SO:H
S0:H 67 (158)

-

92
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TABLE 4—Concluded

SULFINIC ACID YIELD REFERENCES

per cend

CH, (98)

[(cm)m@—] 2CH©SOzH

(146)

SO H
NH

heat

(CH;)80, + KOH —— CHS0.K 4+ CH, + H,0

As long as one of the alkyl groups contains less than four carbon atoms, decom-
position occurs readily under these conditions. For alkyl sulfones of higher
molecular weight, sodium ethoxide is the preferred reagent (73). A large number
of symmetrical and unsymmetrical sulfones have been cleaved with sodium
ethoxide (reaction temperature approximately 235°C.) and the yields are gen-
erally good (73).

Phenyl sulfone reacts with sodium amide in piperidine to yield N-phenyl-
piperidine and sodium benzenesulfinate (33). This reagent has also been used to
effect the cleavage of p-tolyl methyl sulfone and phenyl benzyl sulfone (33).

CsHmN_ —+ AI’SOzR d A.I‘NC5H10 =+ RSOz_

However, dibenzyl sulfone was not affected.

v-Disulfones are usually readily cleaved by alkaline reagents into a sulfinic
acid and an alcohol (218, 221, 276). With potassium cyanide, both sulfone
groups are generally cleaved (222, 309) and this forms the basis of a useful

heat
—_—

CeHS0:K + CeH:S0.CH.CH,0H

CeHS0,CH,CH,S0,CsH; + KOH(H,0)

(n-CHSO,CH,—); + KON —SHOHL 10, o, 0, HS0.K + NCCH,CH,CN (?)

synthesis of some sulfinic acids (309).
VII. REARRANGEMENT OF CERTAIN 0-SUBSTITUTED AROMATIC SULFONES
AND RELATED TYPES

Aromatic sulfinic acids can be prepared by the rearrangement of certain
o-hydroxyaryl sulfones, o-aminoaryl sulfones, and related compounds, with
dilute alkali (table 6).



TABLE 5

Alkaline cleavage of sulfones to sulfinic acids

SULFINIC ACID SULFONE REAGENT YIELD REFERENCES
per cent
CHGSOZH CHsSOzCHgCgHs KOH (150)
CHgSOzCoH;CHa-}? CaHu;NH (33)
(NaNH,)
C.H;:SO.H (C.H4)280. KOH (wet) 60 71)
NaOC,.H; (alco- 62 (73)
hol)
n-C;H,;SO.H n-C;H,S0.C.H, KOH (wet) 69 (72)
(n-C3H:)2S0: KOH (wet) 41 | @72
NaOC:H; (alco- 60 (73)
hol)
(CH,),CHSO,H (7-C3H1)580, KOH (wet) 72 (72)
n-C HeSO,H (n-CH;)280; NaOC,H; (alco- | 62 (73)
hol)
(n-C{HsS0,CH,—), KCN (H:0, alco-| 72 (309)
hol)
(CH,);CHCH,SO.H (1-CiHi) 280, NaOC,H; (alco- | 54 (73)
hol)
(CH,),CHCH,CH,SO.H| (CH,),CHCH,CH,S0,C,H;| KOH (wet) (72)
(‘i~CsHu)zSOz NaOCzﬂs (alco- 65 (73)
hol)
n-CsH1;:S0.H n-CsH,,80,C.H; KOH (wet) 70 1)
(n-CsHi11)280; NaOC.H; (alco- | 62 (73)
hol)
ﬂ-ClenSOzH (‘n-CnHuSOzCHI_)z NaCN 80 (198)
CsHsCHzSOzH CeHaCHzSOgCHzCHz- NB.OH (H,O) (136)
COOH
(CoHsCHzSOzCHz)zCO KOH (alcohol) (88)
CeH;CH (CH,)SO.H C+H;CH(CH,)SO,CH,- NaOH (H,0) (137)
CH,COOH
CH:SO.H (CsH5)280. C:H;sNH Good | (33)
(NaNH_)
Na (xylene) 172)
C.H:S0,CH.CH,OH NaHg., alcohol (222)
CoH 5SOzCH20HQCl Na.Hg,, HgO (222)
CHS0.CH(CH,)CH,OH | NaHg., H.O (219)
CsH:50,CH,COCH, NaHg:, alcohol (227)
CsH SO.CH,CH,CH 5 NaOC:H;, alco- 72 (73)
hol
CeH:80;CHNO:-0 p-CH,;CH,ONa (183)
C+H:NH, (69)
(CeHS0;CH.CH:80;).Ba | NaOH (H.0) (121)
CeHSO.CH;CH,S0,CoH;s | NaHg., H,O (217, 222)
KOH (H,O) 80 (217, 218)

94
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TABLE 5—Continued
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SULFINIC ACID SULFONE REAGENT YIELD | REFERENCES
per cenl
CeH;S0.H—Contd. KOH (H,0) (213, 222)
NH, 80 | (218, 222)
KHS (218)
KCN (218, 222)
C.H:NH, (222)
CH:S0,CH,CH(CH;)- KOH (H,;0) (276)
SO.,CeH s
m-(CeH ;S02).CsH, KOH (229)
p-CH;CH,SO;H p-CH,CH,SO,CH, KOH 18 (150)
7 KOH 20 | (150)
\
H S0.C«H,CH,-p
KOH 64 (150)
CeH; SOzCaI‘LCHrp
(p-CHsCeHSO:CHy—)s KOH (H:0) (218)
NaHg,, H,O (222)
(p-CH;CH,S0;CH=), C.H .NHNH, (89, 92)
(alcohol)
p-CICH SO:H p-CICH,S0.CH,CH- KOH (H,0) (170)
(NH,)COOH
p-CICH,SO.,CH,CH.- KOH (H,0) (170)
(NHCOCH;)COOH
0-0;NCHSOH 0-0:NC¢H,S0,(CH,),- NaOH (70)
CONHCH;
CH,(COOH)S0.H (—CH;S0,CH,COONa), NaOH (H,0) 90 (255)
(HOOC)CH.SO,CH- NaOH 90 (256)
(CH,)CH,S80,CH,-
COOH
HOCHQCH:SO;CH:- /802_CH3 Ba(OH),, H,O (13)
SO.H H,C

\SO:—CHz
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TABLE 5—Concluded

SULFINIC ACID SULFONE REAGENT YIELD | REFERENCES
per cend
HOCH,CH,S0,CH,- /CHz—CH,\ Ba(OH)., H;0 (13, 294)
CH;SO:H Ogs SOZ
\CHg—CH:/
CH;S0,CH;CH(CH,)- /CH(CHa)—CHz NaOH (145)
SO.H N
Ozs SOI

/
\CH(CHa)—CHz

0C.H; /SO; KOH (aleohol) 82)
CH,O@SO,H CH,0 OCH,
CH,0 CH,0 OCH,
S0,
HO,SCH,CH.SO.H + /CH,,—CH2 Ba(OH),, H,O (13)
HOCH,CH,S0.H N
0.8 S02
\ /
CHQ_CHQ
(—SCH,CH.S0,H); + | CH,—S—CH,CH, Ba(OH)s, H;0 (251)
HOCZHASOzCzH 4 SO
SO.H 2
CH.S0,CH,CH,
C.H(OH)SO.H + CH,S0.CH,CH, BalOH),, H,0 (251)
HOC.H,S0,C.H,- \s 0
SOgH / 2

CH,S80,CH,CH,

H3C 0206H4N02-0+ NaOH 15°C. Hsc OzNa;

OH (dilute) OCGH,NOs-0

S0 CeHUNOz-0 S0;Na

NH, NNHC,H,NO,-0
+ NaOH (dilute) — + H,0
/

This is apparently a special case of the basic cleavage of sulfones. The relation-
ship becomes more evident when one compares the above reactions with the
following ones:

O-CQH(,SOzCeH.;NOg + p-CH;;CeI'LOK d
CeHsSOzK + p-CHaccH4OCeH4N02-0 (183)

0-CeHS0.CoH:NO, + CeH:NH; — CeHSO.:H + 0-CeH:NHC H,NO, (69)
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The reaction temperature varies from 15° to 150°C. (approx.), depending on
the substituents present and the positions which they occupy. Higher tempera-
tures than those indicated are undesirable, since sulfinic acids tend to lose sulfur
dioxide in hot alkali. In general, an o- or p-nitro or sulfonyl substituent is re-
quired in the migrating aryl group for the rearrangement to be successful. More
drastic treatment is necessary to bring about the rearrangement of o-hydroxy-p-
sulfonylsulfones than of correspondingly substituted nitrosulfones.

With the hydroxyl group in an aliphatic side chain, rearrangement occurs very
rapidly (156).

S0, CH,CH,0H NaOH OCH,CH,S0O.H
—_—
NO, 0,

The differences in products obtained from the homologous sulfones below may
be due to the less favorable steric relations in the higher member (70).

{__>soich, CONH@ @—N—@

N02 N02 CO
|
H,CSO,H
©802CH2CH2CONH© __NaOH | @sozﬂ
X0, Xo,

As the course of the reaction was generally followed by colorimetric methods
because of interest in comparative reaction rates (156), not many actual yields
are available.

SO.H
{0l > — m Q—O—Q
OH O,;N
(theoretical y1eld (135))

S0;H
Z_¥s0.d _dNo, — med__S—o—d o,
H

(70 per cent yield (134))
VIII. MISCELLANEOUS METHODS
Many other reactions than those listed in the principal sections produce
sulfinic acids, several giving excellent yields (table 7).
Among the reduction procedures, the one most important industrially is the

reduction of sodium formaldehyde bisulfite to “‘sodium formaldehyde sulfoxyl-
ate.”” The patent literature records the extension of this reaction to higher

HOCHzSOaNa + Hg d HOCHzSOzN& + Hzo



TABLE 6

Rearrangement of certain o-substituted aromatic sulfones and related types

SULFINIC ACID

SULFONE REARRANGED

REAGENT

REFERENCES

0-0;:NCH,0CH.CH.S30.H

SO.H
ol 50>
0.N
SO.H
nod_S-0—¢ S
SO.H
ol -0 >
CH, O:N
H,C 80.H
H,C —0
CH, 0:N
SO0.H
CH, 0:N

ol 5o

o-OzNCJLSOzCH20H20H

H;C
D
OH O:N

H;C

& Ssod S
OH

H,C

Lol >
H,C OH O:N
H.C CH,

ol D

H,C OH O:N

< Pl D

OH O;N
H.C
Lol >
OH O:N

Aqueous NaOH

1 N NaOH; 18°C.;
theoretical yield

0.066 N NaOH; 50°C.

2 N NaOH; 90°C.; 70
per cent yield

Dilute aqueous NaOH;

warm

2 N NaOH; 18°C.

2 N NaOH; 50-60°C.

2 N NaOH; 50-60°C.

(156)

(181)

(156)

(183)

(156, 196)

(196)

(196)

(196)
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H,C SO:H

o
CH, 0:N

H,C SOH
e

H;C 0:N

H.C §SO:H
WSy
Cl 0:N
SO.H
w0
H,C ¢l O:N
SO.H
CH,0 —0—@
0O:N
SO.H
oS0
O:N
SO.H
P

HO O:N

Cl CH,

ol D>

H,C OH O:N

cl CH;
ned dsod N

OH O:N
HKC CH;

Sl >

OH O;N

H,C
Hcd  Dso,

Cl OH O:N

CH;0
SO.
OH O:N

HO

OH O:;N

HO S0,
OH O:N

2 N NaOH; 18°C.

2 N NaOH; 18°C.

2 N NaOH; 18°C.

2 N NaOH; 50-60°C.

0.066 N NaOH; 50°C.

0.066 N NaOH; 50°C.

0.066 N NaOH; 50°C.

(196}

(196)

(196)

(196)

(156)

(156)

(156)

SAIOV DINIITAS d0 NOILVUVJITYd
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TABLE 6—Continued

SULFINIC ACID

SULFONE REARRANGED

REAGENT

REFERENCES

H,C

H,C

H,C

H,C

H,C

H:C

O@NOz

O NO,

COC:H,

H.C

Z_Msod _ >a

H,C

OH O:N

{__dsod _dwo,

H,C

OH O:N

< _>SO¢< __>COON3

H,C

H;C

OH O:N

SOr@NOz
OH Na0OOC

& Ssod Sooom,

OH O:N

OH

Emad o

0.066 N NaOH; 50°C.

0.066 N NaOH; 50°C.

Dilute NaOH; 50°C,

Dilute NaOH; 50°C,

Dilute NaOH; 50°C.

Dilute NaOH ; 50°C.

(156)

(156)

(96)

(96)

(96)

(96)

001
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file:///cOONa
file:///cOCeHs

S0.H Cl

O:N

SO.H

O:N 0:N

CcO

CH,

SOz’—“—"
NHCOCH, O:N

—S0, 7 Dal

NHCOCH, O:N

cl
—SO,—QCI
NHCOCH; O,N

—50——&

NHCOCH; O:N

50 per cent aqueous
KOH; 70°C.

0.5 N NaOH

1 N NaOH; boil

Dilute aqueous NaOH

NaOH

(298)

(69)

(69)

(69)

(69)

SAIOY DINIATAS 0 NOILVYVJTUd
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TABLE 6—Continued

SULFINIC ACID SULFONE REARRANGED REAGENT REFERENCES
SO,H — S0, NaOH 69)
@N(SO’C°H“)® NHSO.CeH;  O.N
0N
SO,H SO, NaOH (70)
@CON(C°H‘)® CONHG:H,  O,N
0:N
QN—@ @SOzCHzCONH@ NaOH (70)
OuN (:7 o 0:N
CH.S0:H
(unstable)
NO: (:7 o NO, NOs NO:
CH,S0.H

SOzH :

OsN

ae

0.66 N NaOH; 50°C.

(156)

201
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HO,S o— @
0:N
N\ Y

COCH,

|
>
SO0 H

O:N

O—@SOzCHa
SO,H

) O

O—@SOgNHCeHs
SO:.H

q

R

NH,
e
O;:N
N\ Vi

NHCOCH,
50,
OsN

OH
sm@sozcm
N\ Vi
OH
SOzQSOzNHCsHs
N\ Vi

1 N NaOH; 18°C.

2 N NaOH; boil

Warm 2 N NaOH

1 N NaOH; 150°C.

1 N NaOH; 150°C.

(181)

(298)

(298)

(297)

(297)
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TABLE 6—Concluded

SULFINIC ACID

SULFONE REARRANGED

REAGENT

REFERENCES

OH
< >soz< >SOzNCH.
L D csHs

OH HO

\soz: N

OH HO

\sozz N,

H,C

1 N NaOH; 150°C.

K;Fe(CN);s and NasS;

dilute base

NaOH; 150°C.

2 N NaOH; 130°C.

(297)

(128)
(129)
(130)
(295)

(296)

(96)

¥01
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(96)

(96)
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TABLE 7

Miscellaneous methods

SULFINIC ACID STARTING COMPOUND REAGENT YIELD REFERENCES
a. Reduction of sulfonates and their derivatives
percent
CHCH.S0.H CH;CH,SO.NHNH. H,0 (55)
CeH:SO.H CeHSO.NH, ArN.Cl, KOH Quantitative | (63)
CsH80.NHOH KOH (244, 259)
(CeH;S0,),NOH Alkali (4, 164)
CeH:SO:NHNHC:H, NaOH (67)
C.H:SO.NHR NaOH an
p-CH;CsH;SOzH p-CH|CsHASO;CsH§ N2H4 80 (79)
p-CH,CH,SO,NH, ArN,Cl, KOH Quantitative | (63)
p-CHngHASOzNRR' KOH (139)
H,NC @so,H p-NCCsH,S0,NHNH, NH,OH 26 (3)
|
NOH
H,C H,C CH, Ba(OH). (51)
o,N@SO,H 02N®SOzNHNH©N 0,
1-C;:H:SO.H C1oH-S0.NHOH or (C:cH:S0.),NOH Alkali 4, 5)
), |, [
2 2
CeH(SO.H): (0-, m-, and p-) CeH(80.);NOH (0-, m-, and p-) NH;, H,O (146, 278)

901
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b. Oxidation procedures

C,H,S0.H
C:HS0.H + CHS0,H
C.H;CH,S0.H

CeH,S0:H

p-CH,CH,SO,H

0.H

COOH

p-0:NCH.SO.H

NO,

H.CQSO,H

NO;

Cl@ SO;H
()

CszSNB
C:H,SSCeHj,
CeHCH,SCN
C¢H:SCN
CeH:SCl

CeH SSCeH;

(p-CH;CeH8—):

H

COOH

(p-0.NCH 8—),

ArSSAr

O:N

m@sm

0-0.NCH,SH

Dry O,

Alcoholic KOH (air)
Cl,, 0°C.

Cl,, 0°C.

NaOH

Alcoholic KOH (air)
Alcoholic KOH (air)

Cl,, CCl,; H,0

Alcoholic KOH, C:H;CH,Cl

Clz, NaOH

NaOH

70

30

49)
(229)
(138, 153)
(153)
(180)
(264)
(264)

(247)

(93)

(316)

(311)

(269)

SAIOV DINIJATINS 0 NOILVEVITUd
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TABLE 7—Continued

SULFINIC ACID STARTING COMPOUND REAGENT YIELD REFERENCES

801

b. Oxidation procedures—Concluded

per cent
0 ArSOH Alkali, air (84)
|  S0.H K;Fe(CN), (81)
74
N\
I
0
0 ArSOH Air 81)
| SO.H
| NH
0
HN——CSO0,H RSH Alkaline KMnO, (68)
| I 30 per cent H.O, (68)
oC
\N/
|
CeHs
co co
CzH‘,OO(:“/ TCOOCzH.s c,moocﬂ \“cooc,H6 12 per cent H,0;; cold 89 (6)
HO,S_ g JSOzH HS'_ o JSH

AHJYANW ‘W VNNV ANV 0OUL "H NWVITIIA




c. Disproportionation of thiolsulfonates

p-CH;CH,SO,H

m-0,NC:H,SO,H
m-HzNC quSOzH

p-ClC quSOzH

p-IC sHASOzH
CH,

-

H:N
CH,

H,N@SOzH

NH,

H.c@som

H,N

mc@so,ﬂ

H.N

H.C@SO,H

H,N

p-CH;CﬁH4SOzSH

m-OzNC GHASOzSH
m-HzNC GH;SOzSH

p-ClCaH4802SH

p-1CH,S0.SH
CH,
S50.SH
H:N
CH,
H,N@SOgSH
NH,

mcd  Dso.SH
mc@so,srl

H,N

HaC@SOzSH

H;N

NaOH

Na,S

Na;ABOa
KCN

H

NaHg,, alkali

KCN
HCl

HCI
NaHg,

NaHg., alkali

NaHg., alkali

NaHg.

HCI

(114, 232)
(114, 232)
(114, 232)
(114, 232)
(184)
(184)

(281)
(281)

(282)
(239)

(187)

(180)

(239)

(241)

SAIDY OINIITAS 0 NOLLVHVIEHEd
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TABLE 7—Continued

YIELD

SULPINIC ACID STARTING COMPOUND REAGENT REFERENCES
c. Digproportionation of thiolsulfonates—Continued
per cend
S0.:H S0.SH KCN (284)
C.H:SO:H (C2H3)2S:0, Zn, alcohol (214)
KOH (214, 238)
{-HOOCCH (NH,)CH.SO.H {-[HOOCCH (NH;)CH,},S.02 NH, (178, 179)
{ ——>CH,80,H { ——cH, ¢l o (107)
N
\\\ \ SzOg S a
o o 2 Cl
CeH;S0:H (CeH5)28,02 CH,MgI 63 (202)
CsH Mgl 70 (202)
CeH;SNa (107)
SNa 60 (107)
N\ /
p-CH, C¢H,SO.H (p-CH; CH,)38:0; C:H;CH,MgCl Quantitative | (112)
CeHMgCl 54 (112)
CH,MgI 87 (202)

011
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p-CHy ColLSO: H—Contd.

m-OzN C 5H4802H

p-ClC¢H4802H

Cl

¢ Sson

Cl

(p-CH, CH4)28,0,—Contd.

(m-OzNC gHI) 28202

(p-CICeH,4)28:0.

Cl

o

Cl 2

CHNB (COOCzH5)2
CHNa(CN)COOC.H,
CH,COCHNaCOOC.H
CsHsCHNBCN
p-CHaC(,HqSNa

H,C
SNa
OCH,

-

.

Q

CH,MgI

CH,MgI
p-CH,C;H,SNa

76
80-95
80-95
80-95
80-95

84

72

82
93

(202)
(37)
37
37
(37)
(107)

(107)

107)

(107)

(107)

(202)

(202)
(106, 107)
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TABLE 7—Continued

SULFINIC ACID

STARTING COMPOUND

REAGENT

YIELD

REFERENCES

¢. Disproportionation of thiolsulfonates—Continued

H,C

-

OCH,
CsH:80.H

p-CH,CH,SO:H

0-NO.CH,SO.H

p-ClC 5H4802H

H,C
— 8:0:
OCH, /.

CsHsS0,SC.Hs

P-CHJ CH,S0,SC,H,

p-CH;CGH4802SCJ'14NOz-O

Cl

o-N02CeI‘LSOzS

Cl

p—ClC 5H4802SC sI‘IqNOz—O

CH;MgI

Zn, alcohol

KOH
Ba(OH),
NazszO;
KCN

K.,S, alcohol
C.H;SH

O—OzNCquSH

O-OgNCquSH

Cl

-

Cl

CH,;COCHNaCOCH,;
O—OzNCquSH

per cent

68

ca. 80

ca. 80

ca. 80

89
ca. 80

(202)

(214)

(214, 228)
(228)
(116)
(116)
(116)
(214)

(202)

(202)

(202)

@7
(202)

eIt
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Cl Cl CHNa(COOC.H;), 92 @7
CH;COCHNaCOCH; 84 37
S0.H @SO’SC"H‘NO"" 0-0:NC,H,SH ca. 80 | (202)
Cl Cl
Cl Cl Br Br ca. 80 (202)
o & s0s S '
Cl Cl Br Br
Br Cl Br Cl ca. 80 (202)
- Ew0ed TS [ Dm
Br Cl Br Cl
CsHsSOzH + HOzSCHz (CsH;S:OzCHz)z le, alcohol (230)
| KOH, alcohol (230)
HO.SCH, NH,, aqueous (230)
COOH COOH p-CH;CeH(SNa (106)
SO.H — zSzOz
d. Nucleophilic displacements
CH;CH,S0.H CsH;CH,Cl Na,S;04, NaOH 91)
(p-HOCH,); CSO.H (p-HOCH,); COH Na,8,04, NaOH (262)
(p-H.NC¢H,); CSO.H (p-H,NCH,); COH - HC1 Na,8;0,, NaOH 60 (262, 305)
[p-(CH;).NCeH,J; CSO,H [p-(CH,).NCeH,;,COH Na,$,0,, NaOH (303, 304)
[p-(CH;);NC¢H,],C(CeH;)SO.H [p-(CH;),NCH,].C(C:H;)OH N2,S:04, NaOH (304)
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TABLE 7—Continued

SULFINIC ACID STARTING COMPOUND REAGENT YIELD REFERENCES
d. Nucleophilic displacements-—Continued
- per cont

0,H al Na:S:0,, NH, (149)

0] (0]
, Na,$.04, NH, (149)
> HOCH,S0:Na (149)

(0]

e. Miscellaneous methods

C:H;S0,H C,H,;S:0;Na NaOH (62)
C.H;CH.SO.H C.H:CH,S;0,Na NaOH (62)
p-CH,;CeH,SO.H p-CH;CeH,S:0;Na NaOH (62)
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HN—CH,S0.SH-m
HN—CeH,S0:H-m
NCquSOgH-m

NC JLSO;H-m
Cl
0.H

p-BI‘C;H;CIHSCHzC GHI
SO.H

NHCOCOOH
SO.H

CeHSO.H

HN—C oH 48028\
Ba
HN—CH,S0,8”

NCH.S0,SH

NCH,S0:H
Cl

S~ o

[p-BrC.H,CH,SSO;}-
[CeHCH,N (C¢Hjg) (CH, ).+

/ 2
OaS\ NH
ﬁ—cé

NOH
(CeH;)28:04

HgO

NaHg,, alkali

NaOH

KOH

HCl, CH;COOH

CsHsSNa, alcohol
(Cel;8).Pb
7 N SNa

N/

KOH
Ba(OH),
H.S, alcohol
CgHbSH

7-16

64
64

(185)

(12, 185)

(313)

(274)

(48a)

(106)
(236, 237)

(106)

(228)
(228)
(230)
(236, 237)
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TABLE 7—Concluded

SULFINIC ACID STARTING COMPOUND REAGENT YIELD REFERENCES
e. Miscellaneous methods—Concluded
per cent
p-CH,C:H,SO,H (p-CH,; C¢H,)28:04 Zn, alcohol (236)
. KOH, sealed tube 93 (228)
Na;CO, (85)
p-CH,C,H,SNa, alcohol 90 (106)
OCH,

@sm 84 (106)

H,C

Cl

@sm 84 (106)

Cl
SNa 72 (106)
m-0,NCH,.SO,H (m-OsNCeH,)28:0, Alkali, alcohol (315)
p-0:.NCH.SO.H (p-0:NCeH,).8,0,4 Cl 90 (106)

SNa

()

Cl

911
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aldehydes (267). Reagents include zinc dust and acetic acid (249) and hydrogen
in the presence of a nickel catalyst (267). Another process employs formalde-
hyde and sodium dithionite (307).

H
NasS:0; + HCHO + NaOH -2 HOCH,SO;Na + Na;SO;
Sodium formaldehyde sulfoxylate is an important industrial reducing agent
in vat dyeing. It is also used to introduce the CH,SO.Na group upon nitrogen
. (254, 301), as in the following example:

H,N NH,
HO@AS=AS©OH + HOCH,SO,Na ——
HzN NHCHQSOzN&
HO@AS=As®OH
Neosalvarsan

Sulfonates, sulfonamides, and several other sulfonic acid derivatives have
also been reduced by various reagents to sulfinic acids.

Thiolsulfonic acids and thiolsulfonates (1,2-disulfoxides) may be dispropor-
tionated to sulfinic acids with excellent yields in many of the recorded cases.

Oxidation procedures include oxidations of disulfides, sulfenic acids and deriv-
atives, and mercaptans. Nucleophilic displacements, of halogen or hydroxyl
groups principally, with sodium dithionate are for the most part recorded for
dye compounds. A few reactions which do not fit into the above schemes are
recorded at the end of table 7.

The authors wish to express their appreciation to the Procter and Gamble
Company for financial support in this work.
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