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Pentaatomie Heteroaromatie Cations. Note HI (1), A Convenient
Synthesis of Aldehydes from Carboxylic Acids via 2-Substituted
I,3-Benzoxathiolium Perchlorates (2).

Luigi Costa, lacopo Degani, Rita Fochi and Piero Tundo

Istituto di Chimica Organica dell’Universita, Via Bidone 36, 10125 Torino, Italy

Received July 17,1974

A convenient method for the preparation ol aldehydes from the corresponding carboxylic

acids is presented. By reaction of the carboxylic acids with o-mercaptophenol and perchloric
acid in phosphorus oxyechloride, the corresponding 2-substituted 1,3-henzoxathiolium perchlor-

ates were obtlained.

Reduction of the salts with lithium aluminium hydride in dry ether gave

2-substituted 1,3-benzoxathioles, which, when hydrolyzed by mercuric chloride, gave the corres-

ponding aldehydes. Twenty five aldchydes of different structure were obtained in good yields,

hy a fast and simple procedure,

In the previous note (1) the possibility ol converting
the benzoie acid into benzaldehyde “via’ 2-phenyl-1.3-
benzoxathiolium  perchlorate was shown.  This result
suggested  the possibility of developing a new  general
method for converting carboxylic acids into the corres-
ponding aldehydes, aceording to Scheme 1.
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For this purpose the possibility of synthesizing a large
number of 2-substituted 1,3-benzoxathiolium perchlorates,
from a wide varicty of acids, was first considered. With
suitable changes to the original method, already employed
for synthesizing some members in this series (3), twenty
five 1,3-benzoxathiolium perchlorates (1) were prepared
by eyclization of oancrcaptophenol with the carboxylic
acids or their chlorides in phosphorus oxychloride fol-
lowed by treatment with perchloric acid. The salts were
always obtained in good yields and with a high degree of
purity and could be used directly in the following step.
The reduction of the perchlorates (1) with lithium alumi-
nium hydride in dry ether, gave 2-substituted 1,3-benz-
oxathiole derivatives (1), often in almost quantitative
yields, with the only exception being that of the cinnamy|

derivative. The hydrolysis of the benzoxathioles (11) was
first attempted using hydrochloric acid in aqueous di-
oxane, but such conditions, already employed for hydro-
lyzing 2-phenyl-1,3-benzoxathiole (1), could not be gen-
cralized owing Lo the evident existence of equilibria, not
always favoring the practical completion of the reactions.
Instead, the hydrolysis was easily carried out by mercuric
chloride in acetonitrile or, as a better solvent, in dimethyl
sulfoxide which allowed very short reaction times. The
pure aldehydes were casily isolated in practically quanti-
tative yields;  only butyraldechyde, pivalaldehyde and
cinnamaldehyde were separated as their 2,4-DNP deriv-
alives, As a particular case, obviously generalizable, the
benzaldeyde-a-d was obtained by reduction of 2-phenyl-
1,3-benzoxathiolium perchlorate with lithium aluminium
deuteride followed by hydrolysis of the thus obtained
product. The results show the wide applicability of the
method: its effectiveness is also shown by the good over-
all yields, by the ease and speed of the operating condi-
tions and, above all,; by the purity of the isolated alde-
hydes. Obviously, the importance of the method depends
also on the availability of o-mercaptophenol; this com-
pound can be easily prepared (4a, b) and may have a good
chance of becoming commercially available (Ga-c).

EXPERIMENTAL

General Method for the Preparation of 2-Substituted 1,3-Benz-
oxathiolium Perchlorates (1-25).
CAUTION. NO DIFFICULTIES WERE ENCOUNTERED,

HOWEVER, IT IS WELL TO KEEP IN MIND THAT THE PER-
CHLORATES ARE POTENTIALLY HAZARDOUS: HENCE



Vol. I

. Fochi and P. Tundo

b4
v

osta, 1. Degani, |

)

1. (

944

8L°01

16°61

068

£€8'8

9¢7 11

29711

808
€88
2191
€0°6

€6

056

66°6

€c'cl o'y
[0 1L ¥¢'e
296 00°€
€86 86'C
6.C1 9l'c

0.8 8¢
98'6 |4
<r'e6 l6°¢
8.6 Ve
0¥ 0c 0r'c
cc Ol et
¥o0lL 8¢°€
0 H
% punog

€91y
8¢ 9¢

£V 98

6L ¢¥

69°L¥
YEvs
16'ch
9V EY

£6'TY

€69t

£ 1<

J

SISA[RUY

Y601

60'0¢c

€98

€98

S6'L
€06
6€°91
€6'8

[eUR W]

vret vy
STIL  0c¢
6.6 €0°¢
6.6 €0'¢
86°C1 61'¢
86'CL  o6l'¢C
g8 €€
10001 €¢'¥
606 e8¢
£6'6 ve'e
9% 0¢ 1€c
9¢°01L 1c¢
1801  L€€
1D H
% "PIED

LAY

8c9¢

88'EY

89°EY

ULy
Irre
cU'ey
Y9 et

96't¥

SO ov

SSODEHID

ISSODEHY YD
SSOM'IHED

SSODHETD
Nmn:ON—UN:A_ONU
NMO~ON—UN~EON\L

SO IPD
SSOIDS'H? D
thO—U~ :*»:U
(®)SLONIDBHED

SSOYUDSHEYD
S201D'THY D
SSON'H"'D

E[NWLIO ]

013 mIAmHo
$

(dxaj 0g1 ¥8

6888 08
vicele L
261961 08
961-¢61 Fl

(dx3) zoz €L

(dx3) gzi-221 €L

€61-261 €8
913-$15 (P) .¢
(dx23) 661  6¢
TLT-121 19
e
o9
8¢
vzl 89
¥8
69
20690 06
€8
8
€0c20c 18

cy
ra

(®) Do "d'IX Yo

PIRIA

(I) se1BIOfYdIad WNI[OIYIEXO0ZUIG-¢'T pomisqng-g

I 9q®L

T T T

q
(1) d
(v
(WV
-
(v
(v
-
(v
Qv
v
(v

PoYIRl\

@IVU.Q
(9) LHEDU

)

O
MOc20
S
O,
G-

S

TH2DHOEHD) SV e
THPDE(EHD)I 9 b C
YH)-TOSEHDd
YHOD-toNd
YHID)-toN-w
YHO)1)d

YHOD )W

YHD )0
YH9)-0fHOd
YH?)-0EHD W
YH?D-0fHD©
YH%)-€HDd
YHOD-fHD-w
YHO) EHD©
SHD

1

6L

8L

Q= N M< O
- = — - ™

~NMTLHOM~N0D

“oN
punodwo))



O

ix of Aldehydes from Carboxylic Acids

Synthes

Dee. 1974

19°¢1 [€9 68'v. veel ¢c9
¢0’ce  0ct CORSC co'lc i+
114 BRI ASRH €209 9¢'cl ve
el Ve 6c' 09 9¢cl re
6l¢t  19°€ £8°¢9 88'cl RY
00¢T I8¢ 09°¢9 88'¢l a9'e
S6'cl 8¢ 6£°c9 88°¢Cl c9'e
LUET L7 0289 ITet Ny
FOET  60°¢ 16'89 [TEL co't
Scel €87 89°89 1ret co'v
SIvl 1€°¢ 6S¢L POl 9&'s
10¢1  8€'S 8¥'EL Yovi 9z°S
8Tyl I€¢ 09°¢€L YO¥L 9¢’S
S H J S H
% punoj % PIIED

SISA[PUY [EJULUId[F

"3,%Q SeMm PIOE BUILIBIS PaIaA00al 31} JUNOIIE Ojul Fuiey “ppath syl (p) "06'¢ ‘Punod ‘Z6'€ "pared HN\ (2) (g)uon

0062 SO2TH 1D | FOI€01
£ele SEQLIYT D q 9z1-¢T 1
€09 ()SEONCHE'D q 6.8
€209 (Y SEONCHE'D c| e 1s
8279  (J)SOCHED N e
829 (9)SODCHE'D  (L'0) l6T-9¢1
829  (P)SOCHE'D q 0t-6¢
€889 StotHY™ 1 ctbt
€889 STOCIHYID  (€0)0ST-67T
$8'89 SLOTIHYD q 9%-Ct
89°¢. SOt'HY D X 9¢-c¢
89°¢2 SOYTHYY)  (gro)eeTten
89°¢. SOYIH?'D I 8T-L¢
o) BjNULIO | (wm) (®) Juaafos
8 PR i A1y Do A
¥ O

(I1) S210Ty3pX 0ZUAG-* | PAMNSANS-T

(11) 219®1.

‘juenb
06
(39) <6
(39)¢6
96

16
“juenb
() ¢o
66

86

66

86

16
(¢) wuenb

7

PRI

TH2DE(EHDIO T
YH2) t0s D d
YHO)-toNd
PHOD-ToNw
PH2 ) 1)-d

HO D)W
YHOD -0
YH?)-0fHDd
YHOD-0EH)-w
YHO)-0tHD)©
YHD)-tH)-d
YHOD-EH )W
YHO)-fHD-0

(qQ) SH®)

d

“oN
punoduio))

“PaaN Pl AJIIRIPAWUI 305 M sa1RIofysad oMy ay] (1) enpads
IUU PIULRP-[[oM PINIQIYX? 1BY} SUOHN[OS I[(E)S JAL3 0] PIOT D12IROION[JLIIOLIIINGP UL PIAJOSSIp s3fes 53} ‘19A3MOY] 'Xte oY) ut L[pides pesoduiodap asneaaq pazifeue JoN ()

BOIUNUAUWAOD 110YS sNO1A31d € ul pajtodal poyjaw [eutduo o)

jo juowaroxdwr ue st poyjw syl (q) (NOILNVYD) uoisofdxa 10 uorisodwonap Yism 30¥[d 9} sAem[e L9y], -Bujeay jo paads oyl uo puodap sjutod Buneuwt ayy  (e)

6c’0 L6701 9¢’t  8l'es <t'o

€cL ¥0'8 6L 9T6s T2

S D H J S
) punoyg

SISA[RUY [BIUIWII[]

601  STE  BI'ES SSOIITHD 881281
98-¢8
<62 ¥8L  €T6S SSOIDSEHTED 89-29
D H 0] B[O §
25 "PIED (8) Do d'I\

ol

%

PPRIA

(1) s91eI0[Y213J WNI[OYIEX0ZUIG-C [ PAINHISYNS-Z

(ponunuon) | afqe],

a

pouaIy

HO=HO°H®D

1=

174

€&

TN
punodwo)



Vol. 1l

I'undo

hi and P.’

osta, 1. Degani, R. Fo

'

1. (

916

‘paqie} ‘Aydesdojewronyd 10 UOI]RZI[[BISAID “UOTIR[[1ISIP Aq Ajund o1 sidwalye pue s IXIW xojdwoo A1aA ® 9AES UOIIOBIL 9Y] aSED SIY} U] P
[ 1oy "pa[e)) qeup (1) "GG'S punof “T¥°E N 10j 'PI[ED UV (y) "€2':1 sem opUpAY wnuiwnje wniyi|
11D 10§ pae)) joul (3) "CEY1 punof "6 ¥ (1D 10) POIRD) 1UUY (p)
¢'¢ (uuojoroyoolainap) 1w (g) ajonpiexozuaqjiuayd-g jo 350Ul UM [EDUIPT BIED [po1sAyd pamoys styJ -aane
‘Joueylaw=[y ()

-wmie wny)| :s1ero[yorad Jo oned refoly (1) "9€°S :punoq "I¥°S
a1es0[yoIad jo oljes r[ofy (8) "2TF1 :punog "6z F1 1D 103 "POfE) 1PUF (3) "8EVL Punod 6TV [
50 1e uniuorpray (2) (§:6 ‘W) 9T¢08'T PUE L L9°TL
-AlIp PajeIdInap g-7) oy plat£ 2[qesedwod u poonpolid 3pLRINIP WINIUTWNIE WY JO 98N Y], (q) -1eyla wingjonjad-suszusd(="4-g :IUZUIq={ ‘[ourBYl=}]

Vvl
8C°6

SE€91
A

81'6¢

6€°01

1§ A
9701
1€°L
L9

€6'¢

l6'€

$e’s

% punoy

£8°0L
68°62
S1'89
899
68" 6<

oril

<€t°89

6189

0Lr'€9

2h4!
0%’ 6
6v'91
gL'll

60°6C

6¢'8l

6c 8l

€601

S

ve o1
oL
299
¥9°¢

se'r

00°F

00'%

9¢'S

H

% "PIIED

SISA[RUY [RIULWR]Y

160

9g°SL
$0°89
2999

SO9THE!D  (£0) SOTH01

SO%¢H®:)  (£0) 161-061
SOY'H'!D (¥'0) 89-29
SO*THOD (1) 221-9¢1

CSO%H'™) 1L
SOCTHED 1
SOCTHE'D |
LSEOYIHOY) 144
NmNOvMIONU q
SY0°H® D a

PINULIO | (wu) (®) yuaajos

O PR 6 | K109y

(1) sojotyrexozUag-¢* | PAIMNSANG-Z

(panunuon) I dqe[,

1¢°9¢

1606

6ci-8cl

8cI-9¢l

16726

c818

‘yenb
86
16
06
)26
€6
86
(12) 06
(19) 06
06
%
PPRIA

(w)HI=HI*H?D

—m:m 1 0-u
QEQU&
bEmU.:

S.

.o

5838

HPDEOfHD ) CFE

d

91B[0ST JON] (W) "g:[ SeM IPUpPAY wntul

“ON
punodwo))



Dee. 1971

Compound

No.

51

52
53
54
55
56
57

58

59

60
61

67

69

70

n
72
73

74

75

“()”5 ((.)

o-CH3-Cglly
m-Cliz-Cgllg
p-CH3-Cglly
0-CHH30-CgHy
m-CH;0-Cglly
p-CH30-CgHy

0-Cl-Cgly
m-Cl-CgHy
p»(jl—(:6“4
IH-N()z-(:6I |4

p-NO,-Cgty
p-Cl380,-Cglly (e)

2,4,()((:”3)3(:6“2
34,54C150)3CeHa

CeNsCIT-CH

Synthesis of Aldehydes from Carboxylie Acids

Solvent (a)

D (g)

D (g)

D

Table 111

R CHO

Reflux time
(minutes)

2 R §

pia )

P

10

10

10

10

a

=1

Yield %

quant.
quant.

98
quant.
96
quant.
quant.

quant.
98

97
96

9
96

97
88
88

92
98

26

95
95

97

97

97

97

95 (h)
95 (i)
96

quant,

50 (1)

947

Over-all Yield (b)

%
71
71
72
79
79
88
08

80
78

66

65

64

70

74

68

68

73

68

79

36

(1) A - acetonitrile: D = dimethyl sulfoxide. (b) Over-all yield from the starting acid. (¢) The hydrolysis of 2-deutero-2-phenyl-
henzoxathiole afforded the pure benzaldehydea-d. (d) Reaction run at 50°. (e) M.p. 157-158° by ethanol, lit. (8) 156-158°.  (f)
Caleulated taking into account the recovered starting acid. (g) Extraction with benzene. (h) Isolated as2,4-DNP derivative, m.p.
). (i) lsolated as 2.4-DNP derivative, m.p. 210° (9). (1) Isolated as 2,4-DNP derivative, m.p. 251° (9).

123°
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DUE PRECAUTION SHOULD BE EXERCISED AT ALL TIMES
(6), MAINLY PERFORMING ON LARGER THAN 10-20
MMOLES SCALE.

Method A.

A mixture of 10 mmoles (1.26 g.) of o-mercaptophenol (4a, b)
and 10 mmoles of the appropriate carboxylic acid in 5 ml
of phosphorus oxychloride was refluxed at 110° for 30 minutes
in an oilbath.  After cooling, 1 ml. of perchloric acid was
cautiously added dropwise and then the salts were precipitated

by dry ether.
Method B.

A mixture prepared according to method A, was refluxed for
A% minutes at 110° (oil-bath) and then, after cooling and addition
of perchlorie acid, left at room temperature for 6 hours. The
perchlorates were precipitated in the same way as described above.

Meihod C.

A mixture of 10 mmoles (1.66 g.) of isophthalic or terephthalic
acid and 24 mmoles (5.00 g.) of phosphorus pentachloride in 5 ml.
of phosphorus oxychloride, was refluxed at 110° (oil-bath) for
90 minutes. After cooling, 20 mmoles (2.52 g.) of g-mercapto-
phenol and then 2 ml. of perchloric acid were added dropwise and
the resulting mixture was left at room temperature for 5 hours,
in the case of perchlorate 16, and 20 hours in the case of per-
chlorate 17. The resultant brown precipitates were treated with
10 ml. of acetonitrile, filtered and washed several times with dry
ether.

Method D.

To a mixture of 10 mmoles (1.26 g.) of o-mercaptophenol and
10 mmoles of the appropriate carboxylic aeid in 5 ml. of phos-
phorus oxychloride, | ml. of perchloric acid was added dropwise.
This mixture was left al room temperature for 24 hours. The salts
were then precipitated by dry ether.  All the perchlorates are
stable at room temperature, with the exception of 21 and 24.
They were purified by reprecipitation from acetonitrile-ether, with
the exception of 16 and 17 which were purified from trifluoro-
acetic acid-acetic acid. The structures of the perchlorates were
confirmed by their nmr spectra (in deuteriotrifluoroacetic acid)
(7). For yields, physical and analytical data, see Table f.

General Method for the Preparation of 2-Substituted 1.,3-Benz-

oxathioles (26-50).

To a stirred suspension of 10 mmoles of perchlorate, freshly
prepared, in about 150 mi. of dry ether (300 ml. for 16 and 17),
0.5 mmoles of lithium aluminium hydride were added in small
portions over a period of 5 minutes. Stirring was continued for an
additional 15 minutes, then the reaction mixture was poured into
an ice-cold saturated ammonium chloride solution and extracted
with ether. The ether layer was washed with 5% sodium hydroxide
and then with water. ‘The solvent was dried and evaporated to

Vol. 1l

afford the 2-substituted 1,3-benzoxathiole, sufficiently pure for
use in the following step.

The use of lithium aluminium deuteride produced the (-2
deuterated derivative of 26.

These compounds were stable it kept at a low temperature.
Analylical samples were prepared by distillation or recrystalliza-
tion. The structures of the products were confirmed by nmr
speetra (in deuteriochloroform) (7). Yields, physical and anal-
ylical data are reported in Table 11,

General Method for the Hydrolysis of 2-Substituted 1.3-Benz-
oxathioles (25-50).

To a solution of 5 mmoles of 2-substituted 1,3-benzoxathiole
in 18 mi. of dimethyl sulfoxide:water (5:1) or acetonitrile:water
(5:1), 15 mmoles (4.07 g.) of mercuric chloride were added. A
yellow solution was obtained, that was gently refluxed.  The
solution was then diluted with water and extracted with ether,
The ether layer was washed with 10% potassium iodide, 5% sodium
hydroxide and then with water. The solvent was dried and evap-
oraled to afford the pure aldehyde.

The isolated aldehydes were identified by comparison with
authentic compounds by ir and nmr spectroscopy and, when
possible, by mixed melting points. The aldehydes used for the
comparison were commercial products (Fluka) that were purified
by crystallization or distillation, with the exception of p-(methyl-
sulfonyl)benzaldehyde (63) which was prepared as deseribed in
literature (8). The reflux limes, solvents and yields are veported
in Table 111,
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