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«-Methylene y-lactone function, an important structural
feature of biologically active natural products,! has received
much attention and its synthetic attempts have been well
documented in a recent publication.22? The reported methods
for the preparation of a-methylene y-lactone analogues? have
been shown to employ largely severe conditions such as strong
acids, bases, and heat in the crucial steps of the formation of
the exo double bond. Recently, Ronald reported an interesting
method for the preparation of trans-a-methylene-8,y-te-
tramethylene-y-butyrolactone from the corresponding «-
carboxy-a-methylthiomethyl y-lactone by three steps.3 In this
paper, we describe an improved one-step synthesis of a-
methylene y-lactones from a-carboxy-a-phenylthiomethyl-
v-butyrolactones, involving electrolytic elimination of both
sulfenyl and carboxyl groups at room temperature.

Our preliminary challenges for the synthesis of the «-
methylene y-lactone group by electrodecarboxylation of the
primary carboxylic acids 1 in pyridine-water—triethylamine
(9:1:0.3 v/v)* at a current of 0.01-0.06 A/cm? (applied voltage
50-60 V) afforded 3 in 30-35% yields® via the intermediate 2,
indicating that the desired product 3, which was exposed to
a high applied voltage and also a high oxidation potential,®
would undergo further anodic oxidation, causing decrease of
the yield. This result suggests that the electrolysis at lower
potential than that of 1 would promise a more favorable result.
Besides, it is desirable that the product 3 should be removed
immediately from the electrolysis solution. The advantage of
allowing the anodic oxidation of the phenyl sulfide derivatives
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Figure 1. Electrolysis cell: (A) anode Pt plate (3 cm?2); (B) cathode
Pt plate (3 cm?); (C) aqueous phase; (D) organic phase; (E) ther-
mometer; (F) gas lead pipe.

at the lower potential” rather than those of the carboxylic
acids® led us to choose a-carboxy-a-phenylthiomethyl-v-
butyrolactone analogues 5 as a suitable compound for our
synthetic purpose, since elimination of phenyl thiyl radical
would be expected by one-electron oxidation on the sulfur
atom of 5,7 affording the intermediate 7, and subsequent loss
of carbon dioxide would provide the desired 3.

R, R, R
R R OR R, , R
_e + -CO, 3
— - >
0 Y sen © CO@
c‘> COOR, 5

4,Y=H,R,=H 7
5, Y = CH,SPh; R, = H
6,Y=H;R, = Et

Improvement of the electrolysis for the continuous ex-
traction of the products was made by employing a two-phase
system, consisting of water and organic solvents as shown in
Figure 1. By this procedure, the products are expected to move
from the aqueous layer to the organic layer, while the sub-
strates are electrolyzed in the aqueous phase. Electrolysis of
the ammonium salt of 5 to the desired 3 was carried out in an
aqueous layer, dissolving an excess amount of triethylamine
and lithium perchlorate as supporting electrolytes (Table II).
The aqueous layer as depicted in Figure 1 was covered with
a mixed solution of ether and benzene (3:2) as an extracting
solvent. The aqueous solution was electrolyzed in an undi-
vided beaker under a current of 16-7 mA/cm? with applied
voltage of 3.2-3.5 V (1.3-1.5 V vs. SCE) at 38-40 °C for 4-12
h using platinum electrodes (3 cm?). Successfully, the desired
3 was obtained only by evaporation of the extracting solvent
as a sole product along with diphenyl disulfide after 40-80
Faradays/mol of electricity were passed. The electrolysis
conditions of 5 as well as the yields of 3 are shown in Table
11

Experimental Section

Melting points and boiling points are uncorrected. IR spectra were
determined with a JASCO Model IRA-1 grating spectrometer. 1H-
NMR spectra were determined at 60 MHz with a Hitachi Model R-24
and 13C-NMR spectra were determined at 25.05 MHz with a JEOL
Fourier transform spectrometer, Model FX-100 with a JEC-980-16K
memory computer. The chemical shitt values are expressed in 6 values
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Table I. Physical Properties, Yields, and Combustion Analyses of a-Carboxy-a~phenylthiomethyl y-Lactones 5

Product IH NMR, 6 Anal., %
5 Registry Mp, IR, C=0cm~! ~CH.S- Yield, Calcd Found

R, R: Ry no. °C  Lactone Acid (multiplicity) %° C H C H

n-CgH;; H H 65651-96-9 1772 1710 3.52(q,d = 94 65.92 7.74 65.97 7.92
7.5 Hz)
~(CHg)s- H 65651-97-0 1765 1718 3.52(q,J = 92 63.74 6.29 63.58 6.57
6.5 Hz)
H —(CHg)s- 65651-98-1 124.2 1776 1722 3.51 (broad s) 94 63.74 6.29 63.72 6.47
H —(CHg)4~  65651-99-2 1414 1770 1698 3.56 (broad s) 95 62.74 7.92 62.72 6.07
@ The yield is based on isolated 5.
Table II. Electrolysis Conditions? of 5 and Yields of a-Methylene y-Lactones 3
Solvent and electrolyte

Substrate Amt LiCl04  Current Electricity, Yield

5 Registry added, H,0, Et3N, 3H,0, density, Faradays/ Time, of 3,

Ry R: Rj no. mmol mL mg mg mA/cm? mol h %

n-CgHi~ H H 65651-99-8 0.193 15 182 200 16-10 80 12 92¢

—(CHg)s- H 52978-85-0 0.178 10 109 200 13-10 42 4 82
H ~(CHg)s- 3725-04-0 0.093 15 109 120 13-7 48 4 774
(8,v-cis)
H -(CHa)y— 3727-53-5 0.147 10 109 200 13-7 30 5 73¢

(B,y-trans)

@ The electrolysis was carried out at 38-40 °C. b Applied voltages were adjusted at 8.2-3.5 V. ¢ Diphenyl disulfide was also obtained
in 91% yield. 7 Physical data are as follows: bp 70-73 °C (0.015 mm, Kugelrohr) (lit.11 bp 60-70 °C (0.05 mm)); 3C NMR (CDCly)
6c 24.3 (1), 27.4 (t), 30.7 (t), 31.2 (t), 31.8 (t), 43.1 (d), 82.3 (d), 122.0 (t), 140.3 (s), 170.3 (s). ¢ Physical data are as follows: bp 70-72
°C (0.015 mm, Kugelrohr) (1it.1! 70 °C (0.01 mm)); 13C NMR (CDCl3) é¢ 24.1 (t), 24.9 (1), 25.8 (t), 30.5 (t), 48.9 (d), 83.1 (d), 117.1 (1),

139.6 (s), 170.5 (s).

(ppm) relative to Me,Si as an internal standard. Elemental analyses
were performed in our laboratory.

a-Ethoxycarbonyl-y-n-octyl y-lactone (6, R; = n-CgH;7,Ro =
Rs = H) was prepared by the reaction of ethyl sodiomalonate (3.8
mmol) with 1,2-epoxydecane (4 mmol) in dry EtOH (2 mL) at 70 °C
for 12 h. After workup in the usual manner, there was obtained 770
mg (75%) of 6 (Ry = n-CgH17, Ro = R3 = H): bp 88-90 °C (0.015 mm,
Kugelrohr); IR (neat) 1780 (lactone), 1735 cm™! (ester); 'H NMR
(CDCly) 60.88 7t,J = 5 Hz, 3, CH3), 1.28 (t,J = 7 Hz, 3, CHj3), 1.30 (br
s, 14, CHy), 1.80--2.90 (m, 2, CH,), 3.31-3.80 (m, 1, CH), 4.26 (q,J =
7 Hz, 2, CHy), 4.00-4.80 (m, 1, CH-0). Anal. Caled for C15H3604: C,
66.64; H, 9.69. Found: C, 66.42; H, 9.80.

a-Carboxy-v-n-octyl y-lactone (4, R; = n-CgHj7, Ro = Ry = H)
was obtained by hydrolysis of 6 (R; = n-CgH;7, Ro = Rz = H, 2.64
mmol) with NaOH (5.5 mmol) in aqueous 20% EtOH at room tem-
perature for 1# h in 95% yield as a white solid: mp 63.5-64.5 °C (lit.°
mp 58-59 °C); IR (Nujol) 1775 (lactone), 1718 cm~! (COOH); 'H
NMR (CDCl3) 6 0.87 (t, 3, CH3), 1.27 (br s, 14, CHs), 1.90-2.90 (m, 2,
CHy), 3.50-3.¢7 (m, 1, CH}, 4.14-4.80 (m, 1, CH-0), 6.87 (br s, 1,
COOH).

Similarly, a-carboxy-v,y-pentamethylene vy-lactone (4) was
obtained in 98% yield by hydrolysis of 6 (R;, Ry = ~(CHyg)5-, Rg = H)
with aqueous ethanolic NaOH: mp 135-136 °C (lit.1° 136 °C); IR
(Nujol) 1757 (lactone), 1716 cm~! (COOH); 'H NMR (CDCl;) 5 1.62
{(brs, 10, CHy), 2.37 (d, J = 10 Hz, 2, CHy), 3.75 (t,J = 10 He, 1, CH),
7.99 (brs, 1, COOH).

a-Carboxy-8,y-cis-pentamethylene vy-lactone (4, Ry, Ry =
—(CHgy)s-, Ry = H) was prepared by the reaction of §8,y-cis-penta-
methylene v-lactone!! (1.4 mmol) with excess CO3 using i-ProNLi (2.5
mmol) in dry THF (5 mL) at ~40 °C for 30 min. After workup in the
usual manner. there was obtained 267 mg (96%) of 4 (Ry, Ry =
- (CHg)s-, Ry = H) asapasty oil: IR (neat) 1780 (lactone), 1720 cm™~1
(COOH); 'H NMR (CDCl3) 6 1.10-2.30 (m, 10, CHy), 2.75-3.48 (m,
1,CH),3.37(d,J =8Hz,1,CH), 4.74 (t,d,J = 8,4 Hz, 1,CH), 9.14
(brs, 1, COOHR). Anal. Caled for C;gH1404: C, 60; 59; H, 7.12. Found:
C, 80.76; H, 7.22.

Similarly, w-carboxy-8,y-trans-tetramethylene vy-lactone!'?
(4, Rg, Rz = -(CHo)4—, R; = H) was obtained in 97% yield from 3,v-
trans-tetramethylene 5 -lactone:12 IR (neat) 1775 (lactone), 1720 cm™!
(COOH); TH NMR (CDCl3) 6 1.10-2.60 (m, 9, CH;, CH), 3.38 (d, J =
13 Hz, 1, CH), 2.60-3.60 (m, 1, CH-0), 9.52 (br s, 1, COOH).

a-Ethoxycarbonyl-a-ethoxycarbonylmethyl-y-n-octyl vy-
Lactone (8). To a mixture of EtONa (1.5 mmol) and 6 (R; = n-CgH;,
Rs = R3 = H, 0.9 mmol) in dry EtOH (1.5 mL) BrCH,CO.Et (1.2
mmol) was added. After stirring for 48 h at room temperature, the

white slurry was quenched with cold water and taken up in ether-
benzene (1:1). The organic layer was washed with brine, dried
(NagS0y), and concentrated. The residue was chromatographed (SiOs,
hexane—ether 4:1) to give 270 mg (84%) of 8: bp 136-138 °C (0.015 mm,
Kugelrohr); IR (neat) 1775 (lactone), 1735 cm™! (ester); !H NMR
(CDCls) 6 0.90 (t, 38, CH3), 1.27 (t, 6, CHg), 1.30 (br s, 14, CHy),
2.40-3.53 (m, 4, CHy), 4.16 (q, 2, CHy), 4.24 (q, 2, CHj), 4.40-4.90 (m,
1, CH-0). Anal. Caled for C1gH3504: C, 64.02; H, 9.05. Found: C, 64.14;
H, 9.10.

Similarly, a-ethoxycarbonyl-a-ethoxycarbonylmethyl-v,y-
pentamethylene y-lactone (9) was obtained in 82% yield by the
reaction of 6 (Ry, Rs = -(CHs)s-, R3 = H) with BrCH,COzEt: bp
103-104 °C (0.015 mm, Kugelrohr); IR (neat) 1768 (lactone), 1735
cm™! (ester); 'H NMR (CDCly) 6 1.25 (t, 3, CHg), 1.28 (t, 3, CHj),
1.20-2.10 (m, 10, CHy), 2.59 (ABq, J = 14 Hz, 2, CHs), 3.05 (ABq, J
= 18 Hz, 2, CHy), 4.02 (g, 2, CHy), 4.27 (q, 2, CHs). Anal. Calcd for
C15H24062 C, 61.52; H, 7.74. Found: C, 61.71; H, 7.89.

a-Carboxymethyl-y-n-octyl y-Lactone (1, R; = n-CgH;7, Rs
= Ry = H). A mixture of 8 (300 mg, 0.84 mmol), aqueous 48% HBr (3
mL), and AcOH (6 mL) was stirred,at 130 °C for 10 h. The volatile
materials were rotoevaporated and the residue was recrystallized from
benzene to give 162 mg (75%) of 1 (R; = n-CsHy7, Re=R3=H): mp
91-92 °C; IR (Nujol) 1780 (lactone), 1705 em~! (COOH); '1H NMR
(CDCl3) 6 0.87 (t, 3, CH3), 1.28 (br s, 14, CHy), 1.98-2.30 (m, 4, CHy),
4,10-4.70 (m, 1, CH-0), 9.05 (br s, 1, COOH). Anal. Calcd for
C14H2404: C, 65.60; H, 9.44. Found: C, 65.80; H, 9.51.

Similarly, a-carboxymethyl-y,y-pentamethylene y-lactone (1,
Ry, Rz = -(CH2)5-, R3; = H) was obtained in 77% yield by hydrolysis
of 9 with aqueous 48% HBr: mp 133.5-134.5 °C; IR (Nujol) 1764
(lactone), 1730 em~! (COOH); 'H NMR (CDCl;) 6 1.64 (brs, 10, CHy),
2.26-3.30 (m, 5, CH;, CH), 9.30 (br s, 1, COOH). Anal. Caled for
C11H1604: C, 62.25; H, 7.60. Found: C, 62.27; H, 7.59.

Electrolysis apparatus used for the electrolysis of 1 and 5 is
outlined in Figure 1. A simple undivided cell, 2 cm in diameter and
10 cm high, fitted with a gas lead pipe, a thermometer, a magnetic
stirrer bar, and too smooth platinum electrodes (1.5 X 2 em?), being
placed parallel to each other 5 mm apart was used.

Electrochemical Synthesis of 3 from 1 in a Homogenious
Pyridine-Water Solution. A stirred solution of 1 (R; = n-CgH17, Ro
= R3 = H, 150 mg, 0.6 mmol), EtgN (0.3 mL), and water (1.0 mL) in
pyridine (9.0 mL) was electrolyzed in a beaker (35 mL) fitted with
platinum electrodes (3 cm?) at 50-60 V (0.01-0.06 mA/cm?) at 32-39
°C for 5 h. The reaction mixture was acidified with cold aqueous 10%
tartaric acid and extracted with ether-benzene (1:1). The organic layer
was washed with brine, dried (NasSQy), and concentrated. The resi-
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due was chromatographed (SiOy, hexane-ether 4:1) to give 38 mg
(30%) of 3 (R; = n-CgH;7, Re = Rz = H) as an oil: bp 98 °C (0.015 mm,
Kugelrohr); IR (neat) 1768 (lactone), 1666 cm~! (C=C); 'H NMR
(CDClg) 6 0.87 (t, 3, CH3), 1.29 (br s, 14, CHj), 2.27-3.32 (m, 2, CHy),
4.49(q,J = THz,1,CH-0),5.59 (t,J = 3Hz,1,HC=C(),6.18 (t,J =
3 Hz, 1, HC=C); 13C NMR (CDCly) ¢ 14.1 (q), 22.7 (1), 29.2 (t, 2), 29.3
(t),29.4 (t), 31.8(t), 33.6 (t), 36.3 (1), 77.6 (d), 121.8 (1), 134.7 (s), 170.3
(s). Anal. Caled for C13H2009: C, 72.24; H, 10.54. Found: C, 72.39; H,
10.48.

a-Methylene-v,y-pentamethylene y-lactone?d (3, Ry, Ry =
—(CHa)s—, Rz = H) was obtained in 35% yield by the electrolysis of 1
(R1, Re = -(CHg3)5~, Ry = H) in the same manner as described in the
preceding experiment: bp 73 °C (0.02 mm, Kugelrohr); IR (neat) 1762
(lactone), 1663 ecm™! (C=C); '"H NMR (CDCls) 6 1.73 (br s, 10, CHy),
2,74 (t,J = 3Hz, 2, CH,), 5.45 (t,J = 3 Hz, 1, HC=C), 6.06 (t,J = 3
Hz, 1, HC=C); 13C NMR (CDCl3) 6c 22.5 (t, 2), 24.8 (t), 37.5 (1, 3), 36.6
(1), 38.4 (s), 122.1 (1). 135.5 (s), 169.9 (s).

a-Carboxy-a-phenylthiomethyl-y-n-octyl y-Lactone (5, R;
=n-CgH;7, R = R: = H). To a cooled (=70 °C) solution of ;-ProNLi
(161 mg, 1.50 mmol) in dry THF (1.0 mL) was added dropwise a so-
lution of 4 (R; = n-CgHy7, Rz = Ry = H, 122 mg, 0.5 mmol) in dry THF
(1.5 mL). After stirring for 15 min at =70 °C, the dry ice bath was
removed and the mixture was allowed to stand for several minutes
until the temperature reached 0 °C. Then, to the mixture cooled with
an ice-water bath at 0 °C, a solution of freshly prepared phenyl-
thiomethyl iodide!* (254 mg, 1.02 mmol) in dry THF (1.5 mL) was
added dropwise with stirring and the mixture was stirred for 3 h. The
mixture was quenched with cold water and acidified with cold aqueous
10% HCL The organic phase was separated and the aqueous phase was
extracted with CH,Cly. The combined extracts were washed with cold
brine, dried (NasSQ,), and concentrated in vacuo. The residue was
chromatographed (Si0g, hexane-AcOEt 2:1) to give 172 mg (94%) of
5 (Ry; = n-CgHy7, R2 = Ry = H) as a pasty oil.

Physical constants together with elemental analyses of the analo-
gous compounds 5 prepared from the corresponding ~-lactone-a-
carboxylic acids 4 are shown in Table I.

A General Procedure for Electrochemical Synthesis of 3 from
5in a Two-Layer System, A stirred solution of 5 (R; = n-CgHi7, Ro
= R = H, 69 mg, 0.19 mmol), LiCl043H20 (1.3 mmol), and EtgN (1.8
mmol) in water, being covered with 5 mL of ether and benzene (3:2),
was electrolyzed in a beaker fitted with platinum electrodes (3 ¢cm?)
at a constant applied voltage of 3.5 V (ca. 1.4 V vs. SCE), current
density 10-16 mA/cm?, for 12 h (ca. 80 Faradays/mol). The organic
phase that separated was washed with brine and dried (NagSOy).
Removal of the solvent and the following chromatography (SiOg,
hexane—ether 4:1) of the residue gave 37 mg (92%) of 3 (R; = n-CgHys,
Ry = Ry = H) as an oil. The electrolysis conditions of 5 as well as the
yield of the a-methylene ~-lactone 3 are shown in Table II.

Registry No.—1 (R; = n-CsHi7; R; = Ry = H), 65652-01-9; 1 (R;,
R2 = (CH3)5; Rg = H), 685652-02-0; 4 (Rl = n-CgHm; R2 = R3 = H),
65652-03-1; 4 (Ry, Ra = (CHau)s; Ry = H), 65652-04-2; 4 (Rg, R =
(CH2)5 R1 = H), 65352-05-3; 4 (RQ, Rg = (CH2)4; R1 = H), 4354-68-1;
6 (Rl = n-C8H17; Rg = Rg = H), 14872-59-4; 6 (R1, RQ = (CH2)5; Rg
= H), 58022-89-2; 8, 65701-65-7; 9, 65652-06-4; ethyl sodiomalonate,
996-82-7; 1,2-epoxydecane, 2404-44-6; 3,y-cis-pentamethylene v-
lactone. 3724-99-0: 3.v-trans-tetramethylene v-lactone, 34905-87-
8.
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The availability of 2-substituted benzothiazoles (1) depends
on preparative routes in which the fused thiazole ring is con-
structed from acyclic reactants.2 Since many compounds
containing this heterocyclic nucleus are of industrial® or bio-
logical® interest, methods for the preparation of 2-substituted
benzothiazoles have been extensively studied.? Recently we
have become interested in benzothiazoles as synthetically
useful units® and required a broad and facile entry to this ring
system.

Though in principle the direct condensation of 2-ami-
nothiophenol (2) with the appropriate carboxylic acid (3)
provides the most direct route to the 2-substituted ben-
zothiazoles (1), in practice this direct route has been difficult
to carry out conveniently in the laboratory.® Generally a re-
active carboxylic acid derivative, e.g., an acid chloride,? acid
anhydride,? imino ester,? or N-ethoxycarbonylthioamide,” has
been employed, and obviously this method requires an extra
step. Although polyphosphoric acid (PPA)8 and more recently
polyphosphate ester (PPE)® have been employed for the direct
condensation of carboxylic acids with 2-aminothiophenol,
both methods afford variable yields of the 2-substituted
benzothiazoles (1) and the former requires high reaction
temperatures (ca. 200 °C).

We would like to report that 2-substituted benzothiazoles
(1) are obtainable directly from 2-aminothiophenol (2) and
the corresponding carboxylic acid (3) by treatment with
P,05;/CH3803H (1/10, w/w)!° and warming (Scheme I). The
reaction as illustrated by the examples in Table I is generally
effective for a wide range of aliphatic and aromatic carboxylic
acids. The general procedure involves treating a mixture of
P205;/CH3S03H (1/10, w/w) and 2 (ratio of 1.5 g/1.0 mmol)
with 1 equiv of the required carboxylic acid and warming for
ca. 10 h followed by aqueous basic workup.

The reaction does not appear to be useful for «,3-unsatu-
rated carboxylic acids. Whereas 2-styrylbenzothiazole (1j) was
obtained in 57% from trans-cinnamic acid and 2, less than 20%
of 2-(2-methylpropenyl)benzothiazole (1k) was obtained from
3,3-dimethylacrylic acid and 2 under the described conditions.
Furthermore, the a-trialkylated carboxylic acid, pivalic acid

NH, P,0, /CH,SO,H
@SH, RCOOH —— ———®
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Scheme 1
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