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A new synthesis of pyrocin (1) and related compounds is described. The reaction of 2-benzoyl-4,4-dimethyl-
2-buten-4-olide (5b) with 2-methyl-1-propenylmagnesium bromide (6) in the presence of CuCl gave «-
benzoylpyrocin (7b) in 90%, yield. The product of 7b with a specific rotation of 42.43° was obtained when

the reaction was carried out in the presence of (—)-sparteine.

a-Acetylpyrocin (7a) was prepared in the

similar manner in 63%, yield. The treatment of 7a and that of 7b with ethanolic sodium cthoxide gave 1 in
659% and 819, vyields, respectively. The reaction of 1 with large excess of SOCI, in absolute ethanol gave
ethyl 3-(1-chloro-1-methylethyl)-5-methyl-4-hexenoate (8) in 829 yield. Similar treatment of 7 with SOCI,

gave cthyl 2-substituted-4-(2-methyl-1-propenyl)-5,5-dimethyl-4,5-dihydrofuran-3-carboxylate (12).

8 was transformed to ethyl frans-(=)-chrysanthemate (2) in 759, yield.

Several syntheses of pyrocin (1), found in the pyroly-
sate of pyrethrine and known to possess insecticidal
activi{y,’*~19 have been reported.?*~2%) Recently, we®
have reported an efficient preparation of 2-acyl-4,4-
dimethyl-2-buten-4-olide (5) by the thermal decom-
position of 2-acyl-3-[benzoyl(ethoxycarbonyl)methyl]-
4,4-dimethyl-4-butanolide (4), which is readily obtained
by the reaction of 2-chloro-2-methylpropanal and ethyl
acylacetate (3) in aqueous K,CO;. In this paper, we
wish to report a new synthesis of 1 and ethyl (%)-
trans-chrysanthemate (2) using 5 as a starting material.
An attempted synthesis of optically active pyrocin using
(—)-sparteine as a chirality-creating reagent also has
been described.

The Michael addition of 2-methyl-1-propenylmagne-
sium bromide (6) to the butenolide 5b in the presence
of GuCl in THF medium afforded «-benzoylpyrocin (7b)
in 90 9, yield. The IR spectrum of 7b showed strong
bands at 1765 and 1685 cm~! due to lactone carbonyl
and benzoyl carbonyl, respectively. The NMR spec-
trum exhibited a multiple splitting doublet at § 5.03
due to one olefinic proton. «-Acetylpyrocin (7a) was
obtained similarly from 5a and 6 in 639, yield.

Deacylation of 7a and 7b with ethanolic EtONa at
reflux temperature afforded 1 in 659, and 819, yields,
respectively. The NMR spectrum of this product was
identical with that® of the authentic sample. Hirai,
et al.,) have reported a synthesis of optically active
pyrocin via the asymmetric, catalytic hydrogenation of
optically active alcohol esters of 2,2,5,5-tetramethyl-
tetrahydrofurylidene-3-acetic and 2,2,5,5-tetramethyl-
dihydrofuryl-3-acetic acids. We now describe the pre-
paration of optically active 1 by an asymmetric Michael
addition of the Grignard reagent 6 to the butenolide
5b.”%) The reaction, carried out in the presence of
twice molar amount of (—)-sparteine as well as a cat-
alytic amount of CuCl, gave a product of 7b with
[]5 +2.43° (ethanol) in 479, synthetic yield. Deben-
zoylation of this product gave 1 with [«]} +41.36°
(ethanol), 2.09, optical yield.

Several procedures to transform 1 to the ester 2 have

* Presented in part at the 32nd Annual Meeting of the
Chemical Society of Japan, Tokyo, April 1975 and in
part at the 5th International Congress of Heterocyclic
Chemistry, Ljubljana, Yugoslavia, July 1975,
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been reported.14:25:82.8%)  They involve the base-ca-
talyzed cyclization of the dichloro ester 9, which is ob-
tained from 1 by the treatment with SOCI, in benzene
and the subsequent addition of ethanolic HCl. While
the isomer 10 is usually produced as an undesirable
by-product in these procedures, we are successful to
prevent the formation of 10 by using ethyl 3-(1-chloro-
I-methylethyl)-5-methyl-4-hexenoate (8)8¢) in place of
9 as a starting material. Successive treatments of 1
with large excess of SOCI, in ethanol, at room
temperature for 1 h and then at 60 °C for additional
4 h, yielded the desired ester 8 in 829, yield. The
NMR spectrum showed a multiple splitting doublet
at § 4.95 due to one olefinic proton. The treatment
of 8 with lithium diisopropylamide in the presence of
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a catalytic amount of hexamethylphosphoric triamide
(HMPT) in THF afforded 2 in 759, yield. Its
spectral data (IR, NMR, and MS) were identical
with those described in the literatures.?®%) The
reaction conducted in ethanolic EtONa gave rise to
the cyclization of 8 to pyrocin.

Because of the facile formation of dihydrofuran ring,
we failed to obtain the «-acyl derivatives of the chloro
ester 8. The reaction of 7 with SOCI,, carried out
in the same manner as 1, gave only ethyl-2-substituted-
4-(2-methyl-1-propenyl)-5,5-dimethyl-4,5-dihydrofuran-
3-carboxylate (12) in good yields (>829,). Ethylene
acetal of a-acetylpyrocin (13) also underwent the re-
cyclization to produce 12.
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Experimental

Melting points and boiling points are uncorrected. Ele-
mental analyses were carried out by Mr. Eiichiro Amano
of our laboratory. Distillations were evaporative bulb-to-
bulb distillations using a Biichi Kugelrohrofen at the pressure
and oven temperature indicated. Analytical determination
and preparative isolation by GLPC were performed on a
Hitachi K-53 model gas chromatograph and a Yanagimoto
G-80 model gas chromatograph respectively. IR spectra
were determined on a Hitachi EPI-S2 model spectrometer.
1H NMR spectra were taken at 60 MHz on a Hitachi R-24
model spectrometer using TMS as an internal standard.
3G NMR spectra were taken at 25 MHz on a JEOL
FX-100 model spectrometer equipped with FT facilities
using TMS as an internal standard and CDCI; as solvent.
The pulse width was 6 ps (45° tip) and the FIDs were
compiled by using 8 K data points over a spectral width of
6000 Hz. MS spectra were obtained at 70eV with a
Hitachi RMS-4 model mass spectrometer. Optical rotation
was measured with a Yanagimoto OR-50 model polari-
meter and the cell path length was 0.1 dm. Analytical
and preparative TLC were done on a silica gel PF,,
(E. Merck AG., Darmst.) with layers of 0.25 mm and
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1.0 mm thickness respectively. Column chromatography
was done on a silica gel, Wakogel C-200 and C-300
(Wako Junyaku Kogyo Co., Ltd.).

Starting materials such as 5a, 5b® and 1-bromo-2-methy!-
propene!® were prepared by the procedure described in the
literatures.

(+ )-a-Benzoylpyrocin (7b). To a refluxing mixture of
magnesium turnings (0.98 g, 0.04 g-atom), a few drops of
ethyl bromide and trace of iodine in 20 ml of THF, was
added isobutenyl bromide (5.40 g, 0.04 mol) dropwise. The
mixture was refluxed until magnesium turnings were com-
pletely dissolved. After cooling to 0°C and addition of
copper(I) chloride (0.2 g, 0.02 mol), the mixture was stirred
for 20 min. To the mixture was added the butenolide 5b
(4.32 g, 0.02 mol) in 20 ml of THF dropwise at 0 °C. After
being stirred for 2h at 0°C, the mixture was allowed to
warm to room temperature. To the resulting mixture was
added 10 ml of saturated aqueous NH,CIl and then it was
acidified with 10% HCl. An organic layer was extracted
with ether and dried over MgSO,. After removal of the
solvent, the residual brown oil was obtained and separated
by column chromatograph on a silica gel (30 g of Wakogel
C-200, hexane : acetone=10 : 1) to give 4.90 g (909, yield)
of 7b. The analytical sample was obtained by one recrystal-
lization from the mixed solvent of benzene and petroleum
ether (1 : 1in v/v): mp 94—95 °C; IR (KBr) 1767 (lactone
C=0), 1683 (benzoyl C=0), 1598, 1579 cm~* (benzene C=C);
NMR (CDCl,) 6 1.37 (s, 3H, yp-CHjy), 1.49 (s, 3H, y-CH,),
1.70 <t, 6H, J—0.1 Hz, =<gg:>, 3.37 (dd, 1H, J=11 Hz and
10 Hz, g-H), 4.55 (d, 1H, J=11 Hz, «-H), 5.03 (md, 1H,
J=10Hz, 3>-H), 7.23—8.18 (m, 5H, CgH;); MS m/e (rel.
intensity) 272 (M+), 227 (8.0), 214 (4.0), 186 (6.3), 171
(100), 105 (CGH;CO+, 97), 77 (C4H,, 62).

Found: C, 75.12; H, 7.41%. GCalcd for C,;H,,0,: G,
74.97, H, 7.409%.

The natural abundance *C NMR spectra of 5b and 7b
are summarized in the following structure.

12921 128.%

(3= )-a-Acetylpyrocin (7a). The mixture .of butenolide
5a (3.08 g, 0.02 mol), 2-methyl-1-propenylmagnesium bro-
mide (0.04 mol), and 0.02 g of copper(I) chloride in 40 ml
of THF was reacted and worked up in the same manner
as the foregoing experiment to give 2.62 g (639% yield) of
7a: IR (neat) 1760 (lactone C=0), 1717 (acetyl C=0),
1645 cm—! (C=C); NMR (CCly) 6 1.22 (s, 3H, y-CH,),

1.38 (s, 3H, y-CHy), 1.73 <sharp m, 6H, =<ggs>, 2.32 (s,
3.

3H, COCH,), 3.29 (d, 1H, J=16 Hz, «-H), 3.50 (dd, 1H,

J=16Hz and 11 Hz, g-H), 4.83 (m, 1H, 3-H); MS m/e

(rel. intensity) 210 (M), 195 (M—CH,, 0.3), 177 (0.4),

167 (M—COGH,), 152 (5), 137 (4), 124 (11), 108 (100),
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Found: C, 68.66; H, 8.429,.
68.55; H, 8.63%,.

The natural abundance 33C NMR spectra of 5a and 7a
are summarized in the following structure. Off-resonance
decoupling was used to support the assignments in each case.

Caled for C;,H;;0,: G,

(= )-Pyrocin (1) (Debenzoylation of 7b). To a stirried
mixture of EtONa (4.76 g, 0.07 mol) in 100 ml of ethanol was
added 7b (3.82 g, 0.014 mol) dissolved in 50 ml of ethanol.
The resulting mixture was refluxed for 42 h. After evapora-
tion of ethanol under reduced pressure, the residue was
acidified with 109% HCI], and then extracted with ether.
The ether extract was washed with aqueous NaHCO; to
remove benzoic acid and dried over MgSO,. After removal
of the solvent 2.0 g of crude pyrocin was obtained. The
purification by column chromatograph on a silica gel (15 g
of Wakogel C-200, hexane : acetone=10:1) gave 1.90g
of pyrocin, 819 yield: mp 58—58.5 °C (lit,» 59—60 °C);
IR (KBr) 1761 cm~* (lactone C=Q); NMR (CCl) ¢ 1.20
(s, 3H, y-CHj), 1.36 (s, 3H, y-CH,), 1.68 (d, 3H, j=0.2 Hz,
>-CH,), 1.75 (d, 3H, J=0.2 Hz, 3-CHj), 1.95—2.45 (m,
2H, «-H,, ABX), 2.60—3.35 (m, 1H, f-H, ABX), 5.01 (md,
1H, /=10 Hz, 3-H).»

The natural abundance ¥C NMR spectrum of 1 is sum-
marized in the following structure. Off-resonance decoupl-
ing was used to support the assignment.

5.9

130.50
18.16

Deacetylation of 7a (343 mg, 1.63 mmol) with EtONa gave
177 mg of 1, 659, yield.

Optically Active «-Benzoylpyrocin and Pyrocin. To a
stirred solution of 2-methyl-1-propenylmagnesium bromide
(10.4 mmol) in 15ml of THF prepared by the same
procedure as 7b, were added copper(I) chloride (100 mg,
1.0 mmol) and (—)-sparteine (5.0 g, 20.8 mmol) at 0 °C.
The mixture was stirred for 1 h at 0°C. To the mixture,
a solution of 5b (2.25g, 10.4 mmol) in 15 ml of THF was
added slowly. The stirring was continued for 7h at 0°C
and for additional 12 h at room temperature. The resulting
mixture was poured into a saturated aqueous solution of
NH,Cl. It was then acidified with 109 HCI. An organic
layer was extracted with ether and dried over MgSO,.
After removal of the solvent, 2.77 g of brown oil was ob-
tained. After separation by column chromatograph on a
silica gel (40 g of Wakogel C-200, hexane : acetone=10 : 1),
0.98 g of 5b and 1.36 g of (4 )-x-benzoylpyrocin were ob-
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tained, 47% synthetic yield. An analytical sample was
obtained after one recrystallization from the mixed solvent
of benzene and petroleum ether (I :1 in v/v): mp 94—
95 °C; [«]® +2.43° (¢ 4.12 g, ethanol). Its NMR and IR
spectra were completely identical with those of 7b.

(+)-Pyrocin was obtained from this product of (4)-a-
benzoylpyrocin in the same manner as described in the forego-
ing section: [«]% 41.36° (¢ 1.21 g, ethanol), optical yield
2%. Its IR and NMR spectra were identical with those of
authentic sample of 1.

Ethyl 3-(1-chloro-1-methylethyl) -5-methyl-4-hexenoate (8).  To
a stirred solution of 1 (750 mg, 4.46 mmol) in 40 ml of ethanol
was added thionyl chloride (3.8 ml, 44.6 mmol) with caution
at room temperature. The stirring was continued for 1 h at
room temperature and then for additional 4h at 60 °C.
After removal of the solvent and low boiling materials, 1.41 g
of dark brown oil was obtained. It was separated by column
chromatograph on a silica gel (30 g of Wakogel C-300,
hexane) to afford 852 mg of 8, 829, yield. The analytical
sample was obtained by bulb-to-bulb distillation: bp 90 °C
(0.06 Torr); IR (neat) 1734 cm-! (C=0); NMR (CCl,)
¢ 1.19 (t, 3H, J=7 Hz, ester CHj,), 1.44 (s, 3H, CH,), 1.53
(s, 3H, CH,), 1.65 (d, 3H, J=2 Hz, 3-CH,), 1.70 (d, 3H,
J=2Hz, 3-CH;), 1.8—3.2 (m, 3H, «-H, and -H), 3.99 (q,
2H, J=7 Hz, ester CH,), 4.95 (md, 1H, /=10 Hz, 3-H);
MS mje (rel. intensity) 196 (M+—HCI, 20), 181 (6), 155 (42),
109 (100), 123 (32), 77 (75).

Found. G, 62.10; H, 8.889%,.
61.92; H, 9.10%.

Ethyl (+ )-trans-Chrysanthemate (2). To a solution of
diisopropylamine (0.39 ml, 3.0 mmol) in 3 ml of THF was
added dropwise the solution of butyllithium (3.6 mmol) in
3 ml of ether at 0 °C. After the mixture was stirred for 30
min at 0 °C, 0.25 ml of HMPT was added dropwise. After
being stirred for additional 30 min at 0 °C, was added the
solution of the chloroester 8 (225 mg, 0.97 mmol) in 2 ml of
THF. The mixture was stirred for 40 min at 0 °C and then
allowed to react for overnight at room temperature. The
resulting mixture was poured into a large exess of 109, HCI
and extracted with ether, dried over MgSO,. After removal
of the solvent, an yellow oil was obtained. It was separated
by column chromatograph on a silica gel (7 g of Wakogel
C-200, hexane : acetone=10 : 1) to afford 114 mg of 2, 759,
yield. The analytical sample was. obtained by preparative
GLPC™Y and identified by comparison' of its IR and NMR
spectra with those of authentic sample.?

Ethyl 2-Methyl-4-( 2-methyl-1-propenyl ) -5,5-dimethyl-4,5-dihydro-
Sfuran-3-carboxylate (12a). To a stirred solution of
lactone 7a (331 mg, 1.58 mmol) in 15 ml of ethanol was added
thionyl chloride (1.16 ml, 15.8 mmol) dropwise at room
temperature. During the addition a vigorous exothermic
reaction occurred. The resulting solution was stirred for 6 h
at 70 °C. After removal of the solvent and low boiling
materials under reduced .pressure, there was obtained a
residual dark brown oil. It was separated by column
chromatograph on a silica gel (Wakogel C-200, hexane :
acetone=10 : 1) to give 308 mg of crude 12a, 829, vyield.
The analytical sample was obtained by preparative TLC
on a silica gel (hexane : acetone=4 : 1) followed by bulb-
to-bulb distillation: bp 110 °C (5 Torr); IR (neat) 1695
(conjugated ester C=0), 1648 cm~! (C=C); NMR (CCl,) ¢
1.17 (t, 3H, J=7Hz, ester CHj), 1.17 (s, 3H, 5-CH,), 1.28
(s, 3H, 5-CHj), 1.64 (d, 3H, J=1 Hz, }-CHj), 1.69 (d, 3H,
J=1Hz, 3-CHjy), 2.08 (d, 3H, J=0.2 Hz, 2-CHj,), 3.45 (d,
1H, J=10 Hz, 4-H), 4.01 (q, 2H, /=7 Hz, ester CHj), 4.91
(md, 1H, J=10 Hz, 3-H); MS m/e (rel. intensity) 238 (M+),
223 (M—CHgy), 183 (32), 177 (12), 149 (14), 119 (14), 1.0

Calcd for C,,H,,0,Cl: C,
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(14), 107 (27), 91 (32), 79 (17), 67 (20), 43 (100).

Found: G, 70.77; H, 9.359%,. CQCalcd for C,;H,,O,: C,
70.56; H, 9.30%.

Ethyl 2-Phenyl-4-( 2-methyl-1-propenyl)-5,5-dimethyl-4,5-dihydro-
Suran-3-carboxylate (12b). The reaction of o«-benzoyl-
pyrocin (971 mg, 3.57 mmol) with thionyl chloride (3.04
ml, 35.7mmol) in 20 ml of ethanol was carried out in
the same manner as the foregoing experiment to give 940
mg of 12b, 879, yield. The analytical sample was obtained
by preparative TLC on a silica gel (hexane : acetone=4 :
1): IR (neat) 1685—1690 (conjugated ester C=0O), 1622
(C=C), 1597—1580 cm~! (phenyl C=C); NMR (CCl,) ¢
1.17 (t, 3H, J=8Hz, ester CH,;), 1.25 (s, 3H, 5-CH,),
1.35 (s, 3H, 5-CH;), 1.68 (d, 3H, J=1Hz, }-CH;), 1.70
(d, 3H, J=1Hz, >-CH,), 3.66 (d, 1H, J=10 Hz, 4-H),
3.97 (q, 2H, J=8 Hz, ester CH,), 5.05 (md, 1H, jJ=10
Hz, 3-H), 7.2—7.8 (m, 5H, CgH;); MS m/e 300 (M),
285 (M—CHj;), 227 (M—CO,Et).

Found: C, 76.11; H, 8.16%.
75.97; H, 8.05%.

The natural abundance *C NMR spectra of 12a and 12b
are summarized in the following structures. Off-resonance
decoupling was used to support the assignment of 12a.

59.05 23.46

166.67(or 1{6;44)
5.8 .72

12,6 =X,
.- B4 COZCHZCH3

50.01 106,03
166,44 (or 166.67)

Caled for G H,,0,: C,

1.3 B.64
8,71 0 14,64
165.82(0c164,20)
5.9 123.67 5.2 2.5
133}::\ CO,CH,CHy
7.% 5161

106.88
164.20(0r165.82)

14.16
aur

2-(1,1-Ethylenedioxyethyl) - 3 - ( 2-methyl-1- propenyl) - 4, 4 - dimeth-
yl-4-butanolide (13). A mixture of -acetylpyrocin 7a (840
mg, 4 mmol), ethylene glycol (248 mg, 4mmol), and p-toluene-
sulfonic acid (3 mg, 0.02 mmol) in 5 ml of benzene was re-
fluxed for 6.5h with continuous removing of water as a
benzene azeotrope. After cooling, the reaction mixture was
washed with saturated aqueous NaHCO,; and brine. An
organic layer was separated and dried over MgSO,. The
removal of the solvent left 840 mg of the crude acetal 13,
829, yield. The analytical sample was obtained as a clean
oil by column chromatograph on a silica gel (7 g of Wakogel
C-200, hexane : acetone=10:1): IR (neat) 1766 cm™!
(lactone C=0); NMR (CCl,) ¢ 1.16 (s, 3H, y-CHy), 1.32

(s, 6H, »~CH, and CH,¢( ), 1.68 (d, 3H, J=0.1 Hz,
0

3-CH,), 1.74 (d, 3H, J=0.1 Hz, 3>-CH,), 2.68 (d, 1H, J=
11 Hz, «-H), 3.04 (dd, 1H, j=11 Hz and 9 Hz, §-H), 3.83
(m, 4H, O-CH,CH,-O), 5.06 (md, 1H, J=9 Hz, 3-H).
Reaction of 2-(1,1-Ethylenedioxyethyl)-3-(2-methyl-1-propenyl)-
4,4-dimethyl-4-butanolide with Thionyl Chloride in Ethanol.
To a stirred solution of acetal 13 (372 mg, 1.47 mmol) in
15 ml of ethanol was added thionyl chloride (1.17 ml, 14.7
mmol) slowly at room temperature and allowed to react for
additional 3 h at 60 °C. The removal of the solvent and low
boiling materials left a dark brown oil. Filtration through a
silica gel column (3 g of Wakogel C-200, hexane : acetone=
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10 : 1) helped to remove dark brown impurities. Evapora-
tion of the solvent yielded 240 mg of an yellow oil. The GLPC
analysis of the oil'® showed two peaks at the retention times
of 1.5 and 3.4 min in the ratio of 54 : 46. Each fraction
was collected by preparative GLPC. The component with
the retention time of 1.5 min was identified as dihydrofuran
12a (209, yield estimated by GLPC) and the other as 7a.
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