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A general synthetic method is described suitable for the preparation, in excellent overall yield, of alkyl
(2E, 4E)- and (2Z,4E)-3,7,11-trimethyl-2,4-dodecadienoates of high stereochemical purity. The method involves
the condensation of dialkyl 3-methylglutaconates with the aldehydes 2 to give the diacids 4. Decarboxylation (vie
7) affords the pure 2Z,4E isomers 9 which are equilibrated with the 2E, 4E isomers 10. The latter are then sepa-
rated vig their insoluble ammonium salts. Methods are discussed for the conversion of the 2Z,4E stereoisomers
to the 2E, 4E stereoisomers. Benzenethiol by itself is shown to be an excellent equilibration catalyst for olefins.

The alkyl 3,7,11-trimethyl-2,4-dodecadiencates®?® are
potent insect growth regulators with juvenile hormone ac-
tivity and their efficacy as control agents for several pest
insect species has been demonstrated in large scale field
tests. Zoecon Corporation has obtained an experimental
use permit from the Environmental Protection Agency for
compound la (Altosid insect growth regulator; ZR-0515;
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b, R = H; R’ = OEt(ZR-0512)
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d, R=H;R’=0QCH,C==CH (ZR-0777)
e, R = OH; R’ = OEt (ZR0587)
methoprene; ENT 70460)* and we wish to describe here an
outline of a procedure® which may be used to prepare la
and related compounds.
Since the 2E, 4E stereoisomer shows considerably higher

biological activity than the other three possible stereoiso-

mers,28% a useful synthesis must produce principally this
isomer as the final product. We also required a synthetic
route that would be sufficiently versatile to enable us to
prepare a variety of esters, thioesters, amides, and related
analogs. We had initially investigated along with a phos-
phonate route®? a variety of other methods® for the synthe-
sis of 1a and 1b and related compounds. However, it soon
became apparent that the glutaconate route described
below was to be preferred.

Any efficient synthesis of 3-methyl-2,4-dienocic acids
could be applicable to the preparation of 1 since equilibra-
tion® of all four stereoisomers® of 1b (or of the correspond-
ing acids) with benzenethiol gives the same mixture con-
taining ca. 65% of the 2E, 4E isomer, ca. 35% of the 27, 4K
isomer, and only trace amounts of the two 4Z isomers.
Furthermore, as demonstrated below, the 2E,4E isomer

can be readily separated from such an equilibrium mixture
and the 2Z, 4F isomer can be recycled.

It has been known for some time that diethyl and di-
methyl 3-methylglutaconates (3) condense with aliphatic
and aromatic aldehydes under alkaline conditions (metha-
nolic KOH) to give variable yields of 4-alkylidene (or 4-ar-
ylidene)-3-methylglutaconic acids.®-12 The intermediate
diacids, which were finally assigned!? the “cis,cis” configu-
ration (2Z,4E as in 4), have been decarboxylated, with in-
version at C-4, to give (2Z,4F)-3-methyl-2,4-dienoic

FSAAA/ O ROG A /COR"
+ \

2a, R =0Me 3a, R"=R"=Me
b,R=H b, R”=R" =FEt
¢, R=0H ¢, R =Me;R”=Et,

R'=Et;R” = Me, and 3a
OH™
MeOH

CO,R’

2

4a,R=0Me; R’ =R”"=Na
b,R=0Me;R'=R”=K
¢R=0Me; R"=R"=H
d, R =0Me;R'=R’"=Et
e, R=0Me;R'=Me;R"=H
f,R=0Me,R'=R” =Me
g, R=0H;R'=R"=H
h R=H,R"=R’=H

acids.10-12 However, the reported yields have been highly
variable and the reaction mechanisms of both the conden-
sation and the decarboxylation steps have not been clarifi-
ed.1?2 It was noted by Cawley®? that half-esters of the di-
acid may have been formed as intermediates in the conden-
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sation and that both pure Z and E isomers of dimethyl 3-
methylglutaconate gave the same diacid on condensation
with cinnamaldehyde. Wiley and Ellert!! found that on
acidification of the condensation reaction product both di-
acids and the previously unnoticed isomeric carboxy-é-lac-
tones (assigned structures such as 5a) were obtained. The
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5a, R=H 6a,R=H
b, R =Et b R=Et
¢, R=Me ¢, R=Me

type of product obtained could apparently be correlated,
by these authors, with the type of aldehyde used. Although
the diacids were reported to decarboxylate by heating at
145-160° in quinoline alone,19¢ the preferred method of de-
carboxylation was found by Cawley, et al.,1° to be heating
with 2,4-dimethylpyridine in the presence of copper or cu-
pric acetate at 90-120°. However, Wiley and Ellert!! ob-
tained poor yields of monoacid and/or §-lactone under
these conditions and preferred to decarboxylate in hot ace-
tic acid to give é-lactones, assigned the 5,6-dihydro-2-py-
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rone structure (cf. 8). We have investigated this reaction
sequence in considerable detail and have developed it into
a very useful general synthesis of (27, 4E )- and of (2F, 4E )-
3-methyl-2,4-dienoic acids.

Results and Discussion

The condensation of dialkyl 8-methylglutaconates (3)13
with the aldehydes 2 in the presence of excess alcoholic so-
dium or potassium hydroxide proceeded rapidly. For exam-
ple, treatment of a mixture of 2a and 3a in dry methanol
with sodium hydroxide in methanol and heating under re-
flux for 1 hr gave the precipitated disodium salt (4a) in 0%
isolated yield (3.5-4 equiv of NaOH was required to obtain
this optimum yield). Acidification of 4a afforded the diacid
4c which could be esterified to the stable diesters (4d and
f). The free diacid lactonized readily to a mixture of 5a and
6a on heating or on standing at room temperature for long
periods (cf. ref 11). The initial product of lactonization ap-
peared to be mostly 6a, with isomerization to 5a occurring
subsequently. However, under the above condensation con-
ditions it was necessary to isolate the disodium or dipo-
tassium salt by filtration, in order to obtain pure 4c. Exam-
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ination of the filtrate (after acidification) showed it to con-
tain three additional diacid isomers of 4¢ (see below). The
presence of two 2E isomers (ca. 4% of the total condensa-
tion product) was detrimental as it was found that they did
not decarboxylate readily in the following steps and hence
contaminated the product or the recycle. It was found that
the isomerization occurred subsequent to condensation (cf.
ref 12a, ¢, and d) and thus could be avoided by modifying
the reaction conditions. Thus addition of 1 equiv of 50%
aqueous sodium hydroxide solution to a mixture of 2a and
3a in methanol at 5° followed by standing 1 hr at room
temperature gave the half-ester 4e. Addition of a further 2
equiv of sodium hydroxide in water and heating at 65° for 1
hr gave, after acidification, the diacid 4c in 95% yield in
>96% purity. The initial rapid formation of the half-ester
indicated that 5¢ (or 6¢) was probably an intermediate in
the condensation reaction. On standing, the isolated half-
ester lactonized to give a mixture of 5¢ and 6e. The initial
product of lactonization of 4e could be seen by nmr to be
6¢; however, subsequent isomerization to 5¢ occurred read-
ily on mild basic treatment and on chromatography of 6e
on silica gel tle plates.

Decarboxylation of the diacid 4e in the presence of 10%
2,4-dimethylpyridine began at 80° (neat or in toluene) and
proceeded readily at 100° to a mixture of 7a, 8a, and 9a
with 7a generally predominating (in toluene). In contrast
to the published work,1011 it was found that the presence
(or absence) of a copper salt had no detectable effect on
the decarboxylation. It was possible to convert the diacid
4c directly to the 2Z,4F monoacid 9a by prolonged heating
at 100-130° using no solvent other than an excess of an or-
ganic base such as pyridine or 2,4-dimethylpyridine (¢f. ref
10¢). The initial decarboxylation took place readily but the
subsequent conjugation and opening of the lactone ring to
give 9a was slow and often incomplete. These latter steps
proceeded more rapidly in alcoholic sodium alkoxide®15
and hence it was found much more efficient to carry out
the reaction in two steps (¢f. ref 11). Thus the diacid 4c¢
was heated in toluene with 2,4-dimethylpyridine (0.1
equiv) at 100° until carbon dioxide evolution ceased, and
then 1.1 equiv of sodium methoxide in methanol was added
and the mixture heated at 70° for a further hour. This pro-
cedure gave the 2Z,4E monoacid 9a in >90% yield in high
purity. The lactone acids 5a and 6a, which were probably
intermediates in the decarboxylation, also gave 9a under
the above conditions {¢f. ref 11). It was noted that although
no decarboxylation occurred upon heating the diacid 4c¢ in
excess 2 N NaOH, when the diacid was half-neutralized
with aqueous NaOH and the solution heated to reflux (pH
gradually increased from 8.5 to 8.5) a 50% yield of 9a was
obtained, along with 13% of the diene 11, 9% of the lactone
8a, and 20% of the starting diacid. Prolonged heating of the
27, 4F monoacid 9a above 100° gave the diene 11 along
with lesser amounts of 8a (plus 7a). The alkyl esters of 9a
and of 10a were considerably more thermally stable.

Meow MeO _ €O Me
WA -
11 CO,Me
12
CO,Me
MeO . =

CO,Me

13
The isomerization of the acid 9a was studied with a vari-
ety of catalysts (see below). The best catalyst for equilibra-
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tion was found to be benzenethiol. Thus heating the acid
9a neat in the presence of 0.5-1.0% by weight of benzene-
thiol at 100° for 1-2 hr gave in 95% yield a mixture of 35%
of 9a and 65% of 10a. It is particularly interesting that the
presence of light or of AIBN [2,2’-azobis(isobutyroni-
trile)]1€ was not necessary (see below).

We have already noted? that pure (2E,4E)-2,4-dienoic
acids could be islated via their S-benzylisothiuronium
salts. For purification of 10a we now found that treatment
of the isomerization mixture in ether (or in hexane, or di-
chloromethane for 10b and 10¢) with anhydrous ammonia
gas gave a crystalline precipitate of the pure 2E,4E ammo-
nium salt which was collected. The filtrate from this proce-
dure was recycled to the isomerization step above to con-
vert the unprecipitated 2Z,4E acid to an equilibrium mix-
ture of 9a and 10a. The ammonium salt was now acidified
and the recovered pure 2E, 4E acid converted via its acid
chloride (prepared with thionyl chloride in dimethylforma-
mide) into the corresponding ester or thioester (see Experi-
mental Section). This overall scheme has been used to pre-
pare pure la, b, ¢, and d (purity 90-98% by internal stan-
dard gle analysis), without any distillation of intermedi-
ates or final products.

In connection with the isomerization of 9a discussed
above, we found that heating olefins without solvent with
0.5% by weight of benzenethiol at 100° was an excellent
method for equilibration. The presence of a hydrocarbon
solvent increased both the time required to reach equilibri-
um and the amount of benzenethiol which had to be used.
We have used these conditions for equilibrating many ole-
fins. For example, treating (Z)-11-tetradecen-1-yl acetate!?
with 1% by weight of benzenethiol for 1 hr at 100° followed
by removal of the thiol by codistillation with a high boiling
solvent, gave a mixture of the Z and E isomers in the ratio
25:75, respectively, in 92% yield. Other workers have re-
ported the isomerization of olefins with thiyl radicals gen-
erated from benzenethiol in the presence of AIBN (at
65°).18 It has been reported that when the benzenethiyl
radicals were produced thermally (in the dark) from excess
benzenethiol, diphenyl disulfide, or diphenyl sulfide it was
necessary to heat to 200° in order to have a reasonable
isomerization rate of (Z,Z)-1,8-cyclotetradecadiene.8
These workers also noted that double bond migration oc-
curred under these conditions whereas benzenethiyl radi-
cals produced photochemically (A >300 nm) from diphenyl
disulfide (or from diphenyl sulfide) gave rapid equilibra-
tion at room temperature without double bond migration.
Photochemical Z-F isomerization with diphenyl disulfide
has been used successfully by other workers.19-21

The reversibility of the thiyl radical addition to the ole-
finic double bond,?? especially in the case of a resonance-
stabilized radical like benzenethiyl, is presumably the basis
for the thiyl-catalyzed cis—trans isomerization discussed
above. Even though the isomerization probably proceeds
through a transitory radical adduct we did not detect any
permanent thiol adduct in these reactions and our yields of
pure products were always high. No polymerization or
other decomposition tock place during the benzenethiol-
catalyzed isomerization.

Of the other catalysts®! investigated for the equilibration
of 9a (and of 9b) without solvent, it was found that NasS
(20 mol %; 17 hr at 120°) and LiSCN (20 mol %; 22 hr at
120°) gave predominantly the lactone 8a. Butadiene sul-
fone20:21 (25 mol %; 7 hr at 120°) and ruthenium trichloride
trihydrate (20 mol %; 2 hr at 120°) gave deconjugation to
the 3,5-diene and some loss of the 11-methoxy group. Heat-
ing with thiobenzoic S-acid20 (30 mol %; 24 hr at 120°),
AlyS;3 (20 mol %; 19 hr at 120°), or with diphenyl disulfide
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(20 mol % plus 10 mol % AIBN; 3 hr at 80°) gave slow isom-
erization without attainment of equilibrium under these
conditions, whereas heating with dibenzyl disulfide (10 mol
% plus 10 mol % AIBN; 3 hr at 80°) produced no change.
Diphenyl disulfide did result in equilibration at a higher
temperature (20 mol %; 5 hr at 120°), but benzenethiol, for
comparison, gave rapid equilibrium with (5 mol % plus 1
mol % AIBN; 2 hr at 80°) or without (2 mol %; 1 hr at 100°)
the use of AIBN. Heating with sulfur?%23 (20 mol %; 25 hr
at 115°) gave only partial isomerization. Heating with
thioacetic S-acid (20 mol %; 6.5 hr at 120°) gave the equi-
librium mixture (9a:10a in ratio 35:65, respectively) but the
reaction was not as rapid or as clean as with benzenethiol
and required considerably more catalyst. Treatment with
thioglycolic acid (10% by weight; 22 hr at 100°) also gave
the equilibrium mixture.

Isomerization of the esters la, 1b, 9e, 9f, and 9g was also
investigated. Again benzenethiol was a satisfactory cata-
lyst.® Thus heating either la or 9f with 1% by weight of
benzenethiol and 0.5% AIBN at 80° for 2 hr gave a mixture
of la and 9f in the ratio 67:33, respectively. Heating the
2Z,4E esters with alkoxides such as potassium tert- butox-
ide or sodium isopropoxide in dimethylformamide and also
in 2-propanol for the latter gave very little isomerization,
although addition of catalytic amounts of sodium ethoxide
in ethanol to a solution of 1b in dimethylformamide at 25°
(overnight) did produce isomerization at C-2. Heating the
ester 9g (without solvent) with sulfur2523 (20 mol %; 4.5 hr
at 115°) gave rapid equilibration to the 65:35 mixture of
10f and 9g, respectively. Sodium sulfide and also sodium
hydrosulfide (20 mol %) gave equilibration after 20 hr at
115° (no solvent). Ruthenium trichloride (20 mol %; 48 hr
at 115°) was slower and most other catalysts (no solvent;
115°) also gave either slow isomerization (e.g., NaSMe,
LiSCH3, or KSCHg3), no isomerization (e.g., KF or
NaOMe), or caused decomposition (e.g., Iy or PdCly).

The configuration of the intermediate 4¢ was assigned
the 2Z,4E stereochemistry in agreement with previous as-
signments,!? based on the following result. Methylation of
the disodium salt 4a with excess methyl iodide in dimethyl-
formamide gave the dimethyl ester 4f. Treatment of this
diester with benzenethiol (10 mol % plus 0.05% AIBN) gave
a mixture of three isomers (glc-ms) in the ratio 42:46:12.
Partial separation by preparative tlc (and hplc) and exami-
nation of the nmr spectra enabled the assignment of the
structures 4f, 12, and 13, respectively. The mixture of the
two 2F isomers 12 and 13 could not be easily separated by
preparative tlc but treatment of a mixture of 12 and 13 (in
the ratio 78:22, respectively) with benzenethiol as above
gave the same equilibrium mixture (4f:12:13 in the ratio
40:48:12, respectively) as obtained from 4f. In the nmr
spectrum (CCly) of 4f the 2-H absorbed at 5.85, the 5-H at
6.70, and the C-3 methyl group at 1.98 ppm. Similarly the
5-H of 12 absorbed at 6.76 whereas the C-3 methyl group
absorbed at 2.22 ppm (c¢f. ref 2 and 6). In 13 and C-3 meth-
vl group signal appeared at 2.27 but the signal due to the
5-H was shifted upfield to 6.08 ppm.6:12

The condensation of 3a with 2a using 4 equiv of sodium
hydroxide under reflux gave mainly 4a (90% yield) but the
filtrate after the collection of the disodium salt 4a, as men-
tioned above, contained (after acidification) three addi-
tional isomers of 4¢, in the ratio ca. 1:1:3. Methylation of
the diacids with diazomethane and comparison with the
isomerization products of 4f, showed that one of the minor
isomers was identical with 12, and that a negligible amount
of 13 was present. The major by-product diacid appeared
to decarboxylate readily to give the same product as did 4¢
and thus probably had the 2Z configuration (the other two
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isomers did not decarboxylate readily). From an examina-
tion of the mass spectra of the dimethyl esters it appeared
that both this major by-product isomer and the other
minor isomer possessed 2,5-diencate (or 3,5-dienoate)
structures (both contained a major fragment at m/e 162
whereas 4f and 12 had a typical strong peak at m/e 183
which was of low intensity in these two by-product iso-
mers). :

In conclusion the glutaconate route described above is a
versatile general method for the preparation of (2K, 4F)-
and (2Z, 4E )-3-methyl-2,4-dienoic acids, and of a variety of
esters and related analogs. The chemical starting materials
are readily available and the by-products are ecologically
innocuous. The solid disodium salts (e.g., 4a) and the am-
monium salts (of 10) allow easy purification of the interme-
diates and thus the product esters are obtained in high pu-
rity without distillation. The process can be run in high
concentrations and can be readily scaled up.

Experimental Section

All substances described herein are racemic compounds; the pre-
fix dl is omitted. Preparative thin-layer chromatography was car-
ried out with Merck (Darmstadt) silica gel PF-254. Nmr spectra
were determined on a Varian T-60 spectrometer. Infrared spectra
were measured on a Unicam SP 200G spectrophotometer. Mass
spectra were measured on a Varian Mat CH-7 spectrometer, at 20
or 70 eV ionization potential. Gas-liquid chromatographic analy-
ses were performed on Model 402 Hewlett-Packard instruments
equipped with hydrogen flame ionization detectors. Solvents were
dried over activated 4A molecular sieves.

Dimethyl 3-Methylglutaconate (3a). To a solution of 273 g
(1.5 mol) of methyl isodehydracetate in 250 ml of dry methanol
was added 34 g (0.16 mol) of 25% sodium methoxide in methanol,

_and the mixture was heated under reflux for 1 hr in a dry nitrogen
atmosphere. The solvent was removed at reduced pressure and the
residue was distilled in vacuo to give 232 g (90%) of 3a, bp 100° (3
mm).

Substitution of 300 g (1.46 mol) of ethyl isodehydracetate for the
methyl ester in the above reaction, gave 242 g (86.5%) of a fraction
of mixed esters 3¢ of 3-methylglutaconate, bp 99-115° (3 mm),
which can be used directly in the condensation step. Diethyl 3-
methylglutaconate was prepared, as above, from ethyl isodehydra-
cetate with sodium ethoxide in dry ethanol.

Disodium (2Z,4FE )-4-Carboxylato-11-methoxy-3,7,11-trim-
ethyl-2,4-dodecadienoate (4a). To a solution of 308 g (1.65 mol)
of aldehyde 2a and 284 g (1.65 mol) of dimethy} 3-methylglutaco-
nate (3a) in 150 ml of dry methanol was added over 15 min with
stirring, a solution of 267 g (6.68 mol; 4.05 equiv) of sodium hy-
droxide dissolved in 1.1 . of dry methanol. The mixture was then
heated under reflux for 1 hr and allowed to cool. The precipitate
was filtered off, dried with suction, and then slurried in 1.8 1. of 2-
propanol and the salt was collected by filtration. The filter cake
was allowed to drain well and dried in a vacuum desiccator. The
yield of the disodium salt 4a was 529 g (90%). Ether can be used in
place of 2-propanol to wash the salt (the solubility of 4a in 2-pro-
panol at room temperature was found to be 2.1 g/l.; the solubility
in methanol was ca. 15 g/l.).

The disodium salt was dissolved in 1.5 1. of water, acidified to
pH 1 with 4 N sulfuric acid and the mixture was extracted with
ether (3 X 1 1.). The combined organic layers were washed with
water and brine and dried (MgSOy) and the solvent was removed
in vacuo to give 4c (446 g) as a viscous oil: nmr (CDCly) 6 0.88 (d, J
= 6 Hz, C-7 CHjy), 1.13 (s, C-11 CH3 + H-12), 2.05 (br s, C-3 CHy),
3.22 (s, OCHs), 5.97 (m, H-2), and 6.92 ppm (t, separation = 7.5
Hz, H-5). On standing at room temperature or on mild heating the
diacid lactonized. Thus after standing 1 month, ca. 70% of the di-
acid had been converted to 6a (and 5a). Partial lactonization even
occurred on removal of the ether solvent used to extract the diacid
after acidification (the CDCl3 nmr spectrum of 4¢ above contained
signals at 2.23 and 5.40 ppm due to 6a). Extraction of the diacid
into CCly after acidification of the disodium salt, followed by
washing with water and drying (CaS0Oy,), gave a pure solution of 4¢
containing no lactone: nmr ¢ 0.88 {(d, J = 6 Hz, C-7 CHj), 1.08 (s,
C-11 CH3 + H-12), 2.01 (d, J = 1.3 Hz, C-3 CH3), 3.10 (s, OCH3),
5.85 (m, H-2), and 6.82 ppm (br t, “J” = 7.5 Hz, H-5).
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Use of 4 equiv of potassium hydroxide in the above reaction gave
the solid dipotassium salt 4b.

Substitution of 2a with 3,7-dimethyl-1-octanal (2b) or with 7-
hydroxy-3,7-dimethyl-1-octanal (2¢) in the above reaction gave
the corresponding disodium salts in high yield (ca. 95%). The diac-
ids recovered from these two salts solidified at room temperature.

If toluene was used in place of ether to extract the diacid after
acidification, then the dried, filtered toluene extract could be used
directly in the decarboxylation step.

Ethylation of the diacid 4¢ with 1-ethyl-3-p- tolyltriazene?* in
ether and purification by silica gel preparative tic gave the corre-
sponding diethyl ester 4d: bp (bath, short path) 146° (0.05 mm); ir
(film) 1725, 1715, 1660, and 1635 cm™~%; nmr (CDCl3) 5 0.88 (d, 3, J
= 6 Hz, C-7 CHa), 1.13 (s, 6, C-11 CH3 + H-12), 2.00 (d, 3, J = 1.5
Hz, C-3 CHy), 3.18 (s, 3, OCHy), 4.11 (q, 2, J = 7 Hz, OCH 2CH3),
4.23 (q, 2,J =T Hz, OCH3CHs), 5.93 (m, 1, H-2), and 6.82 ppm (t,
1, separation = 7.5 Hz, H-5); mass spectrum (20 eV) m/e (rel in-
tensity) M* 368 (~0), 354 (~0), 291 (3), 290 (2), 244 (5), 229 (3),
211 (81), 183 (12), 167 (10), 73 (100).

Anal. Caled for Co1HagOs: C, 68.45; H, 9.85. Found: C, 68.16; H,
9.96.

To 6.01 g (0.017 mol) of the disodium salt 4a in 25 ml of di-
methylformamide was added 9.6 g (0.068 mol) of methyl iodide
and the solution heated at 56° for 8 hr under Ny. After cooling the
mixture was poured into water and extracted with ether-hexane.
The organic layer was washed with water, 10% NayCO3, water, and
brine and dried (CaSOQ4). Removal of the solvent in vacuo gave
5.14 g (89% yield) of the dimethyl ester 4f: bp (bath, short path)
130° (0.05 mm); nmr (CCly) 6 0.88 (d, J = 6 Hz, C-7 CHj), 1.10 (s,
C-11 CH3 + H-12), 1.98 (d, J = 1.5 Hz, C-3 CHy), 3.10 (s, OCH3),
3.60 (s, CO2CH3y), 3.70 (s, CO2CH3), 5.85 (m, H-2), and 6.70 ppm (t,
“J” = 7.5 Hz, H-5); mass spectrum m/e (rel intensity) M* 340
(~0), 325 (2), 309 (~0), 308 (~0), 277 (3), 276 (3), 261 (7), 244 (10),
229 (8), 183 (60), 153 (18), 123 (8), 73 (100).

Anal. Caled for C19H3305: C, 67.03; H, 9.47. Found: C, 66.94; H,
9.44.

Methylation of 4¢ with diazomethane in ether, followed by puri-
fication by preparative tlc, also gave 4f.

4-Ethoxycarbonyl-5-(6-methoxy-2,6-dimethylheptyl)-3-
methyl-2-penten-5-olide (5b). Removal of the solvent from a
sample of the diacid 4¢, which had been stored in ether solution at
room temperature for 50 days, and examination of the residue by ir
and nmr spectroscopy showed it to contain a considerable propor-
tion of the lactone 5a (and the 3-pentenolide isomer 6a). A 2.15-g
sample of this material was esterified with 1-ethyl-3-p- tolyltri-
azene?? in ether. Chromatography on preparative thin-layer plates
gave 0.50 g of the diester 4d (upper band) and 0.50 g of 5b (con-
taining a small amount of 6b): bp (bath, short path) 160° (0.05
mm); ir (CCly) 1740 and 1735 em™}; nmr (CDCl3) 6§ 0.93 (d, J =6
Hz, CH3CH), 1.14 [s, (CH3)2C], 2.01 (d, J = 1.3 Hz, C-3 CHa),
3.13 (m, H-4), 3.20 (s, OCHsy), 4.24 (q, J = 7 Hz, OCH 3CH3y), 4.28
(q, J = 7Hz, OCH2CHgy), 4.6 (br m, H-5), and 5.98 ppm (m, H-2);
mass spectrum (20 eV) m/e (rel intensity) 325 (~0), 269 (~0), 183
(3), 73 (100).

Anal. Caled for C1gH3:05: C, 67.03; H, 9.47. Found: C, 67.12; H,
9.58.

(2Z,4E)-4-Carboxy-11-methoxy-3,7,11-trimethyl-2,4-dode-
cadienoic Acid (4c). To a solution of 28.60 g (0.15 mol) of 3,7-
dimethyl-7-methoxy-1-octanal (2a) and 28.32 g (0.15 mol) of dial-
kyl 3-methylglutaconate (analyzed mixture of methyl and ethyl es-
ters) in 90 ml of methanol cooled in an ice-water bath was added,
over 10 min, a solution of 12.0 g (0.15 mol) of 50% agueous sodium
hydroxide solution in 20 ml of methanol. After the mixture was
stirred for 1 hr at room temperature, a solution of 12.0 g (0.30 mol)
of sodium hydroxide in 48 ml of water was added and the reaction
mixture was heated at 65° under reflux for 1 hr. After cooling,
water was added and the mixture was extracted with hexane (dis-
carded). The aqueous layer was acidified, and extracted with ether.
The ether solution was washed with water and brine, dried
(MgS0.), and evaporated to give 44.71 g (95% yield) of 4c. Methyl-
ation of a sample with diazomethane (before removal of the sol-
vent) and gle analysis of the resulting diester 4f indicated a purity
of >96% by peak normalization. This product can be used directly
in the decarboxylation step.

(2Z,4E )-11-Methoxy-4-methoxycarbonyl-3,7,11-trimethyl-
2,4-dodecadienoic Acid (4e). To a solution of 2.86 g (15 mmol) of
methoxycitronellal (2a) and 2.58 g (15 mmol) of dimethyl 3-meth-
ylglutaconate (3a) in 10 ml of dry methanol was added, with stir-
ring and cooling in an ice-water bath, a solution of 1.2 g (15 mmol)
of 50% aqueous sodium hydroxide solution in 2 ml of methanol.
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The reaction mixture was then stirred at room temperature for 1
hr, and then diluted with water and acidified with cold aqueous
sulfuric acid, and then extracted with CCly. The organic layer was
washed with water and dried (MgSOy), to give a CCly solution of
pure 4e; ir (CCly) 1730, 1700, 1660, 1635 ¢cm~1; nmr (CCL) § 0.88
(d, J = 6 Hz, C-7 CHg), 1.08 (s, C-11 CH3 + H-12),2.00 (d,J = 1.3
Hz, C-3 CHsy), 3.10 (s, OCHgy), 3.70 (s, CO2CHjy), 5.83 (m, H-2), and
6.67 ppm (t, “J” = 7.5 Hz, H-5). When the CCly was removed in
vacuo partial lactonization to 6¢ occurred. The residue was dis-
solved in ether and the solution heated under reflux for 48 hr and
the solvent removed in vacuo. The residue now contained a mix-
ture of 4e and 6c in the ratio ca. 1:1 [the nmr spectrum in CDCl;
showed peaks at 2.21 (C-3 CHj) and 5.40 (H-5) due to 6¢]. When
an aliquot of this material in ether was shaken with aqueous
NH,OH, the 6c was converted mostly into 5¢. When the mixture
of 4e and 6¢ above was chromatographed on silica gel preparative
thin-layer plates, the recovered lactone fraction consisted of most-
ly 5¢: ir (CCly) 1735 and 1660 cm~%; nmr (CCly) § 0.93 and 0.97
(two d,J =6 Hz, CH-CH 3), 1.10 [s, (CH 3)2C], 1.99 (d, J = 1.3 Hz,
C-3 CHjy), 3.03 (m, H-4), 3.12 (s, OCHj3), 3.76 (s, CO2CHgy), 4.50 (br
m, H-5), and 5.83 ppm (m, H-2).

Anal. Caled for C1gH200s: C, 66.23; H, 9.26. Found: C, 65.80; H,
9.03.

(2Z,4E)-11-Methoxy-3,7,11-trimethyl-2,4-dodecadienoic
Acid (9a). A solution of 104.0 g (333 mmol) of the diacid 4¢ and
2.0 g (19 mmol) of 2,4-dimethylpyridine in 270 ml of dry toluene
was heated, under nitrogen, at 100° until decarboxylation was
complete (3 hr; the reaction was followed by tlc). The solution was
cooled to 70°, purged with nitrogen, 82 g (380 mmol) of 25% sodi-
um methoxide in methanol was added, and the resulting solution
was held, under nitrogen at 70°, until reaction was complete (ca. 1
hr). To the cooled, stirred solution was added 500 ml of water and
30 ml of 1 N aqueous NaOH. After removal of the organic phase
(discarded), the aqueous phase was acidified to pH 1 with 4 N sul-
furic acid and extracted with 300 ml of hexane. The hexane extract
was washed twice with water, once with brine, dried (MgSQOy,), and
the solvent was evaporated in vacuo up to 58° (1 mm) to give 83.5:
g (93%) of (2Z,4E)-11-methoxy-3,7,11-trimethyl-2,4-dodecadieno-
ic acid (9a) (anaiysis by glc showed a purity of 96%) as a yellow oil:
ir (CHCl;) 1685 {C=0), 1635, and 1600 cm~! (C=C); nmr (CDCls)
60.88 (d, J = 6 Hz, C-7 CHy), 1.13 (s, C-11 CH3 + H-12),2.01 (d, J
= 1.3 Hz, C-3 CHjy), 3.17 (s, OCH3), 5.63 (br s, H-2), 6.15 (d of t, J
=7 and 16 Hz, H-5), and 7.55 ppm (d, J = 16 Hz, H-4).

Methylation of a sample with diazomethane and analysis by glc
showed it to contain <0.5% of the 2E, 4E isomer 10d.

To a solution of 2.0 g (0.0075 mol) of the acid 9a in 10 ml dry
ether, and 0.8 ml of thionyl chloride at 10°, was added 0.3 ml of di-
methylformamide. The mixture was then allowed to warm to room
temperature and was stirred for 1 hr. The upper layer of the now
two-phase mixture was decanted and the solvent removed from it
in vacuo (the lower phase was discarded). The residue was taken
up in 15 ml of fresh ether and 2.3 g (0.038 mol) of 2-propanol was
added. The mixture was then stirred at room temperature over-
night, ether (45 ml) and water (50 m}) were added, and the mixture
was made basic with aqueous 15% potassium carbonate solution.
The organic layer was separated and washed twice with water,
brine, and then dried (CaSQy,). Solvent removal in vacuo yielded
1.8 g (77%) of the isopropyl ester 9f: bp (bath, short path) 136°
(0.04 mm); nmr (CCly) 6 0.92 (d, J = 6 Hz, C-7 CHjy), 1.08 (s, C-11
CH; + H-12),1.22 [d, J = 6 Hz, OCH(CH 3);), 1.95 (d, J = 1.3 Hz,
C-3 CHj), 3.08 (s, 3, OCHj3), 4.97 [m, 1, J = 6 Hz, -OCH (CHjy)s),
5.50 (br s, H-2), 6.00 (d of t, J = 7 and 16 Hz, H-5), and 7.58 ppm
(d, J = 16 Hz, H-4); mass spectrum (20 eV) m/e (rel intensity) M+
310 (~0), 153 (25), 137 (15), 111 (40), 109 (15), and 73 (100).

Anal. Caled for Cy9H3403: C, 73.50; H, 11.04. Found: C, 73.66; H,
10.97.

Decarboxylation of 4c¢ to the Lactones 7a and 8a. To 12.95 g
(0.0415 mol) of the diacid 4¢ in 80 ml toluene was added 0.44 g
(0.0041 mol) of 2,4-dimethylpridine. The solution was stirred and
heated to 100° (evolution of COs began at 80°) and held at 100°
until COg evolution ceased (ca. 90 min). The solvent was then re-
moved in vacuo to give a residue of 10.5 g (94% yield) of a mixture
of 7a, 8a, and 9a with the lactone 7a predominating. Separation
into acidic and neutral fractions and purification of a sample of the
latter by preparative tlc gave the lactone 7a (containing only a
small amount of 8a): nmr (CCly) 6 0.95 (d, J = 6 Hz, CH3CH), 1.10
{s, (CH3)2CQ], 1.80 (br s, C-3 CHz), 2.83 (m, H-2), 3.10 (s, OCHg),
4.87 (br m, H-5), and 5.50 ppm (m, H-4); mass spectrum (20 eV)
mfe 254,198, 197, 111, 109, 107, 97, 95, 81, 73 (base peak), 69, and
55.
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Anal. Caled for C16H2504: C, 71.60; H, 10.52. Found: C, 71.67; H,
10.38.

Repetition of the above experiment with the addition of cupric
acetate monohydrate (0.002 mol) gave identical results.

Decarboxylation of 4c Directly to 9a. A mixture of 60.6 g
(0.194 mol) of the diacid 4e, 0.966 g (0.0048 mol) of cupric acetate
monohydrate, and 187 g (1.7 mol) of dry 2,4-dimethylpyridine was
heated at 80-85° until evolution of carbon dioxide ceased (ca. 1
hr). The temperature (oil bath) was then increased to 130° and
held there for 1 hr. After cooling, ether and water were added and
the mixture was then acidified with cold aqueous 3 N HzSO4. The
aqueous layer was separated and extracted twice with ether. The
combined ether layers were washed with aqueous saturated CuSO4
solution, water, and brine and then dried (CaSQj,). Solvent remov-
al in vacuo gave 50.8 g of a mixture of the lactones 7a and 8a, and
the acid 9a with the acid predominating.

Heating a sample of the diacid 4c in excess pyridine as the sol-
vent (no added copper salt) at 100° under a N3 atmosphere for 2 hr
gave a 20% yield of 7a (plus some 8a) and a 66% yield of 9a. In gen-
eral decarboxylation using 2,4-dimethylpyridine was found to be
faster than when pyridine was used.

Heating the lactone acid 5a (containing some 6a) in excess 2,4-
dimethylpyridine for 2 hr at 100 to 120° gave a similar yield of a
mixture of 7a, 8a, and 9a.

Opening of the Lactone 7a. A solution of 21.9 g (0.082 mol) of
7a in 40 mi of ethanol was added to a solution of NaOEt (from 2.3
g of Na; 0.1 mol) in 100 m! of ethanol, and the solution stirred for
18 hr at room temperature. The ethanol was then removed in
vacuo, and the residue was dissolved in water (150 ml) and ex-
tracted with ether (discarded). The aqueous phase was acidified
(pH 1) with 4 N H;S804 and extracted with ether. The ether ex-
tract was washed with water and brine and dried (MgSO,) and the
solvent removed to give 21.02 g (96% yield) of 9a.

(2Z,4E)-3,7,11-Trimethyl-2,4-dodecadienoic Acid (9b). A
solution of the lactone 7b (1.065 g; 0.0045 mol) prepared from 4h
by the procedure given above for 7a, in 5 ml of ethanol was added
slowly to a solution of NaOEt (from 0.115 g of Na; 0.005 mol) in 7.5
ml ethanol at 5° under a Ny atmosphere. After 20 hr at room tem-
perature the solvent was removed in vacuo, water was added and
the solution was extracted with ether (discarded). The aqueous
phase was separated, acidified with aqueous HCl and the mixture
was extracted with ether. The organic layer was washed with water
and brine and dried (Na»SOy4) and the solvent removed in vacuo to
give 0.92 g (86% yield) of the acid 9b, which crystallized on stand-
ing at room temperature, mp 28-30°. Recrystallization from pen-
tane gave material with mp 31.5-32°: nmr (CDCl3) 6 0.88 (d,J =6
Hz, C-7 CH3 + C-11 CH3 + H-12), 2.03 (d, J = 1.3 Hz, C-3 CH3),
5.63 (br s, H-2), 6.17 (d of t,J = 7 and 16 Hz, H-5), and 7.55 ppm
(d,J =16 Hz H-4).

Anal. Caled for C15H603: C, 75.58; H, 10.99. Found: C, 75.97; H,
11.02.

(2Z,4E )~11-Hydroxy-3,7,11-trimethyl-2,4-dodecadienoic
Acid (9¢). In an analogous sequence of reactions, condensation of
2¢ with 3a gave 4g. Decarboxylation in 2,4-dimethylpyridine at
85-120°, and treatment of the isolated product with NaOEt in dry
ethanol gave in similar yields (to above) the acid 9e¢: ir (film) 1695
(C==0), 1635, and 1600 em~%; nmr (CDCl3) § 0.90 (d, J = 6 Hz, C-7
Me), 1.20 (s, C-11 CH3 + H-12), 2.02 (br s, C-3 Me), 5.65 (br s, H-
2), 6.17 (m, H-5), and 7.56 ppm (d, J = 16 Hz, H-4).

Anal. Caled for C15HggOs: C, 70.83; H, 10.30. Found: C, 70.36; H,
10.60.

This acid was best stored below 5° in sealed containers under N,
or argon. Slightly impure samples were found to decompose readi-
ly at room temperature in air. )

Decarboxylation of the Mono Salt of 4c. To 3.56 g (0.01 mol)
of the disodium salt 4a in 20 ml of water was added 2.77 ml (0.01
mol) of 3.60 N sulfuric acid (the pH of the resulting solution was
6.5). The solution was heated under reflux for 7 hr (after which
time the pH was 8.5), and then allowed to stand overnight at room
temperature. The mixture was made basic with 2 N sodium hy-
droxide and extracted with ether. The organic layer was washed
with water and dried (MgS0y) and the solvent removed to give
0.53 g of a colorless oil, which by tle, gic, and nmr analysis was a
55:45 mixture of 11 and 8a, respectively.

The aqueous phase was acidified with 3.6 N sulfuric acid and
extracted three times with ether. The combined ether layers were
dried (MgSO4) and the solvent was removed. The residue (2.04 g)
was composed of a 2:1 mixture of 9a and the starting acid 4e, re-
spectively.

10-Methoxy-2,6,10-trimethyl-1,3-undecadiene (11). On heat-
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ing a sample of the 2Z,4F acid 9a at 120° without solvent both the
lactone 8a and the diene 11 began to appear. After 22 hr the three
compounds 9a, 8a, and 11 were present in about equal amounts. At
150° the acid 9a disappeared and the diene 11 began to predomi-
nate.

A 3.3-g sample of 9a was heated without solvent at 130° for 27
hr under No. After the sample had cooled, the nmr spectrum (and
the glc analysis of a diazomethane treated aliquot) showed the
presence of a mixture of 11, 8a, and 9a. A 1.85-g portion of this
mixture was chromatographed on silica gel preparative thin-layer
plates developed with ether-hexane (7:93). The upper band gave
0.45 g of the diene 11 (analysis by glc showed a purity of 96%): bp
(bath, short path) 65° (0.04 mm); uv max (hexane) 230 nm (e
25,600); ir (film) 3080, 1610, 970, and 885 cm~1; nmr (CCly) 6 0.88
(d, J = 6 Hz, C-6 CHs), 1.10 (s, C-10 CH3 + H-11), 1.82 (m, C-2
CH3), 3.10 (s, OCHy), 4.83 (br s, H-1), 5.57 (m, H-4), and 6.11 ppm
(d, J = 16 Hz, H-3); mass spectrum (70 eV) m/e (rel intensity) M+
224 (~0), 209 (1), 192 (8), 177 (7), 149 (16), 136 (8), 124 (13), 123
(23), 121 (13), 109 (20), 107 (27), 95 (10), 93 (15), 81 (20), 73 (100),
69 (27), and 55 (10).

Equilibration of the 2Z,4E Acid 9a. To 123 g (0.46 mol) of 9a
was added with stirring under Ny, 1.23 g (11 mmol) of benzenethiol
and the mixture was heated at 100° in an oil bath for 1 hr (reaction
was followed by glc analysis of diazomethane methylated aliquots).
To the mixture was then added 60 g of odorless hydrocarbon sol-
vent of bp 176-207° (Soltrol 130, from Phillips Petroleum Co) and
the solution distilled in vacuo at 3 mm (up to 90°) to remove the
benzenethiol. The residue was then cooled and to it was added
hexane (100 ml), water (400 ml), and 37 g (0.55 mol) of 58%
NH,OH. After thorough mixing the aqueous layer was separated
and acidified with 4 N H3SO,4 and then was extracted with hexane.
The organic layer was washed with water and brine and dried
(MgS0y4) and the solvent removed at 1 mm (up to 60°) to give
117.3 g (95% yield) of a mixture containing 32% of 9a and 65.4% of
10a (determined by glc analysis of a diazomethane treated aliquot,
on OV-101 or PDEAS).

In the equilibration reaction and during the benzenethiol re-
moval, the temperature of the pot was kept below 102° to prevent
any loss of 9a by decarboxylation to 11.

Under the same conditions $b and 9¢ were equilibrated to the
corresponding 65:35 mixtures of 2E,4E and 2Z,4F Isomers, re-
spectively.

Equilibrations of 9a were also carried out using 5 mol % benzen-
ethiol plus 1 mol % 2,2'-azobis(isobutyronitrile) with heating at
80° for 2 hr, to give a mixture of 9a:10a in the ratio 32:68, respec-
tively.

Equilibration of (Z)-11-Tetradecen-1-yl Acetate. A mixture
of 10.36 g of (Z)-11-tetradecen-1-yl acetate'” and 0.104 g of ben-
zenethiol was heated in an oil bath at 100° with stirring for 80 min
under a Ny atmosphere. After cooling, 15 ml of Soltrol 130 (a mix-
ture of hydrocarbons; bp 176-207°) was added and a Soltrol 130~
benzenethiol mixture was distilled off in vacuo [max bp 54° (3.6
mm}]. The residue was chromatographed on silica gel (activity III;
200 g), and elution with 5% ether in hexane gave 9.35 g (90% yield)
of pure 11-tetradecen-1-yl acetate, as a mixture of the E and Z iso-
mers in the ratio of 75:25, respectively.

Similarly heating (Z)-8-dodecen-1-yl acetate? with 1% by
weight of benzenethiol at 100° for 1 hr and working up as above
gave a E:Z ratio of 77:23, respectively.

Ammonium (2E,4E)-11-Methoxy-3,7,11-trimethyl-2,4-do-
decadienoate. Over a stirred solution of 242.5 g (0.904 mol) of a
65:35 mixture of 10a:9a (respectively) from equilibration, in 1.2 .
of diethyl ether, was passed dry NHj gas until the solution ceased
to absorb the gas. After a further 2 hr stirring in a NH3 atmo-
sphere the mixture was filtered, and the collected solid was resus-
pended in 750 ml of fresh ether and the mixture was filtered again.
Residual ether was removed from the salt under reduced pressure
to give 130 g (0.46 mol) of the salt as a white solid. The ammonium
salt slowly evolved NHj but was stable stored in air-tight contain-
ers.

The ether filtrates from above were combined and stirred with
excess aqueous 4 N HySO4. The organic layer was washed with
water and brine and dried and the solvent removed to give a 116.3
g (0.43 mol) of residue (9a plus 10a) which was recycled through
the equilibration procedure.

The solubility of the ammonium salt of 10a in dry ether, at 25°,
was found to be 2.1 g/L.,, and the solubility in hexane was ca. 1 g/l

In a like manner the ammonium salts of 10b and 10e were pre-
cipitated from dichloromethane.

(2E,4E)-3,7,11-Trimethyl-2,4-dodecadienoic Acid (10b). To
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a solution of 197 g (0.77 mol) of the ammonium salt of 10b in 350
ml of water was added 850 ml of hexane and 275 g (0.1 mol) of 4 N
HS04 with stirring. After 15 min the organic layer was washed
with brine and dried (CaSQ,) and the solvent was removed to give
180 g (0.76 mol) of 10b as a crystalline solid, mp 42-44° (lit.? mp
44°). Analysis by glc (of a diazomethane methylated sample)
showed that the acid contained a negligible amount (<0.5%) of the
2Z,4E isomer 9b.

Similarly recovery from the corresponding salts (as above) gave
pure 10a,2 and also the pure 2E,4E acid 10e: ir (film) 1697, 1635
and 1610 em™%; nmr (CCly) 6 0.88 (d, J = 6 Hz, C-7 CHj), 1.17 (s,
C-11 CH3 + H-12), 2.27 (d, J = 1 Hz, C-3 CHjy), 5.68 (m, H-2), and
6.03 ppm (m, H-4 and H-5).

Anal. Caled for C15Hg605: C, 70.83; H, 10.30. Found: C, 70.45; H,
10.03.

Methylation of 10¢ with diazomethane gave methyl (2E, 4E)-
11-hydroxy-3,7,11-trimethyl-2,4-dodecadiencate: bp (bath, short
path) 115° (0.04 mm); nmr (CCly) 5 0.88 (d, J = 6 Hz, C-7 CHy),
1.18 (s, C-11 CH3 + H-12), 2.26 (d, J = 1 Hz, C-3 CHjy), 3.67 (s,
CO2CHy3y), 5.65 (br s, H-2), and 6.10 ppm (m, H-4 and H-5).

Ethylation of 10c with diazoethane gave the corresponding ethyl
ester le: bp (bath, short path) 102° (0.01 mm).

Anal. Caled for C7H3003: C, 72.30; H, 10.71; O, 16.99. Found: C,
72.40; H, 10.77; O, 16.96.

Isopropyl (2E,4E)-11-Methoxy-3,7,11-trimethyl-2,4-dode-
cadienoate (1a). To a solution of 285.4 g (1.0 mol} of the ammo-
nium salt of 10a in 450 ml of water was added 900 ml of hexane
and 375 ml of 4 N HsSO4 with stirring. The organic layer was
washed with brine and dried (CaSOy) and the solvent was removed
in vacuo. The dry residue was dissolved in 146 g (2 mol) of di-
methylformamide under a Ny atmosphere in an apparatus
equipped with a reflux condenser, and 137 g (1.15 mol) of SOClg
was added (exothermic) dropwise with stirring, at such a rate that
the temperature did not exceed 35°. After a further 1 hr at 35° the
mixture was cooled and 350 ml of pentane was added (gas evolu-
tion occurred) followed by the dropwise addition of 81 g (1.35 mol)
of 2-propanol (exothermic; temperature was controlled by the re-
fluxing solvent). After a further 1 hr stirring, 400 ml of pentane
was added followed by the slow addition of 300 ml of water, with
cooling in a cold water bath. The organic phase was washed with 2
N NaQH, water, and brine and dried (MgSQ,) and the solvent re-
moved to give 277 g (89% yield) of 1a2 (analysis by glc showed it to
contain 95.1% of 1a and 2.1% of the 2Z,4E isomer 9f): bp 135-136°
{0.06 mm).

Since the starting ammonium salt of 10a contained negligible
2Z,4E isomer, a small amount of isomerization at C-2 obviously
occurred under the above rather vigorous esterification conditions.
Heating the acid chloride (above) at 110° for 2 hr with excess
thionyl chloride caused equilibration at C-2.

S-Ethyl (2E,4E)-11-Methoxy-3,7,11-trimethyl-2,4-dode-
cadienethioate (1c). To a solution of 135 g (0.50 mol) of 10a in 73
g (1.0 mol) of dimethylformamide under N, was added dropwise
68.5 g (0.58 mol) of SOCl; while maintaining the temperature at
<35°. After a further 1 hr at 35° the mixture was cooled and 200
ml of pentane was added with stirring (gas evolution occurred). On
settling, the lower dimethylformamide layer was drained off, addi-
tional pentane (250 ml) was added to the upper phase which was
then cooled to 15°. To this solution was added slowly 34 g (0.55
mol) of ethanethiol followed by careful addition (exothermic) of 48
ml (0.60 mol) of pyridine dissolved in pentane (100 ml) with cool-
ing to maintain the temperature below 30°. After the addition was
completed the mixture was stirred for 1 hr at room temperature
and then 300 ml of water was added. The organic phase was
washed with 4 N Hs8Oy4, water, 2 N NaOH, water, and brine and
dried (CaSO,) and the solvent removed to give 147 g (94% yield) of
1e. Internal standard gle analysis gave a purity of 93% le: bp 155
156° (0.09 mm); nmr (CCly) 6 0.88 (d, 3, J = 6 Hz, C-7 CHy), 1.10
(s, 8, C-11 CH3 + H-12), 1.27 (t, 3, J = 7.5 Hz, SCHoCH 3), 2.24 ,
3,J =1 Hz, C-3 CHs), 2.88 (q, 2,J = 7.5 Hz, SCH 2CH3), 3.10 (s, 3,
OCHa), 5.90 (m, 1, H-2), and 6.10 ppm (m, 2, H-4 and H-5).

Anal. Caled for CigHgze09S: C, 69.19; H, 10.32. Found: C, 69.40;
H, 10.35.

2-Propynyl (2E,4E)-3,7,11-Trimethyl-2,4-dodecadienoate
(1d). To a solution of 85.4 g (0.36 mol) of 10b in 52 g (0.71 mol) of
dimethylformamide under Ny was slowly added 48.8 g (0.41 mol)
of SOCI; keeping the temperature <35°. After a further 1 hr at
35°, 300 ml of pentane was added to the cooled reaction mixture
with stirring (gas evolution). The lower phase was discarded and
then 27.5 g (0.49 mol) of 2-propyn-1-ol was slowly added (exother-
mic) to the upper pentane phase with cooling and stirring. After
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the addition was completed the solution was stirred for an addi-
tional 1 hr at room temperature, then washed with water, 2 N
NaOH, water, and brine and dried (CaSQy) and the solvent was re-
moved to give 97.8 g (98% vield) of crude product. Analysis by glc
showed it to be 97.2% pure 1d: bp (bath, short path) 121° (0.01
mm); ir (film) 1725, 1640, and 1615 em™!; nmr (CDCl3) § 0.88 (d, J
= 6 Hz, C-7 CH; + C-11 CH;3 + H-12), 2.31 (d, J = 1 Hz, C-3
CHs3), 245 (t, 1, J = 2.5 Hz, C=CH), 474 (d, 2, J = 2.5 He,
OCH ,C=CH), 5.76 (m, 1, H-2), and 6.17 ppm (m, 2, H-4 and H-
5).
Anal. Caled for C1gH205: C, 78.21; H, 10.21. Found: C, 78.10; H,
10.12.

Substitution of dry ethanol for 2-propyn-1-ol in the above prep-
aration gave 1b.2

Isomerization of Dimethyl Ester 4f. To 2.01 g of the ester 4f
was added 0.065 g of benzenethiol and 0.045 g of 2,2'-azobis(iso-
butyronitrile) [AIBN] and the mixture heated at 88° for 2.25 hr
under Ny, Analysis by glc showed the presence of 48% of 4f, 34% of
the isomer 12, and 13% of the isomer 13. A further 0.065 g of ben-
zenethiol and 0.049 g of AIBN were added and the mixture was
heated at 88° for 2 hr. Glc analysis now showed the presence of
42% of 4f, 46% of 12, and 12% of 13. Further addition of 0.065 g of
benzenethiol and 0.048 g of AIBN and heating again at 85° for 2 hr
did not produce any further change in the isomer ratio. No evi-
dence was seen (nmr and gle) for the presence of the fourth possi-
ble isomer (22,47 ). The product was chromatographed on prepar-
ative thin-layer silica gel plates (1.5 mm thick) developed with
ether-hexane (3:7). The lower band gave the starting ester 4f and
the upper band gave 0.70 g of a mixture of 12 and 13 in the ratio
78:22, respectively. Attempted separation of a portion of this mix-
ture by hp liquid chromatography on LiChrosorb (20 u, lm) in
ether—pentane (1:4) gave two fractions, the first containing 12 and
13 in the ratio 31:69 and the second fraction containing 12 and 13
in the ratio 89:11, respectively. 12: nmr (CCly) 6 0.93 (d, J = 6 Hz,
C-7 CHjy), 1.10 (s, C-11 CH3 + H-12), 2.22 (d, J = 1.5 Hz, C-3
CHjs), 3.10 (s, OCHg), 3.70 (s, CO2CHy), 3.73 (s, CO2CHa), 5.54 (m,
H-2), and 6.76 ppm (t, “J” = 7.5 Hz, H-5).

13: nmr (CCly) 6 0.93 (d, J = 6 Hz, C-7 CHs), 1.10 (s, C-11 CHs
+ H-12), 2.27 (d, J = 1.5 Hg, C-3 CH3), 3.10 (s, OCHjy), 3.66 (s,
C02CHg), 3.76 (s, CO.CHa3), 5.62 (m, H-2), and 6.08 ppm (t, “J” =
7.5 Hz, H-5).

The mass spectra of 12 and 13 (obtairied from glc-ms) were al-
most identical with that obtained from 4f.

To 0.20 g of a mixture of 12 and 13 (in the ratio 78:22, respec-
tively) were added 0.007 g of benzenethiol and 0.006 g of AIBN
.and the mixture was heated at 80° for 2 hr under Ns. A further
0.007 g of benzenethiol and 0.006 g of AIBN were added and the
mixture heated again at 80° for 2 hr. Glc analysis (after removal of
the benzenethiol in high vacuum) showed the presence of 40% of
4f, 48% of 12, and 12% of 13.
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