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A Fig. 1 descreve um método geral para preparacdo de feromonios de insetos.

Virios componentes de feromonios de insetos, junto de seus isOmeros geométricos e/ou
posicionais, foram preparados a partir de Z-lactonas 2a-d, que sao facilmente acessiveis pela
hidrogenacdo estereosseletiva (Lindlar Pd, H>) dos precursores acetilénicos 1a-d, sendo estes
ja sintetizados a partir de cicloalcanonas. A isomerizacdo de acetatos de Z-alquenilas 6a-d aos
respectivos esteres de E-alquenilas 8a-d, foi realizada tanto pela técnica catalitica (NaNOo,
HNOs3, D) como pelo método de inversao quimica (NBS, TFA; Nal, DMF, D). O dlcool
(E)-6-decenilico (7b) foi também preparado diretamente do ester acetilénico (15b) pela redu-
¢do, em trans, com hidreto de litio-aluminio (LiAlH4), por refluxo em diglima. Os acetatos de
decila (18) e hexadecila (19), componentes dos feromdnios de mariposa do nabo (Agrotis sege-
tum; turnip moth) e da borboleta Lycorea ceres ceres, respectivamente, foram obtidos pela hi-
drogenacdo catalitica (Pd, Hz) dos acetatos de Z-alquenilas correspondentes.

Figure 1 describes a general method for the preparation of insect pheromones.

Several members of the title compounds, along with their geometric and/or positional iso-
mers, have been prepared from Z-lactones 2a-d, which are easily available from the correspon-
ding acetylenic lactones 1a-d, prepared earlier from cycloalkanones. The Z to E isomerization
of alkenyl acetates 6a-d to 8a-d was carried out both by a catalytic technique (NaNO2, HNO3,
D) and the chemical inversion procedure (NBS, TFA; Nal, DMF, D). (E)-6-Decenyl alcohol
(7b) was also prepared from the acetylenic ester 15b by the trans reduction with LiAlH4 in re-
fluxing diglyme. decyl acetate (18) and hexadecyl acetate (19), pheromone components of the
turnip moth (Agrotis segetum) and the male butterfly Lycorea ceres ceres, respectively, were
obtained by the catalytic hydrogenation (Pd, H») of the corresponding Z-alkenyl acetates.

Keywords: insect pheromones, Z-lactones, acetylenic lactones, cycloalkanones

© 1997 Soc. Bras. Quimica
0103 - 5053 $6.00 + 0.00

Introduction

Pheromones are an important and a rapidly growing
class of biologically active organic compounds. A large
proportion of pheromones isolated from a variety of insects
exemplifies diversely functionallized acyclic compounds,
which have been synthesized by several routes!™. While
earlier methodologies employed for the construction of the
acyclic skeleton involved mainly the acetylenic chemistry
and olefin formation by the Wittig or related reactions’.
More recently, there has been an increasing emphasis on
the use of diverse methods for improved isomeric purity of
the E or Z product and for those leading to the optically acti-

ve pheromones??.

We have recently initiated a different approach to these
acyclic compounds by the systematic elaboration of cyclo-
alkanones, where the variable size of the starting ketone is
exploited to generate the triple or the double bond of the de-
sired product in a regiospecific and stereoselective man-
ner* (Scheme 1).

We have already reported our preliminary results on the
conversion of cyclohexanone, involving the transformati-
on of an a-chloroketone function into an acetylenic linkage
(RCHCICOR ® RCP°CR), to both the Z and E series of Cy
pheromones®. A recent publication® described the prepara-
tion of Z and E macrolides from the acetylenic lactones’
la-d, whilst we report their transformation into several
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Scheme 1. General Strategies for the Synthesis of Acyclic Pheromones from Cycloalkanones.

members of the title compounds and their geometric or po-
sitional isomers, as illustrated in Scheme 2.

Results and Discussion

Methanolysis of the Z-lactones® 2a-d gave the corres-
ponding hydroxy-esters 3a-d, which on mesylation® furnis-
hed the respective mesylates 4a-d. Lithium aluminum
hydride reduction of the latter in ether afforded the
Z-alkenols 5a-d, which were acetylated to the correspon-
ding acetates 6a-d. Of these, (Z)-5-decenyl acetate (6a) is
the pheromone component of the turnip moth (Agrotis se-
getum)3 , while (Z)-8-dodecenyl acetate (6¢) constitutes the
sex pheromone of the oriental fruit moth (Grapholita mo-
lesta)’. These two compounds have been synthesized earli-
er’.

Both the catalytic isomerization (NaNO,, HNO3)° and
the chemical inversion (TFA, NBS; Nal, DMF, D)'° of the
Z alkenyl acetates 6a-d worked well with these acyclic
compounds, leading to the corresponding E acetates 8a-d
in good (90-95%) yield. Nevertheless, the catalytic techni-
que9 (2M NaNO; , 2M HNOs , 70-75 °C, 1 h) is far more
convenient and economical. Among the E compounds

8a-d, only (E)-8-dodecenyl acetate (8¢) is a minor compo-
nent of the pheromone of the oriental fruit fly (Grapholita
molesta), mentioned earlier’.

We would like to stress here that the alternative route to
these E alkenyl acetates 8a-d, through the respective trans-
formations of the E lactones (dashed arrows in Scheme
2-A), israther limited and less attractive, because the Z to E
isomerization works better in the acyclic compounds as
compared with the cyclic ones (lactones), as discussed el-
sewhere®.

Another path was tested with the opening of the acety-
lenic lactone 1b. However, reduction of the mesiloxy-ester
13b, with LiAlH4 in ether, required a much lower initial re-
action temperature (-100 °C as compared with the usual -15
°C), but still gave a mixture of the desired alcohol 14b and
the unwanted diol 16b. The latter could be separated by co-
lumn chromatography of the corresponding acetates 15b
and 17b. Despite this drawback, this path has the advantage
of leading to both the Z and E isomers directly from the
acetylenic precursor. Thus, semi-hydrogenation (H», Lind-
lar cat.) of 15b furnished (Z)-6-decenyl acetate (6b), while
its trans reduction with LiAIH, in refluxing diglyme''! gave
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directly (E)-6-decen-1-o0l (7b), which was converted into
the respective acetate 8b (Scheme 2-B).

Apart from furnishing the acetylenic intermediates as
well as both the Z and E alkenyl alcohols and their esters,
the present methodology also opens an access to the satura-
ted pheromones, either by the full hydrogenation of the un-

A: Via Ethylenic Macrolides
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saturated precursores or by the systematic elaboration of
the saturated lactones. We chose to prepare decyl acetate
(18) and hexadecyl acetate (19), pheromone components
of the turnip moth (Agrotis segetum)'? and the male but-
terfly Lycorea ceres ceres', respectively, from the corres-
ponding Z-alkenyl acetates (Scheme 2-C).
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Scheme 2. Preparation of Z & E Pheromones from Acetylenic Lactones. Reagents: i) Lindlar cat., H>, ii) MeOH, MeONa, reflux, 20-24 h; iii) MsCl, Et;N,
CHxClp,-15°C, 3 h; iv) LiAlHa, ether, -15 °C toreflux, 14-16 h; v) Ac20, Py (cat.), 80-90 °C, 3 h; vi) NaNO2, HNO3, 70-75 °C, 1 h; vii) NBS, TFA, 0 °C, 30
min; Nal, DMF, 90 °C, 20-22 h; viii) LiAlH4, diglyme, reflux, 24 h; ix) Pd-C, H». All reactions gave 90-95% crude yields (see Experimental).
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The infrared and 90 MHz 'H NMR spectra do not cle-
arly differentiate between the Z and E alkenyl acetates
(6a-d / 8a-d). Consequently, we resorted to their 200/50
MHz 'H- and '3C- spectra (PND, DEPT, 'H x 'H and
'H x 3C COSY, etc.), where the most evident distinguis-
hing feature, as expected, was the chemical shift of the all-
ylic carbon atoms, which are 4 to 6 ppm upfield in the Z
compounds as compared with the respective atoms in the E
isomers (Tables 1 and 2)'*. Moreover, close examination of
the olefinic carbon atoms in the PND spectra revealed that
all the E alkenyl acetates (8a-d) were contaminated with
5-10% of the corresponding Z isomer, while only the
(Z)-8-dodecenyl acetate (6¢) and (Z)-12-hexadecenyl ace-
tate (6d) contained 5-10% of the respective E compound, as
also present in the precursor Z-lactones® 2¢,d.

Experimental

Reagent grade chemicals and solvents were used as re-
ceived from the commercial suppliers, unless noted other-
wise. All reactions were monitored routinely by thin layer
chromatography (TLC: silica gel, revealed by 1> vapours).
Organic extracts were dried over anhydrous Na>SO4 and
evaporated under reduced pressure on a rotary evaporator.
IR spectra of all liquid samples were recorded on a Nicolet
5ZDX-FT spectrometer as neat films. Routine 'H-NMR
spectra, reported in the experimental text, were obtained on
a Varian EM-390 (90 MHz) instrument as CCly solutions,
while the high resolution 'H- and '*C- spectra (PND,
DEPT, 'Hx'H and 'Hx'*C COSY, etc.) for the Z- and
E-alkenyl acetates (Tables 1 and 2) were recorded in CDCl3
on a Bruker AC-200 (200/50 MHz) spectrometer. Branso-
nic ultrasonic cleaner (Model 1210 or 2210; 47 + 6 KHz)
was used to conduct the semi-hydrogenations. Temperatu-
res in the short path distillations refer to the air bath. Other
experimental details are given below.

Methanolysis of Z-Lactones 2a-d. General procedure

A solution of 2a-d (5 mmol) in MeOH (20 ml), contai-
ning NaOMe (10 mL, 0.13 mM) and protected with a CaCl,
tube, was refluxed (N2) for 20-24 h. After evaporating ex-
cess of the solvent, distilled water (20 ml) was added and
the mixture extracted with ethyl acetate (3 x 30 ml). The
combined extract was washed with water (20 ml) and brine
(2 x 20 mL). Drying and evaporation of the solvent furnis-
hed the crude hydroxy-esters 3a-d as yellowish liquids
(~4.5 mmol; ~90%), practically pure by TLC , which were
used in the next step, after the usual spectral identification.

Methyl (Z)-9-Hydroxy-5-decenoate 3a

IR (n): 3419, 1739, 1245, 1220, 1202, 1128 cm™.
'H-NMR (d): 1.16 (d, J = 6 Hz, 3H, CH3), 1.2-1.9 (m, 4H,
2CH»), 1.9-2,5 (m, 6H, 3CH>), 3,49 (s, 1H, OH), 3.6-3.9
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(m, 4H, containing a singlet at 3.65, OCH3; and CH),
5.15-5.65 (m, 2H, olefinic).

Methyl (Z)-9-Hydroxy-6-decenoate 3b

IR (n): 3496, 1740, 1261, 1209, 1120 cm’!. 'TH-NMR
(d): 1.12 (d, J =6 Hz, 3H, CH3 ), 1.2-1.9 (m, 4H, 2CH>),
1.9-3.0 (m, 7H, 3CH; and OH) , 3.5-3.9 (m, 4H, containing
asingletat 3.62, OCH3 and CH), 5.2-5.7 (m, 2H, olefinic).

Methyl (Z)-11-Hydroxy-8-dodecenoate 3c

IR (n): 3425, 1740, 1254, 1201, 1119 cm™!. "TH-NMR
(d): 1.13 (d, J =6 HZ , 3H, CH3), 1.2-1.9 (m, 8H, 4CH>),
1.9-2.5 (m, 6H, 3CH>), 3.3 (s, 1H, OH), 3.6-4.1 (m, 4H,
containing a singlet at 3.62, OCH3z and CH), 5.3-5.7 (m,
2H, olefinic).

Methyl (Z)-15-Hydroxy-12-hexadecenoate 3d

IR (n): 3435, 1740, 1253, 1208, 1120 cm™ . '"H-NMR
(d): 1.16 (d, J =7 Hz, 3H, CH3), 1.2-1.9 (m, 16H, 8CH)),
1.9-2.5 (m, 6H, 3CH>), 2.77 (s, 1H, OH), 3.6-4.0 (m, 4H,
containing a singlet at 3.63, OCH3 and CH), 5.25-5.65 (m,
2H, olefinic).

Mesylation of the Hydroxy-Esters 3a-d. General procedu-
re

To a stirred solution of the hydroxy-ester 3a-d (4.5
mmol) and triethylamine (0,95 mL, 690 mg, 6.83 mmol) in
CH>Cl; (20 mL), cooled to -15 °C and under anhydrous
conditions, was added slowly a solution of H3CSO,Cl
(0.4mL, 592 mg, 5.17 mmol) in CH>Cl> (10 mL). The reac-
tion mixture was stirred for 3 h, when it was diluted with
more CH>Cl> (50 mL) and washed with water (3 x 20 mL)
and brine (20 mL). Drying and evaporation of solvent gave
yellowish, viscous liquids 4a-d (4.0-4.3 mmol; 90-95%),
showing one spot on TLC plates. A rapid passage through a
small column of Florisil (3-5 g), in CH,Cl, (20-30 mL), af-
forded purer samples which were characterized by their
spectra and subsequently reduced with LiAlH4.

Methyl (Z)-9-Mesyloxy-5-decenoate 4a

IR (n): 1736, 1354, 1174 cm™. '"H-NMR (d): 1.38 (d,
J~6Hz,3H, CH3), 1.4-1.9 (m, 4H, 2CH>), 1.9-2.5 (m, 6H,
3CH,), 3.0 (s, 3H, SO3CH3), 3.62 (s, 3H, OCH3), 4,75 (sex-
tet, J ~ 6 Hz, 1H, CH), 5.2-5.6 (m, 2H, olefinic).

Methyl (Z)-9-Mesyloxy-6-decenoate 4b

IR (n): 1737, 1355, 1207, 1177 cm™. '"H-NMR (d):
1.1-1.9 (m, 7H, containing a doublet at 1.39,J ~ 6 Hz, CH3
and 2CH»), 1.9-2.7 (m, 6H, 3CH>), 2.97 (s, 3H, SO;CH3),
3.63 (s, 3H, OCH3), 4.75 (sextet, J ~ 6 Hz, 1H, CH), 5.2-5.8
(m, 2H, olefinic).
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Methyl (Z)-11-Mesyloxy-8-dodecenoate 4c¢

IR (n): 1737, 1357, 1253, 1176 cm’’. '"H-NMR (d):
1.1-1.9 (m, 11H, containing a doublet at 1.4, J ~ 6 Hz, CH3
and 4CH»), 1.9-2.7 (m, 6H, 3CH>), 2.95 (s, 3H, SO3CH3),
3.63 (s, 3H, OCH3), 4,75 (sextet, J ~ 6 Hz, 1H, CH), 5.2-5.8
(m, 2H, olefinic).

Methyl (Z)-15-Mesyloxy-12-hexadecenoate 4d

IR (n): 1738, 1358, 1252, 1176 cm’!. '"H-NMR (d):
1.1-1.9 (m, 19H, containing a doublet at 1.37,J ~7 Hz, CH3
and 8 CHy), 1.9-2.7 (m, 6H, 3CH3), 2.97 (s, 3H, SO3CH3),
3.6(s, 3H, OCH3), 4.75 (sextet, J ~ 6 Hz, 1H, CH), 5.2-5.8
(m, 2H, olefinic).

Reduction of Mesyloxy-esters 4a-d. General procedure

To a stirred suspension of LiAlH4 (608-646 mg, 16-17
mmol) in ether (40-50 mL), cooled to -15 °C, was added
dropwise a solution of the mesyloxy-ester 4a-d
(4.0-4.3 mmol) in the same solvent (10 mL). The reaction
mixture was stirred until it attained r. t. (2-3 h), when it was
gently refluxed for 14-16 h. After cooling, it was carefully
decomposed with small pieces of ice and extracted with
ethyl acetate (3 x 30 mL), the combined extract being suc-
cessively washed with dil. HCI (20 mL), satd. solution of
NaHCO3 (20 mL) and brine (20 mL). Drying and evapora-
tion furnished yellowish liquids (3.6-3.8 mmol; 90-95%),
which were acetylated after spectral characterization.

(Z)-5-Decenol 5a

IR (n): 3336, 1056 cm™ . "TH-NMR (d): 0.94 (deformed ,
3H, CH3), 1.1-1.8 (m, 8H, 4CH>), 1.8-2.4 (m, 4H, 2CH>),
3.56 (t,J =6 Hz, 2H, CH,0), 4.5 (br. s, 1H, OH), 5.15-5.60
(m, 2H, olefinic).

(Z)-6-Decenol 5b

IR (n): 3338, 1054 cm™'. '"H-NMR (d): 0.88 (t, J =7 Hz,
3H, CH3), 1.1-1.8 (m, 8H, 4CH>), 1.8-2.3 (m, 4H, 2CH,),
3.5(t,J=6Hz, 2H, CH,0), 3.8 (br. s, 1H, OH), 5.1-5.5 (m,
2H, olefinic).

(Z)-8-Dodecenol 5¢

IR (n): 3332, 1058 cm™'. "H-NMR (d): 0.90 (t, J =7 Hz,
3H, CH3), 1.1-1.8 (m, 12H, 6CH>), 1.8-2.3 (m, 4H, 2CH,),
3.52 (t,J=6Hz, 2H, CH,0), 4.0 (br. s, 1H, OH), 5.15-5.55
(m, 2H, olefinic).

(Z)-12-Hexadecenol 5d

IR (n): 3334, 1056 cm™ . "H-NMR (d): 0.92 (t, J~7 Hz,
3H, CH3), 1.1-1.8 (m, 20H, 10CH»), 1.8-2.3 (m, 4H,
2CH>), 3.52 (t,J =6 Hz, 2H, CH>), 3.93 (br. s, OH), 5.1-5.5
(m, 2H, olefinic).
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Acetylation of Z-Alkenols 5a-d. General procedure

A solution of 5a-d (3.6-3.8 mmol) in acetic anhydride
(3.2-3.4 mL, 3.5-3.7 g, 34-36 mmol), containing 6-7 drops
of pyridine and protected with a CaCl, tube, was heated on
a water bath (80-90 °C) for 3 h, after which water (15-20
mL) was added and the cooled reaction mixture extracted
with hexane (3 x 30 mL). The combined extract was was-
hed with dil. HCI1 (10 mL), satd. solution of NaHCO3 (10
mL), and brine (20 mL). Drying and evaporation gave the
desired acetates 6a-d, as colorless liquids, possessing plea-
sant odor. Short path distillation (6a-c: 110-120 °C/5 Torr;
6d: 110-120 °C/0.5 Torr) furnished the pure samples in
85-90% yield.

(Z)-5-Decenyl Acetate® 6a

Colorless liquid (641 mg; ~90% yield). IR (n): 1745,
1234 cm™!. "TH-NMR (d): 0,9 (deformed t, J ~ 6 Hz, 3H,
CHs), 1.1-1.8 (m, 8H, 4CHy), 1.8-2.5 (m, 7H, containing a
singletat 1.96, AcO and 2CH>), 4,0 (t,J =6 Hz, 2H, CH,0),
5.15-5.55 (m, 2H, olefinic).

(Z)-6-Decenyl Acetate 6b

Colorless liquid (652mg; 90%). IR (n): 1743, 1236
cm’l. "TH-NMR (d): 0.92 (t, J ~ 6 Hz, 3H, CH3), 1.1-1.9 (m,
~10H, 5CHy), 1.9-2.4 (m, ~5H, containing a singlet at 2.0,
AcO and CH»), 4,0 (t,J=6Hz, 2H, CH,0), 5.1-5.6 (m, 2H,
olefinic).

(Z)-8-Dodecenyl Acetate’ 6¢

Colorless liquid (691mg; 85%). IR (n): 1743, 1240
cm'. "H-NMR (d): 1.0 (t, J = 6 Hz, 3H, CH3), 1.2-1.8 (m,
~12H, 6CH>), 1.8-2.5 (m, ~7H, containing a singlet at 2.05,
AcO and 2CH)), 4,05 (t, J = 6 Hz, 2H, CH,0), 5.2-5.6 (m,
2H, olefinic).

(Z)-12-Hexadecenyl Acetate 6d

Colorless liquid (873 mg; 86%). IR (n): 1743, 1237
cm™. "H-NMR (d): 0.89 (t,J ~ 7 Hz, 3H, CH3), 1.1-1.8 (m,
20H, 10CH>»), 1.8-2.6 (m, 7H, having a singlet at 1.95, AcO
and 2CH»), 4,0 (t,J ~ 7 Hz, 2H, CH20), 5.15-5.60 (m, 2H,
olefinic).

200/50 MHz spectra of these acetates are shown in Ta-
ble 1.

Catalytic Isomerization of Z Acetates 6a-d into E Isomers
8a-d. General procedure

Sodium nitrite solution (2M, 0.ImL) and 2M HNO;
(0.2 mL) were added to the Z acetate 6a-d (1 mmol), kept
under N> atmosphere. The resulting yellowish mixture was
stirred vigorously and heated to 70-75 °C for 1 h. After coo-
ling and dilution with water (10 mL), it was extracted with
hexane (3 x 20 mL), the combined extract being washed
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Table 1. '*C- and 'H- spectra® of Z-Alkenyl Acetates 6a-d.
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Compound: 6a 6b 6¢ 6d

C- dC dH dC dH dC dH dC dH
ACO: 170.93 - 170.88 - ~171.0 - 171.06 -
CH3 20.79 1.96s 20.85 1.97s 20.72 2.05s 20.84 1.98s
1 64.24 3.98t 64.43 3.97t 64.39 4.05t 64.53 4.00t
2 28.03 1.5-1.7 28.39 1.5-1.7 28.44 1.5-1.7 28.51 1.56m
3 25.85 1.2-14 25.42 1.2-14 25.73 1.2-1.5 25.82 1.1-1.4
4 26.55* 1.99m 29.21 1.2-14 29.12 1.2-1.5 29.19' 1.1-14
5 128.85' 5.26m 26.90* 1.8-2.0 28.99 1.2-1.5 29.66' 1.1-1.4
6 130.34! 5.28m 129.83 5.1-54 28.99 1.2-1.5 29.46' 1.1-14
7 26.76* 1.93m 129.40 5.1-54 26.99* 1.9-2.1 29.46' 1.1-14
8 31.75 1.1-1.3 29.21* 1.8-2.0 129.72 5.2-5.5 29.46' 1.1-1.4
9 22-18 1.1-1.3 22.75 1.2-14 129.52 5.2-5.5 29.66' 1.1-1.4
10 13.80 0.82t 13.66 0.82t 29.49* 1.9-2.1 29.19' 1.1-14
11 - - - - 22.73 1.2-1.5 27.12% 1.9-2.0
12 - - - - 13.61 0.90t 129.96 5.3t
13 - - - - - - 129.48 5.3t
14 - - - - - - 29.19* 1.9-2.0
15 - - - - - - 22.79 1.1-14
16 - - - - - - 13.69 0.85t

#: Based on PND, DEPT, 'H x 'H and 'H x "*C COSY Spectra at 200/50 MHz in CDCl3,

*: Allylic C;  i: Interchangeable assignment;
with satd. soln. of NaHCO; (10 mL) and brine (10 mL).
Drying and evaporation gave yellowish liquids in 95-100%
yield. Short path distillation (8a-c: 110-120 °C/5 Torr; 8d:
110-120 °C/0.5 Torr) afforded colorless liquids (90-95%).

(E)-5-Decenyl Acetate 8a

IR (n): 1744, 1240,970 cm’!. "H-NMR (d): 0.90 (defor-
med t, J ~ 6 Hz, 3H, CH3), 1.1-1.9 (m, 8H, 4CH>), 1.9-2.3
(m, 7H, having a singlet at 2.03, AcO and 2CH,), 4.0 (t,
J =6 Hz, 2H, CH,0), 5.15-5.65 (m, 2H, olefinic).

(E)-6-Decenyl Acetate 8b

IR (n): 1743, 1238, 969 cm™'. '"H-NMR (d): 0.86 (t,
J~7Hz,3H, CH3), 1.1-1.8 (m, 8H, 2CH>), 1.8-2.3 (m, 7H,
showing a singlet at 1.95, AcO and 2CH>), 3.98 (t,J ~ 6 Hz,
2H, CH;0), 5.1-5.6 (m, 2H, olefinic).

(E)-8-Dodecenyl Acetate’ 8c

IR (n): 1743, 1240,969 cm™'. "H-NMR (d): 0.94 (t, J ~ 7
Hz, 3H, CH3), 1.20-1.85 (m, 12H, 6CH>), 1.85-2.5 (m, 7H,
having a singlet at 2.02, AcO and 2CH>), 4.04 (t, ] = 6 Hz,
2H, CH>)), 5.2-5.6 (m, 2H, olefinic).

(E)-12-Hexadecenyl Acetate 8d

s, m, t : Usual multiplicity of peaks.

IR (n): 1743,1238,967 cm™'. "H-NMR (d): 0.88 (defor-
med t, 3H, CHs), 1.1-1.8 (m, 20H, 10CH>), 1.8-2.6 (m, 7H,
having a singlet at 1.97, AcO and 2CH>), 4.0 (t, ] = 6 Hz,
2H, CH20), 5.15-5.65 (m, 2H, olefinic).

Higher field spectra of these acetates are shown in Ta-
ble 2.

Chemical Inversion of Z Acetates (6a-d) to E Isomers
(8a-d). General procedure

Compound 6a-d (0.5 mmol) was added slowly to a cold
(0 °C) and stirred solution of NBS (107 mg, 0.6 mmol) in
TFA (0.75 mL, 1.1 g, 9.74 mmol), protected with a drying
tube. After stirring for 30 min, the reaction mixture was di-
luted with water (10 mL) and extracted with hexane (3 x 10
mL), the extract being washed with water (5 x 10 mL) and
brine (10 mL). Usual work-up furnished the crude adducts,
in almost quantitative yield, showing characteristic absorp-
tions around 1785 and 1740 cm™".

The crude product dissolved in DMF (2 mL) and conta-
ining Nal (338 mg, 2.25 mmol) was heated at 90 °C for
20-22 h. After cooling, a dil. solution of NaHSO3 (10 mL)
was added and the whole extracted with hexane
(3 x 10 mL). Usual work-up gave brown liquids, which on
short path distillation furnished the E acetates 8a-d, in
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Table 2. '°C- and 'H- spectra” of E-Alkenyl Acetates 8a-d.
Compound: 8a 8b 8c 8d
C- dc dH dC dH dC dH dC dH
AcO: 170.69 - ~171.0 171.06 - 170.51 -
CH3 20.57 2.02s 20.84 2.04s 20.93 2.05s 20.68 2.01s
1 64.10 4.03t 64.47 4.05t 64.57 4.05t 64.35 4.01t
2 27.79 1.5-1.7 28.36 1.5-1.7 28.52 1.5-1.7 28.46 1.53m
3 25.60 1.4m 25.27 1.1-1.4 25.81 1.1-1.5 25.76 1.2-1.5
4 31.99* 1.9-2.1 29.09 1.1-1.4 29.46 1.1-1.5 29.45! 1.2-1.5
5 130.72! 5.2-5.5 32.30%* 1.8-2.1 29.05 1.1-1.5 29.00' 1.2-1.5
6 129.21 5.2-5.5 130.39 5.3-5.5 28.93 1.1-1.5 29.45! 1.2-1.5
7 31.85% 1.9-2.1 129.97 5.3-5.5 32.49% 1.8-2.1 29.00' 1.2-1.5
8 31.49 1.2-14 34.58%* 1.8-2.1 130.36 5.2-5.5 29.45! 1.2-1.5
9 21.91 1.2-14 22.60 1.1-1.4 130.16 5.2-5.5 29.00' 1.2-1.5
10 13.63 0.87t 13.52 0.88t 34.64* 1.8-2.1 29.45! 1.2-1.5
11 - - - - 22.63 1.1-1.5 32.45% 1.8-2.1
12 - - - - 13.58 0.88t 129.85 5.2-54
13 - - - - - - 130.32 5.2-54
14 - - - - - - 34.55% 1.8-2.1
15 - - - - - - 22.57 1.2-1.5
16 - - - - - - 13.75 0.85t

#: Based on PND, DEPT, 'H x 'H and 'H x '*C COSY Spectra at 200/50 MHz in CDCls.
*: Allylic C; i: Interchangeable assignment; s, m, t : Usual multiplicity of signals.

90-95% yield, as colorless liquids, identical (IR and
'H-NMR) with the respective products obtained earlier by
the catalytic procedure.

Methanolysis of the Acetylenic Lactone 1b

A solution of 1b (830 mg, 5 mmol) in MeOH (20 mL),
containing NaOMe (0.13 mM, 10 mL), was refluxed for
2-3 h, when it was worked-up as described earlier for the
methanolysis of Z lactones, obtaining the hydroxy-ester
12b, a yellowish liquid, in 90% yield (891 mg). IR (n):
3433, 1739, 1283, 1264, 1216, 1177 cm™. '"H-NMR (d): 1.2
(d,J =6 Hz, 3H, CH3), 1.3-2.0 (m, 4H, 2CH>), 2.0-2.6 (m,
6H ,3CH>), 3.2-4.2 (m, 5H, having a singlet at 3.64, OCH3,
CH,OH).

The crude product (~890 mg) was mesylated with MsCl
(0.4 mL, 592 mg, 5.17 mmol) and Etz:N (0.95 mL) in
CH,Cl, (30 mL), as described earlier, to obtain the mesy-
loxy-ester 13b as a yellowish liquid (1.24 g; 100%). After a
quick passage through a small column of Florisil® (3-5 g)
in CH,ClI; (20-30 mL), it was characterized by its spectra.
IR (n): 1736, 1354, 1212, 1176 cm™. "H-NMR (d): 1.3-2.0
(m, 7H, showing a doublet at 1.52, J = 6 Hz, CH3 and
2CHy), 2.0-2.5 (m, 4H, 2CHy), 2.5-2.8 (m, 2H, CH>), 3.08

(s, 3H, SO;CH3), 3.68 (s, OCH3), 4.8 (sextet, J =6 Hz, 1H,
CH).

Reduction of the Mesyloxy-Ester 13b

A solution of ester 13b (1.2 g; 4.5 mmol) in anhydrous
ether (40 mL) was added slowly to a stirred suspension of
LiAlHs (684 mg, 18 mmol) in ether (10 mL), kept at
-100 °C (liquid N> and EtOAc). After allowing the reaction
mixture to attain r. t. (2-3 h), it was gently refluxed for
14-16 h. Usual work-up, as described in the earlier cases,
furnished a yellowish liquid (770 mg), showing two princi-
pal spots on TLC plate. Spectral analysis revealed these as
the desired alcohol 14b and unwanted diol 16b. IR (n):
3349, 1161, 1073, 1052 cm’!. 'TH-NMR (d): 0,97 (t, J ~ 7
Hz, H;C-CHy), 1.2 (d, J ~ 6 Hz, H3C-CH-O) 1.2-2.0 (m,
methylenes), 2.0-3.0 (m, methylenes), 3.53 (~t, CH,0),
3.7-4.0 (m, having a singlet at 3.8, OH and CH).

The above mixture was acetylated with Ac,O (4.3 mL)
and pyridine (8 drops), under the usual conditions, and the
resulting product (1.1 g) chromatographed, under reduced
pressure,15 over silica gel 60G (15 g), eluted with hexa-
ne-EtOAc (98:2), obtaining the acetylenic monoacetate
15b (690 mg; 70%) and diacetate 17b (340 mg; 27%).
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6-Decynyl Acetate 15b (Colorless liquid)

IR (n): 1742,1238 cm’™'. "H-NMR (d): 0.98 (t, J = 6 Hz,
3H, CH3), 1.2-1.9 (m, 8H, 4CH,), 1.9-2.5 (m, 7H, containing
asingletat 2.0, AcO and 2CHy), 4.03 (t, ] =6 Hz, 2H, CH,0).

1,9-Diacetoxy-6-decyn 17b (Colorless liquid)

IR (n): 1740, 1242 cm™". "H-NMR (d): 1.32 (t, J = 6 Hz,
3H, CH3), 1.4-1.9 (m, 6H, 3CH»), 1.9-2.7 (m, 10H, sho-
wing a singlet at 2.03, 2AcO and 2CH>), 4.05 (t, ] = 6 Hz,
2H, CH,0), 4.9 (sextet, J = 6 Hz ,1H, CH).

Semi-hydrogenation® of 6-Decynyl Acetate (15b)

Compound 15b (196 mg, 1 mmol), Lindlar catalyst (60
mg) and hexane (10 mL) were put in a pear-shaped flask,
which was connected to a balloon filled with H, (~500 mL).
After the usual purging with Hy (3 times) the reaction flask
was placed in the center of an ultrasound bath and irradia-
ted for 4 h, when there was no more starting alkyne 15b, as
detected by GC analysis (FFAP column, 200 °C). Filtration
of the catalyst and evaporation of the solvent gave a color-
less liquid, which on short path distillation (110-120 °C/5
Torr) furnished an analytical sample (194 mg; 98%), iden-
tical in all respects (TLC, IR, 'H-NMR) with (Z)-6-decenyl
acetate (6b), prepared earlier by an alternative route.

Reduction of 6-Decynyl Acetate (15b) to (E)-6-Decenyl
Alcohol (7b)

A solution of compound 15b (196 mg, 1 mmol) in digl-
yme (5 mL) was added dropwise to a magnetically stirred sus-
pension of LiAlH4 (152 mg, 4 mmol) in diglyme (10 mL),
cooled to 0 °C. After attaining r. t., the reaction mixture was
refluxed gently for 24 h, when it was cooled and decomposed
carefully with small pieces of ice. Extraction with hexane
(3 x 20 mL) and usual work-up afforded the (E)-6-decenol
(7b), which was acetylated to the corresponding acetate under
the usual conditions descrided earlier. Short path distillation
(110-120 °C/5 Torr) gave the pure compound 8b (190 mg;
95%), identical (TLC, IR, 'H-NMR) with the product obtai-
ned earlier by the isomerization of Z isomer 6b.

Decyl Acetate'® (18)

A solution of (Z)-6-decenyl acetate (6b: 198 mg, 1
mmol) in hexane (10 mL), containing 10% Pd-C (20-30
mg), was subjected to hydrogenation (2 atm) in a Parr appa-
ratus for 2-3 h, when there was no more of the starting ma-
terial. Usual work-up furnished the product in a
quantitative yield, while short path distillation (110-120
°C/5 Torr) afforded an analytical sample. IR (n): 1744,
1238 cm™. '"H-NMR (d): 0.92 (deformed t, J ~ 6 Hz, 3H,
CH3), 1.1-1.8 (m, 16H, 8CHb»), 1.97 (s, 3H, AcO), 4.0 (t,
J = 6 Hz, 2H, CH20).

J. Braz. Chem. Soc.

Hexadecyl Acetate’ (19)

Was obtained from (Z)-12-hexadecenyl acetate (6d),
exactly in the manner described above. IR (n): 1744, 1237
cm!, 'TH-NMR (d): 0.89 (deformed t, 3H, CHs), 1.28 (~s,
28H, 14CH>), 1.97 (s, 3H, OAC), 4.0 (t,]~6 Hz, 2H, CH20).
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