1197

Stereoselective Addition of Organocopper Reagents to
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Abstract: The stereoselective conjugate addition of some organocopper(l) reagents to a,3-acetylenic esters to give substituted
a,B-unsaturated esters is discussed, as applied to the synthesis of trisubstituted double bonds, and in particular the prepara-
tion of the juvenile hormone analog methyl (2E,6E)-3,7-diethyl-cis-10,1 1-epoxy-11-methyl-2,6-tridecadienocate (JH 0, 1d)
and the 2E,6E,trans-10 isomer 18c. The effects of the reaction conditions and of the type of organocopper(I) reagent used
on the stereochemistry of the product are outlined. Both alkyl groups of a lithium di-n-alkylcuprate can be transferred to the
acetylenic ester. Polymeric copper reagents prepared from alkyllithiums give the best overall results. The lithium methyl-
(tert-butyl)cuprate complex selectively transfers the terz-butyl group to methyl 2-butynoate. Some examples are also given
for the stereoselective conjugate addition of organocopper(l) reagents to a,8-acetylenic amides. The biological activities of
1d and 18c on three insect species are given and compared with those found for the known natural juvenile hormones.

Considerable attention has been focused in the last few
years on the stereoselective synthesis of trisubstituted dou-
ble bonds.* More than anything else, the structure elucida-
tion of the C-18 cecropia juvenile hormone 1c¢ (JH I) by
Réller, et al.,’ prompted the development of many of these
stereoselective olefin syntheses.® The observation, that the
2Z and 6Z isomers of 1c and related compounds showed
much lower biological activities than the 2E 6E isomers,
demonstrated that the geometry of the natural juvenile hor-
mone was important for high biological activity.” Thus, in-
vestigations began in our own and in other laboratories to
develop stereoselective methods for the synthesis of 1¢ and
related analogs.

In 1968, a new approach to the stereoselective formation
of a,B-unsaturated esters was developed in these laborato-
ries® and independently by a group at Harvard,® involving
the conjugate addition of organocopper(I) reagents to «.3-
acetylenic esters at low temperatures. In this reaction,!%2 a
number of n-alkyl-3-!'!  sec-alkyl-,1%° tert-alkyl-,100
aryl-,"'2 vinyl-,!2 allyl-,'0%126 and homoallyl®8:10.13 cop-
per(I) reagents have been used, and the «,8-acetylenic car-
bonyl substrate has included substituted®#-13 and unsubsti-
tuted (alkyl propynoates) acetylenic esters,!0b! 12,12 acetyle-
nic acids, 100.11a.bd.e acetylenic amides, ! 1® and acetylenic
ketones.!%2 We would like to describe in detail here some of
our previously unpublished % work on this useful method,
as applied to the synthesis of trisubstituted double bonds,
and, in particular, the preparation of the juvenile hormone
analog JH 0 (1d).!4
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Results and Discussion

The conjugate addition of organocopper(I) reagents to
o,B-acetylenic esters 3 at low temperatures gives, after pro-
tonation, the a,B-olefinic esters 5 in high yield. However,
the stereoselectivity of the reaction was found to be a func-

tion of the reaction temperature and time, and also of the
nature of the reagent, solvent, and ligands present.®® The
presumed vinylcopper intermediate can undergo equilibra-
tion in diethyl ether (after <1 hour) at ~78°,% whereas in
tetrahydrofuran®1% or in diethyl ether containing a suit-
able ligand, very little loss of stereochemistry occurs, and
the stereoselectivity of the reaction can be >99%.

The conjugate addition of various n-butylcopper(I) re-
agents to methyl 2-butynoate (3a) to give the -substituted-
o,B-unsaturated ester 5a has been studied in some detail
(Table I), as a représentative example (of n-alkyl reagents).
The acetylenic ester reacts essentially completely with 1
equiv of lithium di-n-butylcuprate, and stereoselectivity is
high when the reaction is run at ~78° in tetrahydrofuran
(THF) or in diethyl ether containing N,N,N’,N’-tetrameth-
ylethylenediamine (TMEDA) as a ligand (entries 2 and 3,
Table I). Of special synthetic significance, however, is our
finding that both alkyl groups of an organocuprate complex
may be transferred to an acetylenic ester. Thus, | equiv of
3a reacts completely with 0.6 equiv of lithium di-n-butylcu-
prate to give a high yield of pure 5a (cf. entries 2 and 3 with
5 and 6). Apparently, a mixed “ate” complex such as 7 can
still add effectively in a conjugate manner to another mole-
cule of acetylenic ester to give essentially complete utiliza-
tion of the n-butyl groups.!s

Polymeric copper complexes (“RCu”) also readily add to
acetylenic esters.!® The use of polymeric copper complexes
derived from lithium alkyls, in fact, gives reproducibly the
highest stereoselectivity in this conjugate addition reaction.
Several aspects of this reaction deserve comment. Tetrahy-
drofuran and ether are suitable solvents for the addition of
this polymeric n-butylcopper reagent to 3a (entries 7 and 8,
Table I). The high stereoselectivity of olefin formation ob-
tained in pure ether with this complex is particularly inter-
esting since the reaction with | equiv of the lithium di-n-
butylcuprate complex in ether (without an additional lig-
and) gives much lower stereoselectivity (entry 1, Table I;
see also ref 8 and 9). However, reaction with 0.50 equiv of
the “ate” complex does give a stereoselective reaction
(entry 4, Table I). Apparently, at ~78° the stereochemical
integrity of the polymeric vinylcopper species 4 (or of a div-
inyl *“ate” complex in the case of entry 4) is maintained in
ether, whereas that of the mixed vinyl-alkyl “ate” complex
7 in the absence of an additional ligand is not maintained
(even at ~78°). If a ligand (e.g., TMEDA) is added to this

Henrick et al. | Synthesis of Juvenile Hormone Analogs



1198
Table L.

Conjugate Addition of n-Butylcopper(I) Complexes to Methyl 2-Butynoate (3a)

—-~Temp, °C~— —-Time, min~~— ————~Productt~—————
Solvent and/or Forma- Addi- Forma- Addi- Dis-
Organocopper additional ligand tion of tion tion of tion tilled
Entry reagent (equiv) (equiv) reagent reaction reagent reaction Sa 6a 3a yield
1 (n-Bu).CuLi (1.02) Et.O —40 —78 30 30 74 26
2 (n-Bu).CuLi (1.1) THF —-40 ~-78 45 50 97 3 86
3 (n-Bu);CuLi(1.1) Et;O-TMEDA (1.5) —40 —78 40 50 97 3 82
4 (n-Bu),CuLi (0.50) Et.O —40 -78 30 30 94 3 3 92
5 (n-Bu).CuLi (0.62) THF —45 ~-78 30 30 99 1 84
6 (n-Bu),CuLi (0.62) Et,O-TMEDA (1.5) —-40 —-78 30 50 96 4 79
7 n-BuLi-Cul (1.06) THF —40 —78 30 90 >99 <1 96
8 n-BuLi-Cul (1.05) Et,O -40 ~-78 15 45 98 2 91
9 n-BuLi-Cul (1.2) Et,O-TMEDA (1.8) -40 —78 30 210 94 6
10 n-BuLi-Cul (1.06) Et;O-TMEDA (1.3) —40 —45 30 20 99 1 92
11 n-BuMgBr-Cul (1.1) THF -40 ~-78 60 210 85 15 97
12 n-BuMgBr-Cul (1.1) THF-TMEDA (3.0) —40 —78 30 90 97 3 97
13 n-BuMgBr-Cul (1.1) Et.O-TMEDA (3.0) —40 ~78 60 180 92 3 5 83
14 n-BuMgBr-Cul (1.1) Et;O-TMEDA (3.0) —40 —-40 60 30 84 16 89

« Ratio of products determined before distillation by glc analysis at 120° on a 1 m X 2 mm glass column packed with 209, UCON 75-

H-90,000 on Chromosorb W'(acid washed).

R/
R’C=CCO,R” + “RCu” — | R\, CO.R"
3a, R" = Meg;R”" =Me 2
b. R’ = Et: R” =Et L—>Cu<«L
¢. R =Me;R” = Et 4

d RR=Et;R" =M
R'=E R = Me 4,R=n-Bu;R'=Me;R” = Me
R’ CO,R” R’ H
R H R CO,R”
5a, R=n-Bu;R"=Me;R”"=Me 6a, R=n-Bu;R"=Me;R”"=Me
bR=¢+Bu;R"=MeR’"=Me b R=¢BuyR =MeR"=Me
¢, R=Et;R’= Me;R” = Me ¢, R=Et;R"=Me;R” = Me
d, R=Me; R’ = Me;R” = Me
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polymeric n-butylcopper (n-BuLi-Cul) reaction in ether at
~78°, the addition occurs in a very highly stereoselective
manner, but a small amount of starting ester 3a is always
recovered, even when a 20% excess of the organometallic re-
agent is used (entry 9, Table I). Incomplete reaction may be
avoided by conducting the reaction at higher temperatures
(e.g., —45°; entry 10, Table I), and under these conditions
the ratio of Z:E isomers in the product (1:99, respectively)
still shows a highly selective cis addition to the alkyne. The
presumed intermediate vinylcopper complex 4 must be
stereochemically stable even at —45° for at least the reac-
tion time (ca. 20 min). Thus although these polymeric cop-
per reagents give satisfactory product stereochemistry in
pure ether at —78°, the use of a ligand gives even higher
stereoselectivity.

The differences noted above in the stereochemical purity
of the reaction product are presumably due to the relative
stabilities of the mixed “ate” complex 7 and the polymeric
complex 4. In this context, it has been reported by Klein
and Turkel!!2 that addition of polymeric methylcopper to
phenylpropiolic acid, followed by protonation, gave mainly
(Z)-B-methylcinnamic acid, the product from cis addition
to the alkyne, whereas lithium dimethylcuprate on reaction

with phenylpropiolic acid gave mainly the E isomer. More-
over, when methyllithium was added to the intermediate
“enolate” in the polymeric methylcopper reaction, isomer-
ization occurred, and (E)-B-methylcinnamic acid was iso-
lated. Their results indicate that a mixed “ate” complex
such as 8 (or alternatively the ““lithium enolate”) does not
maintain stereochemical integrity under their conditions
(ca. | hr at —60° followed by 24 hr at room temperature).
However, we found that reaction of 2-pentynoic acid with 3
equiv of lithium dimethylcuprate in ether at —10° for 30
min gave a mixture of the (Z)- and (E)-3-methyl-2-penten-
oic acids in the ratio 92:8, respectively.10b

Polymeric copper(l) complexes derived. from Grignard
reagents also add to acetylenic esters in a conjugate man-
ner.810% This addition, however, differs markedly from the
analogous reaction in which the polymeric copper complex
is prepared from the corresponding lithium reagent. Thus,
while the latter reaction is highly stereoselective in tetrahy-
drofuran, the former yields a mixture of isomers (cf. entries
7 and 11, Table I). Only when the reaction of polymeric
copper complexes derived from Grignard reagents is carried
out in the presence of suitable ligands, e.g., TMEDA, is the
product obtained with high stereoselectivity (entries 12 and
13, Table I). Some recovered starting material is again ob-
served when the conjugate addition is carried out in ether-
TMEDA at ~78° (¢f. entries 9 and 13, Table I). From our
work it is apparent that when either a lithium organocu-
prate or a polymeric copper complex derived from a Gri-
gnard reagent is allowed to react with an acetylenic ester,
the stereochemistry of the product is sensitive to the reac-
tion conditions. In order to obtain high stereochemical pu-
rity in the olefin product, it is important that conditions be
carefully chosen, and that the reaction temperature is main-
tained near —78° during the addition of the acetylenic ester
to the reagent and during the protonation of the vinylcopper
intermediate.

The successful addition of a tert-butyl group to an ac-
etylenic ester requires a modification of the reaction condi-
tions. The reaction of methyl 2-butynoate (3a) with poly-
meric tert-butylcopper (prepared from the lithium reagent)
in ether at ~78° for 4 hr gives only partial reaction (with
65% recovered 3a) and a poor Z:E ratio (17:83, respective-
ly) in the product; addition of 1.2 equiv of TMEDA to the
reaction medium (2.5 hr at ~78°) is also unsatisfactory
(29% recovered acetylenic ester; Z:E ratio of 6b:Sb is 23:
77). Use of 1 equiv of pyrrolidine as the ligand under simi-
lar conditions gives higher stereoselectivity (30% recovered

Journal of the American Chemical Society | 97:5 | March 5, 1975



1199

Table II. Reaction of 4-Methyl-3-hexenylmagnesium Bromide - nCul - #’ Ligand with Ethyl 2-Pentynoate (3b)=
Time, min, for Time, min,
Cul, formation of for reaction % yield Z:.E
equiv Ligand (equiv) copper complex with 3b of 10a ratio
1 TMEDA (2) 120 30 90 ca. 1:99
2 Pyrrolidine (3) 120 30 92 ca. 1:99
1 (n-Bu);P (2) 140 100 0
4 (n-Bu)sP (5) 180 40 90 43:57
1 (MeO);P (4) 135(~78 to 0°) 100 (at 0°) 0
1 HMPA-< (507 in ether) 20 (=359 90 20 22:78
100 (~78°)

@ All reactions were performed at —78° in diethyl ether, unless otherwise stated, and were quenched at that temperature by dropwise ad-
dition of ethanol. ® Cf. ref 8 in which a Z: Eratio of 4:96, respectively, was obtained at a reaction temperature of —90°. ¢ Hexamethylphos-

phoramide.

3a; Z:E ratio is 2:98, respectively). The copper complex de-
rived from tert-butyllithium and tetrakis[iodo(tri-n-butylp-
hosphine)copper(I)] in ether gives (0.5 hr at ~78°) essen-
tially complete reaction with 3a, but the ratio of olefinic
product isomers is still poor (6b:5h, 14:86) (cf. ref 10b).
Thus, we examined an alternate method to solubilize poly-
meric copper reagents. Several years ago® we found that
lithium methyl(zert-butyl)cuprate selectively transfers the
tert-butyl group to a,B-acetylenic esters. A suspension of
polymeric methylcopper (prepared from methyllithium and
cuprous iodide) in ether at —40° is treated with 1 equiv of
tert-butyllithium (no additional ligand is added). Addition
of 3a to the resulting black solution (at ~78°), followed by
quenching, results in stereoselective cis alkylation of the ac-
etylenic ester. Almost all of the alkylation is attributable to
tert-butyl transfer, and only 3% results from methyl trans-
fer. The product consists of a mixture of 5b, 6b, and 5d in
the ratio 94:3:3, respectively. The yield of desired alkylation
products in this reaction is >90%, indicating that little dis-
proportionation of the reagent occurs in the time taken to
prepare and use the reagent. Recently several reports of se-
lective transfer using mixed cuprate reagents have appeared
in the literature.!?

One of the useful applications of the addition reaction is
the preparation of 1,5-dienes via the conjugate addition of
homoalkylcopper reagents to «,B-acetylenic esters,8:10.13
We have investigated this reaction in some detail, in partic-
ular with copper complexes prepared from homoallylic Gri-
gnard reagents. The major synthetic problem encountered
in such an addition is the preparation of the homoallylic
Grignard reagent itself. However, by slow addition of the
homoallylic bromide to magnesium in ether, yields of 70%
can be consistently achieved. A variety of ligands and Gri-
gnard reagents have been examined for this conjugate addi-

_tion reaction (e.g., Table II; see also Experimental Section).
We have found that TMEDA and pyrrolidine are the most
suitable ligands, of those examined, for complexation with
the homoallylcopper reagents. These copper complexes, in
diethyl ether, react stereoselectively and in high yield with
a,B-acetylenic esters. In the case of TMEDA, a ratio of at
least | equiv of cuprous iodide and 2 equiv of ligand per
equiv of Grignard reagent is preferable, especially when the
Grignard reagent is difficult to prepare. Even though pyr-
rolidine possesses a potentially active hydrogen, it can also
be used effectively to coordinate the alkylcopper at low
temperatures (—30 to —~78°). Optimal conversions with
pyrrolidine as the ligand are obtained when >1 equiv of cu-
prous iodide and 2-3 equiv of ligand are used for every
equivalent of Grignard reagent. Of the phosphorus-contain-
ing ligands used, only tri-n-butylphosphine was found to ef-
fectively complex the alkylcopper polymer for conjugate ad-
dition. However, yields of «,3-olefinic esters were variable
with tri-n-butylphosphine as the ligand. Moreover, the

stereochemical outcome of the conjugate addition using the
last ligand was difficult to reproduce. Results similar to
those in Table II have been obtained from a variety of alkyl
and alkenyl Grignard reagents, for example, the prepara-
tion of 12 from 3¢ and the Grignard reagent 11.

R R
\)\/\/Mg Br =, \/k/\/(/COlR/
= Cul x A

9a, R=Me 10a, R =Mg; R’ = Et
b. R=Et b, R = Me;R' =Me
¢, R=Et;R'=Et
)\/\)\/\/\ B
MgBr via
1l Cul
S “

12

The general utility of polymeric copper complexes de-
rived from alkyllithium reagents in conjugate addition to
acetylenic esters is exemplified by the synthesis of methyl
(E)-3-ethyl-6-hydroxy-2-hexenoate (14b), an intermediate
in the synthesis of the juvenile hormone analog 1d (JH 0).14
Addition of a functionalized three-carbon organometallic to
methyl 2-pentynoate (3d) was carried out by the use of the
lithioacetal 13.!8 The polymeric copper complex, prepared
with 1.2 equiv of Cul and 1.2 equiv of TMEDA, added ster-
eoselectively to 3d to give the acetal ester 14a (99.5% F iso-
mer) in 85% yield. Acid hydrolysis of 14a gave the pure hy-
droxy ester 14b in 91% yield. Oxidation to the aldehyde 14¢
and reaction of the latter with 1-butenyl-2-magnesium bro-
mide gave the allylic alcohol 15. From this intermediate,
samples of the juvenile hormone homolog 1d and of its iso-
mer 18¢ were prepared in a manner similar to a route (via
the chloro ketone 16) previously used to prepare 1c.!®

Our investigations of the conjugate addition of organo-
copper complexes to «,3-acetylenic carbonyl substrates
have also included acetylenic amides.81%b In contrast to a
report that methylcopper fails to react with phenylpropiolic
amides,!!® we found that lithium dimethylcuprate adds to
1-(2-butynoyl)pyrrolidine (19) in ether to give the «,B-eth-
ylenic amide 20a in reasonable yield. More importantly, ad-
dition of lithium diethylcuprate to 19 in ether at —78°, with
no additional ligand added, gives 20b (glc analysis showed
99% E stereoisomer). Polymeric alkylcopper reagents, when
complexed with suitable ligands, also add in a conjugate
fashion to «,B-acetylenic amides. Thus, both citronellyl-
magnesium bromide and 5,9-dimethyl-8-decenylmag-
nesium bromide in the presence of excess Cul and 3 equiv
of pyrrolidine react at —78° in ether with N,/NV-diethyl-2-
butynamide to give N,N-diethyl-3,6,10-trimethyl-2,9-unde-
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\/0\,/0\/\/14 N /\j\/COZMe

via R
13 142, R = CH,OCH(Me)OEt

b, R = CH,OH

¢, R = CHO
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NaBH,
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cadienamide (21) and N,N-diethyl-3,8,12-trimethyl-2,11-
tridecadienamide (22), respectively. Both 21 and 22 were
shown by glc analysis to contain >99% of the E stereoiso-

mer.
0
MNC‘
20a, R = Me
b, R=FEt

MeCsCC(O)NG R
19

A

MgBr

Cul, pyrrolidine
——
MeC=CC(O)NE,

W(NEH

0
21

Cul, pyrrolidine
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MgBr
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)\/\/l\/\/\f\’KNEtz

0
22

MeC ==CC(O)NEt,

Bioassay data for 1d, 18c, and some related compounds
on the yellow fever mosquito (Aedes aegypti), the greater
wax moth (Galleria mellonella), and the yellow mealworm
(Tenebrio molitor) are given in Table I11. The cis-10,11-
epoxides (1b, 1c, and 1d) have higher biological activity
than the corresponding trans-10,11-epoxides (18a, 18b, and
18c) although these differences are small compared with
those obtained when the natural E stereochemistry at C-2
and C-6 is changed to the Z configuration.”-!4 The analog
18d?! with two ethyl groups at C-11 shows high biological
activity [¢f. 1b (JH II) and 18a].

Experimental Section

Preparative thin-layer chromatography was carried out on 1 m
X 20 cm plates coated with 1.3 mm of Merck (Darmstadt) silica

18a, R = Me; R” = Me; R” = Me
b, R=Me R’ = Et; R” = Me

18¢ ¢, R=Meg; R =Et; R’ =Et

d, R=Et;R'=MegR"” = Me

gel PF-254. Nmr spectra were determined on a Varian T-60 spec-
trometer, Infrared spectra were measured on a Unicam SP 200 G
spectrophotometer. Mass spectra were measured on a Varian Mat
CH-7 spectrometer, at 20 or 70 eV ionization potential. Gas-liquid
chromatographic analyses were performed on Model 402 Hewlett-
Packard instruments equipped with hydrogen flame ionization de-
tectors. All solvents were dried over activated molecular sieves, and
all reactions were carried out under an inert atmosphere.

Methyl 3-Methyl-2-heptenoate, A. An authentic comparison
sample of a mixture of the Z and E isomers of methyl 3-methyl-2-
heptenoate was prepared by reaction of 2-hexanone with trimeth-
ylphosphonoacetate. Thus, 1.05 g (10.5 mmol) of 2-hexanone and
1.82 g (10 mmol) of trimethylphosphonoacetate were dissolved in
15 ml of dry DMF and cooled to 0° under a N, atmosphere. Finely
powdered NaOH (0.44 g, 11 mmol) was added, and the reaction
mixture was allowed to reach room temperature. After 24 hr, the
reaction mixture was poured in saturated brine and worked up
with pentane in the usual manner to give 0.70 g (4.5 mmol) of
methyl 3-methyl-2-heptenoate: bp (bath, short path) 55° (10 mm);
glc analysis showed a Z:E ratio of 42:58, respectively; nmr
(CDCl3) 6 1.88 (d, J = 1.5 Hz, C-3 CH3 from Z isomer) and 2.17
ppm (d, J = 1.5 Hz, C-3 CH3 from E isomer).

B. Lithium Di-n-butylcuprate in THF (entry 5, Table I). To 1.09
g (5.7 mmol) of cuprous iodide suspended in 15 ml of dry tetrahy-
drofuran at —45° under a nitrogen atmosphere was added 7.05 ml
(11.3 mmol) of 1.60 M n-butyllithium in hexane. After 30 min,
the temperature was lowered to —78°, and 0.89 g (9.1 mmol) of
methyl 2-butynoate (3a) in 1| ml of THF was added over 10 min.
After 0.5 hr, 1 ml of methanol was added dropwise followed by 5
ml of saturated aqueous NH4Cl. The reaction mixture was then
warmed to room temperature, and the solid was filtered off and
washed with excess ether, and the organic fraction was then
washed with saturated brine and dried (CaSOy). The solvent was
removed at atmospheric pressure by distillation through a Vigreux
column. Short-path distillation of the residue [bp (bath) 55° (10
mm)] gave 1.18 g (7.6 mmol, 84% yield) of 5a (1% Z isomer, 99%
E isomer from glc analysis): ir (CCls) 1720 (C==0) and 1640
cm™~! (C=C); nmr (CDCl3) 6 2.17 (d, 3, J = 1.5 Hz, C-3 CH3;),
3.70 (s, 3, CO,CH3), and 5.68 ppm (m, 1, H-2).

Anal. Calcd for CsH607: C, 69.19; H, 10.32. Found: C, 69.10;
H, 10.28.

C. From Lithium Di-pn-butylcuprate in Ether~-TMEDA (entry 6,
Table I). To a suspension of 1.21 g (6.35 mmol) of cuprous iodide
in 30 ml of dry diethyl ether at —40° under N; was added 7.73 ml
(12.4 mmol) of 1.6 M n-butyllithium in hexane followed immedi-
ately by 1.10 g (9.5 mmol) of N,N,N’,N'-tetramethylethylenedi-
amine (TMEDA). After 30 min (negative Gilman I color test),2?
the mixture was cooled to —78°, and 0.98 g (10 mmol) of 3a in 3
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TableIII. Inhibition Dose (ID;)
Values on Sensitive Synchronized Insect Instars®
Aedes Galleria Tenebrio
aegypti, mellonella, molitor,
Compd ppm ug/pupa ug/pupa
1a (JH III)® 0.35 12.0 4.5
1b (JH 1I)® 0.26 0.13 4.3
18a° 0.53 3.0 10.0
1c JH I)e 0.15 0.060 0.70
18be 0.33 0.70 2.3
1d (JH0) 1.0 1.0 0.15
18¢ 15 18 1.5
184> 0.28 0.52 0.24

@ Bioassays were carried out as previously described (ref 14 and
20).® Prepared in ref 21. ¢ Prepared inref 6 and 19.

ml of ether was added dropwise. The suspension was maintained at
—78° for 50 min and was then quenched by the slow addition of 2
ml of methanol followed by 2 ml of saturated aqueous (NH;)>SO4.
After the mixture had warmed to room temperature, it was fil-
tered, and the collected solid was washed with an additional 75 ml
of ether. The combined organic layers were washed with saturated
(NH4)2S04, 5% aqueous HCI, saturated NaHCO3, and then with
saturated brine and dried (CaSOy). Solvent was removed by distil-
lation, and the residue was distilled, bp (bath, short path) 55° (10
mm). A 79% yield of 5a (1.23 g, 7.9 mmol) was obtained (4% Z
isomer, 96% E isomer by glc analysis).

D. From Polymeric n-BuCu-Lil in THF (entry 7, Table I). To
2.09 g (11.0 mmol) of cuprous iodide suspended in 30 ml of dry
THF at —40° under a N; atmosphere was added 6.60 ml (10.6
mmol) of 1.60 M n-butyllithium in hexane. After 30 min, the sus-
pension was cooled to —78°, and 0.98 g (10 mmol) of 3a in 1 ml of
THF was added dropwise. After 1.5 hr, the reaction mixture was
quenched by the dropwise addition of 2 ml of methanol. The sus-
pension was warmed to ca. —20°, and 2 ml of saturated aqueous
(NH4)2SO4 was added with stirring. When the gray suspension
had warmed to room temperature, the solid was filtered off and
was washed with ca. 100 ml of ether, and the aqueous phase was
extracted with ether. The combined organic layers were washed
with saturated aqueous sodium chloride and then dried (CaSO,).
The solvent was removed by distillation through a Vigreux column,
and the residue was then distilled, bp (bath, short path) 75° (20
mm). From this reaction, 1.50 g (9.6 mmol, 96% yield) of 5a was
isolated (>99% E isomer).

E. From Polymeric p-BuCuwLil in Ether~-TMEDA (entry 10,
Table I). To 2.09 g (11.0 mmol) of cuprous iodide in 30 ml of dry
diethyl ether at —40° under N, atmosphere was added 6.60 ml
(10.6 mmol) of 1.60 M n-butyllithium in hexane followed immedi-
ately by 1.51 g (13.0 mmol) of TMEDA. After the mixture had
been stirred for 30 min (negative Gilman I color test),22 the brown
suspension was cooled to about —50°, and 0.98 g (10 mmol) of 3a
in 1 ml of ether was added dropwise via syringe. The temperature
was maintained in the range —45 to —50° for 20 min, and then 2
ml of methanol was added dropwise to quench the reaction. The
cooling bath was removed, and 1 ml of saturated aqueous
(NH,4)2SO4 was added. When the suspension had warmed to room
temperature, the solid was filtered off and washed with ca. 100 ml
of ether. The combined organic layers were washed with saturated
aqueous (NH4)2SO4, 5% aqueous HCI, saturated NaHCO3, and
saturated brine and then were dried (CaSQ,). Distillative removal
of solvent through a Vigreux column followed by microdistillation
of the residue [bp (bath, short path) 70° (20 mm)} gave 1.43 g
(9.2 mmol, 92% yield) of 5a (1% Z isomer, 99% E isomer from glc
analysis).

F. From Polymeric n-BuCu'MgBrl in THF-TMEDA (entry 12,
Table I). Cuprous iodide (2.28 g, 12 mmol) was suspended in 30
ml of dry THF at —40° under Ny, and 4.5 ml (11 mmol) of 2.45 M
n-butylmagnesium bromide in ether was added along with 3.5 g
(30 mmol) of TMEDA. After 30 min (negative Gilman I test),22
the suspension was cooled to —78°, and 0.98 g (10 mmol) of 3a in
1 ml of THF was added dropwise. After 1.5 hr, the reaction mix-
ture was quenched by the very slow addition of 2 ml of methanol at
—78°. Then 1 ml of saturated aqueous NH4Cl was added to the
mixture as it warmed to room temperature. The solid was filtered

1201

off and washed with about 100 ml of ether, and the filtrate was
then worked up as in E to give 1.52 g (9.7 mmol, 97% yield) of 5a,
bp (bath, short path) 70° (20 mm) (2.5% Z isomer, 97.5% E iso-
mer by glc analysis).

G. From Polymeric n-BuCuMgBrI in Ether~-TMEDA (entry 13,
Table I). Reaction conditions were essentially identical with those
of the preceding experiment with the exception that diethyl ether
was used as solvent. The polymeric copper complex was formed
during 1 hr at —40°, and the addition to 3a was allowed to run for
3 hr at —78°. Short-path distillation of the product, after work-up,
gave 1.30 g (8.3 mmol, 83% yield) of product. Glc analysis showed
that the reaction mixture consisted of 5% methyl 2-butynoate (3a),
3% methyl (Z)-3-methyl-2-heptenoate (6a), and 92% methyl (E)-
3-methyl-2-heptenoate (5a).

Methyl 3-Methyl-2-pentenoate (Sc¢ and 6¢). A. From Lithium Di-
ethylcuprate. To 7.07 g (0.037 mol) of Cul suspended in 125 ml of
THF under argon at —55° was added 58 ml (0.070 mol) of 1.2 M
ethyllithium in benzene. After the black mixture had stirred at
—50° for 2 hr (negative Gilman I test),?2 the mixture was cooled to
—78°, and 3.34 g (0.034 mol) of 3a was added. After 2.25 hr at
—78°, methanol (15 ml) was added dropwise (at —78°) followed
by ether (60 ml), and the mixture was allowed to come to room
temperature. Addition of saturated aqueous NH4Cl and work-up
by ether extraction in the normal manner gave 3.91 g (90% yield)
of product. Analysis by glc showed the presence of 97% of the E
isomer Sc and 3% of the Z isomer 6¢ (with no 3a present).

B. From Methylcopper. To 4.27 g (0.0224 mol) of Cul in 35 ml
of ether under argon was added 4 ml (0.027 mol) of TMEDA with
stirring, and the mixture was cooled to —45°, and 14 ml (0.0227
mol) of 1.62 M methyllithium in ether was added. After 1.5 hr at
—45° (negative Gilman I test),2? the mixture was cooled to —78°,
and 2.47 g (0.022 mol) of 3d was added. After the mixture had
been stirred for 1.5 hr at —78°, methanol (5 ml) was added drop-
wise (at —78°) followed by ether (20 ml), and the mixture was al-
lowed to come to room temperature. Working up in the usual man-
ner gave 2.55 g of product. Analysis by glc showed the presence of
86% of the Z isomer 6¢, 0.5% of the E isomer S¢, and 13.5% of
starting ester 3d.

Methy! (E)-3,4,4-Trimethyl-2-pentenoate (Sb) from Mixed Cu-
prate. To 1.0 g (5.25 mmol) of cuprous iodide in 30 ml of dry ether
at 0° under a N, atmosphere was added 3.1 ml (5.2 mmol) of 1.67
M methyllithium in ether. After 30 min, the yellow suspension was
cooled to —78°, and 4.0 ml (5.0 mmol) of 1.24 M tert-butyllithium
in pentane was added. The yellow-green suspension was slowly
warmed to —40°, at which temperature most of the solid had dis-
solved to give a black solution. The solution was again cooled to
—~78°, and 0.48 g (4.89 mmol) of methyl 2-butynoate (3a) in 4 ml
of ether was added dropwise. After 45 min at —78°, the reaction
mixture was quenched by the dropwise addition of water. The mix-
ture was then poured into additional ether and saturated aqueous
NH4Cl. The phases were separated, and the organic layer was
washed with brine and then dried (MgSOy,). The ether was re-
moved, and the residue was distilled to give 0.74 g of product (ca.
97% yield). Glc analysis showed it to contain 3.2% methyl 3-
methyl-2-butenoate (5d), 2.8% methyl (Z)-3,4,4-trimethyl-2-pen-
tenoate (6b), and 94% methyl (E)-3,4,4-trimethyl-2-pentenoate
(5b). The latter was characterized: bp 89° (21 mm); ir (CCly)
1725 (C==0) and 1645 cm~! (C==C); nmr (CDCl3) é 1.10 [s, 9,
(CH3);C}, 2.16 (d, 3, J = 1.5 Hz, C-3 CH3), 3.68 (s, 3, CO,CH3),
and 5.77 ppm (m, 1, H-2).

Anal. Calcd for CoH 605: C, 69.19; H, 10.32. Found: C, 69.44;
H, 10.43.

Methyl (Z)-3,4,4-trimethyl-2-pentenoate (6b) was character-
ized by glc-mass spectrum and by characteristic signals in the nmr
spectrum of the product at (CDCl3) 6 1.20 [s, (CH3)3C] and 1.85
ppm (d, J = 1.5 Hz, C-3 CH3).

4-Methyl-3-hexenylmagnesium Bromide (9a). Magnesium turn-
ings (9.75 g, 0.40 mol) were placed in a 2-1. three-necked flask fit-
ted with a reflux condensor, an argon inlet, and a 1-1. addition fun-
nel containing 63.7 g (0.36 mol) of 1-bromo-4-methyl-3-hexene?3
(76% 3E isomer, 24% 3Z isomer from glc analysis) dissolved in
900 ml of dry diethyl ether. Ether (100 ml) and a small portion of
the ethereal bromide solution were then added to the magnesium.
After the reaction had been initiated by the addition of a crystal of
iodine, the remaining bromide solution was added dropwise over
9.5 hr, and the solution was then stirred overnight. Hydrolysis of
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an aliquot with aqueous NH4CI and glc analysis of the product in-
dicated complete reaction of the bromide. The Grignard solution
was stored in a refrigerator at 4°.

Determination of the Grignard reagent concentration by uv
spectral analysis with benzophenone gave a concentration of 0.25
M (69% yield from the bromide).24

Ethyl 3-Ethyl-7-methyl-2,6-nonadienoate (10a). Cuprous iodide
(2.29 g, 12 mmol) was placed in a 100-ml flask equipped with a
serum cap, an argon inlet, and a magnetic stirrer, and 30 ml of dry
diethyl ether and 1.28 g (18 mmol) of pyrrolidine were added via
syringe. The green suspension was cooled to —78°, and 18 ml (4.5
mmol) of 0.25 M 4-methyl-3-hexenylmagnesium bromide was
added. After the yellow suspension had been stirred at —78° for 2
hr, 0.84 g (6.7 mmol) of ethyl 2-pentynoate (3b) in 5 ml of ether
was added dropwise over 10 min. The mixture was quenched after
30 min by the dropwise addition of 0.75 ml of ethanol and was then
warmed to room temperature and was poured into saturated aque-
ous NH,Cl. The organic phase was washed with brine and then
dried (MgSOy). The residue, after solvent removal, was column
chromatographed in hexane on 15 g of silica gel to yield 0.81 g (3.6
mmol, 80% yield based on Grignard reagent) of ethyl 3-ethyl-7-
methyl-2,6-nonadienoate (10a) (99% 2E isomer, 1% 2Z isomer
from glc analysis): nmr (CDCl3) 6 0.97 (t, J = 7 Hz, H-9), 1.07 (4,
3,J=17.5Hz,C-3CH,CH3), 1.27 (t, 3,J = 7 Hz, CO,CH,CH3),
1.60 (C-7 CH; of 6 isomer), 1.65 (C-7 CHj; of 6Z isomer), 2.63
(@, 2, J = 7.5 Hz, C-3 CH,CH3), 4.15 (q, 2, J = 7 Hz,
CO,CH,CHs3), 5.10 (m, 1, H-6), and 5.63 ppm (br s, 1, H-2).

Anal. Caled for C14H2405: C, 74.95; H, 10.78. Found: C, 74.83;
H, 10.75.

Addition of ethyl 2-pentynoate to an organometallic complex
prepared from | equiv of cuprous iodide, 1 equiv of 4-methyl-3-
hexenylmagnesium bromide, and 4 equiv of trimethyl phosphite in
ether gave no detectable quantities of ethyl 3-ethyl-7-methyl-
2,6-nonadienoate but yielded mainly starting material. In another
variation of the same addition, ethyl 2-pentynoate was added to a
complex prepared from 1 equiv of 4-methyl-3-hexenylmagnesium
bromide, 4 equiv of cuprous iodide-tri-n-butylphosphine, and 1
equiv of tri-n-butylphosphine in ether at —78°, The product, ethyl
3-ethyl-7-methyl-2,6-nonadienoate, was a mixture of the 2F and
2Z isomers (57:43, respectively) (¢f. ref 8). Finally, when ethyl 2-
pentynoate was added to a mixture of 1 equiv of cuprous iodide
and 1 equiv of 4-methyl-3-hexenylmagnesium bromide in ether~
hexamethylphosphoramide (1:1) at —78°, only a small amount
(~20%) of coupling occurred with poor stereoselectivity (see Table
1I).

Methyl 3-Ethyl-7-methyl-2,6-nonadienoate (10b). To 57.0 g
(0.30 mol) of cuprous iodide in a 2-l. three-necked flask equipped
with a mechanical stirrer, argon inlet, and a 1-1. dropping funnel
containing 640 ml (0.16 mol) of 0.25 M 4-methyl-3-hexenylmag-
nesium bromide in ether were added 600 ml of dry ether and 65.3
ml (51.3 g, 0.44 mol) of N,N,N’,N’'-tetramethylethylenediamine.
The suspension was cooled to —78°, and the Grignard solution was
added dropwise over 1 hr. After the mixture had been stirred, an
additional 2 hr at —78°, 16.8 g (0.15 mol) of methyl 2-pentynoate
(3d) was added dropwise to the orange suspension over a 35-min
period. The mixture was stirred 1.5 hr at —78° and then was
quenched by dropwise addition of 15 ml of methanol over 15 min.
The suspension was warmed to room temperature and poured into
600 ml of saturated aqueous NH4Cl. The layers were separated,
and the aqueous phase was reextracted with ether. The combined
organic layers were washed with brine and then dried (MgSOy).
The solvent was removed in vacuo, and distillation of the residue
gave 27.7 g (0.13 mol, 87% yield based on 3d) of methyl 3-ethyl-7-
methyl-2,6-nonadienoate (10b) (98% 2E isomer, 2% 2Z isomer
from glc analysis): bp 78-80° (0.3 mm); nmr (CDCl3) § 2.64 (q, 2,
J = 7.5 Hz, C-3 CH,CH3), 3.70 (s, 3, CO,CH3), 5.11 (m, 1, H-
6), and 5.65 ppm (brs, 1, H-2).

Anal. Caled for C3H,03: C, 74.24; H, 10.54. Found: C, 74.42;
H, 10.51.

4-Ethyl-3-hexenylmagnesium Bromide (9b). Ethyl cyclopropyl
ketone (87.70 g, 0.89 mol) was added over 1 hr with cooling to
ethyllithium (1.3 mol) in benzene-ether, and the reaction mixture
was stirred overnight at room temperature. Excess reagent was de-
stroyed with 10% aqueous NH4Cl, and the mixture was poured
into 10% NH4Cl and extracted with ether. The organic layer was
then washed with 10% NH4Cl, water, and brine and dried

(NaSOy), and the solvent was removed and the product fraction-
ally distilled to give 82.80 g (73% yield) of 3-cyclopropyl-3-penta-
nol (99% purity by glc).

Cold HBr (48%, 265 ml) was added to the cyclopropyl alcohol
(82.80 g, 0.65 mol) at 5° over 10 min with stirring. The reaction
mixture was then stirred at 10° for 30 min and poured into 100 ml
of cold water, and the organic layer was decanted. The aqueous
phase was extracted with pentane, and the combined organic layers
were washed with water, brine, saturated NaHCO3, and water
until neutral and dried (Na;SO4). The product was fractionally
distilled giving 98.37 g (79% yield) of l-bromo-4-ethyl-3-hexene
(purity by glc was >98%): nmr (CDCl3) 6 0.98 (t, 3, J = 7 Hz,
CH,CH?3), 1.00 (t, 3, J = 7 Hz, CH,CH3), 2.06 (q, 2, J = 7 Hz,
CH,CH3), 2.57 (q, 2, J = 7 Hz, CH>CHj3), 3.33 (t, 2, J = 7 Hz,
H-1), and 5.08 ppm (t, 1, J = 7 Hz, H-3).

The Grignard was prepared by adding the bromide (77.3 g, .
0.404 mol) in 750 ml of ether slowly to magnesium turnings (14.5
g, 0.60 mol) over 17 hr. The final concentration of Grignard was
found to be 0.34 M .24

Ethy! (F)-3,7-Diethyl-2,6-nonadienoate (10¢). TMEDA (50.7 g,
0.436 mol, 2.4 equiv) was added at room temperature to a mechan-
ically stirred suspension of 41.5 g (0.218 mol, 1.2 equiv) of cuprous
iodide in 1 1. of dry diethyl ether under argon. The suspension was
cooled to —78°, and the 0.34 M Grignard solution 9b (540 ml,
0.184 mol) was then added. The reaction mixture was stirred at
—78° until the Gilman I test was negative (2 hr).22 Ethyl 2-penty-
noate (3b) (23.2 g, 0.184 mol) was then added, and after 1.5 hr at
—78°, the reaction mixture was quenched by slow addition of 20
ml of ethanol (carefully maintaining the temperature at —78°) and
then poured into 1 . of saturated aqueous NH4Cl. The mixture
was extracted with ether, and the organic layer was washed with
saturated NH4Cl until the aqueous phase was colorless, 10% aque-
ous HCI, water, and brine and dried (Na»SQOy4). The solvent was
removed in vacuo and the residue distilled to give 31 g (0.13 mol)
of 10c¢ (70.7% yield; the Z:E ratio of 95:5 by glc analysis; 3.5 g
(0.028 mol) of 3b was also recovered): bp 82-86° (0.15 mm); nmr
(CDCl3) 6 2.63 (q,2,J = 7.5 Hz, C-3 CH,CH3), 4.14 (q, 2,/ = 7
Hz, CO,CH,CHj3), 5.05 (m, 1, H-6), and 5.62 ppm (brs, 1, H-2).

Anal. Caled for Cy5H603: C, 75.58; H, 10.99. Found: C, 75.69;
H, 10.95.

Ethyl (FE)-3,8,12-Trimethyl-2,11-tridecadienoate (12). Pyrrol-
idine (12.8 g, 0.180 mol, 2.95 equiv) was added at room tempera-
ture to a mechanically stirred suspension of 23.2 g (0.122 mol, 2
equiv) of cuprous iodide in 250 ml of dry ether under argon. The
suspension was cooled to'—78°, and 86 ml (61 mmol) of 0.71 M
5,9-dimethyl-8-decenylmagnesium bromide2 in ether was then
added. The reaction mixture was stirred at —78° until the Gilman
I test?2 was negative (1.5 hr). Ethyl 2-butynoate {(3¢) (6.85 g, 61
mmol) was then added, and after 30 min at —78°, 60 ml of water
was added dropwise to quench the reaction mixture. The mixture
was then poured into 500 ml of water and was extracted with
ether. The organic layer was washed with 10% HCI, saturated
NaHCOj; and brine and dried (Na;SQy4). The solvent was removed
in vacuo and the residue fractionally distilled to give 8.2 g (0.029
mol, 48% yield) of 12 (containing 2.5% of the Z isomer by glc
analysis): bp 108-109° (0.03 mm); nmr (CDCl3) §0.88 (d, 3,J =
5 Hz, C-8 CH3), 1.27 (t, 3, J = 7 Hz, CO,CH,CH3), 1.62 (brss, 3,
C-12 CHj3), 1.70 (brs, 3, H-13), 2.15 (d, 3, J = 1.3 Hz, C-3 CH3),
4.17 (g, 2, J = 7 Hz, CO,CH,CH3), 5.13 (m, 1, H-11), and 5.69
ppm (brs, 2, H-2).

Anal. Calcd for CgH3,0,: C, 77.09; H, 11.50. Found: C, 77.42,
H, 11.98.

Methy! (E)-6-[(1-Ethoxy)ethoxy]-3-ethyl-2-hexenoate (14a). To a
mechanically stirred suspension of 1.33 g (7 mmol) of cuprous io-
dide in 6 ml of dry diethyl ether at —30° under a N, atmosphere
was added 13.5 ml (5.8 mmol) of 0.43 M 3-[(1-ethoxy)ethoxy]pro-
pyllithium'® followed immediately by 0.81 g (7 mmol) of
TMEDA. After 30 min, the yellow suspension was cooled to —78°,
and 0.73 g (6.5 mmol) of methyl 2-pentynoate (3d) in 5 ml of dry
ether was added dropwise over 0.5 hr. The red-orange suspension
was maintained at —78° for 2 hr and then was quenched by the
dropwise addition of 2 ml of methanol. The cooling bath was re-
moved, and the reaction mixture was poured into saturated aque-
ous NH4CI. An additional 100 ml of ether was added, and the
layers were separated. After a reextraction of the aqueous phase
with ether, the combined organic extracts were washed with brine

Journal of the American Chemical Society | 97:5 /| Marchk 5, 1975



and dried (CaSOy), and the solvent was removed in vacuo to give
1.4 g of crude product which was purified by chromatography on
two 1 m X 20 cm preparative silica plates (1.5 mm thick; devel-
oped with ethyl acetate~hexane, 1:9) to give 1.2 g (4.91 mmol, 85%
yield) of 14a (99.5% E isomer, 0.5% Z isomer from glc analysis):
bp (bath, short path) 65° (0.05 mmy); ir (CCls) 1720 (C==0) and
1640 cm™' (C==C); nmr (CDCl3) § 2.65 (q, 2, J = 7.5 Hz, C-3
CH,CHs3), 3.70 (s, 3, CO,CH3), 4.69 [q, 1, J = 5.5 Hz,
OCH(CH3)0}, and 5.67 ppm (brs, 1, H-2).

Anal. Caled for C3H»404: C, 63.91; H, 9.90. Found: C, 63.87;
H,9.74.

Methy! (E)-3-Ethyl-6-hydroxy-2-hexencate (14b). The acetal
ester 14a (1.15 g, 471 mmol) was dissolved in 30 ml of THF and
15 ml of water, and 150 mg of trichloroacetic acid was added. The
solution was heated under reflux for 1.5 hr and then stirred at
room temperature overnight. The reaction solution was poured into
a mixture of 75 ml of ether and 50 ml of 2 M aqueous Na,CO;.
The organic phase was washed once with brine and dried (CaSOys).
Removal of solvent in vacuo gave 0.74 g (4.30 mmol, 91% yield) of
the alcohol ester 14b: bp (bath, short path) 70° (0.05 mm); nmr
(CDCl3) 6 1.10 (t, 3, J = 7.5 Hz, C-3 CH,CH3), 2.65(q, 2, J =
7.5 Hz, C-3 CH,CH3), 3.67 (t, 2, J = 6 Hz, H-6), 3.72 (s, 3,
CO,CH3), and 5.67 ppm (brs, 1, H-2).

Anal. Caled for CoH,603: C, 62.77; H, 9.36. Found: C, 62.68;
H, 9.24.

Methyl (E)-3-Ethyl-6-0x0-2-hexenoate (14¢). To a mechanically
stirred suspension of 19.2 g (0.19 mol) of chromium trioxide in 500
ml of dichloromethane at 0° under a N; atmosphere was added
30.3 g (0.38 mol) of pyridine. After 30 min, 5.5 g (0.032 mol) of
14b in 10 ml of dichloromethane was added to the complex. The
reaction mixture was stirred for 15 min and then was filtered
through a short column of neutral alumina (Woelm activity IV, 40
g). The eluate was diluted with ether, then washed with 5% hydro-
chloric acid and saturated brine, and dried (CaSQy), and the sol-
vent was removed iz vacuo to give 4.97 g (0.029 mol, 91% yield) of
14¢: bp (bath, short path) 50° (0.05 mm); ir (film) 1720 (C=0)
and 1650 cm™' (C==C); nmr (CDCl3) 6 1.10 (t, 3, J = 7.5 Hz, C-3
CH»CHS3), 2.65 (q, 2, J = 7.5 Hz, C-3 CH,CH3), 3.72 (s, 3,
CO:CH3), 5.63 (brs, 1, H-2), and 9.90 ppm (br s, 1, CHO); mass
spectrum (20 eV) m/e (rel intensity) M* 170 (2), 81 (100).

Methy! (E)-3-Ethyl-6-hydroxy-7-methylene-2-nonenoate (15). A
solution of 1-butenyl-2-magnesium bromide prepared from magne-
sium and 6.75 g (50 mmol) of 2-bromo-|-butene in 75 ml of THF
was slowly added to 4.97 g (29.2 mmol) of 14e¢ in 110 ml of ether
at —70° under a N5 atmosphere. After 1 hr, the cooling bath was
warmed to —40° for an additional 0.5 hr, and then the reaction
was quenched by the addition of saturated aqueous NH4Cl. The
reaction mixture was poured into ether, and the organic layer was
washed with saturated brine and dried (CaSQy), and the solvent
was removed in vacuo to give 6.60 g of crude allylic alcohol (80%
pure by glc analysis).

A small sample of 15 was purified by preparative tlc on silica gel
plates (developed in 25% ethyl acetate in hexane): ir (CCly) 3590
(OH), 1720 (C==0), and 1655 cm™! (C==C); nmr (CDCl3) § 2.63
(g, 2, J = 7 Hz, C-3 CH,CH3), 3.70 (s, 3, CO,CH3), 4.87 and
5.03 (two br s, 2, C==CHj), and 5.65 ppm (br s, 1, H-2); mass
spectrum (20 eV) m/e (rel intensity) M* 226 (2), 111 (100).

Methyl (2E,6 E)-11-Chloro-3,7-diethyl-11-methyl-10-0x0-2,6-
tridecadienoate (16). A solution of 2.26 g of the crude allylic alco-
hol 15 above (ca. 8.3 mmol), 9.02 g (50 mmol) of 3-chloro-2,2-
dimethoxy-3-methylpentane, and 0.2 g of propanoic acid in 30 ml
of toluene was heated to 90° with a Nj stream passing over the
surface of the mixture to remove the methanol as it was formed.
After 5 hr, the reaction mixture was concentrated i7n vacuo, then
poured into 2 N aqueous NaOH, and extracted with ether. The
combined organic layers were washed with saturated brine and
dried (CaSOy), and the solvent was removed in vacuo (to 0.01
mm). The residue was purified by chromatography on silica gel
preparative thin-layer plates (1.5 mm, developed with 7% ethyl ac-
etate in hexane) to give 2.09 g (6.1 mmol, 74% yield) of the chloro
ketone 16: ir (film) 1725, 1715 (C==0), 1650, and 1645 cm™!'
(C=C); nmr (CDCl3) 5 1.62 (s, 3, C-11 CH3), 2.63 (q, 2, J = 7
Hz, C-3 CH,CH3), 3.70 (s, 3, CO,CH3), 5.12 (m, 1, H-6), and
5.65 ppm (br s, 1, H-2); mass spectrum (20 eV) mi/e (rel intensity)
310 (4), 274 (6), 95 (100).

Methyl (2E,6E)-11-Chloro-3,7-diethyl-10-hydroxy-11-methyl-
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2,6-tridecadienoate (17). A solution of 2.17 g (6.34 mmol) of the
chloro ketone 16 in 150 ml of methanol was cooled to 0°, and 1.40
g (37 mmol) of NaBH, was added portionwise. After the solution
had been stirred for 45 min, it was poured into ice water and ex-
tracted with ether. The combined organic layers were washed with
saturated brine and dried (CaSOQy), and the solvent was removed
in vacuo to give 2.03 g of the chlorohydrins 17a and 17b. The dia-
stereomers were separated by chromatography on silica gel prepar-
ative thin-layer plates (1 m X 20 cm; thickness, 1.5 mm) with six
developments with 7% ethyl acetate in hexane. In this manner, 580
mg (1.68 mmol) of the threo chlorohydrin 17a (upper band) and
440 mg (1.28 mol) of the erythro chlorohydrin 17b (lower band)
were obtained, each in ca. 96% purity (purity determined by hplc
analysis: u-Porasil, 30 X 0.4 cm, 15% ether in pentane).

The threo diastereomer 17a was characterized as follows: ir
(CCly) 3595 (OH), 1715 (C==0), and 1645 cm™! (C==C); nmr
(CDCls) & 1.50 (s, 3, C-11 CHa3), 2.63 (q, 2, J = 7.5 Hz, C-3
CH,CH3), 3.53 (m, 1, H-10), 3.72 (s, 3, CO2Me), 5.13 (m, 1, H-
6), and 5.65 ppm (brs, 1, H-2).

The erythro. diastereomer 17b was characterized as follows: ir
(CCly) 3595 (OH), 1715 (C==0) and 1645 cm~! (C==C); nmr
(CDCl3) 6 1.53 (s, 3, C-11 CH3), 2.64 (q, 2, J = 7 Hz, C-3
CH,CH3), 3.48 (m, 1, H-10), 3.71 (s, 3, CO>CH3), 5.15 (m, 1,
H-6),and 5.67 ppm (brs, 1, H-2).

Anal. Caled for CygH330:Cl: C, 66.17; H, 9.65; Cl, 10.29.
Found: C, 66.14; H, 9.64; Cl, 10.27.

Methy! (2 E,6 E)-3,7-Diethyl-10,11-epoxy-11-methyl-2,6-trideca-
dienoate (1d and 18c). Erythro 17b and threo 17a chlorohydrins
were converted to the trans (18¢) and cis (1d) epoxides, respective-
ly, as follows. Thus, 695 mg (5.03 mmol) of anhydrous K,CO3 was
added to a solution of 720 mg (2.09 mmol) of the threo chlorohy-
drin 17a in 18 ml of methanol. After the mixture had been stirred
for 2.5 hr, it was poured into brine solution and extracted with
ether. The organic phase was washed with brine until neutral and
then dried (CaSQy). After solvent removal in vacuo, the residue
was distilled with a microstill to give 543 mg (1.76 mmol, 84%
yield) of the cis epoxide 1d: bp (bath, short path) 85° (0.002 mm);
ir (CCly) 1725 (C=0) and 1645 cm™' (C=C); nmr (CDCl3) §
0.97 (t, 3, J = 7 Hz, CH,CH3), 1.00 (t, 3, J = 7 Hz, CH,CH,;),
1.07 (t, 3, J = 7 Hz, C-3 CH,CH3), 1.28 (s, 3, C-11 CH3), 2.64
(q, 2, J = 7 Hz, C-3 CH>CH3), 3.70 (s, 3, CO,CH3), 5.13 (m, 1,
H-6), and 5.65 ppm (br s, 1, H-2); mass spectrum (20 eV) m/e (rel
intensity) 95 (100).

Anal. Caled for CgH3,05: C, 73.98; H, 10.46. Found: C, 73.81;
H, 10.43.

The trans epoxide 18¢ (348 mg, 1.13 mmol, 71% yield) was pre-
pared from 540 mg (1.57 mmol) of erythro chlorohydrin 17b in a
similar manner: bp (bath, short path) 90° (0.005 mm); nmr
(CDCl3) 6 0.95 (t, 3, J = 7 Hz, CH,CH3), 0.98 (t, 3, J = 7 Hz,
CH,CHj3), 1.08 (t, 3, J = 7 Hz, C-3 CH,CH3), 1.25 (s, 3, C-11
CHj3), 2.64 (q, 2, J = 7 Hz, C-3 CH.CH3), 3.70 (s, 3, CO,CH3),
5.13 (m, 1, H-6), and 5.65 ppm (brs, 1, H-2).

1-(3-Methyl-2-butenoyl)pyrrolidine (20a). Lithium dimethylcu-
prate was prepared by adding 3.0 ml (4.8 mmol) of 1.6 M methyl-
lithium in diethyl ether to 0.5 g (2.6 mmol) of cuprous iodide sus-
pended in 30 ml of dry ether at 0° under an argon atmosphere.
After 30 min, the homogeneous solution was cooled to —78°, and
0.35 g (2.55 mmol) of 1-(2-butynoyl)pyrrolidine (19) in 3 ml of
ether was added. The suspension was stirred for 30 min at —78°
and was then quenched by addition of water. The flask was
warmed to room temperature, the organic and aqueous phases
were separated, and the aqueous phase was extracted twice with
ether. The combined organic fractions were then washed with
brine and were dried (MgSOy). The residue, after solvent removal
in vacuo, was distilied (short path) to give 0.20 g (1.31 mmol, 51%
yield) of 20a: bp (bath) 85° (0.15 mm); ir (CCly) 1650 (C=0)
and 1620 cm™' (C==C); nmr (CDCl;) 6 1.83 (d, 3, J = 1.5 Hz,
H-4), 2.05 (d, 3, J = 1.5 Hz, C-3 CH3), and 5.80 ppm (m, 1, H-2).

Anal. Caled for CoHsNO: C, 70.55; H, 9.87; N, 9.14. Found:
C, 70.40; H, 10.01; N, 9.04.

(E)}1-(3-Methyl-2-pentenoyl)pyrrolidine (20b). To 5.0 g (26.3
mmol) of cuprous iodide suspended in 300 ml of dry diethyl ether
at —15° under an argon atmosphere was added 40 ml (48 mmol)
of 1.2 M ethyllithium in benzene via syringe. After 30 min, the
mixture was cooled to —78°, and 3.0 g (21.9 mmol) of 19 in 15 ml
of ether was added over 5 min. The mixture was stirred at —78°
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for 45 min and then quenched by the slow addition of 40 ml of
water, When the reaction mixture reached room temperature, the
phases were separated, and the aqueous fraction was extracted
again with ether. The combined organic layers were washed with
brine and then dried (MgSOy). The solvent was removed in vacuo,
and the residue was distilled to give 2.7 g (16.1 mmol, 74% yield)
of 20b (99% E isomer from glc analysis): bp 81-84° (0.25 mm); ir
(CCly), 1660 (C==0) and 1630 cm™~! (C=C); nmr (CDCl;) é 1.05
(t, 3, J = 7.5 Hz, CH,CH3), 2.03 (d, 3, J = 1.5 Hz, C-3 CH,;),
and 5.78 ppm (m, 1, H-2).

Anal. Calcd for C1oHsNO: C, 71.81; H, 10.25. Found: C,
71.84; H, 10.35.

(E)-N,N-Diethyl-3,6,10-trimethyl-2,9-undecadienamide (21). To
11.5 g (60.4 mmol) of cuprous iodide in a 500-ml three-necked
flask fitted with a dropping funnel, an argon inlet, and a mechani-
cal stirrer were added 100 ml of dry diethyl ether and 6.35 g (89
mmol) of pyrrolidine. The flask was cooled to —78°, and 96 ml
(30.2 mmol) of 0.315 M citronellylmagnesium bromide was added.
After 1.5 hr, 4.22 g (30.3 mmol) of N,N-diethyl-2-butynamide in
10 ml of ether was added over 5 min. After 30 min at —78°, the
reaction mixture was quenched by the addition of water and was
then warmed to room temperature. The reaction mixture was
poured into additional water, and the phases were separated. After
further ether extraction of the aqueous layer, the organic extracts
were combined and washed with brine and then dried (NaSO,).
The solvent was removed in vacuo, and the crude product was dis-
tilled to yield 3.09 g (11.1 mmol, 37% yield) of 21 (>99% E isomer
from glc analysis): bp 118° (0.03 mm); ir (film) 1650 (C==0) and
1630 cm~' (C==C); nmr (CDCl;) § 0.88 (d, 3, J = 5.5, C-6 CH3),
1.12 (t, 6, J = 7 Hz, NCH,CH3), 1.59 (br s, 3, C-10 CH3), 1.67
(brs, 3, H-11), 1.88 (d, 3, J = 1.3 Hz, C-3 CH3), 3.36 (m, 4,
NCH,CH3), 5.09 (m, 1, H-9), and 5.79 ppm (m, 1, H-2).

Anal. Caled for C1sH33NO: C, 77.36; H, 11.90; N, 5.01. Found:
C,77.35; H, 12.12; N, 4.85.

(E)-N,N-Diethyl-3,8,12-trimethyl-2,11-tridecadienamide (22). A
500-ml three-necked flask equipped with a dropping funnel, an
argon inlet, and a mechanical stirrer was charged with 20.3 g
(0.107 mol) of cuprous iodide, 160 ml of dry diethyl ether, and
11.4 g (0.16 mol) of pyrrolidine. The stirred suspension was cooled
to —78°, and 76 ml (0.053 mol) of 0.70 M 5,9-dimethyl-8-decenyl-
magnesium bromide?’ in ether was added. After 1.5 hr, 7.38 g
(0.053 mol) of N,N-diethyl-2-butynamide in 20 ml of ether was
added dropwise. After 0.5 hr at —78°, the reaction mixture was
quenched by the slow addition of 50 ml of water and was allowed
to warm to room temperature. The reaction mixture was diluted
with an additional 100 ml of water, the phases were separated, and
the water layer was extracted again with ether. The combined or-
ganic layers were washed with saturated brine and were dried
(Na>SOy). After solvent had been removed in vacuo, the product
was distilled to give 11.0 g (0.036 mol, 68% yield) of 22 (>99% E
isomer from glc analysis): bp 130° (0.06 mm); ir (film) 1650
(C==0) and 1625 cm~' (C==C); nmr (CDCl3) § 0.88 (d, 3, J =
5.5 Hz, C-8 CH3), 1.13 (t, 6, J = 6.5 Hz, NCH,CH3), 1.62 (brs,
3, C-12 CH,3), 1.70 (br s, 3, H-13), 1.92 (d, 3, J = 1.2 Hz, C-3
CHs), 3.42 (m, 4, NCH>CH3), 5.15 (m, 1, H-11), and 5.83 ppm
(brs, 1, H-2).

Anal. Caled for CyopH37NO: C, 78.12; H, 12.13; N, 4.55. Found:
C,78.15; H, 12.25; N, 4.68.
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