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4-Alkoxy- and 4-(tetrahydro-2-pyranyloxy)-2-
butyn-1-ols are in most cases quantitatively
converted into conjugated dienes when treated
with lithium aluminium hydride in refluxing
THF or similar solvents. The reactions proceed
via a-allenic alcohols. The dienes are free from
positional isomers and the formation of alken-
ynes, which occurs in some cases, can be
completely suppressed by a combination of
lithium aluminium hydride and aluminium
chloride. Most of the conjugated dienes seem to
be formed with low stereoselectivity. The E,E
form is the predominant isomer of 2,4-hexadiene
while of 4,6-decadiene the E,Z isomer predom-
inates. These latter results may indicate that
the attack by hydride on the central carbon
atom of the propadienyl group is sterically
hindered when the double bond remaining in
the same position is formed with B configura-
tion.

A few years ago we reported that the acetylenic
tetrahydro-2-pyranyloxy (Thp-oxy) compounds
1 and 2 (Table 1) are quantitatively converted
into the conjugated dienes 15 and 16 upon
treatment with lithium aluminium hydride
(LAH) in refluxing tetrahydrofuran (THF).!
The reactions proceed wvia a-allenic alcohols
(strictly alcoholates), which themselves can be
prepared according to the scheme in Table 1.%:3

As part of a current project covering different
aspects of the chemistry of allenes and ace-
tylenes 1:3:1:2,3 we are trying to develop new
synthetic methods for other functional groups in
which these types of compounds are essential.
Consequently, it was of interest to evaluate this
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apparently simple route to certain conjugated
dienes and also to make some mechanistic
studies. These continued studies have revealed
that (4) most primary and secondary «-allenic
alcohols are also quantitatively converted into
conjugated dienes when treated with LAH in
refluxing THF and hence these dienes are
directly accessible from the corresponding ace-
tylenes 4 in Table 1, (i¢) the formation of
alkenynes which occurs in some cases! can be
completely suppressed by a combination of LAH
and aluminium chloride in the step B—C, (i4i)
the attack by hydride on the central carbon
atom of the allenic group seems to be sensitive
to steric hindrance, giving dienes of different
stereochemical forms.

The conversion of «-allenic alcohols into con-
jugated dienes upon treatment with LAH has
been reported by other authors,*—#% most of them
starting with substituted 2-butyn-1,4-diols.4*
Already in 1954 Whiting and Nayler reported
that cosmene (2,6-dimethyl-1,3,5,7-octatetra-
ene) could be easily obtained by LAH reduction
of the acetylenic diol 26, a reaction they
presumed to proceed via an a-allenic alcohol.*
To our knowledge three other substituted 2-
butyn-1,4-diols have been reported to undergo
the same reaction with LAH.® Furthermore,
skilful carotenoid chemists have reduced the
carotenoids, fucoxanthin and neoxanthin, both
of which are «-allenic z-alcohols, to conjugated

OH CI)H
|
Hj C=(|:"CH‘C5C- C-CH=CH,
CH3 H3
26
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Table 1. Reactions of acetylenes 4 with lithium aluminium hydride to the conjugated dienes C.

OR CI)H OH
LAH LAH
R‘JI—-CEC—C—-R* _— RI—C=C=CH—é—R’ ———> RI—-C=CH-CH=C-R?
}L | Et,0 THF |
2 4 or THF R? R reflux 2 R*
20—-40°C
A B C

Acety-

lenes R Rt R? R? R* Dienes (O)

(4)

1*  Thp H H  —(CH)-  Hic=ch-cn= )
15

21 Thp CH, CH, CH, C;H; (CH,),C=CH-CH=C(C,H,),
16

3 Thp H H CH, H 1,3-Octadiene
17’ 14

41 Thp C,H, H H H 1,3-Heptadiene
18 15

5% t-CH, C,H, H H H 1,3-Heptadiene
18 15

6 CH, CH,, H H H 1,3-Nonadiene
79 15,28

7 Thp CH, H CH;, H 2,4-Hexadiene
20

7-dy  Thp CH, H Ch, H 1,1,1-Trideuterio-2,4-
hexadiene
20-dg

8 t-CH, CH, H CH, H 4,6-Decadiene
21

9gu Thp H H C;H, CH, 4-1\L£$thyl- 1,3,-heptadiene
22

10 CH, C,H, H H H 4-Methyl-1,3-heptadiene
22 27

11 Thp C.H, H CH, CH; 2-Methyl-2,4-octadiene
23 14

12 Thp CH, CH, CH, H 2 -N{fthyl-2,4-octadiene
23

138 CH, (CH;0); CH-CH, CH; H H (CH;0);,CH-CH,-C=CH-CH=CH
24 H,

14 CH, HCOCH, CH, H H HO-CH,-CH,—-C=CH-CH=CH,

H,

25

polyenes with LAH.® Grignard reagents also
attack a-allenic alcoholates to give conjugated
dienes.”s®

Finally, the tendency of a-allenic alcohols to
be converted into conjugated dienes is also
reflected in their smooth rearrangements to
‘halogenated dienes,” dienolacetates,'® and «,8-
unsaturated ketones,'® which reactions probably

proceed via the mesomeric 2,3-butadienyl«—1,3-
butadien-2-yl carbonium ion.'%

The formation of conjugated dienes from
acetylenic diols %* has not been fully evaluated
as a synthetic method, <.e. no diene having a
terminal diene group has been prepared, and
in all the starting diols at least one of the
hydroxy groups has been tertiary as well as
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activated by allylic or benzylic position. In
contrast, the synthetic method presented here
is now rather well understood as to limitations
of the structure of the starting acetylenes and
in part to the stereochemistry of the products.
Owing to the facile preparation of the acetylenic
derivatives 4,"%!? many conjugated dienes of
the type C are thus easily accessible in three
steps from commercial chemicals.

According to our opinion the present syn-
thetic method compares favourably with exist-
ing ones ! owing to the good yields, the absence
of positional isomers, and the rather great
variation of substituents R1— R*.

SYNTHETIC PROCEDURES

The preparations of the starting acetylenes
1—14 follow standard procedures,’~®2 and
many of them have been described earlier
(Table 1).

These acetylenic derivatives were converted
into the corresponding dienes by reaction with
an excess of LAH in THF or diglyme. The
reactions were usually complete ( > 90 9,) within
4 h as judged by the disappearance of the
a-allenic alcohols (GLC). The dienol 25, however,
was formed slowly; only 36 9 of impure
material was isolated after 8 h.

The dienes were isolated by ordinary work-up
followed by simple distillation or, often more
conveniently, by preparative GLC on SE-30.
Volatile dienes could also be distilled directly
from the reaction mixture, a procedure used in
the isolation of very pure (>99 9%, GLC) 1,3-
heptadiene (18) prepared from § in diglyme.

nesc-ci={_)

27
HC=C-CH=C(CH,)-C;H,
28
HC=C-CH=CH-C,H,
29

The purity of the distilled dienes is good,
better than 90 9, in most cases. Furthermore,
the dienes are free from positional isomers, and
in general further reduction to olefins does not
seem to be a problem (< 3 9) as long as a great
excess of LAH is avoided. In one preparation
of the dienacetal 24 2.5 mol of LAH were used
which, however, led to the formation of 2—3
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by-products (20 %). The isolated by-products
had a methyl group at a saturated carbon
(NMR), clearly indicating that a reduction of
the diene had occurred. The dienol 25 is reduced
further even if the normal amount of LAH is
used.

As already pointed out in our first paper on
this subject alkenynes are sometimes formed as
by-products.! This occurs for acetylenic deriv-
atives having R'=Rt=H (¢.e. 1, 3, and 9, which
give the enynes 27, 28, and 29), or, in other
words, when the intermediary «-allenic alcohol
B has a terminal propadienyl group. The
alkenynes are consistently formed in an ap-
proximate yield of 10 9.

In attempts to suppress the formation of
these alkenynes we soon discovered that the
combination of LAH with aluminium chloride
had a favourable influence in the step (B)-»
diene (C). A molar ratio LAH:AICI, of 90— 100:1
was found to give the diene 15 as a single
product (> 97 9, pure, <0.5 9% enyne 27) from
1-propadienyleyclohexanol (the intermediate
allene in 1-15). A molar ratio of 50:1 of the
same reagents in a reduction of 1,2-octadien-4-ol
(intermediate in 3-»17) led to 1,3-octadiene,
contaminated with 8 9% of monoolefins (GLC-
MS), while a molar ratio of 100:1 gave an
almost pure product (96 9% by GLC, <0.5 %
enyne 29). However, with this modified reagent
it is not necessary to isolate the allenic alcohols,
because they can be preformed at a lower
temperature (=40 °C) using LAH alone. The
appropriate amount of aluminium chloride is
then added and the mixture is refluxed until
the allene is completely converted into the
diene.

STEREOCHEMISTRY

GLC-data on the stereoisomers of the 1,3-
dienes 17 — 19 do not seem to have been recorded
in the literature though some authors have
claimed determination of E and Z isomers of
1,3-octadiene and 2-methyl-2,4-octadiene based
on GLC ¥ without giving experimental condi-
tions. Hauser et al. have observed the inability
of some Carbowax columns to resolve 1,3-hepta-
and 1,3-nonadiene into F and Z isomers,’® and
we have encountered similar difficulties though
we used longer columns. To obtain a rough
estimate of the stereoselectivity in the formation
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of 1,3-dienes, we reacted 1,3-heptadiene (pre-
pared from § in diglyme), and 1,3-nonadiene
with maleic anhydride, these reactions produc-
ing adducts in yields of 74 and 71 9, respec-
tively (NMR). Predominant E configuration of
these dienes is thus indicated,!® and is further
verified by the absorption of medium strength
around 950 em™ in the IR spectra !¢ of all
the mono-substituted 1,3-dienes.

4-Methyl-1,3-heptadiene (22) contained com-
parable amounts of £ and Z isomers (55:45),
irrespective of the starting material used (9 or
10).

The dienacetal 24 is obtained as a 1:1 mixture
of E and Z isomers, whereas GLC on Carbowax
of the dienol 25 was not conclusive (¢f. Experi-
mental Part).

The 1,4-disubstituted butadienes 20 and 21
exhibit remarkable differences in their content
of stereoisomers. While the E,E isomer of 2,4-
hexadiene (20) is the major component (E,E:
E,Z:Z,Z = 61:36:3) the same isomer of 4,6-deca-
diene (21) only constitutes 35—45 9%, (E,E:E,Z
approximates 3:5; Z,Z ~4 9, of the isomers),
when both dienes were formed in diglyme. The
poor GLC resolution did not permit more exact
quantitation of the decadienes. These assign-
ments of the stereoisomers are based on IR
spectra of the isolated (E,E)-2,4-hexadiene," of
a mixture of the (,Z)- and (Z,Z)-2,4-hexa-
dienes,’ and of the partly purified E,E and
E,Z isomers of 4,6-decadiene. The latter iso-
mers had IR spectra closely resembling those
of the corresponding 2,4-hexadienes. IR data on
other pure isomers of 1,4-disubstituted buta-
dienes also support the assignments of the 4,6-
decadienes.®

MECHANISM AND DISCUSSION

During formation of a conjugated diene from
an «-allenic alcohol, one of the two double-
bonds remains in the same position (a—a’ in
Fig. 1), while the other (b) is shifted to become
¢ in the conjugated diene. It is possible and even
likely that the two double-bond forming proces-
ses will exhibit different stereoselectivity. It can
be seen in Fig. 1 that to give an (E)-a” double-
bond, the hydride has to be delivered to the
allenic system from the most hindered side, and
therefore this process might be sensitive to the
size of the group R. The present results (cf.

/
Li l\
LN R\ /H
™ CHR' __, =
R\\\—'_ A H/cq:c\c___c/
[N
H/ q%b.\H H/ ]

Fig. 1.

Stereochemistry) may corroborate these consi-
derations, as 4,6-decadiene (R=R!=C,H, in
Fig. 1) contains more KE,Z isomer than 2,4-
hexadiene (R=R!=CH,). This hypothesis is
even more likely, since the other process b-»c,
which is an allylic rearrangement, can be
expected to give more product of E configura-
tion the larger R! (Fig. 1) is.!®

We found it of interest to study these
processes in greater detail and therefore made
the double-bonds of 2,4-hexadiene recognizable
by labelling the starting acetylene 7 with
deuterium at C-1 to give 7-d;. From 7-d, the
labelled 2,4-hexadiene 20-d; was prepared in
diglyme as for 20 and the isomers 30 and 31
were isolated together by preparative GLC. The
deuterium content was 88 9%, by NMR and
86.3 % by MS. The 2,4-hexadiene system was
chosen because all the isomers have been
thoroughly investigated by NMR,? showing the
following methyl resonances relative to TMS
(neat): E,E, 6 1.663; the E,Z isomer has the E
methyl at § 1.710 and the Z methyl at § 1.662;
Z,Z, 6 1.658.

The E,Z isomer exhibits the two methyl
signals separated by 0.05 ppm, and consequently
the deuterium labelled E,Z isomer can be
analyzed for its content of (E,Z)- and (Z,E)-
1,1,1-tri-deuterio-2,4-hexadiene (30 and 31, re-
spectively). The methyl region of this labelled
isomer at 100 MHz is shown in Fig. 2. When
corrected for the presence of methyl signals
from the E,E and Z,Z isomers (Fig. 2), both of
which are found at 1.66 ppm, signals remain at
1.66 and 1.71 ppm with the approximate ratio
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Fig. 2. 100 MHz NMR spectrum of the methyl
signals of the deuterium labelled (E,Z)- and
(Z,E)-2,4-hexadienes 30 and 31 containing 15
and 5 9% of the Z,Z and E,E isomers, respec-
tively.

of areas 1:1.6, thus indicating the presence of 30
and 31 in the same ratio.

Assuming the chemical shifts of the E and Z
methyl groups of (#,Z)-2,4-hexadiene to be
correctly assigned by Albriktsen et al.** this
experiment indicates that for the formation of
2,4-hexadiene there seems to be, very surpris-
ingly, greater stereoselectivity for E configura-
tion in the rearrangement a—»a’ than in the
step b—=>c¢ (Fig. 1). A major amount of the
E,E isomer is still formed and the total forma-
tion of E configuration in the step a-»a’ can be
estimated to be around 84 9, while it is approxi-
mately 73 9 in the allylic rearrangement b—»c.
The result is exactly reverse to what one should
have expected from the foregoing reasoning
(Fig. 1). The formation of (E,Z)-4,6-decadiene as
the predominant isomer in the other experiment
makes the situation still more complex since in
this case the allylic rearrangement b-sc¢ would
be expected to be still more E stereoselective
than in the formation of 2,4-hexadiene. How-
ever, it should be noted that the deuterium
content of the 2,4-hexadiene, 20-d;, is only
86.3 % and the found difference between the
stereoselectivities (84 and 73 %) is probably
greater than the actual figure. Notwithstanding
the ambiguous result with 2,4-hexadiene it still
seems reasonable to assume that the bulk of
the Z double-bond of 4,6-decadiene is formed
in the a-»a’ mode though the situation might
not be as straight-forward as pictured in Fig. 1.
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Finally, it is interesting to note that very
small amounts of aluminium chloride in combi-
nation with the LAH reagent suffice to com-
pletely suppress the aforementioned formation
of alkenynes. Other authors have also reported
selective reactions with this reagent, notably the
exclusive attack at C-3 on 3-alkyl substituted
propargylic alcohols giving rise to organo-
metallic intermediates 22 or allenic hydrocar-
bons 22 depending on the ratio of aluminium
chloride:LAH. Without added aluminium chlo-
ride LAH attack occurs at C-2 as well as
C-3.2t Allylic alcohols can only undergo the
above Sy2'¢ reaction with LAH in exceptional
cases.’»?2 The presence of aluminium chloride is
sometimes necessary 2 but in other cases inhi-
bitory .3t

EXPERIMENTAL

General. IR spectra were run on a Perkin-
Elmer Infracord 157 G apparatus using liquid
films between NaCl disecs. NMR spectra were
obtained in CDCl; with TMS as internal stand-
ard using a Perkin-Elmer R-12 B spectrometer
operating at 60 MHz. These spectra were
routinely recorded and are in full agreement -
with the proposed structures. The 100 MHz
spectrum was obtained with a Varian HA-100 D.
Mass spectra were obtained at 70 eV using an
AEI MS-30 connected to a Pye 104 gas chro-
matograph. Correct mass spectra (M*+ and
fragmentation) were obtained for all conjugated
dienes prepared in the present work with the
exceptions of the dienes 19 and 24, which were
not run.

For preparative GLC 300x0.96 em and
600 x 0.96 cm aluminium columns packed with
20 9, SE-30 and Carbowax 20 M, respectively,
on Chromosorb W (60— 80 mesh) were used.
The Carbowax column was also used for
determinations of stereoisomers.

All reactions involving LiAlH, and Grignard
reagents were performed under nitrogen atmos-
phere.

Propargylic ethers and acetals used in the
subsequent preparations were 3-(tetrahydro-2-
pyranyloxy)propyne,? 3-(tetrahydro-2-pyranyl-
oxy)-1-hexyne,? 3-t-butoxy-1-hexyne,* and 3-
methyl-3-(tetrahydro-2-pyranyloxy)-1-butyne.

2,2,2-Trideuterioacetaldehyde was prepared
according to Baldwin,? but only two exchanges
in D,0 were performed at 40 °C. Yield 50 %,

General procedure for the preparation of 17,
7-d;, 8, 11, and 12. To 0.5 mol of ethylmag-
nesium bromide in 150 ml of THF was added
the appropriate propargylic ether (0.5 mol) in
50 ml of THF (0.5 h). Stirring was continued
for 0.5 h at room temperature, when the
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appropriate keto compound dissolved in 25 ml
of THF, was added dropwise (1 h). After stirring
for another 3 h at room temperature the reaction
mixture was poured on to ice and ether, enough
saturated NH,Cl solution was added to allow
separation of the phases, and the water phase
was extracted twice with ether. The organic
phase was washed twice with a saturated NH,C1
solution, dried over K,CO;-Na,SO, and distilled.

5-(Tetrahydro-2-pyranyloxy )-3-hexyn-2-ol (7).
Yield 74 %. B.p. 102 °C/0.3 Torr. (Found: C
66.3; H 9.30. Calc. for C,,;H,;0,;: C 66.63; H
9.15).

5-( Tetrahydro-2-pyranyloxy )-1,1,1-trideuterio-
3-hexyn-2-ol (7-dg). Prepared on a 0.05 mol
scale. Yield 67 9,. B.p. 102 °C/0.3 Torr.

7-t-Butoxy-5-decyn-4-ol (8). Yield 66 9. B.p.
96 °C/0.25 Torr. (Found: C 74.1; H 11.5. Calc.
for C, H,,0,: C 74.29; H 11.58).

2-Methyl-5- (tetrahydro-2-pyranyloxy ) -3-octyn-
2-0l (11). Yield 78 9. B.p. 108 °C/0.4 Torr.
(Found: C 69.9; H 9.9. Cale. for C,,H,Os:
C 69.96; H 10.07).

7-Methyl-7- (tetrahydro-2-pyranyloxy ) -5-octyn-
4-0l (12). Yield 76 9%. B.p. 109 °C/0.1 Torr.
(Found: C 69.9; H 9.8. Cale. for C,,H,;,0,: C
69.96; H 10.07).

The acetylenes 6 and 10 were prepared in
analogy to similar compounds.’* The inter-
mediate acetylenic Thp-protected derivatives
were methanolyzed without prior distillation.

4-Methoxy-2-nonyn-1-ol (6). Yield 74 9%. B.p.
106 °C/0.6 Torr. (Found: C 70.2; H 10.3. Calc.
for C,H,;0,: C 70.55; H 10.66).

4-Methoxy-4-methyl-2-heptyn-1-ol (10). Yield
80 %. B.p. 66 °C/0.5 Torr. (Found: C 69.0; H
10.2. Cale. for C,H,,0,: C 69.02; H 10.32).

Preparation of the conjugated dienes 18, 19, 21,
22, 23, and 24 from the acetylenes 4—6, 8 and
10—13. To a stirred, ice-cooled suspension of
LiAlH, (1.52 g, 30 mmol) in 20 ml of THF a
solution of the starting acetylene (16 mmol of
Thp-oxy derivatives and 22 mmol of alkoxy
derivatives) in 10 ml of THF was added
dropwise. The mixture was refluxed for 4 h,
cooled and poured on to a little ice and 75 ml
of pentane. Saturated NH,Cl solution was added
to facilitate the separation of the two phases.
The water phase was extracted twice with
pentane, and the combined organic phases were
washed twice with saturated NH,Cl solution and
twice with water, then dried over Na,SO,
while protected from air. The dienes were
distilled or purified by preparative GLC after
cautious evaporation of the pentane. Yields on
distillation ranged from 40— 70 %,. However, it
should be noted that GLC yields in most cases
exceed 90 9, and still higher isolated yields can
probably be achieved on a larger preparative
scale.

4,6-Decadiene (21). Yield 55 9%,. B.p. ~75°C/
20 Torr. The E,E and E,Z isomers were partly
separated on a Carbowax 20 M column at
115 °C. (E,E)-4,6-Decadiene (containing ~ 25 9,
of E,Z isomer). IR: 985 cm™ (strong) and 950

cem™! (weak, from the E,Z isomer). NMR:
5 6.50—5.20 (m, 4 H), 2.37—1.82 (m, 4 H),
1.40 (sextet, 4 H) and 0.90 (t, 6 H). (E,Z)-4,6-
Decadiene (containing ~15 9, of E,E isomer).
IR: 982 and 950 em™ (both medium). NMR:
5 6.60—5.05 (m, 4 H), 2.37—1.83 (m, 4 H),
1.40 (sextet, 4 H) and 0.90 (t, 6 H).

6,6-Dimethoxy-4-methyl-1,3-hexadiene (24).
Yield 53 9%. B.p. 74 °C/16 Torr. IR: 985 cm™
(strong, H,C=). NMR: § 7.0—6.3 (m, 1 H),
5.95 (d, 1 H), 5.3—4.9 (m, 2 H), 4.50 (t, 1 H),
3.36 (s, 6 H), 2.50 and 2.38 (two d, 2 H) and 1.83
(s, 3 H). (Found: C 68.8; H 10.2. Cale. for
C,H,,0,: C 69.19; H 10.33).

1,3-Heptadiene (18) from 5 in diglyme A 100
ml one-necked flask containing 30 ml of diglyme
was arranged so as to allow continuous distilla-
tion while a solution was added from the top.
LiAlH, (2.28 g; 60 mmol) was added in several
portions to the ice-cooled, magnetically stirred
diglyme. A solution of § * (7.35 g; 40 mmol) in
20 ml of diglyme was added dropwise to the ice-
cooled suspension, while the receiver was cooled
to —75 °C. The temperature of the reaction
mixture was then slowly raised to 80 °C using
an oil-bath. After 2 h the oil-bath temperature
was raised to 120 °C, when 1,3-heptadiene
started to distill. The reaction system was
connected to a water pump via a tube containing
potassium hydroxide pellets, and the pressure
was lowered to ~50 torr. 2.1 g of distilled
material containing 10 9 of diglyme was ob-
tained. 1,3-Heptadiene, >99 9, pure by GLC
e)-:cltzlpt for the diglyme, was obtained in 47 9,
yield.

2,4-Hexadiene (20) and 1,1,1-trideuterio-2,4-
hexadiene (20-d;) were prepared in diglyme (30
mmol Thp-derivative and 50 mmol LiAlH,), but
the reaction was allowed to proceed in a
stoppered 250 ml three-necked flask at 80 °C
for 3 h. The reaction mixture was cooled, an
efficient condensor was attached and the mix-
ture was cooled to —30 °C. 20 ml of pentane
was added, and then 10 ml of water was added
dropwise while magnetic stirring was main-
tained. The mixture was stirred for 0.5 h at
0 °C and then poured into a separatory funnel.
It was diluted with saturated NH,Cl, and the
organic phase was separated and the water
phase extracted twice with 5§ ml portions of
pentane. The combined pentane solutions were
washed several times with water and dried over
Na,S0,. The E,E and E,Z isomers of the 2,4-
hexadienes were isolated by injecting 1 ml
portions of the pentane solutions on to & 6 m
Carbowax column (65 °C) and collecting frac-
tions at 18 and 20 min. IR-spectra agreed with
published data.!?

3-Methyl-3,5-hexadien-1-ol (25). The acetal
133 (2.3 g; 11.4 mmol), was hydrolyzed in 30 ml
of dioxane:water (2:1) containing 75 mg of p-
toluenesulfonic acid (70 °C, 2 h). After cooling,
3 g of KHCO, was added and then Na,SO, to
dry the mixture followed by 50 ml of ether.
After filtering the drying process was repeated
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once more. Evaporation of solvent in vacuo
yielded the aldehyde 14 which was ~93 9,
pure by GLC. IR: 1720 (strong) and 1670 cm™
(medium, H-bonding). NMR: § 9.85 (¢, 1 H),
4.30 (s, 2 H), 3.45 (s, 3 H), 2.65 (d, 2 H), 2.1
(s, 1 H) and 1.50 (s, 3 H). It was not purified,
but was allowed to react with LiAlH, (0.70 g;
18.5 mmol) in refluxing THF for 2 h. Work-up
and distillation yielded 100 mg of the title
compound (Fraction 1). A residue (810 img)
after the distillation was shown by IR and

NMR to be 4-methyl-2,3-hexadien-1, 6 diol (¢f. -

Scheme in Table 1), better than 90 % pure.
This was once more allowed to react with
LiAlH, (0.57 g; 15 mmol) for 6 h. Work-up
and distillation yielded 350 mg of 25. The total
yield of 25 was 36 9. The first fraction was
~95 9% pure by GLC on OV-25. IR: 900 cm™!
(strong, H,C=). NMR § 6.95—6.30 (m, 1 H),
5.95 (d of two m, 1 H), 5.30—4.90 (m, 2 H),
3.70 (t, 2 H), 3.20 (s, 1 H), 2.47 (q, 2 H; at 100
MHz shown to consist of two overlapping t of
almost equal intensity), and 1.80 (s, 3 H). GLC
(6 m Carbowax 20 M at 210 °C) showed one
main component (mol. wt 112, MS) at 19 min
which constituted 80 9, of the whole mixture.
Except for 5 9, of monoolefins (MS) there were
two other components at 17 and 20.5 min,
representing 8 and 5 9,, respectively. The
second fraction consisted to approximately
25 9%, of monoolefins.

Preparations of the conjugated dienes 15, 17,
and 22 (from 9), AlCly-procedure. Molar ratios
and amounts of THF were the same as described
above for the preparation of the other simple
dienes. Instead of refluxing the reaction mix-
ture it was kept stirring at 40 °C for 1 h to
allow complete conversion of the starting
acetylenes into «-allenic alcohols. The mixture
was then cooled to 0 °C and AICl; (1 mol 9%, of
the LiAlH, used) was added (in one portion for
a 10— 15 mmol preparation). The mixture was
refluxed for 4 h and worked up as above.

Reactions of 1,3-heptadiene (18) and 1,3-
nonadiene (19) with maleic anhydride. 1,3-
Heptadiene (375 mg; 3.34 mmol), obtained
from 5 as described above, or 1,3-nonadiene
(122 mg; 0.97 mmol) was allowed to react with
a 10 9%, excess of maleic anhydride in 1—2 ml
of acetone in closed vials at 70 °C for 10 h.
The solvent and unreacted dienes were removed
in vacuo, and the residue was analyzed by NMR
for yield. The amounts of olefinic protons in
maleic anhydride and the adduct were com-
pared. A 71 9, yield of adduct from 1,3-nona-
dleneda,nd 74 9% from 1,3-heptadiene was ob-
taine
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