2768 © 1984 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 57, 2768—2776 (1984)

[Vol. 57, No. 10

Regio- and Stereocontrolled Synthesis of Allenic and Acetylenic
Derivatives. Organotitanium and Boron Reagents
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The propargyltitanium reagents derived from 1-alkylpropyne condensed with aldehydes to give a-allenyl
alcohol regioselectively, while the allenylutamum reagents generated from 1-alkyl- l-butyne derivatives gave
threo-B-acetylenic alcohols with high regio- and stereoselectivities. The course of the reaction was determined by
the substitution pattern of starting alkynes. The similar reactions of metallated 1,3-bis(trialkylsilyl)propyne or
(trialkylsilyl)acetonitrile with aldehydes were also investigated.

The importance of the propargylic anions in syn-
thetic chemistry emerged from the reeognitions of
their utility for the extension of the carbon chain and
facility in the interconversion of the functionality.?
Their applicability in organic synthesis, however, has
been limited because of the difficulties in controlling
the regio- and stereoselectivities of the reaction. As
it is often pointed out, the propargylic anion may be
in equilibrium with allenic anion.? Thus, in the
condensation with carbonyl compounds, two prod-
ucts, acetylenic and allenic alcohols, can be formed.
Furthermore, each product may consist of two stereo-
isomers, i. e., erythro and threo isomers.® Under the
ordinary reaction conditions, therefore, these four
isomers should be produced. Thus, toachieve the selec-
tive reaction, it is necessary to solve the regiochem-
ical (allenic and acetylenic) and stereochemical
(erythro and threo) problems at the same time. The
similar ambiguity should be observed in the reaction
of allylic anions.¥

In general, the structure and reactivities of the
ambident anion are highly dependent on the nature of
the countercations and solvents.? In our continuative
studies on the organometallic reagents, we found the
propargylic titanium reagents partially solved the
aforementioned problems. We also investigated the
reaction of nitrile anion,® which had an analogous
structure with propargylic anion, and observed that
the boron as a countercation gave the best result in
this particular case.

We report here a regio- and stereocontrolled synthesis
of allenic and acetylenic alcohols using propargyltita-
nium reagents. The application of the methodology for
the synthesis of enynes and «,B-unsaturated nitriles
were also described herein.”

Results and Discussion

Synthesis of Allenic and Acetylenic Alcohols. The
lithio propargylic derivatives, which were easily gen-
erated from substituted propyne derivatives and
t-butyllithium, were subject to condensation with
aldehydes as such or after the exchange of the lithium
ion by subsequent treatment with appropriate metal
salts (Scheme 1).

The lithio reagent 2a (R!1=Me, R2=H) derived from
2-butyne reacted with cyclohexanecarbaldehyde in
tetrahydrofuran (THF) solvent to give a mixture of a-
allenic and B-acetylenic alcohol 3 and 4, respectively,
in the ratio of 42:58. On the other hand, the titanium
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Scheme 1.

derivative 2b (R'=Me, R2=H) gave the a-allenic alco-
hol 3 without contamination of any B-acetylenic al-
cohol 4. The slight alteration in product distribution
was observed by changing the solvent from THF to
ether. The effects caused by changing the metal cation
and solvent were studied in detail and the results are
summarized in Table 1.

THE REGIOSELECTIVITY OF THE REACTION OF Ml~ TALLATED
2-BUTYNE WITH CYCLOHEXANEC ARBALDhHYDl‘

S~

TABLE 1.

CH,—C==C-=CHM +
3

Entry Metal® Solvent 4 39
1 t-BuLi Ether 34 66
t-BuL.i THF 58 42

3 Ti(OPr), Ether 3 97

4 Ti(OPr) THF ] 99
5 B(OPr')s Ether 69 31

6 B(OPr')s THF 75 25

7 Et2AICI THF 10 90

8 EtzAlICI+H:0 THF 7 93

9 Mgl; THF 19 81

10 ZnBr; Ether 9 91
11 ZnBr; THF 17 83
12 SnCl. THF 7 93

a) The reactions were carried out on 2 mmol scale. The
crude products were directly subject to GLC
analysis. b) One equivalent of MLn was used for the
metal exchange except for entries 7 and 8. Entry 7:
EAICI, 2 equiv; Entry 8: EtAICI+H20 (2:1), 2
equiv. c) Isomer ratio was determined by GLC
analysis.
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TABLE 2. THE REGIOSELECTIVITY OF THE REACTION OF TITANIUM REAGENTS WITH ALDEHYDES

Tiln

R———/ +R’CHO———R-——-}R < _g_

Entry R! R2 R3 4/3“'"’Ratio Yield of 4+3/%
1 Si(CHs)s H Cyclohexyl 1:99 (58:42)° 93
2 Si(CHs3s)s H Phenyl 1:99 (65:35) 87
3 CH3s H Cyclohexyl 1:99 (53:47) 90
4 CH3s H Phenyl 1: 99 (49:51) 80
5 Si(CH3)s CH3 Cyclohexyl >99: 69
6 Si(CHa)s CH3; Phenyl >99: l_ 79
7 CH3CH: CHs Cyclohexyl >99: 1 (84:16) 42
8 Phenyl CHs Cyclohexyl 94: 6(93: 7) 89
9 Phenyl CH3; Phenyl >99: 1 (98: 2) 92

a) Determined by GLC analysis.
lithium reagents.

The regioselectivity is heavily dependent on the kind
of metal ion. Thus, the titanium reagent showed the
highest regioselectivity (entry 4) in a variety of metal
ions investigated.® In most cases, THF was a superior
solvent to ether.

Since the unusual selectivities of the titanium
reagents became apparent from the above results, their
reactivities were examined in detail. The results were
summarized in Table 2.

The titanium reagent generated from 1-substituted
propyne (2b, R!=alkyl or trialkylsilyl, R2=H) con-
densed with an aldehyde to give the a-allenic alcohol 3
exclusively, similar to that observed in the reaction
of 2-butyne (entries 1—4). However, a dramatic altera-
tion in the product distribution occurred when the
reactions of the homologous titanium reagents de-
rived from 1,3-disubstituted propyne (2b, R1=alkyl or
trialkylsilyl, R2=Me) were conducted with the same
aldehydes. Thus, none of the corresponding a-allenic
alcohols were detected, and instead the B-acetylenic al-
cohols 4 were obtained (entries 5—9). The high regio-
selectivity appears to be general for a range of acetylenes
and aldehydes. Although the corresponding lithio
derivatives generally gave the less selective results, in
the case of 1,3-disubstituted propyne, even the lithio
derivatives showed moderate to fairly high selectivities
(entries 7—9).

From the above results, the characteristic features
of the reaction may be summarized as follows. The
substitution pattern of the starting alkynes plays a

R R? H R
] — e
M 7
\"’O/H R’ R 6"
H 6
R? R

Fig. 1. Sgi’ process.

b) Values in parenthesis refer to ratios of 4/3 obtained in the reactions with
c) 56:44 using Mg ion; 75:25 using Zn ion.

dominant role in determining the regioselectivity of
the reaction: The alkynes having a substituent on
propargylic carbon (1, R2xH) produced B-acetylenic
alcohols exclusively, while allenic alcohols were ob-
tained from the alkynes not substituted at propargyl-
ic carbon (1, R2=H).

It is currently assumed that the addition of the al-
lenic and acetylenic organometallics to the carbonyl
takes place through an allylic rearrangement of the
organometallic by a chelate transition state depicted
in Fig. 1.9

That is to say, an allenic organometallic produced
the B-acetylenic alcohol, while the a-allenic alcohol
was derived from an acetylenic reagent. On the basis
of these mechanistic considerations, the highly regio-
selective reaction of the titanium reagents could be
explainable as follows. The titanation of the propar-
gylic anion took place with extremely high regioselec-
tivity to produce either allenic or acetylenic titanium
derivatives depending on the substitution pattern of
the original alkynes. Indeed, the IR spectrum of the
titanium reagent in THF derived from 1-(trimethylsilyl)-
1-butyne showed a strong absorption at 1898 cm™!
characteristic for allenic structure,’® while that of
the reagent derived from 1-(trimethylsilyl)propyne re-
vealed only acetylenic absorption at 2092cm~—1,19 in
accord with the above speculation. In contrast to the
highly selective formation of either allenic or acetylenic
structure with titanium reagent, other metal cations,
Lit, MgXH, etc., furnished a mixture of the allenic and
the acetylenic reagent in a variable ratio depending on
the metal cations used. Siteselectivity was assumed to
be determind primarily by steric requirements, and the
steric repulsion between R? and metal centre (Fig. 2)
provided conclusive factor of selectivity.

O

M
Fig. 2. Steric repulsion.
While the general trend of the regioselectivity of the

titanium reagents has become apparent, it was of con-
siderable interest to us to determine whether the tita-
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TABLE 3. STEREOSELECTIVITY®

R R /k/
X —
'/\__Q + R'cHO 2
R OH
°

R
R
+

R
24
&
R H
10

Entry R! R2 R3 Metal® 9/10°Ratio  Yield of 9+10/%
1 MesSi Me Cyclohexyl Li 62:38 48
MesSi Me Cyclohexyl Mg 65:35 42
3 MesSi Me Cyclohexyl Ti 89:11 (93:7)¥ 69(71)
4 MesSi Me Phenyl Ti 30:70 79
5 Phenyl Me Cyclohexyl Li 80:20 67
6 Phenyl Me Cyclohexyl Ti >99: 1 89
7 Et Me Cyclohexyl Ti 91: 9(93:7)? 42(35)?
8 MesSi OTHP Cyclohexyl Zn 71:29 519
9 MesSi OTHP Cyclohexyl Ti 90:10 679
10 MesSi OTHP n-CsHn Ti 88:12 65%
11 Me OTHP Cyclohexyl Li 81:19 44°
12 Me OTHP Cyclohexyl Zn 88:12 48
13 Me OTHP Cyclohexyl Ti 94: 6 81¢
14 Me OTHP n-CsHu Ti 95: 5 76
15 Me OCMe;OMe  n-CsHy Ti 93: 7 579
16 Me OTHF Cyclohexyl Ti 95: 5 59
17 Me OTHF n-CsHn Ti 95: 5 68

a) Unless specified, reactions were carried out at —78°C for 1 h(entries 1—7) or at —78°C for 0.5 h and 20°C for

0.5h (entries 8—17).

b) Ti, Ti(OPr), Mg, Mgl; Zn, ZnBr.
diacetates for entries 8—17. d) The reaction was carried out at —100°C for 1h.

c) Determined by GLC analysis. Ratios of
e) Yields refer to

the corresponding diols produced by acid hydrolysis(TsOH in methanol) of the protecting groups.

nium reagents would exhibit an extraordinary diastereo-
selection for the B-acetylenic alcohol synthesis. Accord-
ingly, we have carefully examined the diastereomeric
ratios of the B-acetylenic alcohols (Table 3).

As summarized in Table 3, diastereomeric ratio is
influenced significantly by the nature of the counter
cation. Thus, the lithium, magnesium, and zinc
reagents afforded the mixture of erythro and threo
alcohols with low to moderate stereoselectivities. The
enhanced selectivity was now observed with titanium
reagents. The titanium reagents afforded predominant-
ly the threo-B-acetylenic alcohols (entries 3, 6, and 7)
and erythro-a,B-acetylenic diols!? (entries 9—17) with
synthetically useful levels of stereoselectivities. The
alkoxyl group served as a bulky substituents and did
not give a special influence on the regio- and stereo-
selectivities of the reaction. Such stereoregulation may
be understandable simply by considering the same che-
late type transition state (Fig. 3).

The titanium reagent which was present as the
allenic form with a tight metal-carbon bond, forms
the two six-membered ring chelate transition states,
T, and T2, according to the direction of the carbonyl
approach. As is apparent from the Fig. 3, the steric
repulsion between R and R; controls the course of the
carbonyl approach to the reaction centre. Therefore,
the transition state T, is more favorable than Tz and
the predominant production of the threo adduct via
T, was observed.

Examination of the other data in Table 3 reveals
several other trends: (1) Most remarkable is the reac-
tion with benzaldehyde exhibiting an opposite stereo-
selection,!? that is, erythro-B-acetylenic alcohol was
obtained albeit in a lower level of selectivity(entry 4);
(2) a trimethylsilyl group at R! of the reagents gave

R! R
RCHO  + “se=C= <
( LnTi H
R R? R R’
.\“ _/ H \.'— —/{
LnTi. ) L""\ A
0 R o} H
T T2
H R H R
R ) R
& &7
R~ ud h R‘/ H OH
threo erythro

Fig. 3. Transition state.

slightly lower selectivities for the reaction (entries
9 and 10); (3) a lower reaction temperature leads to
higher selectivities (entries 3 and 7). The reverse change
in stereoselectivity observed in the reaction with
benzaldehyde can not be fully explicable at present,
but a similar anomaly has been observed elsewhere.19
It should be noted that the condensations of the
titanium reagent with ketones were unsuccessful, and
starting ketones were recovered. Similar chemoselec-
tivities for the titanium reagents were reported.®
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Synthesis of Enyne and a,-Unsaturated Nitrile. The
regio- and stereoselective behaviours of the propargyl-
titanium reagents in carbonyl addition have now be-
come apparent in detail. Thus the additional applica-
tions of the similar reagents were examined for synthet-
ic purposes.

We!h) have already reported an efficient silicon-
mediated (Z)-enyne synthesis using metallated 1,3-
bis(trialkylsilyl)propyne as exemplified in Eq. 1.1i:19

SiMe;
SiMe, /

Y
\=_//

Me;Si

RCHO  + —— - R ™)

M
1 12

It was demonstrated that the alkyl groups on silicon
provide powerful steric screening effect which plays
an important role for the stereochemical course of the
reaction. It was also pointed out that the tightness of
the bond with counterion has a similar potential as a
control element in stereochemistry: In order to max-
imize the stereoselectivity of the reaction, “‘a tight che-
late transition state’’ should be achieved. For example,
a magnesium chelate may be tighter than that for lithi-
um, thus maximizing the steric effect. Unfortunately,
however, the elimination step of Peterson olefination
seems to proceed smoothly when lithium, sodium or
potassium derivatives are used, the magnesium deriva-
tives being comparatively slow to undergo elimina-
tion.1® Taking these requirements and aforemention-
ed results into account, we have tested the titanium
reagents for the enyne synthesis.
1,3-Bis(trialkylsilyl)propyne!® was treated with ¢-but-
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yllithium and then with titanium tetraisopropoxide.
The condensation with aldehydes was then conducted
(Table 4). As seen from the Table 4, (Z)-enynes were
obtained exclusively except for the reaction with benz-
aldehyde. The anomalous behaviour of benzaldehyde
was described previously.1®

Since the syn elimination mechanism of the B-oxide
trialkylsilyl derivatives in Peterson reaction has been
accepted,!? the stereoselectivity of the reaction should
be determined by the direction of the initial attack of
carbanion to carbonyl.!® For the diastereoselective addi-
tion of the titanium reagents, the similar explana-
tion employed previously may be given again (Fig. 3):
With this substituted pattern, the allenic (not acet-
ylenic) titanium reagent was predominantly produced.
Therefore, in Fig. 3, one might anticipate that the
transition state T2 might be destabilized relative to
Ti due to the RoR2 (R2=RSSi) steric repulsion. Asa
result, (Z)-enyne was produced selectively via transition

TABLE 4. ENYNE SYNTHESIS®

R3Si SiMe, /~\
RCHO  + e — R\
Titn \SiMe,

Entry Ry R Z:EY  Yield(Z+E)*/%
1 Mes Cyclohexyl  17:1 87

2 t-BuMez Cyclohexyl 20:1 73

3 Mes Phenyl 1:8 88

4 t-BuMez Phenyl 1:1 60

5 t-BuMez  Pentyl >50:1 70

a) All reactions were performed as described in the
text. b) Olefin ratio was determined by GLC. «¢)
Values reported are isolated yields.

TABLE 5, SYNTHESIS OF @, 8- UNSATURATED NITRILES

Entry Aldehyde® Reagent Metal  Condition®”  Yield®/%  z/E®

1 ¢-CeH1,CHO MesSiCH-CN Li A 82 7:1

2 Ti A 94 11:1

3 B A 90 12:1

4 B B 90 16:1

5 B C 78 23:1

6 Ph3SiCH:CN Mg D 80 9: 1

7 B B 90 11:1

8 t-BuMesSiCH:CN Mg D 76 6: 110

9 B B 85 15:1
10 CsH,,CHO MesSiCH.CN B A® 72 7:1
11 B B 68 9:1
12 B C 52 13:1
13 PhsSiCH:CN Mg D 63 5:110)
14 B B 72 7:1
15 CsHsCHO MesSiCH:CN Li B 46 5:1
16 B B 81 8:1
17 B C 66 6:1
18 Ph3SiCH.CN Li A? 60 2:1
19 B B 84 6:1
20 t-BuMezSiCH2CN B B 84 8:1
21 CsHsCHO MesSiCH2CN Li A® 86 3:1
22 B A® 90 3:1
23 B C 71 2:1

a) ¢-CeHuuCHO: Cyclohexanecarbaldehyde; CsHinCHO: Hexanal; CsHeCHO: 2-Hexenal; CéHsCHO:

Benzaldehyde.

product. d) Z/E ratio was determined by GLC.

b)A:—78°C, 1h;25°C, 30 min; B: —78°C, 1 h; C:—78°C, 30 min; HMPA was added after the
addidion of the aldehyde to the anions. D: —78°C, 5min; 50°C, 1h.
e) 25°C, 1 h.

c) Values reported are for isolated
f) 25°C, 2h.
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state T1.

Next we called our attention to the nitrile anion
which has analogous structure to the propargyl anion
except that it has no substituents at a terminal nitrogen
atom. Thus we investigated the reaction of a-silyl-
substituted acetonitrile anion which condensed with
aldehyde to give a,B-unsaturated nitriles through
addition-elimination sequences.!® Judging from the
similarity of the reaction system to the a-silylated pro-
pyne, a (Z)-olefin may result from this reaction. The
a,B-unsaturated nitrile is a useful synthetic intermediate
since it is easily converted to the synthetically useful
a,-unsaturated carbonyl compound.20

The metallated derivatives of (trialkylsilyl)acetonitrilez?
was condensed with various aldehydes and the results
were summarized in Table 5.

Surprisingly, the reaction of simple lithio reagent
with aldehyde produced the Z-isomer with moderate
stereoselectivity (entry 1).22 The titanium reagents
showed a little improvements, but the boron reagents
are much superior.2d In contrast to the previous obser-
vations of propargyl anions, the stereochemical course
of the reaction showed little dependence on the steric
screening effect of the silyl group, but the effects of
the reaction temperature and the solvent were crucial.
Thus the longer reaction period at room temperature
tends to decrease the stereoselectivity of the reaction
(entries 3 and 4). Since the presence of excess base
(LDA) also decreases the selectivity, secondary isomeri-
zation of the produced olefin may be caused by the base
particularly at higher temperature.2¥ Consequently
the quenching of the reaction at low temperature is
essential to accomplish the selective 'reaction.2”

It should be notable that the addition of HMPA to
the reaction mixture remarkably raised the proportion
of Z-isomer (entry 5). The role of HMPA is not clear,
but the rate of the desilylation is clearly accelerated
by the addition of HMPA. The lack of the selectivity in
the condensation with benzaldehyde was observed as
previously, which may be due to the intervention of a
competing electron-transfer pathway, or an acyclic
transition state.1d

The regioisomer, ketenimine, which corresponded
to the allenyl alcohol for the reaction of propargylic
anion, was not detected in a series of this reaction.2®
Since the transition state for this reaction could be
regarded as similar to that of propargyl anion, the Z-
selectivity could be readily understandable. For ni-
trile anion, however, the site of metallation could be
recognized as occurred predominantly at nitrogen
atom for all metals studied.2? This is presumably due
to the steric requirement along with the strong affinity
of metal-nitrogen bond.

Experimental

General. 'H NMR spectra were taken on a JNM-PMX
60 spectrometer. The chemical shifts are reported in parts per
million relative to TMS. The infrared spectra were recorded
on a Hitachi 260-10 spectrometer in CCls solution unless
otherwise stated. The isomeric ratio of the products was
determined by gas-liquid chromatography (GLC) using a
Hitachi Model 163 and 164 instruments equipped with a
flame ionization detector using nitrogen as carrier gas. For
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TLC analysis throughout this work, Merck precoated TLC
plates (silica gel 60 GFzs4, 0.25mm, or silica gel 60 HFasq
silanized, 0.25 mm) were used. The products were purified by
preparative column chromatography on silica gel E. Merck
Art. 9385, or silanized silica gel E. Merck Art. 7719. Micro-
analyses were accomplished at the Institute of Applied
Organic Chemistry, Faculty of Engineering, Nagoya Univer-
sity. Unless otherwise specified, all reactions were carried out
under an atmosphere of dry argon. In experiments requiring
dry solvents, ether and tetrahydrofuran (THF) were distilled
from sodium-benzophenone. Benzene, hexane, and toluene
were dried over sodium metal. Dichloromethane was dried
over 4A Molecular Sieve. Pyridine and triethylamine were
stored over potassium hydroxide pellets. Hexamethylphos-
phoric triamide (HMPA) was used after distillation from
CaHz. Other commercially supplied materials were used as
received.

Preparation of 1-(Trimethylsilyl)propyne.®  To a solution
of propyne (20g, 0.50mol) in ether (600 ml) was added butyl-
lithium in hexane (1.6 mol dm=3 solution, 312 ml, 0.50 mol)
at —78°C under argon. After stirring for 1 h at the same tem-
perature, chlorotrimethylsilane (63 ml, 0.50 mol) was added
to this solution. The resulting mixture was stirred at 25°C
for 12h and then poured into 2 mol dm=3 hydrochloric acid.
The organic layer was separated and the aqueous layer was
extracted with ether. The combined extracts were dried and
evaporated. The residue was distilled under atmospheric
pressure to give l-(trimethylsilyl)propyne (34g, 60%). Bp
94—98°C; 'H NMR (CCly4) 6=0.15 (s, 9H), 1.93 (s, 3H).

Preparation of 1-Trimethylsilyl-1-butyne.®  To a solution
of 1-butyne (15g, 0.28 mol) in ether (500 ml) was added butyl-
lithium in hexane (1.6 mol dm3 solution, 160 ml, 0.26 mol)
at —78°C under argon. After stirring for 1 h at the same tem-
perature, chlorotrimethylsilane (33 ml, 0.26 mol) was added
to the reaction mixture. The mixture was stirred at 25°C
for 12h and then poured into 2 moldm=3 hydrochloric
acid. The organic layer was separated and the aqueous layer
was extracted with ether. The combined extracts were dried
and evaporated. The residue was distilled under atmospher-
ic pressure to give l-trimethylsilyl-1-butyne (23 g, 70%). Bp
115—116°C; H NMR (CCly) 6=0.13 (s, 9H), 1.16 (t, J=7 Hz,
3H), 2.21 (q, J=7Hz, 2H).

Preparation of 3-(Tetrahydro-2-pyranyloxy)-1-trimethylsilyl
propyne. To a solution of 2-propyn-l-ol (11g, 0.20
mol) and 3,4-dihydro-2H-pyran (22ml, 0.24mol) in ether
(300ml) was added p-toluenesulfonic acid monohydrate
(48,21 mmol)at 0°C. The mixture was stirred for 0.5h at0°C
and 1 h at 25°C. Then, the reaction mixture was poured into
water and the product was extracted with ether. The ether
layer was washed with brine, dried over sodium sulfate, and
evaporated. Chromatography of the residual crude oil on a
silica-gel column (2:1, hexane-ether) afforded 3-(tetrahydro-
2-pyranyloxy)propyne (24g, 86%). 'H NMR (CCly) 6=1.3—
2.0 (m, 6H), 2.40 (t, J=2.5Hz, 1H), 3.3—4.0 (m, 2H), 4.23 (d,
J=2.5Hz, 2H), 4.80 (m, 1H); IR (neat) 3300 cm-1.

To a solution of 3-(tetrahydro-2-pyranyloxy)propyne (5.6
g, 40mmol) in ether (100ml) was added butyllithium in
hexane (1.6moldm-3 solution, 25ml, 40 mmol) at —78°C.
After stirring for 1 h at —78 °C, chlorotrimethylsilane (5.0 ml,
40 mmol) was added to this mixture. The resulting mixture
was stirred at 25°C for 12 h and then poured into 2mol dm—3
hydrochloric acid and extracted with ether. The combined
extracts were dried and evaporated. Chromatography of the
crude product on a silica-gel column (15:1 hexane-ether)
afforded 3-(tetrahydro-2-pyranyloxy)-1-(trimethylsilyl)propyne
(6.9g, 81%). 'H NMR (CCls) 6=0.13 (s, 9H), 1.1—2.0 (m,
6H), 3.4—3.9 (m, 2H), 4.03 (s, 2H), 4.63 (t, J=2Hz, 1H); IR
(neat) 2190cm=!. Found: C, 62.38; H, 9.22%. Calcd for
C11H200:Si: C, 62.21; H, 9.49%.
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Preparation of 1-(Tetrahydro-2-pyranyloxy)-2-butyne.?

To a solution of 2-butyn-l-ol (5ml, 66 mmol) and 3,4-
dihydro-2H-pyran (9.0ml, 99 mmol) in ether (130ml) was
added p-toluenesulfonic acid monohydrate (1.9g, 10 mmol)
at 0°C. After stirring for 0.5h at 0°C and then 1 h at 25°C,
the reaction mixture was poured into water and-extracted
with ether. The ether layer was washed with brine, dried, and
evaporated. Chromatography of the residual oil on a silica-
gel column (10:1 hexane-ether) afforded 1-(tetrahydro-2-
pyranyloxy)-2-butyne (10 g, 98%). R:=0.7 (10:1 hexane-ether);
1H NMR (CCly) 6=1.3—1.9 (m, 6H), 1.75 (t, J=2.5Hz, 3H),
3.2—3.8 (m, 2H), 4.0 (q, J=2.5Hz, 2H), 4.65 (m, 1H); IR
(neat) 2250 cm—1.

Preparation of 1-(1-Methoxy-1-methylethoxy)-2-butyne.

To a solution of 2-butyn-1-ol (2.0ml, 26 mmol) and 2-
methoxypropene (3.6 g, 50 mmol) in dichloromethane (30 ml)
was added p-toluenesulfonic acid monohydrate (0.75g,
3.9mmol) at 0°C. The resulting mixture was stirred at 0°C
for 20 min and treated with triethylamine (1.4 ml, 10 mmol) at
0°C. The mixture was poured into water and the product
was extracted with ether. The organic layer was dried and
concentrated. Chromatography of the resulting oil on asilica-
gel column (4:1 hexane-ether) afforded 1-(1-methoxy-1-meth-
ylethoxy)-2-butyne (2.77 g, 75%). R=0.8 (4:1 hexane-ether);
'H NMR (CCly) 6=1.33 (s, 6H), 1.83 (t, J=2.5 Hz, 3H), 3.20
(s, 3H), 4.05 (q, J=2.5 Hz, 2H); IR (neat) 2250 cm™1.

Preparation of I-(Tetrahydro-2-furyloxy)-2-butyne. Toa
solution of 2-butyn-1-ol (2.0 ml, 26 mmol) and 2,3-dihydro-
furan (2.8g, 40mmol) in ether (30 m1) was added p-toluene-
sulfonic acid monohydrate (0.75g, 3.9mmol) at 0°C. After
stirring for 0.5h at 0°C and 1 h at 25°C, the mixture was
poured into water and the product was extracted with ether.
The organic layer was dried and concentrated. Chromato-
graphy of the crude product on a silica-gel column (10:1
hexane-ether) afforded 1-(tetrahydro-2-furyloxy)-2-butyne (2.8
g, 77%). 'H NMR (CCly) 5=1.83 (m, TH), 3.7—4.0 (m, 2H), 4.15
(m, 2H), 5.27 (m, 1H); IR (neat) 2230 cm™1.

Metallation of Acetylenic Compounds. To a solution of
acetylenic compounds (2.0 mmol) dissolved in dry THF (5ml)
was added ¢t-butyllithium in pentane (1.8 mol dm—2 solution,
1.11' ml, 2.0mmol) at —78°C with stirring, and the resulted
slightly yellow solution was stirred at 0°C for 1 h leading to
complete lithiation. Corresponding titanium derivatives
were prepared by adding titanium tetraisopropoxide (0.60 ml,
2.0mmol) to a solution of the lithio salt obtained as above at
—78°C. The boron derivatives were similarly prepared with
use of one equivalent of boron triisopropoxide. Magnesium,
zinc, and tin(II) derivatives were generated by adding one
equivalent of magnesium iodide,3® zinc bromide, or tin(II)
chloride, respectively. For the preparation of aluminium re-
agents, two equivalents of diethylaluminium chloride (hexane
solution) were used.

IR Analysis of Metallated Alkyne Derivatives. The lithio
derivative of a 1-(trimethylsilyl)propyne solution in THF
obtained as above was transferred into IR cell under nitrogen,
and the spectrum was measured. IR 1880 cm=1 (m, allenic),
2020 cm™! (m, acetylenic). The IR spectra of the other metal-
lated reagents: Titanated 1-(trimethylsilyl)propyne: 2092
cm-1. Titanated 1-trimethylsilyl-1-butyne: 1898 cm~1.

Reaction of 2b with Cyclohexanecarbaldehyde. To a
cooled solution (—78°C) of 2b (2.0mmol) in THF was added
freshly distilled cyclohexanecarbaldehyde (0.22 ml, 1.8 mmol)
over a period of 5min at —78 °C, and the mixture was stirred at
—78°C for 1h. The resulting mixture was poured into ice-
cooled 1 moldm=3 hydrochloric acid, and the product was
extracted with ether repeatedly. The combined ethereal layer
was dried and concentrated in vacuo. The crude product was
purified by silica-gel column chromatography (1:2 ether-
heaxne) to give 1-cyclohexyl-3-pentyn-1-ol and 1-cyclohex-
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yl-2-methyl-2,3-butadien-1-ol (269 mg, 90% total yield). GLC
analysis of the product revealed the ratio of 1:99.
1-Cyclohexyl-3-pentyn-1-ol: R{=0.35 (2:1 hexane-ether); *H
NMR (CCly) 6=0.7—2.0 (m, 11H), 1.78 (t, J=2.4 Hz, 3H), 2.25
(m, 2H), 3.30 (m, 1H), 4.62 (br s, 1H); IR 2275cm™1.
1-Cyclohexyl-2-methyl-2,3-butadien-1-ol: R{=0.43 (2:1 ether-
hexane); tH NMR (CCly) 6=0.72—2.22 (m, 11H), 1.62 (t,
J=3Hz, 3H), 2.02 (s, 1H), 3.67 (br d, 1H), 4,63 (m, 2H); IR
1970 cm™!. Found: C, 79.31; H, 10.73%. Calcd for C1nH1s0: C,
79.46; H, 10.91%.
1-Cyclohexyl-4-trimethylsilyl-3-butyn-1-ol:"® 1H NMR (CCly)
6=0.14 (s. 9H), 0.92—2.0 (m, 12H), 2.32 (d, J=5.4 Hz, 2H), 3.37
(brs, 1H); IR 2180cm™1.
1-Cyclohexyl-2-trimethylsilyl-2,3-butadien-1-ol:® 'H NMR
(CCl4) 8=0.12 (s, 9H), 0.86—2.03 (m, 12H), 3.81 (brs, 1H), 4.38
(d, J=2Hz, 2H); IR 1930 cm~1. Found: C, 69.49; H, 10.60%;
Calcd for Ci13H240Si: C, 69.58; H, 10.78%.
1-Phenyl-4-trimethylsilyl-3-butyn-1-ol:*® 'H NMR (CCla)
6=0.08 (s, 9H), 2.47 (d, J=6.2 Hz, 2H), 3.23 (brd, /=3 Hz, 1H),
4.60 (dt, J=3 and 6.2 Hz, 1H), 7.17 (s, 5H); IR 2180cm™1.
1-Phenyl-2-trimethylsilyl-2, 3-butadien-1-0l:%® 1H NMR
(CCly) 6=0.02 (s, 9H), 3.33 (br s, 1H), 4.45 (d, J=3 Hz, 2H), 5.17
(t, J=3Hz, 1H), 7.19 (s, 5H); IR 1930 cm—1; MS m/z: 218 (M+).
1-Phenyl-3-pentyn-1-ol:'® 1H NMR (CClq) 6=1.70(t, J=2.5
Hz, 3H), 2.42 (dq, J=2.5 and 6 Hz, 2H), 2.77 (br s, 1H), 4.60
(t, J=6Hz, 1H), 7.18 (s, 5H).
2-Methyl-1-phenyl-2,3-butadien-1-ol:**® 1H NMR (CCly) 6=
1.47 (t, J=3 Hz, 3H), 3.04 (br s, 1H), 4.68 (m, 2H), 4.98 (br s,
1H), 7.16 (s, 5H); IR 1960cm™—!; MS m/z: 160 (M+).
1,4-Diphenyl-2-methyl-3-butyn-1-ol (Mixture of erythro and
threo Isomers): 'H NMR (CCly) 6=1.06 and 1.14 (2d, J=7Hz
each, 3H), 2.85 (quintet, J=7 Hz, 1H), 3.08 (br s, 1H), 4.45 (m,
1H), 7.17 (m, 10H); IR 2250 cm~1. Found: C, 86.16; H, 7.07%;
Calcd for Ci17H160: C, 86.41; H, 6.82%.
erythro-1-Cyclohexyl-2-methyl-4-trimethylsilyl-3-butyn-1-ol:32
1H NMR (CCly) 6=0.13 (s, 9H), 0.78—2.03 (m, 12H), 1.13 (d,
J=6.5Hz, 3H), 2.52 (quintet, J=6.5Hz, 1H), 3.20 (t, J=5Hz,
1H); IR 2170cm™L.
threo-1-Cyclohexyl-2-methyl-4-trimethylsilyl-3-butyn-1-o0l:32
1H NMR (CCla) 6=0.15 (s, 9H), 0.87—2.08 (m, 12H), 1.18(d, J=
7Hz, 3H), 2.60 (dq, J=2 and 7 Hz, 1H), 2.95 (m, 1H); IR 2160
cm-l. Found: C, 70.70; H, 10.81%; Calcd for Ci14H26OSi:
C, 70.52; H, 10.99%.
erythro-2-Methyl-1-phenyl-4-trimethylsilyl-3-butyn-1-ol:3® H
NMR (CCly) 6=0.07 (s, 9H), 1:07 (d, J=7 Hz, 3H), 2.28 (br s,
1H), 2.67 (quintet, J=7 Hz, 1H), 4.51 (d, J=6.2 Hz, 1H), 7.21 (s,
5H); IR 2180 cm1.
threo-2-Methyl-1-phenyl-4-trimethylsilyl-3-butyn-1-o0l) 3 H
NMR (CCly) 6=0.14 (s, 9H), 1.05 (d, J=7 Hz, 3H), 2.35 (brs,
1H), 2.68 (quintet, J=7 Hz, 1H), 4.38 (d, J=7Hz, 1H), 7.23 (s,
5H); IR 2180cm~!. Found: C, 72.48; H, 8.95%. Calcd for
C1sH20Si: C, 72.36; H, 8.67%.
threo-1-Cyclohexyl-2-methyl-3-hexyn-1-0l:3 'H NMR (CCly)
6=0.57—2.20 (m, 13H), 1.10 (¢, J=7Hz, 3H), 1.13 (d, J=6.8 Hz,
3H), 2.57 (m, 1H), 2.92 (m, 1H), 3.22 (br s, 1H).
erythro-1-Cyclohexyl-2-methyl-3-hexyn-1-0l:3» 1H NMR
(CCly) 6=0.87—2.37 (m, 14H), 1.11 (d, J=7Hz, 3H), 1.13 (t,
J=1.5Hz, 3H), 2.49 (m, 1H), 3.17 (m, 1H).
erythro-1-Cyclohexyl-2-methyl-4-phenyl-3-butyn-1-0l:3 1H
NMR (CCly) 6=0.69—2.35 (m, 12H), 1.24 (d, J=6.4 Hz, 3H),
2.74 (quintet, J=6.4 Hz, 1H), 3.32 (t, J=6.4 Hz, 1H), 7.22 (brs,
5H); IR 2250 cm™1.
threo-1-Cyclohexyl-2-methyl-4-phenyl-3-butyn-1-0l:32 1H
NMR (CCly) 6=0.67—2.34 (m, 12H), 1.27 (d, J=6.8 Hz, 3H),
2.80 (dq, J=4and 6.8 Hz, 1H), 3.03 (brs, 1H), 7.20 (m, 5H); IR
2240 cm—. Found: C, 84.16; H, 9.23%. Calcd for C,7H320: C,
84.25; H, 9.15%.
Reaction of Metallated Alkoxyalkyne Reagents with Aldehydes.
The following procedure is representative for these type
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of reagents (entries 8—17 in Table 3). ¢t-Butyllithium in
pentane (1.8 mol dm~3 solution, 0.83 ml, 1.5mmol) was add-
ed dropwise to a solution of 1-(tetrahydro-2-pyranyloxy)-2-
butyne (231 mg, 1.5mmol) in dry THF (4ml) with stirring
under argon at —78°C. After 40 min at —78°C, titanium tetra-
isopropoxide (0.45ml, 1.5mmol) was added dropwise to
the resulting orange solution of the anion, and the slightly
darkened solution was stirred there for 10min. Freshly
distilled hexanal (0.155 ml, 1.3 mmol) was added over a period
of 5min at —78°C, and the mixture was stirred at —78°C for
30min and then at 20°C for 30 min. The reaction mixture
was poured into ice-cooled 1 moldm=2 hydrochloric acid,
and the product was extracted with ether repeatedly. The
combined ethereal layer was concentrated in vacuo to give a
crude hydroxy ether, which was dissolved in dry methanol
(5ml) at 0°C. p-Toluenesulfonic acid monohydrate (5mg)
was added, and the mixture was stirred at 20°C for 30 min.
After the consumption of all tetrahydropyranyl ether by TLC
assay, the reaction was terminated by the addition of excess
sodium hydrogencarbonate (10mg). The suspension was
concentrated in vacuo, and the slurry was directly subjected
to column chromatography on silica gel (2:1 ether-hexane)
to afford 2-decyne-4,5-diol (168mg, 76%). The diol was
acetylated by Ac;O-pyridine, and the GLC analysis of the
diacetate revealed the isomericratioof 95:5 (erythro: threo).39

2-Decyn-4,5-diol: 'H NMR (CCly) 6=0.5—1.67 (m, 11H),
1.87 (d, J=3 Hz, 3H), 2.97 (br s, 2H), 3.63 (m, 1H), 4.28 (dq, J=
3 and 3 Hz, 1H); IR 3400, 2260 cm~1. Found: C, 70.32; H,
10.68%. Calcd for C10H1802: C, 70.55; H, 10.65%.

1-Cyclohexyl-4-trimethylsilyl-3-butyn-1,2-diol:3® 'H NMR
(CCly) 6=0.16 (s, 9H), 0.75—2.17 (m, 11H), 2.78 (br s, 2H),
3.17 (dd, J=4 and 6 Hz, 1H), 4.22 (d, J=4Hz, 1H); IR 3400,
2200 cm™1.

1-Trimethylsilyl-1-nonyn-3,4-diol:3® 'H NMR (CCls) 6=0.16
(s, 9H), 0.66—1.58 (m, 11H), 2.14 (br m, 1H), 2.69 (m, 1H),
3.48 (m, 1H), 4.13 (m, 1H); IR 3400, 2230cm™1.

1-Cyclohexyl-3-pentyn-1,2-diol: 'H NMR (CCly) 6=0.67—
2.33 (m, 11H), 1.88 (d, J=2 Hz, 3H), 2.83 (br s, 2H), 3.32 (dd,
J=3 and 7Hz, 1H), 4.41 (dq, J=3 and 4Hz, 1H); IR (neat)
3400, 2280cm~!. Found: C, 72.34; H, 10.10%. Calcd for
C11H1803: C, 72.49; H, 9.95%.

Preparation of 1,3-Bis(trimethylsilyl)propyne.1® To a
solution of 1-(trimethylsilyl)propyne (13.5g, 120mmol) in
ether (200 ml) were added N,N,N’,N’-tetramethylethylenedi-
amine (21.1 ml, 140 mmol) and butyllithium in hexane (1.6
mol dm~2 solution, 87.5ml, 140 mmol) at —5°C under argon.
After stirring for 30 min, chlorotrimethylsilane (17ml, 134
mmol) was added and the mixture was stirred at 25°C for
12h. The resulting mixture was poured into ice-cooled water
and the product was extracted with ether. The combined
extracts were dried and evaporated. The residue was distilled
under reduced pressure to give 1,3-bis(trimethylsilyl)propyne
(16.6g 75%). Bp 75—76°C (34 mmHg"): 'H NMR (CDCls)
6=0.17 and 0.24 (2s, 9H each), 1.61 (s, 2H).1®

Preparation of 3-(t-Butyldimethylsilyl)}-1-(trimethylsilyl)propyne.
To a solution of 1-(trimethylsilyl)propyne (22.4 g, 200 mmol)
in ether (300 ml) was added ¢-butyllithium3® in pentane (1.8
mol dm—3solution, 111 ml, 200 mmol) at —5°C. Afterstirring
for 30 min, ¢-butyldimethylsilyl chloride (30.1 g, 200 mmol)
was added and the mixture was stirred for 12h. Theresulting
mixture was poured into ice-cooled water and the product was
extracted with ether. The combined extracts were dried and
concentrated. The residue was distilled under reduced pres-
sure to give 3-(¢-butyldimethylsilyl)-1-(trimethylsilyl)propyne
(24.4g, 54%). Bp 106—107°C (31 mmHg); 'H NMR (CDCls)
6=0.14 and 0.19 (2s, 15H), 0.98 (s, 9H), 1.63 (s, 2H); MS m/z:
226 (M+).

¥ 1 mmHg=133.322 Pa.
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Reaction of Metallated 1,3-Bis(trialkylsilyl)propyne with Al-
dehydes.? The following experimental procedure is
representative. To asolution of 1,3-bis(trimethylsilyl)propyne
(368 mg, 2.0mmol), in THF (4ml) was added ¢-butyllithium
in pentane (1.8 moldm=3 solution, 1.1 ml, 2.0 mmol) at —78
°C. After 1h at —78°C, titanium tetraisopropoxide (0.60 ml,
2.0mmol) was added to the mixture and the solution was
stirred for 10 min at —78°C. Cyclohexanecarbaldehyde (0.22
ml, 1.8 mmol) was added to the solution and the resulting
mixture was stirred at —78°C for 30min and then at 25°C
for 1h. The reaction mixture was poured into 1 mol dm=3-
hydrochloric acid, and the product was extracted with ether
repeatedly. The combined ethereal layer was concentrated in
vacuo to give a crude oil, which was subjected to column
chromatography on silica gel (hexane) to afford 4-cyclohexyl-
1-trimethylsilyl-3-buten-1-yne (323 mg, 87%). GLC analysis of
the product revealed the isomeric ratio of 17:1 (Z: E).3®

(Z)-4-Cyclohexyl-1-trimethylsilyl-3-buten-1-yne:3 'H NMR
(CCly) 6=0.17 (s, 9H), 0.77—1.95 (m, 10H), 2.57 (br m, 1H),
5.27(d, J=11 Hz, 1H), 5.72(dd, J=8.5and 11 Hz, 1 H); IR 2150,
1450, 1255, 1015, 700 cm—2,

(E)-4-Cyclohexyl-1-trimethylsilyl-3-buten-1-yne:¥ 1H NMR
(CCly) 6=0.13 (s, 9H), 5.28 (d, J=16 Hz, 1H), 6.02 (dd, J=7 and
16 Hz, 1H), 0.65—2.0 (m, 11H); IR 2150, 1450, 1250, 960 cm1.

(Z)-1-Trimethylsilyl-3-nonen-1 yne:® 1H NMR (CCly) 6=0.17
(s, 9H), 0.8—1.5 (m, 9H), 2.27 (m, 2H), 5.33 (d, J=11 Hz, 1H),
5.80 (dt, J=7 and 11 Hz, 1H); IR 2150, 1250, 1050, 700 cm™1.

(E)-1-Trimethylsilyl-3-nonen-1-yne:® 1H NMR(CCly) 6=0.13
(s, 9H), 0.76—1.58 (m, 9H), 2.10 (m, 2H), 5.32 (d, /=16 Hz,
1H), 6.08 (dt, J=7 and 16Hz, 1H); IR 2150, 1260, 1095,
960 cm™1.

(Z)4-Phenyl-1-trimethylsilyl-3-buten-1-yne:3 1H NMR(CCly)
6=0.22 (s, 9H), 5.56 (d, J=11Hz, 1H), 6.53 (d, J=11 Hz, 1H),
7.18 (m, 3H), 7.72 (m, 2H).

(E)-4-Phenyl-1-trimethylsilyl-3-buten-1-yne:3 1HNMR
(CCly) 6=0.20 (s, 9H), 6.05 (d, J=16 Hz, 1H), 6.93 (d, J=16 Hz,
1H), 7.27 (s, 5H).

Preparation of (Trimethylsilylacetonitrile.'® To a
mixture of chlorotrimethylsilane (36g, 0.33 mol) and acti-
vated granular zinc (38g, 0.58mol), in THF-benzene (1:1,
400 ml) was added a solution of chloroacetonitrile (22 g, 0.29
mol) in benzene (20ml). The resulting mixture was heated
under reflux for 30 h and then poured into a buffer solution
(AcONa-AcOH, 300ml). The organic layer was separated
and the aqueous layer was extracted with benzene. The com-
bined extracts were dried and concentrated. The residue was
distilled under reduced pressure to give (trimethylsilyl)aceto-
nitrile (13.5g, 41%). Bp 65°C (20mmHg) ; 'H NMR (CCly)
6=0.23 (s, 9H), 1.53 (s, 2H); IR (neat) 2215 cm~1. This compound
was also ;;)repared from bromoacetonitrile in the similar
manner.'*®

Preparation of (Triphenylsilyl)acetonitrile. Toasolution
of acetonitrile (4.1g, 0.10mol) in THF (200 ml) was added
butyllithium in hexane (1.6 mol dm=3, 62.5ml, 0.10mol) at
—78°C. After stirring for 20 min, chlorotriphenylsilane (29.5
g, 0.10mol) in THF (50ml) was added at —78°C and the
mixture was stirred at —78°C for 30 min and then 25°C for
5h. The resulting mixture was poured into water and the
product was extracted with ether. The combined extracts
were dried and concentrated to give a crude product. Recrystal-
lization from acetone-methanol gave colourless crystals of
(triphenylsilyl)acetonitrile (16.7 g, 56%). Mp 135.5—136°C
(acetone); 'H NMR (CDCls) 6=2.30 (s, 2H), 7.45 (br s,
15H); IR 2250 cm ; MS m/z: 299 (M+).

Preparation of (t-Butyldimethylsilyl)acetonitrile. To a
solution of acetonitrile (4.1g, 0.10mol) in THF (200ml)
was added butyllithium in hexane (1.6moldm=3, 62.5ml,
0.10mol) at —78°C. After stirring for 20 min, t-butyldi-
methylsilyl chloride (15.1g, 0.10mol) in THF (50ml) was
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added at —78°C and the mixture was stirred at —78°C for
30min and 25°C for 5h. The resulting mixture was poured
into water and the product was extracted with ether. The
combined extracts were dried and concentrated. The residue
was distilled under reduced pressure to give (t-butyldimethyl-
silyl) acetonitrile (7.75 g, 50%). Bp 102°C (30 mmHg); 'H NMR
(CDCls) 6=0.19 (s, 6H), 0.95 (s, 9H), 1.54 (s, 2H); IR 2250
cm~1; Mp 71—72°C; MS m/z: 155 (M*).

Reaction of Metallated (Trialkylsilyl)acetonitrile with Al-
dehydes.™ The following experimental procedure provides
details of the typical preparation of (Z)-unsaturated nitriles:
To a solution of (trimethylsilyl)acetonitrile (113 mg, 1.0 mmol)
in THF (2ml) was added dropwise butyllithium in hexane
(1.6 moldm—2 solution, 0.63ml, 1.0mmol) at —78°C. After
10min, boron triisopropoxide (0.231ml, 1.0mmol) was
added at —78°C and the solution was stirred there for an
additional 10min. Cyclohexanecarbaldehyde (0.121 ml, 1.0
mmol) in THF (0.5ml) was added slowly and after 2min,
dry HMPA (0.4ml) was added to the reaction mixture and
stirring was continued for 1 h. Addition of water to the mix-
ture at —78°C, then the product was extracted with ether.
The combined organic layer was dried and concentrated.
Chromatography of the crude product on silica-gel column
(1:6 ether-hexane) gave 3-cyclohexylacrylonitrile (105mg,
78%). GLCanalysis of the product revealed 23:1 (Z)-isomer.3®8
(2)-3-Cyclohexylacrylonitrile (Contains ca. 4% of the (E)-Iso-
mer):"™ " R=0.46 (1:6 ether-hexane); 'H NMR (CCly) 6=
0.72—3.0 (m, 11H), 5.15 (d, J=11Hz, 1H), 6.23 (dd, J=10 and
11 Hz, 1H); IR 2910, 2840, 2210, 1625, 740cm™!, Found: C,
80.08; H, 9.73; N, 10.18%. Calcd for CoH13N: C, 79.95; H,
9.69; N, 10.36%.

(Z)-2-Octenenitrile (Contains ca. 7% of the (E)Isomer):?
R(=0.44 (1:5 ether-hexane); 'H NMR (CCly) 6=0.63—2.0
(m, 9H), 2.0—2.67 (m, 2H), 5.22 (d, J=11 Hz, 1H), 6.37 (dt,
J=7 and 11 Hz, 1H); IR 2960, 2940, 2860, 2230, 1630, 740
cm~1; Found: C, 78.17; H, 10.56; N, 10.92%. Calcd for
CsHisN: C, 78.00; H, 10.63; N, 11.37%.

(22,4E)-2,4-Octadienenitrile (Contains ca. 11% of the (E,E)
Isomer):49 R(=0.35(1:5 ether-hexane); 'H NMR (CCly) §=0.94
(t, J=7Hz, 3H), 1.17—1.83 (m, 2H), 1.92—2.5 (m, 2H), 5.00 (d,
J=10Hz, (Z)-isomer), 5.20 (d, J=15 Hz, (E)-isomer), 5.83—7.0
(m, 3H); IR 2975, 2940, 2875, 2225, 1645, 740 cm™1.

(Z)-3-Phenylacrylonitrile (Contains ca. 25% of the (E)Iso-
mer):®  R:=0.31 (1:5 ether-hexane); 'H NMR (CCly) 6=
5.33(d, J=12 Hz, (Z)-isomer), 5.76 (d, J=17 Hz, (E)-isomer), 7.00
(d, J=12Hz, 1H), 7.33 and 7.72 (m, 5H); IR 3050, 3030, 2220,
1615, 970, 775, 750, 685 cm™1,
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