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Acyclic acceptor-substituted conjugated enynes bearing sul-
fonyl, sulfinyl, sulfonate, nitro, amide, cyano, and oxazolidino
groups at the double bond were synthesized and the regiose-
lectivity of their reaction with organocuprates was examined.
All Michael acceptors except enynes with nitro and amide
functions underwent 1,6-additions, and the allenyl enolates
thus formed were trapped with electrophiles in order to ob-
tain the corresponding allenes. A qualitative reactivity scale

for these reactions was established. The dependence of the
regioselectivity of both the cuprate addition and the subse-
quent electrophilic capture on the acceptor group and the
substitution pattern of the allenyl enolate were studied.
Cyclic 2-en-4-ynoates with endocyclic double bonds were
synthesized and treated with organocuprates to afford an
exocyclic allene in one case.

Allenes are important target molecules in organic chemis-
try because of the appearance of the allene moiety in several
natural products!''?, Additionally, their high reactivity al-
lows the conversion of allenes into many other molecules,
e.g. in cyclization reactions'*), making them again more
interesting from the synthetic point of view. Recently, a new
route to B-allenic carbonyl compounds with complex sub-
stitution patterns by 1,6-addition of organocuprates to ac-
ceptor-substituted enynes has been established®. Spectro-
scopic investigations of this reaction provided new insights
into the mechanisms of cuprate conjugate additionst™. So
far, the 1,6-addition has been applied successfully to the
synthesis of allenes with ester, thioester, keto, lactone, and
dioxanone groups*®l. Tt seemed interesting to extend this
method to enynes with different electron acceptors in order
to obtain allenes with new functional groups. Besides that,
only acyclic allenes have been prepared by 1,6-addition un-
til now. Therefore, we applied this method to 2-en-4-ynoates
with an endocyclic double bond in order to synthesize exo-
cyclic allenes.

In cuprate addition reactions with acceptor-substituted
enynes A two problems of regioselectivity have to be con-
sidered. First, the cuprate may add in a 1,4 (— B) or a
1,6-fashion (— C) to the enyne. In the latter case, reaction
of the allenyl enolate C with an electrophile can take place
at the a-carbon (— allenes D) or at the y-carbon atom (—
dienes E).

1. Preparation of Acceptor-Substituted Enynes

The enynes bearing sulfur-containing groups as acceptor
substituent were synthesized by the same route. 4,4-Di-
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methyl-2-pentynal (2) was obtained by formylation of 3,3-
dimethyl-1-butyne (1) with DMF[72., Reaction of this alde-
hyde with the anion of methyl phenyl sulfone (3) gave the
alcohol 4a, which was converted into the enyne 5a by treat-
ment with methanesulfonyl chloride and mesylate elimi-
nation with DBU!®], The yield over these three steps was
48%. The starting material for the enynes 5b, 11 and 12, 2-
butynal, was obtained by reduction of methyl tetrolate (6)
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with DIBAHP), In situ conversion of the aldehyde with 3,
the anions of methyl phenyl sulfoxide (7) and ethyl meth-
anesulfonate (8), respectively, provided the alcohols 4b, 9
and 10, which were converted into the enynes 5b, 11 and 12
as described above in 61, 15 and 26% yield, respectively.
The known nitro-substituted enyne 13119 was synthesized
analogously from aldehyde 2 and nitromethane.
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The amide 18 was obtained from the known alcohol (E)-
3-methyl-2-hexen-4-yn-1-0ol (14)["><11 Oxidation of 14
with activated MnO, to the aldehyde 15 and further with
H,0,/NaClO, to the carboxylic acid 16!'? (91% yield) was
followed by the conversion to the acid chloride 17 with
PCl,!"32], Treatment with aqueous ammonia afforded the
amide 18 in 83% yield!!*®), The nitrile 19 was readily access-
ible in 73% yield from the amide 18 by dehydration with
thionyl chloride.

The enyne 21, bearing on oxazolidino substituent, was
prepared by deprotonation of 2-oxazolidinone (20) and re-
action with the acid chloride 17 in 27% yield!'¥.. The cyclic
esters 25a and 25b were obtained in three steps starting
with the known enol ether 22/1516, Nucleophilic addition
of the lithium acetylides derived from n-pentyne or 3,3-di-
methylbutyne furnished the alcohols 23a and 23b, which
were converted into the aldehydes 24a and 24b by treatment
with sulfuric acid in 35 and 36% yield, respectively!*%). Oxi-
dative esterification with activated MnO,, NaCN and meth-

M. Hohmann, N. Krause
anol resulted in the formation of the 2-en-4-ynoates 25a
and 25b in 49 and 21% yield, respectively!'”.
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2. Addition Experiments

The first addition experiment was carried out with enyne
5a and lithium dimethylcuprate under the usual conditions
for 1,6-additions to 2-en-4-ynoates*9), i.e. at —20°C with 2
equiv. of the cuprate. Besides starting material, only traces
of allene could be detected after protonation with dilute
sulfuric acid. This was also the case when 5 equiv. of the
cuprate were used and the temperature was raised slowly to
20°C. The addition of 5 equiv. of TMSCI to the cuprate
solution prior to addition of the enyne gave a dimeric prod-
uct!®@ which was not characterized further. The best result
was obtained by using TMSOTS as Lewis acid, added to
the enyne before addition to the solution of the cupratel®®l.
Under these conditions, the allene 26a could be isolated
with 23% yield. Compared to S5a, the sterically less de-
manding enyne Sb should be more reactive. Accordingly,

Chem. Ber. 1995, 128, 851—860



Synthesis of Allenes by 1,6-Addition of Organocuprates to Enynes

3 R2
R H R4
ACC ) R2,CuLi
# RI Acc
Rl Ré 2.E-X
R3
F 26
+
2 3
R3 R2 K R
Acc Acc
/ + R!
R} R4 R4
28 27
Table 1
Entry Enyne Product R! R2) R3 R4 Acc  Work- Yield A:Do
up? (%)
1 Sa 26a tBu Me H H SO,Ph B 23%D >99: <)
2 S5 2b Me Me H H SOPh A 45%%) >99: <]
3 5a 28a tBu t-Bu H H SOPh B 65% f
4 S 2 Me tBu H H SOfh B 91% >99:<I
5 11 26c Me tBu H H soPh C 9
6 12 24 Me Me H H SOEt € 31%  70:30
7 12 2 Me tBu H H SOEt A 4%  >99:<l
8 13 28 tBu tBu H H NO, A 24% f
9 19  27a Me Me Me H CN AIC  74%  <1:>99h)

10 19 26f Me Me Me CH(t-Bu)OH CN 34%  >99; <1D)

11 19 26g Me t-Bu Me H CN 65% >95:<5

29a/30 Me Me D

13 21 29b Me t-Bu » 7%  >99:<1

D

A
Oxazol. D 58% 1:1

Oxazol. D

C

14 25a 31 n-Pr  t-Bu 3] COyEt 42%  >99:<1

@ Cuprates used: Me,CulLi - Lil for R? = Mg, t-Bu,Cu(CN)Li, for
R? = t-Bu. — » Workup procedure A: sat. NH,CI solution; proce-
dure B: 2 N H,SO,; procedure C: pivalic acid, —80°C; procedure
D: pivalic aldehyde, —80°C. — @ Allene:diene ratio (determined by
'H-NMR spectroscopy). — ¢ In the presence of 1 equiv. of
TMSOTL. — 9 In the presence of 1 equiv. of TMSI. — ? 1,4-Addi-
tion product. — # The product could not be purified. — ® Workup
procedure A: Z:E ratio of dienes = 1.8:1; procedure C: Z:E ratio
of dienes = 5:1. — D Dienes 27 (R* = H) were formed as byprod-
uct. — ¥ Cyclization with elimination of the oxazolidino group. —
¥ C-2 and C-3 are ring carbon atoms.

treatment with 2 equiv. of lithium dimethylcuprate in the
presence of 1 equiv. of TMSI as Lewis acid furnished allene
26b in 45% yield (Table 1, entry 2). The use of 5 equiv. of
the higher order cuprate Me;CuLi,!'¥! gave this allene in
16% yield.

In 1,6-addition reactions with 2-en-4-ynoates, lithium di-
tert-butylcyanocuprate proved to be more reactive than lith-
ium dimethylcupratel®®). Likewise, enyne 5a was consumed
completely within 1 h at —20°C when treated with 5 equiv.
of t-Bu,Cu(CN)Li,. However, the product turned out to
be the 1,4-addition product 28a, obtained in 69% yield
(entry 3). In contrast to this, reaction of enyne 5b with the
cyanocuprate gave the same allene 26a as enyne Sa
with Me,Culi, but this time at —20°C with 5 equiv. of the
cuprate in 91% yield (entry 4).
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Addition of lithium dimethylcuprate to the sulfinyl-sub-
stituted enyne 11 proceeded very slowly, even in the pres-
ence of Lewis acids at elevated temperature. A mixture of
products, mainly consisting of the conjugated dienes, was
isolated in low yield and not characterized further. Reaction
with t-Bu,Cu{(CN)Li,, however, furnished the allene 26c.
Since the sulfoxide moiety is chiral, this compound exists
as two diastereomers; the cuprate addition proceeds with a
modest diastereoselectivity of 3:1. Allene 26¢ turned out to
be very sensitive, and attempts to purify it by chromatogra-
phy or kugelrohr distillation failed.

Since the sulfonate group is a stronger electron acceptor
than the sulfoxide group, corresponding enynes should be
more reactive. Indeed, treatment of enyne sulfonate 12 with
5 equiv. of lithium dimethylcuprate and protonation with
pivalic acid™ resulted in the formation of a 3.3:1 mixture
of allene 26d and the corresponding conjugated dienes.
Since the yield was very low, the reaction was carried out
with 2 equiv. of the cuprate in the presence of 2 equiv. of
TMSOTT, giving a 70:30 allene/diene mixture in 31% yield
(entry 6). As observed for the sulfones 5, these problems
could be circumvented by using lithium di-zerz-butylcyano-
cuprate for the addition: Enyne 12 was consumed com-
pletely within 1 h by treatment with 2 equiv. of the cuprate
at —30°C, and the expected allene 26e was obtained as the
only product in 49% yield (entry 7).

Next, we turned our attention to nitro-substituted enynes.
These Michael acceptors were expected to be the most pola-
rized and reactive compounds examined in this work. In-
deed, upon addition of lithium dimethylcuprate the enyne
13 was consumed within a few minutes at —20°C. The
NMR spectra of the crude product showed no allene signals
but resonances that could be attributed to the 1,4-addition
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product. The addition was repeated with t-Bu,Cu(CN)Li,
and this time the 1,4-adduct 28b was isolated in 24% yield
(entry 8). Thus, it seems that the 1,4-addition is strongly
favored for nitroenynes; however, it might be possible to
achieve 1,6-addition to nitro-substituted enynes with a steri-
cally less demanding group attached to the triple bond.
Therefore, 1-nitro-1-penten-3-yne was synthesized in anal-
ogy to the enyne 13, but cuprate additions resulted in com-
plex mixtures, again containing the 1,4-adduct as major
product.

Another class of enynes with nitrogen-containing ac-
ceptors are 2-en-4-ynoic amides. It was found earlier that
S-phenyl-2-penten-4-ynoic diethylamide does not react with
cupratest*?l, Amide 18 synthesized in this work should be
more reactive because the substituent at C-5 is much
smaller and because there are no substituents at the nitro-
gen atom. However, also this amide proved to be totally
unreactive towards cuprates, even in the presence of Lewis
acids at room temperature.

Like amides, 2-en-4-ynenitriles are rather unreactive
Michael acceptors. For example, (£)-6,6-dimethyl-2-hepten-
4-ynenitrile does not undergo addition reactions with cup-
rates; rather, isomerization of the double bond takes
place™). Here, nitrile 19 which is easily accessible from the
amide 18 was tested as starting material for the 1,6-ad-
dition; since this acceptor bears no bulky substituents, it
should be more reactive than the fert-butyl-substituted ni-
trile mentioned above. Accordingly, upon treatment with 2
equiv. of lithium dimethylcuprate the enyne 19 was con-
sumed completely within 2 h at —20°C, but protonation
with aqueous ammonium chloride solution provided only
the known conjugated dienes 27a (Z:F = 1.8:1) in 74%
yield. The use of pivalic acid as protonating agent did not
alter the undesired regioselectivity of the protonation,
changing only the Z:FE ratio to 5:1 (entry 9). In order to
obtain allenes, the allenyl enolate formed by reaction of 19
with lithium dimethylcuprate had to be trapped at C-2 with
other soft electrophilest~¢l. Addition of methyl triflate to
the solution of the enolate provided a complex mixture,
contaiming conjugated dienes but no allene. However, by
addition of pivalic aldehyde the expected allene 26f was
produced in 34% yield (entry 10). Another possibility of
disfavoring protonation of allenyl enolates at C-4 is the at-
tachment of bulky substituents to C-5M.. Thus, addition of
lithium di-zert-butylcyanocuprate to nitrile 19 and pro-
tonation with aqueous ammonium chloride gave the allene
26g in 65% yield (entry 11).

Another interesting substrate for cuprate additions is the
oxazolidinone 21. Although possessing an amide structure,
a stronger acceptor property was expected for this com-
pound. However, the reactivity towards Me,CuLi-Lil is
quite low, giving a complex mixture containing the corre-
sponding conjugated dienes. Trapping of the allenyl enolate
with pivalic aldehyde furnished a 1:1 mixture of allene 29a
and diene 30 in 58% yield (entry 12). Thus, the reaction of
the enolate with the aldehyde is not regioselective but takes
place both at C-2 and C-4; subsequent cyclization with
elimination of the oxazolidino group gives the observed
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products. The structure of the B-lactone 29a could be as-
signed on the basis of a typical carbonyl resonance at 1820
cm~! in the IR spectrum. Only one isomer was formed as
shown by GC and NMR spectroscopy; for the vicinal pro-
tons of the B lactone ring of 29a, a coupling constant of
J23 = 4.5 Hz was observed. The analogous reaction of 21
with t-Bu,Cu(CN)Li, and pivalic aldehyde furnished only
the allene 29b (77% yield, 1.2:1 mixture of diastereomers)
without traces of conjugated dienes (entry 13). Thus, the
introduction of the bulky fert-butyl group into the 5-po-
sition allows reaction of the enolate with pivalic aldehyde
at C-2 only. The configuration of the P-lactone ring was
determined to be trans with an NOE-difference spectrum
showing an intensity enhancement of 3-H upon irradiation
of the resonance of the 1’-methyl group. The coupling con-
stant of J, 3 = 4.4 Hz found for 29b is very similar to that
observed for 29a; therefore, it can be concluded that the
latter also possesses the zrans configuration.

Finally, conjugate cuprate additions to the two cyclic 2-
en-4-ynoates 25 were examined. Of these, only 25a could
be converted into the corresponding allene. However, the
reactivity was quite low compared with acyclic analogs. The
1,6-addition of lithium dimethylcuprate took several hours
at room temperature to give the conjugated diene although
pivalic acid was used as proton source. Trapping of the en-
olate with pivalic aldehyde failed, probably due to the
strong steric hindrance at the allenyl enolate. In contrast,
addition of t-Bu,Cu(CN)Li, furnished allene 31 as a 1:1
mixture of diastereomers in 42% yield. Here, the reactivity
is comparable to acyclic 2-en-4-ynoates. The sterically more
hindered cyclic ester 25b did not react with lithium di-
methylcuprate even after 12 h at room temperature and in
the presence of Lewis acids. With lithium di-zerz-butyl-
cyanocuprate a reaction took place but the complex prod-
uct mixture formed did not contain any allene and was not
characterized further.

3. Discussion

In this work a qualitative reactivity scale of different ac-
ceptor-substituted enynes towards organocuprates has been
established. According to the reaction times necessary for
complete consumption of the starting material, the reactiv-
ity decreases in the following order, taking into account the
results of our earlier work™:

Acceptor = —NO, > —COR, —CO,R, —COSR > —CN, —SO4R,
—Oxazolidino > —SO,R > —SOR » —CONH,

It must be mentioned that this order is valid for lithium
dimethylcuprate; the reactivity towards lithium di-terz-bu-
tylcyanocuprate is significantly higher and the differences
between the enynes are diminished. 2-En-4-ynoic amides
are the only substrates examined here that do not react with
organocuprates, showing that the amide function is too
weak an acceptor for conjugate addition reactions. The cyc-
lic enynoates 25 are much less reactive than acyclic esters;
this is probably due to the twofold substitution at a double
bond which disfavors the initial attack of the cuprate to
form a m complex at this position’>, Nevertheless, use of
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the more reactive lithium di-fert-butylcyanocuprate in com-
bination with pivalic acid as protonating agent enabled us
to obtain the exocyclic allene 31.

With regard to the two problems of regioselectivity men-
tioned in the introduction, the following observations have
been made:

1. Regioselectivity of the Cuprate Addition: With the excep-
tion of nitroenynes which give 1,4-addition products, all re-
active Michael acceptors examined undergo 1,6-addition re-
actions with organocuprates. The reason for this deviating
behavior is not clear at present. With enynesulfone Sa, a
dependence of the regioselectivity of the cuprate addition
on steric properties was found: Whereas lithium dimethyl-
cuprate gives the 1,6-adduct, the tert-butylcyanocuprate
adds in a 1,4-fashion. In contrast to this, the regioselectivity
of cuprate additions to all other reactive enynes is indepen-
dent of steric factors. The 1,6-addition of t-Bu,Cu(CN)Li,
to the chiral sulfoxide 11 takes place with (modest) diaster-
eoselectivity, whereas analogous additions to 2-en-4-
ynoates bearing chiral ester groups are not stereoselec-
tivel®al,

2. Regioselectivity of the Reaction of Allenyl Enolates with
Electrophiles: The protonation of allenyl enolates takes
place regioselectively at C-2 to give allenes for the enolates
obtained from enynes with ester, thioester and sulfonyl
groups; in some cases, the weak and bulky pivalic acid has
to be employed as proton source in order to obtain pure
allenes!. In the case of keto, sulfoxide, sulfonate and nitrile
enolates, mixtures of allenes and dienes are formed; the re-
gioselectivity of the protonation can be shifted to attack at
C-2 by attachment of bulky substituents to C-3. In the case
of enynenitrile 19, pure allene 26g could be obtained by
regioselective trapping of the allenyl enolate with pivalic al-
dehyde. This method, however, could not be successfully
applied to the enolate obtained from oxazolidinone 21 and
lithium dimethylcuprate; instead, a 1:1 mixture of regioiso-
mers 29a and 30 was obtained. For the first time we ob-
served attack of pivalic aldehyde at C-4 of an allenyl enol-
ate, although this regioselectivity was found by Hulce et
al.l"in reactions of keto allenyl enolates. Additionally, this
is the first example of an enyne with an acceptor function
serving also as leaving group, thus giving access to allenic
B-lactones and dihydropyranes. Again, the introduction of
the bulky tert-butyl group into the C-5 position shifted this
balance towards reaction of the electrophile at C-2, giving
allene 29b exclusively. Thus, the regioselectivity of the reac-
tion of allenyl enolates with electrophiles shows a complex
dependence on the steric and electronic properties of enol-
ate and electrophile. In the case of B-lactones 29, the trap-
ping reaction with pivalic aldehyde is also stereoselective
since only the frans products are formed.

In concluding this account, we have shown that the 1,6-
addition of organocuprates to acceptor-substituted enynes
can be applied to the synthesis of allenes with ester, keto,
thioester, sulfonate, sulfone, sulfoxide, nitrile, and oxazoli-
done functions. A qualitative reactivity scale for these reac-
tions has been established, allowing an estimation of the
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feasibility of a desired transformation. We expect that these
developments will enhance the utilization of functionalized
allenes both as target molecules and as starting materials
for further transformations.

Generous support of these investigation by the Deutsche For-
schungsgemeinschaft and the Fonds der Chemischen Indusirie is
gratefully acknowledged.

Experimental

IR: Beckman-IR-5A and Perkin-Elmer 125. — 'H, !*C NMR:
Bruker WM-300 with CDCl; as solvent and internal standard (5 =
7.27 ['H NMR], § = 77.05 ['*C NMR]). Abbreviations for the
DEPT spectra: +CH;, CH; —CH,; x C(quat.). — Mass spectra:
Varian MAT 311 A. — All reactions were carried out in thoroughly
dried glassware under nitrogen or argon. Diethyl ether and THF
were distilled from LiAlH4 and potassium/benzophenone, respec-
tively, prior to use. Dichloromethane and cyclohexane were distilled
from CaH,. All other reagents were used without further purifi-
cation. Column chromatography was carried out with silica gel
(70—230 mesh, Merck).

Due to the lability of some allenes towards oxidation and poly-
merization, correct elemental analyses could not be obtained in
every case.

(E)-5,5-Dimethyl-1-phenylsulfonyl-1-hexen-3-yne (5a)(¢-28: To g
solution of 2.58 g (16.5 mmol) of methyl phenyl sulfone (3) in 40
ml of THF was added dropwise with stirring at 0°C 11.0 ml (16.5
mmol) of a 1.5 M solution of #nBuLi in hexane. A pink product
precipitated. After stirring at 0°C for | h the suspension was cooled
to —80°C and a solution of the crude aldehyde 21721 (about 14.0
mmol) in 25 ml of THF was added dropwise. After 1 h the mixture
was allowed to warm to room temp. A clear yellow solution formed
which was treated with 15 ml of a satd. NH,C! solution. After
separation of the layers the aqueous layer was extracted several
times with diethyl ether. The combined organic layers were washed
with brine and dried with MgSQO,; the solvent was removed in va-
cuo. The crude alcohol 4a was dissolved in 25 ml of dichlorometh-
ane, and 2.46 g (24.3 mmol) of triethylamine (1.75 equiv.). was
added to the solution. To this mixture 1.99 g (17.4 mmol) of meth-
anesulfonyl chloride (1.25 equiv.) was slowly added at —50°C. The
cooling bath was removed and the suspension was allowed to warm
to 0°C within 30 min. 5.08 g (33.4 mmol) of DBU (2.4 equiv.) was
added dropwise at this temperature, A clear dark solution formed.
After stirring for 2 h at room temp. the mixture was diluted with
diethyl ether, washed three times with water and dried with MgSO,.
After removal of the solvent the crude product was chromato-
graphed (diethyl ether/cyclohexane, 1:3); yield 1.78 g (51%) of 3a
as colorless crystals. M.p. 92°C. — IR: ¥ = 3060, 2980 (s, CH),
2240 (s, C=C), 1600 cm ™' (s, C=C). — 'H NMR: § = 1.23 [s, 9H,
C(CH;);], 6.59 (d, 1H, J = 15.2 Hz, 1-H), 6.78 (d, | H, J = 152
Hz, 2-H), 7.51—7.65 (m, 3H, phenyl-H), 7.86-7.90 (m, 2H,
phenyl-H). — *C NMR: § = 28.5 (x, C-5), 30.3 [+, C(CH3),], 74.2
(x, C-3), 111.6 (x, C-4), 124.7 (+), 127.9 (1), 129.5 (+), 133.7 (+),
137.7 (+, C-1/C-2/phenyl), 140.2 (x, phenyl). — MS: m/z (%) = 248
(13) [M™], 91 (100). — C,4H,50,S (248.3): Caled. C 67.71, H 6.49;
found C 67.62, H 6.42.

( E)-1-Phenylsulfonyl- ] -penten-3-yne (5b)1¢%-231: To a solution of
2.45 g (25.0 mmol) of methyl 2-butynoate (6) in 50 ml of diethyl
ether was added dropwise at —105°C 25 ml (25.0 mmol) of a 1.0
M solution of DIBAH in hexane. The temperature was kept below
— 100°C during the addition. In a second flask, to a solution of
3.12 g (20.0 mmol) of methyl phenyl sulfone (3) in 50 ml of THF
was added 12.5 ml (20.0 mmol) of a 1.6 M solution of »BuLi in
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hexane at —20°C. The mixture was cooled to —80°C and the con-
tent of the first flask was transferred to the second under argon
pressure via a teflon tubing. The resulting suspension was allowed
to warm to room temp. to give a clear solution. After 1 h the mix-
ture was hydrolyzed with 100 ml of a satd. NH,Cl solution. The
organic layer was separated and the aqueous layer was extracted
several times with diethyl ether. The separation was complicated by
aluminium salts, which could be dissolved by addition of 2 N HCL
The combined organic layers were washed with brine and dried
with MgSOy,; the solvent was removed in vacuo. The crude alcohol
4b was treated as described for 4a with 3.54 g (35.0 mmol) of trie-
thylamine, 2.86 g (25.0 mmol) of methanesulfony! chloride, and
5.54 g (36.5 mmol) of DBU. The crude product was recrystallized
from cyclohexane to furnish 2.50 g (61%}) of 5b as colorless crystals.
M.p.91-92°C. — IR: ¥ = 3060 (s, CH), 2220 (s, C=C), 1600 cm™!
(s, C=C). — 'THNMR: § = 2.01 (d, 3H, J = 2.4 Hz, 5-H), 6.59 (d,
1H, J= 154 Hz, 1-H), 6.73 (dq, 1H, J= 15.4/2.4 Hz, 2-H),
7.51-7.66 (m, 3H, phenyl-H), 7.78—7.92 (m, 2H, phenyl-H). —
BCNMR: § = 5.0 (+, C-5), 74.8 (x, C-3), 99.7 (x, C-4), 124.7 (+),
127.9 (+), 129.5 (+), 133.8 (+), 138.0 (+, C-1/C-2/phenyl), 140.0
(x, phenyl). — MS: m/z (%)= 206 (15) [M™*], 125 (100). —
C1H;90,8 (206.3): Caled. C 64.05, H 4.89; found C 64.18, H 4.91.

( E)-1-Phenylsulfinyl-1-penten-3-yne  (11)1%09: Compound 11
was prepared as described for 5b by starting from 2.22 g (22.6
mmol) of methyl 2-butynoate (6), 22.6 ml (22.6 mmol) of a 1.0 M
solution of DIBAH in hexane, 2.54 g (18.1 mmol) of methyl phenyl
sulfoxide (7), and 11.3 ml (18.1 mmol) of a 1.6 M solution of nBuLi
in hexane. The crude alcohol 9 was treated with 2.66 g (26.3 mmol)
of triethylamine, 2.15 g (18.8 mmol) of methanesulfonyl chloride
and 4.10 g (27.0 mmol) of DBU. The reaction mixture was stirred
for 18 h at room temp. The crude product was chromatographed
(diethyl ether/cyclohexane, 3:1) to furnish 520 mg (15%) of the
enyne 11 as slightly yellow crystals. M.p. 73—76°C (cyclohexane).
— IR: v = 3040 (s, CH), 2230 (s, C=C), 1590 cm™! (s, C=C). —
'H NMR: § = 1.98 (d, 3H, J = 2.5 Hz, 5-H), 6.45 (dq, 1H, J =
15.2/2.4 Hz, 2-H), 6.63 (d, 1 H, J = 15.2 Hz, 1-H), 7.46—7.65 (m,
5H, phenyl-H). — 13C NMR: 8 = 4.9 (+, C-5), 75.8 (x, C-4), 95.0
(x, C-3), 117.6 (+), 125.1 (+), 129.9 (+), 131.7 (+), 144.0 (+, C-
1/C-2/phenyl), 143.7 (x, phenyl). — MS: m/z (%) = 190 (5) [M*],
142 (100). — C;;H;00S (190.3): Calcd. C 69.44, H 5.30; found C
69.55, H 5.34.

( E)-Ethyl 1-Penten-3-ynesulfonate (12)1%.°91: Compound 12 was
prepared as described for 11 by starting from 2.45 g (25.0 mmol)
of 6, 25 ml (25.0 mmol) of a 1.0 M solution of DIBAH in hexane,
2.48 g (20.0 mmol) ethyl methanesulfonate (8), and 13.8 ml (20.0
mmol) of a 1.45 M solution of nBuLi in hexane. The crude alcohol
10 was treated with 2.84 (28.0 mmol) of triethylamine, 2.29 g (20.0
mmol) of methanesulfonyl chloride and 5.84 g (38.4 mmol) of
DBU. Chromatography (diethyl ether/cyclohexane, 1:1) furnished
0.90 g (26%) of 12 as a yellow oil. — IR: ¥ = 3060, 2980 (w, CH),
2220 (s, C=C), 1600 cm™! (s, C=C). — 'H NMR: & = 1.37 (t, 3H,
J = 7.1 Hz, SO;CH,CHs), 2.04 (d, 3H, J = 2.4 Hz, 5-H), 4.17 (q,
2H, J = 7.1 Hz, SOsCH,CHs), 6.47 (d, 1H, J = 15.3 Hz, 1-H),
6.66 (dq, 1H, J = 15.3/2.4 Hz, 2-H). — 3C NMR: § = 4.9 (+, C-
5), 15.0 (+, SO;CH,CHs;), 67.3 (=, SO;CH,CH3), 74.4 (x, C-3),
99.7 (x, C-4), 126.6 (+, C-1/C-2), 132.1 (+, C-1/C-2). — MS: m/z
(%) = 174 (25) [M*], 39 (100). — C;H;,0,S (174.3): Caled. C
48.26, H 5.79; found C 48.43, H 5.84.

( E)-3-Methyl-2-hexen-4-ynoic Acid (16)l'3: A solution of 8.25 g
(75.0 mmol) of alcohol 1417>¢111in 75 ml of diethyl ether was added
dropwise to a suspension of 130 g (1.50 mol) of activated MnO,
(Merck) in 400 ml of diethyl ether with vigorous stirring and ice
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cooling. The mixture was stirred for 4 h at room temp. and filtered
through Celite. Removal of the solvent from the filtrate in vacuo
furnished the crude aldehyde 15 which was dissolved in 50 ml of
acetonitrile and treated with a solution of 1.60 g (18.3 mmol) of
NaH,PO, in 30 ml of water and 8.1 ml (73.0 mmol) of 30% H,0».
To this mixture a solution of 11.2 g (98.0 mmol) of NaClO, (80%)
in 100 ml of water was added dropwise within 1 h with stirring at
10°C. The formation of oxygen could be observed. After the ad-
dition was complete, stirring was continued for 1 h and then about
0.5 g of Na,SO; was added to destroy the excess HOCI and H,O».
The mixture was acidified with 2 ~ HCI and extracted three times
with diethyl ether. The combined organic extracts was dried with
MgSO, and the solvent was removed in vacuo to furnish 7.91 g
(91%) of the crude acid 16 as slightly yellow crystals. Recrystalli-
zation of a sample from toluene gave colorless needles with m.p.
102—-104°C. — IR: ¥ = 2950 (w, OH), 2870 (w, CH), 2220 (w,
C=0), 1710 (s, C=0), 1615 cm~! (s, C=C). — '"H NMR: § = 2.00
(s, 3H, 6-H), 2.27(d, 3H, J = 1.4 Hz, 3-CH;), 599 (¢, I, J= 1.4
Hz, 2-H), 10.23 (br. s, 1H, CO,H). — '*C NMR: 6 = 4.7 (+, C-
6), 20.6 (+, 3-CHs), 82.2 (x, C-4/C-5), 93.1 (x, C-4/C-5), 122.6 (+,
C-2), 141.9, (x, C-3), 171.8 (x, C-1). — MS: m/z (%) = 124 (100)
[M™*], 77 (55). — Since the acid 16 polymerized rapidly, a correct
elemental analysis could not be obtained.

(E)-3-Methyl-2-hexen-4-ynamide (18)'3: To 3.42 g (27.5 mmol)
of the crude acid 16 was added with ice cooling 1.51 g (11.0 mmol)
of PCls, and the mixture was kept at 50°C for 3 h. The mixture
became liquid and H;PO; precipitated. The crude chloride 17 was
decanted and dissolved in 50 ml of dry dioxane. 20 ml (0.28 mol)
of 25% aqueous ammonia was added at 0°C. After stirring for 10
min at room temp. the mixture was diluted with 300 ml of water
and acidified with 2 N HCl. A colorless product precipitated. Fil-
tration and drying of the solid furnished 2.82 g (83%) of the amide
18 as colorless needles. M.p. 155~156°C (toluene). — IR: ¥ = 3360
(s, NH), 3180 (s, NH), 2220 (C=C), 1670 (s, C=0), 1605 cm™’ (s,
C=C). — 'H NMR (in [Dglacetone): & = 1.95 (s, 3H, 6-H), 2.21
(d, 3H, J = 1.4 Hz, 3-CH;), 6.08 (q, LH, J = 1.4 Hz, 2-H), 6.25
(br. s, 1H, NH,), 6.76 (br. s, | H, NH,). — 3C NMR: § = 3.9 (+,
C-6), 19.4 (+, 3-CH,), 83.0 (x, C-4/C-5), 89.0 (x, C-4/C-5), 127.0
(+, C-2), 134.3 (x, C-3), 168.0 (x, C-1). — MS: m/z (%) = 123 (100)
[M™*], 77 (61). — C;HoNO (123.2): Caled. C 68.27, H 7.37, N 11.37,
found C 67.86, H 7.33, N 10.92.

( E)-3-Methyl-2-hexen-4-ynenitrile (19): To 0.99 g (8.0 mmol) of
the amide 18 4.76 g (40.0 mmol) of SOCI, was added and the mix-
ture was heated at reflux for 2.5 h during which time it was pro-
tected against moisture. A brown oil formed. Excess SOCl, was
removed in vacuo and the crude product was purified by kugelrohr
distillation. 610 mg (73%) of the known nitrile 19 was obtained
as colorless liquid. B.p. 90°C/12 mbar.

(E }-3-(3-Methyl-1-0x0-2-hexen-4-yn-1-yl )-2-oxazolidinone (21)1141:
To a solution of 3.92 g (45.0 mmol) of 2-oxazolidinone (20) in 150
ml of THF was added 31 ml (45.5 mmol) of a 1.45 M solution of
n-BuLi in hexane at —80°C within 10 min. To this mixture the
crude acid chloride 17, prepared from 6.21 g (50.0 mmol) of 16 was
added. After stirring for 30 min at —80°C the mixture was allowed
to warm to room temp. within 30 min. It was then hydrolyzed with
30 ml of a satd. NH4Cl solution. Most of the THF was removed
in vacuo and the residue was extracted twice with dichloromethane.
The combined organic layers were washed with 1 N NaOH and
brine and subsequently dried with MgSO,, and the solvent was
removed in vacuo. Storage of the remaining brown oil at 5°C fur-
nished 2.37 g (27%) of 21 as a yellow solid. M.p. 61 ~63°C, slightly
vellow needles (hexane). — IR: ¥ = 3100, 2980, 2920, 2780 (m,
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CH), 2220 (s, C=C), 1780, 1760 (s, C=0), 1595 cm~! (s, C=C). —
1H NMR: & = 2.00 (s, 3H, 6/-H), 2.28 (d, 3H, J = 1.4 Hz, 3'-
CH,), 4.04 (t, 2H, J = 8.2 Hz, 4-H), 440 (t, 2H, J = 8.2 Hz, 5-
H), 7.26 (ps, 1 H, 2'-H). — 13C NMR: § = 4.7 (+, C-6"), 21.3 (+,
3'-CH,), 42.7 (-, C-4), 61.9 (—, C-5), 82.8 (x, C-4'/C-5"), 93.2 (x,
C-4'/C-5"), 121.9 (+, C-2), 141.1 (x, C-3"), 153.3 (x, C-2), 165.2
(x, C-1). — MS: miz (%)= 193 (27) [M*], 107 (100). —
C1oH,;NO; (193.2): Caled. C 62.17, H 5.74, N 7.25; found C 62.20,
H 5.84, N 7.24.

2-(1-Pentyn-1-yl)-1-cyclohexenecarbaldehyde (242)1'%): To a solu-
tion of 3.58 g (52.5 mmol) of l-pentyne in 125 ml of THF was
added dropwise at —80°C 37 ml (55.0 mmol) of a 1.5 M solution
of n-BuLi. The mixture was warmed to —10°C and dropwise ad-
dition of 9.11 g (50.0 mmol) of 220316 in 25 ml of THF followed.
The temperature was kept below 20°C during the addition, and the
color of the reaction mixture turned red-brown. After stirring for
5 h at room temp. the mixture was hydrolyzed with 120 ml of ice-
cold water. The aqueous layer was saturated with NH,4Cl and ex-
tracted three times with diethyl ether. The combined organic layers
were dried with MgSO, and the solvent was removed in vacuo. The
crude alcohol 23a thus obtained was dissolved in 150 ml of a 1:1
mixture of ethanol and 2 N H,SO,. After stirring at room temp.
for 3 h the mixture was diluted with 600 ml of water and extracted
8 times with diethyl ether. The combined organic layers were
washed with 2 N NaOH and brine, dried with MgSQO,, and the
solvent was removed in vacuo. Chromatography (cyclohexane/di-
ethyl ether, 10:1) afforded 3.08 g (35%) of the aldehyde 24a as a
yellow liquid. — IR: ¥ = 2930, 2860, 2830 (s, CH), 2210 (m, C=C),
1670 (s, C=0), 1600 cm™! (m, C=C). — 'H NMR: § = 0.99 (¢,
3H, J = 7.3 Hz, 5'-H), 1.52—1.67 (m, 6H, 4-, 5-, 4'-H), 2.21-2.39
(m, 6H, 3-, 6-, 3’-H), 10.16 (s, 1H, CHO). — 3C NMR: 5 = 13.6
(+, C-5"), 21.2 (), 21.7 (=), 22.0 (-), 22.1 (-), 32.9 (—, C-3/C-
4/C-5/C-6/C-3'/C-4"), 78.2 (x, C-1"), 100.6 (x, C-2"), 141.3 (x, C-1/
C-2), 141.8 (x, C-1/C-2), 193.4 (+, CHO). — MS: m/z (%) = 176
(4) [M ], 148 (100). — Due to the lability of this aldehyde, a correct
elemental analysis could not be obtained.

Methyl 2-(1-Pentyn-1-yl)-1-cyclohexenecarboxylate (252)'7:: A
solution of 1.66 g (9.40 mmol) of the aldehyde 24a in 20 ml of
methanol was added dropwise to a mixture of 10.8 g (0.12 mol) of
activated MnO, (Merck), 1.57 g (32.0 mmol) of NaCN and 0.56 g
(9.30 mmol) of acetic acid in 100 ml of methanol. After stirring for
3 d the reaction mixture was filtered through a pad of Celite and
the residue was washed with a 1:1 mixture of methanol and water.
The filtrate was diluted with sufficient water to give two layers upon
addition of diethyl ether. After four extractions of the aqueous
layer with diethyl ether the combined organic layers were dried with
MgSO, and the solvent was removed in vacuo. Chromatography
(cyclohexane/diethyl ether, 10:1) furnished 0.95 g (49%) of the ester
25a as a colorless oil. — IR: v = 2930, 2860, 2830 (s, CH), 2210
(w, C=C), 1710 (s, C=0), 1610 cm~! (m, C=C). — 'H NMR: § =
1.01 (t, 3H, J = 74 Hz, 5-H), 1.52—1.56 (m, 6H, 4-, 5-, 4'-H),
2.29-2.39 (m, 6H, 3-, 6-, 3’-H), 3.74 (s, 3H, CO,CH;). — *C
NMR: § = 13.6 (+, C-5'), 21.8 (), 21.9 (—), 22.3 (-), 26.2 (—),
329 (—, C-3/C-4/C-5/C-6/C-3'/C-4"), 51.5 (+, CO,CHjy), 80.0 (x,
C-17), 98.1 (x, C-2"), 129.5 (x, C-1/C-2), 132.7 (x, C-1/C-2), 168.1
(x, CO,CHy). — MS: miz (%) = 206 (4) [M*], 178 (100). —
C3H,50, (206.3): Calcd. C 75.69, H 8.80; found C 75.45, H 8.92.

2-(3,3-Dimethyl-1-butyn-1-yl)-1-cyclohexenecarbaldehyde  (24b)!161;
Compound 24b was prepared as described for 24a by starting from
27.3 g (0.15 mol) of 22[!5.19 in 75 ml of THF, 12.9 g (0.16 mol) of
3,3-dimethyl-1-butyne (1) in 35 ml THF and 114 ml (0.17 mol) of
a 1.45 M solution of n-BulLi in hexane. The crude alcohol 23b was
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dissolved in a mixture of 225 ml of ethanol and 225 ml of 2 N
H,S0,. Of 20.5 g of the crude aldehyde thus obtained, 5.0 g was
chromatographed (cyclohexane/diethyl ether, 20:1) to afford 2.53 g
(36%) of 24b as a yellow oil — IR: ¥ = 2960, 2930, 2860, 2830 (s,
CH), 2210 (w, C=0C), 1670 (s, C=0), 1600 cm~! (m, C=C). — 'H
NMR: & = 1.24 [s, 9H, C(CH;);], 1.56—1.66 (m, 4H, 4-, 5-H),
2.17-2.36 (m, 4H, 3-, 6-H), 10.14 (s, 1H, CHO). — '3C NMR:

= 21.2(—), 22.0 (-), 28.4 (x, C-3'), 30.8 [+, C(CH3)3)], 32.8 (—,
C-3/C-4/C-5/C-6), 76.5 (x, C-1"), 108.5 (x, C-2"), 141.1 (x, C-1/C-
2), 141.5 (x, C-1/C-2), 193.4 (+, CHO). — MS: m/z (%) = 190 (21)
[M™], 175 (100). — Due to the lability of this aldehyde, a correct
elemental analysis could not be obtained.

Methyl  2-(3,3-Dimethyl-1-butyl-1-yl)-1-cyclohexenecarboxylate
(25b)'71: Compound 25b was prepared as described for 25a by
starting from 1.58 g (8.3 mmol) of the aldehyde 24b in 20 ml of
methanol, 9.56 g (0.11 mol) of MnQ», 1.38 g (28.2 mmol) of NaCN,
and 0.49 g (8.2 mmol) of acetic acid in 80 ml of methanol. The
reaction proceeded very slowly and could not be accelerated by
additional MnQO,. It was interrupted after 4 d although 10% of the
starting material were still present. Chromatography (cyclohexane/
diethyl ether, 10:1) furnished 380 mg (21%) of the ester 25b as a
colorless oil. — IR: ¥ = 2980, 2940, 2860 (s, CH), 2220 (w, C=C),
1715 (s, C=0), 1610 cm~! (m, C=C). — '"H NMR: § = 1.25 [,
9H, C(CH,),], 1.55—1.65 (m, 4H, 4-, 5-H), 2.23—2.34 (m, 4H,
3-, 6-H), 3.74 (s, 3H, CO,CH3). — '*C NMR: 8 = 21.7 (—), 21.8
(), 26.3 (-), 32.7 (—, C-3/C-4/C-5/C-6), 28.3 (x, C-3"), 30.8 [+,
C(CH,)3], 51.3 (+, CO,CH3), 79.3 (x, C-1'), 105.8 (x, C-2'), 129.0
(x, C-1/C-2), 133.0 (x, C-1/C-2), 168.4 (+, CO,CH;). — MS: miz
(%) = 220 (20) [M™*], 205 (100). — C4H500; (220.3): Caled. C
76.33, H 9.15; found C 76.38, H 9.22.

General Procedure for the Preparation of Allenes by 1,6-Addition
of Organocuprates to Acceptor-Substituted Enynest©l: To a suspen-
sion of 2.0 mmol of copper(I) iodide or cyanide in 10 ml of diethyl
ether 4.0 mmol of the organolithium compound in diethyl ether
(MeLi) or pentane (t-BuLi) was added dropwise. The temperature
was kept at —20 to —10°C (MeLi) and —30°C (t-BuLi), respec-
tively. The mixture was stirred for 30 min and a solution of 1.0
mmol of the enyne in 5 ml of diethyl ether was added dropwise at
—20 to —30°C. If the reaction was performed in the presence of a
Lewis acid, 1.0 mmol of the Lewis acid was added to the solution
of the enyne prior to addition of the cuprate. The reaction was
followed by GC or TLC and interrupted when the starting material
was consumed completely. For the enynes with a low reactivity
towards the organocuprates this could be achieved by long reaction
times and increase of the temperature, respectively. In some cases
it was necessary to use a larger excess of cuprate to achieve com-
plete conversion.

Workup Procedure A: The mixture was hydrolyzed by addition of
3 ml of a satd. NH,4Cl solution with vigorous stirring. The copper
salts and the aqueous layer were removed by filtration through Ce-
lite. The solvent was removed in vacuo and the crude product puri-
fied by chromatography.

Workup Procedure B: The mixture was hydrolyzed with 3 ml of 2
N H,SO, and treated further as described under A.

Workup Procedure C: The mixture was cooled to —80°C and added
via a teflon tubing under argon pressure to a stirred solution of
0.51 g (5.0 mmol) of pivalic acid in 10 ml of diethyl ether, which
was kept at —80°C. After warming to room temp. 3 ml of water
was added, and the mixture was filtrated through Celite. The fil-
trate was washed twice with a satd. NaHCOj; solution (to remove
excess acid) and once with brine. The solution was dried with
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MgSO, and the solvent was removed in vacuo prior to chromatog-
raphy.

Workup Procedure D: The mixture was cooled to —80°C and a
solution of 172 mg (2.0 mmol) of pivalic aldehyde in 3 ml of diethyl
ether was added dropwise. After 1 h the temperature was raised to
—20°C, the mixture was hydrolyzed with 5 ml of a satd. NH,Cl
solution and treated further as described under A.

4,5,5-Trimethyl-1-phenylsulfonyl-2,3-hexadiene (26a): a) Prepared
from 248 mg (1.0 mmol) of Sa, 381 mg (2.0 mmol) of Cul, 2.2 ml
(4.0 mmol) of MeLi (1.85 M solution in diethyl ether), and 222
mg (1.0 mmol) of trimethylsily! triflate; temperature —20 to —5°C,
reaction time 5 h; workup procedure B. Purification by chromatog-
raphy (cyclohexane/diethyl ether, 2:1) yielded 60 mg (23%) of 26a
as a colorless oil. — b) From 206 mg (1.0 mmol) of 5b, 448 mg (5.0
mmol) of CuCN and 6.2 ml (10.0 mmol) of t-BuLi (1.62 M solution
in pentane); temperature —20°C, reaction time 1 h; workup pro-
cedure B. Purification by chromatography (cyclohexane/diethyl
ether, 1.5:1) yielded 240 mg (91%) of 26a as colorless crystals; m.p.
55-=57°C. — IR: ¥ = 2960, 2860 (s, CH), 1960 cm~! (w, C=C=C).
~ 'HNMR: § = 0.89 [s, 9H, C(CH;)3], 1.40 (d, 3H, J = 2.7 Hz,
4-CHs), 3.68/3.74 (2dd, 2H, 2 x J = 10.2/7.4 Hz, 1-H), 5.02 (tq,
IH, J= 7.4/27 Hz, 2-H), 7.50-7.66 (m, 3H, phenyl-H),
7.88—7.95 (m, 2H, phenyl-H). — 3C NMR: & = 14.4 (+, CH3),
28.8 [+, C(CH3)s), 33.3(x, C-5), 58.2(—, C-1), 79.3 (+, C-2), 111.1
(x, C-4), 128.7 (+), 129.2 (+), 133.7 (+), 138.6 (x, phenyl), 205.2
(x, C-3). — MS: m/z (%) = 264 (100) [M*], 248 (19). — C,sH,,0,
(264.4): Caled. C 68.15, H 7.62; found C 68.05, H 7.82.

4-Methyl-1-phenylsulfonyl-2,3-pentadiene (26b): From 206 mg
(1.0 mmol) of 5b, 381 mg (2.0 mmol) of Cul, 2.2 ml (4.0 mmol) of
MeLi (1.85 M in diethyl ether), and 200 mg (1.0 mmol) of iodotri-
methylsilane; temp. —20 to 0°C, time: 2 h; workup procedure A.
Chromatography with cyclohexane/diethyl ether (2:1) gave 100 mg
(45%) of 26b as a slightly yellow oil. — IR: ¥ = 2980, 2910 (s, CH),
1970 em ™! (w, C=C=C). — 'H NMR: 8 = 1.39 (d, 6H, J = 2.7
Hz, 5-H), 3.67 (d, 2H, J = 7.8 Hz, 1-H), 4.97 (t X sept, 1H, J =
7.8/2.7 Hz, 2-H), 7.50—7.65 (m, 3H, phenyl-H), 7.85-7.96 (m, 2H,
phenyl-H). — '3C NMR: § = 19.7 (+, CHs), 57.7 (-, C-1), 77.9
(+. C-2), 97.7 (x, C-4), 128.8 (+), 129.0 (+), 133.6 (+), 138.4 (x,
phenyl), 206.9 (x, C-3). — MS: m/z (%) = 222 (6) [M*], 97 (100). —
Ci2H;40,8 (222.3): Caled. C 64.83, H 6.35; found C 65.19, H 6.53.

2-(1,1-Dimethylethyl)-5,5-dimethyl-1-phenylsulfonyl-3-hexyne (28a):
From 248 mg (1.0 mmol) of 5a, 448 mg (5.0 mmol) of CuCN and
6.0 ml (10.0 mmol) of t-BuLi (1.67 M in pentane); temp. —20°C,
time 2 h; workup procedure B. Chromatography with cyclohexane/
diethyl ether (2:1) furnished 210 mg (69%) of 28a as colorless crys-
tals; m.p. 105-107°C. — IR: v = 2970, 2870 (s, CH), 2220 cm™!
(w, C=C). — 'H NMR: § = 0.94 [s, 9H, C(CHa)3], 0.96 [s, 9H,
C(CH3)3], 2.59 (dd, 1H, J = 9.7/2.2 Hz, 2-H), 3.21 (dd, 1H, J =
14.3/9.7 Hz, 1-H), 3.30 (dd, 1 H, J = 14.3/2.2 Hz, I-H), 7.53—7.69
(m, 3H, phenyl-H), 7.93—7.97 (m, 2H, phenyl-H). — 3C NMR:
6 = 27.0 [+, 2-C(CH,)3], 27.2 (x, C-5), 31.0 [+, 4-C(CH,);], 34.5
[x, 2-C(CH3)3], 38.2 (+, C-2), 58.5 (—, C-1), 77.3 (x, C-3), 92.6 (x,
C-4), 128.7 (+), 129.1 (+), 133.7 (+), 139.7 (x, phenyl). — MS:
miz (o) = 306 (53) [M™*], 279 (100). — CsH,0,S (306.5): Calcd.
C 70.54, H 8.55; found C 70.03, H 8.45.

4,5,5-Trimethyl-1-phenylsulfinyl-2,3-hexadiene (26¢): From 143
mg (0.75 mmol) of 11, 336 mg (3.8 mmol) of CuCN and 4.7 ml
(7.5 mmol) of t-BuLi (1.6 M solution in pentane); temp. —30 to
—15°C, time 2 h; workup procedure C. Chromatography (cyclohex-
ane/diethyl ether, 1:3) yielded 130 mg of 26¢ (yellow oil) as a 3:1
mixture of diastereomers and two other products. Decomposition
upon kugelrohr distillation. — 'H NMR: § = 0.94/0.96 [2s, 9H,
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C(CHs)3], 1.48/1.54 (2d, 3H, 2 X J = 2.8 Hz, 4-CHs), 3.31-3.56
(2 X 2dd, 2H, J = 12.9/8.3 Hz, 1-H), 4.82/4.92 (2 X tq, 2H, J =
7./2.8 Hz, 2-H), 7.39—7.66 (m, SH, phenyl-H). — 13C NMR: 8 =
14.7 (+, 4-CH3), 28.7/28.9 [+, C(CH,)3], 33.2 (x, C-5), 57.8/58.1
(=, C-1),79.2/79.3 (+, C-2), 110.3/110.4 (x, C-4), 124.5/124.7 (+),
129.1/129.3 (+), 131.0/131.2 (+), 143.1 (x, phenyl), 204.7/204.9 (x,
C-3).

Ethyl 4-Methyl-2,3-pentadienesulfonate (26d): From 174 mg (1.0
mmol) of 12, 381 mg (2.0 mmol) of Cul, 2.2 ml (4.0 mmol) of
MelLi (1.85 M in diethy! ether), and 222 mg (1.0 mmol) of trimethyi-
silyl triflate; temp. —20 to —10°C, time 1 h; workup procedure C.
Chromatography (cyclohexane/diethyl ether, 2:1) provided 60 mg
(31%) of 26d as a yellow oil. The product was a 70:30 mixture of
the allene 26d and the corresponding diene 27. — IR: v = 2980,
2920, 2870 (s, CH), 1970 cm ™! (w, C=C=C). — 'H NMR: § =
1.40 (t, 3H, J = 7.1 Hz, SO;CH,CH,), 1.73 (d, 6H, J = 2.8 Hz,
4-CHs), 3.68 (d, 2H, J = 7.6 Hz, 1-H), 4.25 (q, 2H, J = 7.1 Hz,
SO;CH,CH3), 5.09 (m, 1H, 2-H). — 3C NMR: § = 15.2 (+,
SO;CH,CH3), 20.0 (+, 4-CHj), 519 (-, C-1), 670 (-,
SO;CH,CHs3), 77.7 (+, C-2), 98.3 (x, C-4), 206.4 (x, C-3). — MS:
miz (%) = 190 (20) [M*], 79 (100). — CgH,404S (190.3): Caled. C
50.50, H 7.42; found C 51.97, H 7.61.

Ethyl 4,5,5-Trimethyl-2,3-hexadienesulfonate (26e): From 174 mg
(1.0 mmol) of 12, 179 mg (2.0 mmol) of CuCN and 2.5 ml (4.0
mmol) of t-BuLi (1.6 M solution in pentane); temp. —30°C, time
45 min; workup procedure A. Chromatography with cyclohexane/
diethyl ether (3:1) gave 115 mg (49%) of 26e as a slightly yellow
oil. — IR: ¥ = 2960, 2870 (s, CH), 1960 cm~! (m, C=C=C). —
"H NMR: § = 1.05 [s, 9H, C(CH,),], 1.39 (t, 3H, J= 7.2 Hz,
SOsCH,CH3), 1.71 (d, 3H, J = 2.7 Hz, 4-CH3), 3.68 (d, 2H, J =
7.2 Hz, 1-H), 4.30 (q, 2H, J = 7.2 Hz, SO;CH,CH,), 5.13 (tq, 1H,
J = 17224 Hz, 2-H). — *C NMR: § = 14.7 (+, SO;CH,CH./4-
CH3), 152 (+, SO;CH,CH5/4-CH,), 28.9 [+, C(CHs),, 33.6 [x,
C(CH3)4], 52.2 (=, C-1), 66.7 (—, SO;CH,CH3), 79.1 (+, C-2),
111.7 (x, C-4), 204.9 (x, C-3). — MS: m/z (%) = 232 (<) [M*],
107 (100). ~ C;;H»905S (232.4): Caled. C 56.87, H 8.68; found C
57.60, H 8.62.

2-(1,1-Dimethylethyl)-3,5-dimethyl-1-nitro-3-hexyne (28b): From
153 mg (1.0 mmol) of 1309, 179 mg (2.0 mmol) of CuCN and 2.7
ml (4.0 mmol) of t-BuLi (1.5 M in pentane); temp. —20°C, time 2 h;
workup procedure A. Chromatography (cyclohexane/diethyl ether,
10:1) provided 50 mg (24%) of 28b as a yellow oil. — IR: ¥ = 2960,
2870 (s, CH), 2240 (w, C=C), 1560 cm™' (s, N=0). — 'H NMR:
8 =1.02[s, 9H, 4-C(CH,)a], 1.18 [s, 9H, 2-C(CH,)], 3.02 (dd, 1 H,
J = 4.6/10.8 Hz, 2-H), 4.28 (dd, | H, J = 10.8/11.5 Hz, 1-H), 4.47
(dd, 1H, J= 4.6/11.5 Hz, 1-H). — 13C NMR: § = 27.5 [+, 4-
C(CH3)3], 31.1 [+, 2-C(CH,)4], 33.4 (x, C-5), 35.4 [x, 2-C(CH,)3],
423 (+, C-2), 77.6 (—, C-1}, 75.0 (x, C-3), 94.4 (x, C-4). — MS:
miz (%) = 211 (5) [M™*], 57 (100). — C;,H,;NO, (211.3): Caled. C
68.21, H 10.02, N 6.63; found C 69.33, H 10.27, N 5.13,

3,5-Dimethyl-2,4-hexadienenitrile (27a): From 105 mg (1.0 mmol)
of 19, 381 mg (2.0 mmol) of Cul and 2.2 ml (4.0 mmol) of MeLi
(1.85 M solution in diethyl ether); temp. —20°C, reaction time 2
h; workup procedure A. Chromatography with cyclohexane/diethyl
ether (3:1) yielded 90 mg (74%) of the known nitrile 27a?! as a
1.8:1 mixture of (Z/E) isomers. Workup procedure C furnished a
5:1 (Z/E) mixture.

2-(1-Hydroxy-2,2-dimethylpropyl)-3,5-methyl-3,4-hexadienenitrile
(26f): The reaction was carried out as described for 27a. Workup
procedure D with 172 mg (2.0 mmol) of pivalic aldehyde. Chroma-
tography with cyclohexane/diethyl ether (2:1) yielded 70 mg (34%)
of 26f) as slightly yellow crystals; m.p. 68—71°C. Dienes 27a (E/Z
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mixture) were isolated as byproduct. — IR: ¥ = 3500 (OH), 2980,
2960, 2920, 2880 (s, CH), 2260 (s, C=N), 1980 cm™! (w, C=C=C).
— TH NMR: & = 1.01 [s, 9H, C(CH;)3], 1.72/1.74 (2s, 6 H, 5-CHs)
1.78 (s, 3H, 3-CH,), 2.18 (d, 1H, J = 5.2 Hz, OH), 3.24 (d, 1H,
J= 1.8 Hz, 2-H), 3.39 (dd, 1H, J= 5.2/18 Hz, 1’-H). — 13C
NMR: & = 18.2 (+), 20.3 (+), 20.8 (+, 3-CH4/5-CH3), 26.2 [+,
C(CHs)s], 35.5 [x, C(CHs;)s), 39.5 (+, C-2), 78.0, (+, C-1"), 93.6 (x,
C-3/C-5), 98.5 (x, C-3/C-5), 118.8 (x, C-1), 199.9 (x, C-4). — MS:
miz () = 207 (65) [M*], 198 (100). — C;3H,;NO (207.3): Calcd.
C 75.31, H 10.21, N 6.76; found C 75.55, H 10.24, N 6.70.

3,5,6,6-Tetramethyl-3,4-heptadienenitrile (26g): Prepared from 79
mg (0.75 mmol) of 19, 134 mg (1.5 mmol) of CuCN and 1.9 mi
(3.0 mmol) of t-BuLi (1.6 M in pentane); temp. —30°C, reaction
time 1 h, workup procedure A. Chromatography (cyclohexane/di-
ethyl ether, 10:1) gave 80 mg (65%) of 26g as a yellow oil. — IR:
¥ = 2960, 2860 (s, CH), 2250, 2220 cm~" (m, C=N). — 'H NMR:
& = 1.03 [s, 9H, C(CH3)s], 1.67 (s, 3H, 3-CH3/5-CHs), 1.73 (s, 3H,
3-CH,/5-CH3), 2.97 (5, 2H, 2-H). — 3C NMR: 3 = 14.9 (+, 3-
CH,/5-CH3), 18.9 (+, 3-CH,/5-CHy), 23.9 (-, C-2), 29.0 [+,
C(CHs)s], 34.1 (x, C-6), 89.5 (x, C-3/C-5), 97.2 (x, C-3/C-5), 117.7
(x, C-1), 198.6 (x, C-4). — MS: m/z (%) = 163 (5) [M™], 121 (100).
~ A correcct elemental analysis of this labile allene could not be
obtained.

2-(1,3-Dimethyl-1,2-butadien-1-yl)-3-(1,1-dimethylethyl)-f-
propiolactone) (29a) and 6-(1,1-Dimethylethyl)-5,6-dihydro-4-
methyl-5-(methylethenylidene )-2 H-pyran-2-one (30): Prepared from
97 mg (0.5 mmmol) of 21, 476 mg (2.5 mmot) of Cul, 2.8 m! (5.0
mmol) of MeLi (1.85 M solution in diethyl ether), and 431 mg (5.0
mmol) of pivalic aldehyde; temp. —20°C, time 2 h; workup pro-
cedure D. Chromatography (cyclohexane/diethyl ether, 1:3) gave 30
mg (29%) of 29a and 30 mg (29%) of 30 as yellow oils.
29a: IR: ¥ = 2960, 2910, 2870 (s, CH), 1820 cm™! (s, C=0). — 'H
NMR: 8 = 0.99 [s, 9H, C(CH3);], 1.67/1.71 (2s, 6H, 3'-CHs), 1.79
(s, 3H, 1'-CH3), 3.75(d, 1H, J = 4.5 Hz, 2-H), 412 d, 1H, J =
4.5 Hz, 3-H). — BC NMR: § = 17.5 (+, 1"-CH,), 20.4/20.7 (+, 3'-
CHs), 24.4 [+, C(CH3)s], 32.7 [x, C(CH,)5], 54.7 (+, C-2), 84.0 (+,
C-3), 91.2 (x, C-1'/C-3"), 97.8 (x, C-1'/C-3"), 169.5 (x, C-1), 199.5
(x, C-2'). — MS: m/z (%) = 208 (63) [M™], 193 (100). — C;3H20,
(208.3): Caled. C 74.96, H 9.68; found C 74.27, H 9.90.
30: IR: ¥ = 2960, 2910, 2870 (s, CH), 1700 (s, C=0), 1630 cm™!
(m, C=C). — 'H NMR: 3 = 093 [s, 9H, C(CH;)], 1.88 (s, 3H,
1’-CHj;), 1.96 (s, 3H, 1'-CH,), 2.21 (d, 3H, J = 1.3 Hz, 4-CHj;),
5.04 (s, 1H, 6-H), 5.74 (q, 1H, J= 1.3 Hz, 3H). — *C NMR: § =
23.3 (+), 23.5 (+), 23.8 (+, 4-CH,/1'-CH3), 27.1 [+, C(CH,)4],
38.1 [x, C(CH3)3), 86.4 (+, C-6), 118.9 (+, C-3), 125.1 (x), 140.2
(x), 152.6 (x, C-4/C-5/C-1"), 164.4 (x, C-2). — MS: m/z (%) = 208
(100) [M*], 152 (100). — C3H,40- (208.3): Calcd. C 74.96, H 9.68;
found C 73.85, H 9.74.

3-(1,1-Dimethylethyl)-2-(1,3,4,4-tetramethyl-1,2-pentadien-1-yl ) -
[f-propiolactone (29b): Prepared from 145 mg (0.75 mmol) of 21,
134 mg (1.5 mmol) of CuCN, 1.9 ml (3.0 mmol) of t-BuLi (1.6 M
solution in diethyl ether), and 431 mg (5.0 mmol) of pivalic alde-
hyde; temp. —20°C, time 1.5 h; workup procedure D. Chromatog-
raphy with cyclohexane/diethyl ether (10:1) provided 145 mg (77%)
of 29b (1:1 mixture of diasterecomers) as a colorless oil. — IR: v =
2960, 2870 (s, CH), 1990 (w, C=C=C), 1830 cm™! (s, C=0). — 'H
NMR: &= 0.96/098 [2s, 9H, C(CHs);}, 1.01/1.03 [2s, 9H,
C(CH3);], 1.65/1.68 (2s, 3H, 3'-CHjy), 1.78/1.79 (2s, 3H, 1'-CH,;),
371(d, 1H, J=44HZ, 2-H), 4.10/4.13 (2d, 1H, 2 X J = 4.4 Hz,
3-H). — BC NMR: § = 14.9/15.1 2+, 1’-CHs,), 17.8/18.1 (2+, 3'-
CHs), 24.5/24.6 [2+, 3-C(CH3)5}, 29.1/29.2 [2+, 3'-C(CH5)5}, 32.7/
32.9 [2x, 2-C(CHs);), 34.0/34.2 [2x, 3'-C(CH3)s), 54.6/54.8 2+, C-
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2), 84.0/84.2 (2+, C-3), 92.6/92.7 (2x, C-1"), 111.4/111.6 (2x, C-3"),
169.5 (x, C-1), 197.9/198.1 (2%, C-2’). — NOE expetiment: Ir-
radiation at § = 1.79 (I’-CH,) gave an intensity enhancement of
the resonance at § = 4.13 (3-H). — MS: m/z (%) = 250 (3) [M*],
149 (100). — C,4H»60, (250.4): Caled. C 76.75, H 10.47; found C
75.45, H 10.15.

Methyl  2-[(2-(1,1-Dimethylethyl)-2-pentenylidene ]-1-cyclohex-
anecarboxylate (31): Prepared from 206 mg (1.0 mmol) of 25a, 179
mg (2.0 mmol) of CuCN and 2.4 ml (4.0 mmol) of t-BuLi (1.7 M
in pentane); temp. ~20°C, time 1.5 h; workup procedure C. Chro-
matography with cyclohexane/diethyl ether (20:1) furnished 110 mg
(42%) of 31 (1:1 mixture of diastereomers) as a yellow oil. — IR:
¥ = 2940, 2860 (s, CH), 1735 cm™! (C=0). — 'H NMR: § = 0.90/
0.91 (2t, 3H, 2 X J = 7.4 Hz, 5'-H), 0.99/1.00 [2s, 9H, C(CH3)3],
1.27-2.32 (m, 12H, 3-, 4-, 5-, 6-, 3'-, 4’-H), 3.02 (m, 1H, 1-H),
3.60/3.61 (2s, 3H, CO,CH3). — *C NMR: § = 14.3 (+, C-5'), 21.2
(=), 21.5 (), 24.7 (=), 27.4 (=), 29.4 (—), 31.9 (—, C-3/C-4/C-5/
C-6/C-3'/C-4"), 29.4 [+, C(CH)s), 34.0 [x, C(CHs)5], 47.6 (+, C-
1), 51.3 (+, CO,CH;), 103.1 (x, C-2/C-2), 114.8 (x, C-2/C-2"),
174.1 (x, CO,CHj;), 193.7 (x, C-1'). — MS: m/z (%) = 264 (28)
[M™*], 207 (100). — C;;H20, (264.4): Calcd. C 77.22, H 10.67;
found C 77.22, H 10.72.

11 Monographs: ['81 S, Patai (Ed.), The Chemistry of Ketenes, All-
enes and Related Compounds, Wiley, New York 1980. — llbl §
R. Landor (Ed.), The Chemistry of the Allenes, Academic Press,
London 1982. — !l H, F. Schuster, G. M. Coppola, Allenes in
Organic Synthesis, Wiley, New York 1984.

Allenic natural products: see literature cited in ref.l%al and: (221
A. Baumeler, W. Brade, A. Haag, C. H. Eugster, Helv. Chim.
Acta 1990, 73, 700—-715. — 21 ] Huguet, M. del C. Reyes,
Tetrahedron Lett. 1990, 31, 42794280, — <1 R. Nif, A. Velluz,
W. Thommen, Tetrahedron Lett. 1990, 31, 6521—6522. — 241 O,
W. Gooding, C. C. Beard, D. Y. Jackson, D. L. Wren, G. F.
Coopet, J Org. Chem. 1991, 56, 1083—1088. — 2?1 A, Oztunc,
S. Imre, H. Wagner, M. Norte, J. F. Fernandez, R. Gonzalez,
Tetrahedron 1991, 47, 2273—-2276. — 2% A Oztunc, S. Imre, H.
Wagner, M. Norte, J. F. Fernandez, R. Gonzalez, Tetrahedron
Lett. 1991, 32, 4377~4380. — 28 T, G. Back, B. P Dyck, Tetra-
hedron Lett. 1992, 33, 4725—4726. — 241 J. Gordon, R. Tabac-
chi, J Org. Chem. 1992, 57, 4728—4731.

See literature cited in ref.*? and: 341 J. Font, A. Garcia, P. De-
March, Tetrahedron Lett. 1990, 31, 5517—5520. — Y R,
Zimmer, H.-U. ReifBig, Liebigs Ann. Chem. 1991, 553—562, —
(3 M. Conrads, J. Mattay, Chem. Ber. 1991, 124, 867—873 and
1425—1429. — B4'Y, Shigemasa, M. Yasui, S. Ohrai, M. Sasaki,
H. Sashiwa, H. Saimoto, J Org Chem. 1991, 56, 910—912. —
31§, R. Angle, D. O. Arnaiz, Tetrahedron Lett. 1991, 32,
2327-2330. — Pf1 T. Mandai, S. Suzuki, A. Ikawa, T. Mura-
kami, M. Kawada, J. Tsuji, Tetrahedron Lett. 1991, 32,
3397-3398. — 381 J K. Crandall, T. A. Ayers, Tetrahedron Lett.
1991, 32, 3659—3662. — 3" T. Mayer, G. Maas, Tetrahedron
Lerr. 1992, 33, 205—~208. — B J, Hatem, C. Henriet-Bernard,
J. Grimaldi, R. Maurin, Tetrahedron Lett. 1992, 33, 1057—1058.
— [B1J A, Marshall, W. J. DuBay, J. Am. Chem. Soc. 1992, 114,
1450—1463. — B R, D. Walkup, L. Guan, S. W. Kim, Y. S.
Kim, Tetrahedron Lett. 1992, 33, 3969—3972. — B3] U, Koop,
Diploma Thesis, Technische Hochschule Darmstadt 1994.

Bal N. Krause, Chem. Ber. 1990, 123, 2173—2180. — @b N,
Krause, Chem. Ber. 1991, 124, 2633—2635. — I S Arndt, G.
Handke, N. Krause, Chem. Ber. 1993, 126, 251—259. — U N,
Krause, S. Arndt, Chem. Ber. 1993, 126, 261—-263. — %] A,
Haubrich, M. van Klaveren, G. van Koten, G. Handke, N.
Krause, J Org Chem. 1993, 58, 5849—-5852.

31 521 N, Krause, J Org Chem. 1992, 57, 3509—3512. — 5% N,
Krause, R. Wagner, A. Gerold, J Am. Chem. Soc. 1994, 116,
381—382.

2] G. Handke, Ph. D. Thesis, Technische Hochschule Darm-
stadt 1993. — 160 A’ Gerold, Diploma Thesis, Technische Hoch-
schule Darmstadt 1993, — [ U, Wecker, Diploma Thesis, Tech-
nische Hochschule Darmstadt 1994.

2

[3

4

[6



860

71 U2} 1, Brandsma, Preparative Acetylenic Chemistry, Elsevier,
Amsterdam, 2nd ed., 1988, p. 24 and 102. — ™ bid | p. 49. —
7e1 5. A. Marshall, Y. Tang, J. Org. Chem. 1994, 59, 1457—1464.

1 A. B. Holmes, G. R. Pooley, Tetrahedron 1992, 48, 7775—7792.

] T. B. Patrick, M. V. Lanahan, C. Yang, J K. Walker, C. L.
Hutchinson, B. E. Neal, J Org. Chem. 1994, 59, 1210—-1212.

0} [1%a] § E. Denmark, L. R. Marcin, J Org Chem. 1993, 38,
3850—3856. — 1'% R. Menicagli, V. Guagnano, C. Malanga,
Gazz. Chim. Ital. 1992, 122, 487—488.

111 L. Brandsma, H. D. Verkruijsse, Preparative Polar Organome-
tallic Chemistry 1, Springer, 1987, pp. 20—21.

U2 B, Dalcanale, F. Montanari, J Org. Chem. 1986, 51, 567—569.
1131 133l Organikum, Autorenkollektiv, Deutscher Verlag der Wissen-
schaften, Berlin, 18th ed, 1990, p. 423. — [13Y] 1pid, p. 412,

14} C. H. Heathcock, Modern Enolate Chemistry: Regio- And Ster-

eoselective Formation Of Enolates And The Consequence Of En-

M. Hohmann, N. Krause

olate Configuration On Subsequent Reactions, in: Modern Syn-
thetic Methods (R. Scheffold, Ed.), VHCA, Basel, VCH,
Weinheim, 1992, pp. 1—102.

051y, Prelog, L. Ruzicka, D. Metzler, Helv. Chim. Acta 1947, 30,
1883—1895.

116] W Eberbach, J. Roser, Tetrahedron 1986, 42, 2221—2234.

(171 M. G. Constantino, P. M. Donate, N. Petragnani, J. Org. Chem.
1986, 51, 253—-254.

U8 E, Dominguez, J. C. Carretero, Tetrahedron Lett. 1993, 34,
5803-5806.

9SS Lee, M. Shih, M. Hulce, Tetrahedron Lett. 1992, 33,
185—188.

20 N, V. Koshima, F. Y. Perveev, Zh. Org. Khim. 1976, 12,
2074—2084. (Chem. Abstr. 1977, 86, 105889a).

P H. A. Dieck, R. F. Heck, J Org. Chem. 1975, 40, 1083—1090.

[95087]

Chem. Ber. 1995, 128, 851—860





