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The synthesis of chiral 3-aryl-1-alkyn@svia cross-coupling of 3-alkyl- and 3,3-dialkyl-1-bromo-1,2-
dienesl and arylbromocuprates (RCuBr)MgRiBr 2 was examined. With phenylcopper reagents and

its para-substituted derivatives, as well as with 2-naphthyl cuprates, the reaction gave conguweithds

high regioselectivity and good yields on the chemically pure product. On the contrary, when ortho-
substituted phenyl reagents and 1-naphthyl cuprates were used, the regioselectivity of the process was
very dependent upon the steric requirements of the alkyl substituents on the bromoallenic substrate. When
the steric bulk was increased, remarkable quantities of isomeric arylalemege also observed in the
reaction mixtures. The high 1,3-anti stereoselectivity of the coupling process allowed us to obtain
enantiomerically enriched 3-aryl-1-alkynes from optically active allenic substrates, thus indicating a simple
pathway toward the synthesis of quaternary stereogenic centers characterized by an aryl group. A possible
cross-coupling mechanism was also suggested to explain the regio- and stereochemical data. For the
preparation ofw-functionalized 3-phenyl-1-alkynes, the reaction of 1-bromo-3-phenylpropadiene with
Knochel reagents RCu(CN)ZnQLiCl was also studied; this reaction led to the acetylenic compounds

in high yields mainly when the R group (alegfunctionalized) on the copper reagent was primary.

Introduction characterized by a tertiary or a quaternary stereogenic center
to the triple bond.

The reaction proceeded in a highly 1,3-anti stereoselective
fashion. The regioselectivity of the process appeared to be
sensitive to steric interactions, the size of the R substituent in
the copper species being the dominant faé¥dndeed, when
phenyl orn-alkyl bromocuprate®? were used, the acetylenic
compounds3 were obtained in good yields independently of

Simple terminal acetylenic compounds are increasingly used
as fundamental substrates in transition-metal chemistry for the
synthesis of high valued organic compounds (e.g., sp %o sp
couplings, oxidative dimerizations, aminoalkylations, silyl-
formylation, to name a fewdlt is worth noting the potentiality
of optically active 1-alkynes as key intermediates in the
preparation of a wide range of chiral molecufes.

It was demonstrated that the cross-coupling reaction between (1) For review, see: (aModern Acetylenic Chemistnystang, P. J.,
optically active allenic bromidesand bromocuprates (RCuBr)-  Diederich, F., Eds.; VCH: Weinheim, 1995. (b) Brandsma, L.; Vasilevsky,
MgBr-LiBr, 2, (Scheme 1) was the most simple and convenient (S)- FJ .Vegkr“til'hss‘?- g D. "AF\J/p”fati_O”BOfI.Trariggg” Me‘at' Fat?'¥3tsé”
way to obtain enantiomerically enriched chiral acetylenes c:g:;"c:our))ll?ngelzlgag?onngsgirédgiil%; F.’eg'tg’ng’ P.'J.(’Cgssﬁ'\f\ﬁéy)ff,%,{
Weinheim, 1998. (d) Marciniec, B\ppl. Organomet. Cher200Q 14, 527—

T Universitadegli Studi di Pisa. 538. (e) Vizer, S. A.; Yerzhanov, K. B.; Al Quntar, A. A.; Dembitsky, V.
#Kingston University. M. Tetrahedron2004 5499-5538.
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SCHEME 1 outcome of the reactions as related to the structural features of
R the aromatic bromocuprate reagents. An accurate investigation
—Br (RCuX)M on the stereochemistry of the coupling process was also carried

R H out with enantiomerically enriched bromoallenes.

Taking into account the high selectivity for compourddse
obtained when reacting bromoallerfewith functionalized zinc-
. based alkylcyanocupraté&s* we also explored the reaction of
R B R these copper reagents with 3-phenyl-1-bromopropadiene as a
Rz&'C:CH * ;f‘:‘:CH'R potential synthetic approach to functionalized 3-phenyl-1-
R R alkynes. Indeed, it is well-known that 3-phenyl-1-bromoallenes
react with the alkylbromocuprat@do afford mainly substantial
amounts of polymeric byproducis.

3 4

R'=H, Alkyl, RZ=Alkyl . .
(RCuX)M = (RCuBr)MgBr-LiBr, 2 Results and Discussion
RCu(CN)ZnCI-2LiCl, §

R,CuLi, 6 RCU(CN)LI, 7 Coupling of Bromoallenes with Arylbromocuprates. A.

Regiochemical ResultsThe complex arylbromocuprat@a—k
R= Alkyl, Phenyl used as nucleophiles were prepared in situ in THF from LiGuBr
and 1 equiv of the appropriate aryl Grignard reagénthe
the structure of the allenic bromide. When tertiary, secondary, racemic 1-bromo-1,2-dienesa—d were also obtained chemi-
or o-branched primary copper reagents were used, the competi-cally pure and in high yields (7090%) from the corresponding
tive formation of the allenic derivativeswas favored (Scheme  propargylic alcohols through well-known procedufesccord-
1)3adIn a second stage of our study we introduced the use of ing to the experimental conditions previously reported for

aliphatic zinc-based cuprates RCu(CN)ZfRLiCl 5 for the reactions between compoundisand the phenylbromocuprate
same cross-coupling proces_éeé’.hese zinc cyanocuprates 23,3 all of the experiments were carried out adding a tetrahy-
(Knochel reagent8)reacted with bromoallenek with higher drofuran solution of the bromoallenic substrdtéo a stirred

regioselectivity than the corresponding magnesium bromocu- suspension of 2 equiv of the arylcopper reaggntooled at
prates2, affording acetylene8 almost quantitatively even when  —70 °C. The reaction mixture was then allowed to warm to
hindered allenic substrates and secondaxy-branched primary room temperature and carefully followed by GC analysis of
copper compounds were used as starting materials. Only whenhydrolyzed samples; in general, a reaction time of 30 min at
R was a tertiary group could the steric requirements of the room temperature was adequate for a complete conversion of
substrate have a determining effect on the product distribution. the substrate into a mixture of 3-aryl-1-alkygand the 1-aryl-
The cross-coupling reaction with the Knochel reagents could 1,2-diene4. The two products were separated by fractional
also be performed, maintaining very high regio- and stereose- distillation or elution on silica gel columm{pentane as eluent)
lectivities, using aliphatic zinc reagents and catalytic amounts and identified by chromatographic and/or spectroscopic methods
of copper salts (10 mol %) Phenyl zinc-based cuprates such (Table 1).
as PhCu(CN)ZnCELICl reacted with compounds affording The acetylene/allene ratio, determined®syNMR and GC
instead complex mixtures of acetylenic and allenic produ&ts ( analyses on the crude reaction mixtures, was found to be mainly
and4, respectively) in both the stoichiometric and the catalytic influenced by the structure of the bromocuprate; the regio-
reactions. As reportecBabother types of phenylcopper reagents, chemical results are summarized below:
such as P¥CuLi, 6, and PhCu(CN)Li,7, gave essentially (i) Phenylbromocuprat2a (Table 1, entries +3)32and para-
phenylallene derivatived. It appeared therefore evident that substituted arylcuprates (Table 1, entries 5, 6-18) led
chiral 3-phenyl-1-alkyne8 could be obtained in high yields in  predominantly to the acetylenic produ&sindependent of the
copper-mediated coupling processes only when the phenylbro-pulkiness of substituents'Rand R on the bromoallend,
mocuprate (PhCuBr)MgBLiBr was used (Scheme 1). Conse- product3 was generally obtained chemically pure {686%
quently, we extended the scope of our research by elucidatingisolated yields). With ortho-substituted arylcuprates we observed
the synthetic utility of the reaction between 1-bromo-1,2-dienes greater amounts of the allene derivati¢ewhich eventually
1and a series of arylbromocuprates in the preparation of chiral hecame the main product as the bulkiness'citi R increased
3-aryl-1-alkynes3 (R = Ar). The present paper deals with the enough (Table 1, entries 4-10).
(ii) The electronic nature of the substituent on the aromatic
Pal(lza) ?:ef aosrgex?:fﬂgﬁiig é?fgaﬁgg"ﬁ'ﬂg ;5-1; aRr?dSipei’f;gn(éggfmgse?ﬁ A(b ?" ring of the cuprate (electron-donating or electron-withdrawing
R y f group) did not significantly affect the regioselectivity of the

Kishimoto, Y.; Itou, M.; Miyatake, T.; lkariya, T.; Noyori, Rviacromol- - h
ecules1995 28, 6662-6666. (c) Pertici, P.; Verrazzani, A.; Pitzalis, E.; ~ reaction. Indeed, the acetylenes were always the major products

Caporusso, A. M.; Vitulli, G.J. Organomet. Chen200], 621, 246-253. in reactions with para-substituited cuprates (Table 1, entries 5,
(d) Aronica, L. A.; Terreni, S.; Caporusso, A. M.; Salvadori,Bur. J. 6, 11-16)
Org. Chem 2001, 4321-4329. ’ - . .

(3) (a) Caporusso, A. M.; Polizzi, C.; Lardicci, 1. Org. Chem1987, Very similar results were obtained employing naphthylcu-

52, 3920-3923. (b) Caporusso, A. M.; Polizzi, C.; Lardicci, Tetrahedron prates. Also in these cases we found that the structure of the

Lett 1987 28, 6073-6076. (c) Caporusso, A. M.; Consoloni, C.; Lardicci, i i i Wi
L. Gazz. Chim. 1tal1988 118 857-859. (d) Polizzi, C.; Consoloni, C.; cuprate played a crucial role in the regioselectivity of the

Lardicci, L.; Caporusso, A. MJ. Organomet. Chen1991, 417, 289-304.

(e) Caporusso, A. M.; Aronica, L. A.; Geri, R.; Gori, M. Organomet. (6) (a) Landor, S. R.; Patel, A. N.; Wither, P. F..Chem. Soc. @966

Chem 2002 648 109-118. 1223-1226. (b) Montury, M.; GorgJ. Synth. Commun198Q 10, 873—
(4) Caporusso, A. M.; Filippi, S.; Barontini, F.; Salvadori,Tetrahedron 879. (c) Elsevier, C. J.; Vermeer, P.; Gedanken, A.; RungeJWDrg.

Lett 200Q 41, 1227-1230. Chem 1985 50, 364—367. (d) Caporusso, A. M.; Zoppi, A.; Da Settimo,
(5) Knochel, P.; Singer, R. BChem. Re. 1993 93, 2117-2188. F.; Lardicci, L. Gazz. Chim. Ital1985 115 293-295.
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TABLE 1. Coupling Reactions of Arylboromocuprates 2 with Bromoallenes 2

Rl R
C=C=CH-Br+ (ArCuBr)MgBrLiBr —— C. + C=C=CH—Ar
R? RZ Ar R?
1 2 3 4
Bromoallene, 1 Arylbromocuprate, 2 Products Yield (%)
Entry R' R’ Ar 34 3 4
1 1b H t-Bu ba 90(81) 10

ca 81(65) 19
3 1d Me t-Bu da 91(84) 9

4 1d Me t-Bu 2b db 62 38

Et

5 1d Me Bu 2¢ : “Et de 92(78) 8
6 1la H Me 2d : ~i-Bu ad 86(71) 14
ae 82(62) 18
8 b H t-Bu OMe be 58 42
9 1c Me Et 2e \© ce 33 67

: OMe

\©\F

10 1d Me t-Bu de 20 80

11 1 H Bu bf 88(75) 12

12 1c Me Et 2f of 78(62) 22

13 1d Me tBu df 86(75) 14

14 1d Me tBu 2g dg 85(68) 15
15 1 H t-Bu \©\ bh 80 20
16 1d Me tBu 2h NMe; dh 95(86) 5
17 1la H Me ai 54 46
18 1 H t-Bu 2i bi 40 60
19 1c Me Et ci 13 87
20 1la H Me aj 73(52) 27
21 1b H t-Bu 2j bj 83(58) 17
22 1c Me Et ¢ 61 39
23 1d Me tBu dj 80(63) 20

24 1la H Me 2k ak 87(74) 13
25 MeO 80 20

1d Me t-Bu dk

a All reactions were performed on a £@0 mmol scale by treatingja—d with 2 equiv of the arylcuprate in THF at70 °C and by allowing the reaction
mixture to warm to room temperature (30 min; 100% conversiot) of The yields, based on startiig were determined bjH NMR and GC analysis on
the crude reaction mixture after workup (isolated yields>®&8% pure compounds are shown in parentheses).

1904 J. Org. Chem.Vol. 71, No. 5, 2006
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TABLE 2. Stereoselectivity in the Synthesis of 3-Aryl-1-alkynes 3 via Coupling Reactions of Arylbromocuprates 2 with Chiral Bromoallenes
(8)-1

(9-1 (R-3 correlation product
entry eé (%) yieldP (%) [a]%% (heptane) [ ee (%) stereoselectivity (%)
1 (9-1a 51 (R)-3ad 70 -3.95 ©-10adF +25.6! 43 92
2 (9-1a 51 (R)-3aj 52 —6.36 R-9ajf —12.® 42 91
3 (9-1b 70 (R-3ba 65 +0.68 ©-8ba" —58.4 58 91
4 (9-1c 35 (R)-3cd 51 -1.32 ©)-10ca +10.8 35 100
5 (9-1c 35 (R)-3ca 68 -1.22 ©-10ca +10.3 34m 99
6" (9-1d 32 (R)-3da 64 —1.42 ©-11da +10.8 32m 100
7 (9-1d 32 R-3df 41 —-4.17 ©-11df 32m 100
8" (9-1d 32 (R)-3dg 48 —2.51 ©-11dg 32m 100

aDetermined by GC analyses on a Cydex-B chiral columibNMR with heptakis(2,3,6-trD-methyl){3-cyclodextrin as chiral solvating agent (see ref
8). P Isolated yields of pure compounds, obtained by silica gel column chromatography or preparativ8eaGef 99 EtOH (c 3.0). ¢ A pure sample of
14% ee §-(+)-1-(2-naphthyl)-1,2-butadieneS¥4aj, was also obtained See ref 139 Heptane ¢ 2.4)." See ref 11al Neat.) A pure sample of 22% ee
(R)-(—)-1-phenyl-3-methyl-1,2-pentadieneR)¢4ca, was also obtained.See ref 12! Benzene ¢ 4.4). ™ Determined by'H NMR of the corresponding
diastereomeric salts with optically purg)¢1-(1-naphthyl)ethylamin€! In this case, the absolute configuration of the stereogenic center of comp®ands
11 was assigned on the basis of the 1,3-anti stereochemistry of the coupling process between heterocuprates and 1-bromo-1,2-dienes to affovd alkynes,
widely proved (see also refs 3 and 4CHCI; (c 8.0).

SCHEME 2. Correlation of 3-Aryl-1-alkynes to

reaction. The 2-naphthylcupratgsand2k always afforded the Stereochemically Defined Compounds

corresponding acetylenic products with good vyields (Table 1,

entries 26-25). When using the 1-naphthylcupr&einstead, R Br

we observed that an increase in the size of the substituents on 2':':\H (S)-1
the bromoallené disfavored the alkyne product (Table 1, entries R

17-19). 2|(a)

B. Stereochemical Resultdn a previous papefwe reported

that (R)-(—)-1-bromo-1,2-butadieneRf-1a, reacted with the . R

phenylbromocuprat@a affording as main productg-(+)-3- 3ba, 3ca, 3ad, 3aj "C=CH 3da, 3df, 3dg
phenyl-1-butyne, $-3aa with 83% 1,3-anti stereoselectivity. R? Ar

In light of this result and taking into account that analogous (R)-3

cross-coupling reactions performed with aliphatic bromocuprates () (e)
proceeded with almost complete anti stereochem®étnye

considered it useful to evaluate in general the stereochemical

outcome of the coupling reaction between enantiomerically R R

enriched bromoallened and arylbromocuprate®. Chiral Rz&“"CHZCHz R2 'C=C-COOCH
1-alkynes3, having a tertiary or a quaternary stereogenic center Ar Ar
characterized by an aryl group in tleposition to the triple (S)-8ba (R'=H,R2=t-Bu, (S)-11da (R'=Me, R2=t-Bu,
bond, are generally difficult to prepare enantiomerically enriched Ar=Ph) Ar=Ph)

via conventional procedurésind the cross-coupling reaction (S)-11df (R'=Me, R2=t-Bu,
proposed could then be regarded as a straightforward stereo- 5 Ar=p-MeOCgHy)
selective method for their synthesis. (S)-11dg (R'=Me, R%=t-Bu,

This stereochemical study required the synthesis of the chiral Ar=p-FCgH,)

bromoallenes$-1a—d. These were achieved by reacting the R’

methanesulfonate esters of the corresponding optically active R2 GE ;
(R)-carbinols with LiCuBp or Li,CuBrs.5¢d The enantiomeric Ar R

purities of compounds §-1a—d were determined by GC (R)-9aj (R'=H, R2=Me, RzerCOOH
analyses on a Cydex-B chiral column andfdrNMR in CDs- Ar=2-Naphthyl)

OD as solvent and heptakis(2,3,6-@imethyl)3-cyclodextrin
as chiral solvating agent (Table 2Jhe stereochemical outcome
of the coupling reaction was studied for those cases in Table 1
where the alkyne8 were the major products. The optically
active acetylenic compounds were isolated in chemically pure
form (41-70% yields) and correlated to compounds of known  ayey. (a) see Table 1; (b) i-BAIH, n-pentane, rt, 4680 h: (c)
or determinable stereochemistry (Table 2 and Scheme 2). i-BuzAlH, n-pentane, 40C, 48 h; (d) KMnQ—NalOy/K-COs, t-BuOH/
Thus, a sample of levorotatory 3-[4-(2-methylpropyl)phenyl]- H20, 0°C, 70-90 h, then diluted k5O, (5%); (e)n-BuLi (1 equiv), hexane,
1-butyne, (-)-3ad, obtained from §)-1a (51% ee), was treated " 10-20 h, reflux, 3-5 h, then solid C@ 60 h.
with diisobutylaluminum hydride (DIBAH) to yield the corre-  gponding 1-alkenad. Compound8ad was related to dex-
trorotatory 2-[4-(2-methylpropyl)phenyl]propanoic acidk )¢

(S)-10ca (R'=Me, R?=Et,
Ar=Ph)

(S)-10ad (R'=H, R>=Me,
Ar=p-iBuCgH,)

94g)gggporusso, A. M,; Lardicci, L1. Chem. Soc., Perkin Trans 1883 10ad, of known S stereochemistry §-ibuprophen, 43% eg]

) . . - 10 )

(8) (@) Uccello-Barretta, G.; Balzano, F.; Caporusso, A. M.; Salvadori, by reaction with KMnQ—NalO,*° (Scheme 2; Table 2, entry
P. J. Org. Chem1994 59, 836-839. (b) Uccello-Barretta, G.; Balzano,

F.; Caporusso, A. M.; lodice, A.; Salvadori, P. Org. Chem.1995 60, (9) Kaiser, D. G.; Vangiessen, G. J.; Reische, R. J.; Wechter, \l. J.
2227-2231. Pharm. Sci 1976 65, 269-273.
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1). Both the hydroaluminatidrand the oxidative demoliticf

Caporusso et al.

SCHEME 3

processes were known to proceed in a completely stereospecific

manner. Analogously, samples of-)-3-phenyl-3-methyl-1-
pentyne, {)-3ca obtained from §-1c were transformed into
the corresponding)-2-phenyl-2-methyl-butanoic acid;H-
10ca of knownS stereochemistif (Scheme 2; Table 2, entries
4 and 5). The value of the maximum rotatory power for the
acid (9-10cawas evaluated by Cram via maximum resolution
criterial? However, the relation between the enantiomeric
composition and the optical rotation of J-10cawas confirmed

by 300 MHz 'H NMR analysis of the diastereomeric salts
obtained by reacting the acid, in CQCWith an equimolar
amount of optically pure R)-1-(1-naphthyl)ethylamine. The
obtained results perfectly agreed (Table 2, entrie§)Ydespite
the experimental error connected with the NMR measurements.

TheR configuration and the enantiomeric composition of the
alkynes ()-3aj and (+)-3ba (obtained from §-1a and §)-
1b, respectively) were evaluated by correlation to the corre-
sponding hydroalumination products, thie)-2-(2-naphthyl)-
butane, R)-93j,13 and §)-3-phenyl-4,4-dimethyl-1-pentené&){
8ba,1a of known stereochemistry (Scheme 2; Table 2, entries
2 and 3).

All of these data (Table 2, entries—5) indicated that the
coupling reaction occurred with high stereoselectivity {90
100%) and confirmed the 1,3-anti mechanism. It is noteworthy
that the alkyneR)-3ca, characterized by a quaternary center at
the a-position to the triple bond, was formed with complete
stereoselectivity. The stereochemical results were found to be
highly reproducible (Table 2, entries 4 and 5).

The significant racemization phenomema (ca-18%) we
observed in the coupling reactions yielding alkyrsvith
tertiary propargylic centers (Table 2, entries3) can be thus
related to the mobility of the hydrogen atoms to the stereogenic
carbon atoms (propargylic and also benzylic) in the reaction
conditions. To confirm this hypothesis, compourgtt, 3df,
and3dg, with quaternary stereogenic centers, were synthesized
by reacting §-1d with phenyl-, p-methoxyphenyl-, andg-
fluorophenylbromocuprate®a, 2f, and 2g, respectively. The

/,‘

(S)

SYN-Addition

"AI'CUBI'" "ArCuBr"

R1 CuBr R!

Ar R2
Br

CuBr
) H

Br)

RZ
H

ANTI-Elimination ‘

R}, H
e
Ar

(S)-4

Ar
R?.y\
R? N

(R)-3

betweenR/'S)-1d and the phenylbromocupraka (Table 1, entry

3), was treated with equimolar amountsrelbuthyllithium and
then with carbon dioxide to yield the racemic 4-phenyl-4,4,5-
trimethyl-2-hexynoic acid(R/S-11da (75%). The acid was
reacted in diethyl ether with+)-dehydroabietylamine, and the
resulting diastereomeric salts were recrystallized three times
from 95% ethanol to yield a salt fraction having] % +15.45
(CHCl). Alkaline hydrolysis followed by acidification gave the
acid (R)-11da, [a]?% —32.70 (CHCY}), which was found to be
optically pure by!H NMR analysis of its diastereomeric salt
with (R)-1-(1-naphthyl)ethylamine. As chirak,S-acetylenic
acids could be easily decarboxylated to the corresponding
1-alkynes without significant racemization phenomena [copper-
() chloride in acetonitrile at room temperaturehe resolution/
decarboxylation procedure was confirmed to be, at least in some
cases, an attractive route to obtain optically active 3-aryl-1-
alkynes.

C. Mechanistic Aspects.Given the undefined structure of

R absolute configuration to the obtained chemically pure the involved organocopper species, every mechanistic interpre-
levorotatory compounds was assigned on the basis of the 1,3-tation of the data at this stage has to be speculative. However,
anti stereochemistry now widely proved for the coupling process. both the dynamic and stereochemical results (Tables 1 and 2)
The enantiomeric composition of the alkynes was determined are consistent with syn additieranti elimination steps, involv-

by transforming them into the,3-acetylenic acid4d1 and by
300 MHzH NMR analysis of the corresponding diastereomeric
salts with optically pureR)-1-(1-naphthyl)ethylamine.

The obtained results (Scheme 2; Table 2, entries8)6

ing alternatively the &-C, or the G—C3 double bond of the
allenic substrate (Scheme 3; for simplicity, the complex bromo-
cuprate 2 is presented as the monomeric discrete species
“ArCuBr”) as previously proposed also for reactions of bromo-

indicated for these cases a complete absence of racemizatiorallenesl with aliphatic bromo- and cyanocuprafésThe syn
phenomena (100% stereoselectivity). attack of the copper reagent on the-C; double bond backside
In this context, it was also verified that racenig-acetylenic of the bromine atom followed by an anti elimination would ac-
acids 11 could be easily resolved into optically pure enantio- count for the 1,3-anti stereoselectivity observed in the formation
meric forms with @-)-dehydroabietylamine as resolving agent, of 1-alkynes3 (Table 2). By increasing the steric bulkiness of
as reported forR/S-4-phenyl-2-pentynoic aciiThus, a sample  Ar, R, and R groups on the reagents, the preference for
of chemically pure R/S)-3-phenyl-3,4,4-trimethyl-1-pentyne, addition of the copper species to the—<C, bond increased
(R/9)-3da, obtained in 84% yield from the coupling reaction affording the arylallened (Table 1) with retention of config-
uration (Scheme 3) by a successive anti-elimination step.
From the reaction betweerg)¢la and 2-naphthylbromocu-
prate,2j, we obtained the 1-alkynéR}-3aj as the main product
as well as small amounts of chemically pusg-{-(2-naphthyl)-
1,2-butadiene, §-4aj, with retention of configuration and
extensive racemizationg]?% +32.4 € 3.3,n-heptane), (Table
2, entry 2)14716 Almost completely racemizedR}-1-phenyl-
1,2-butadiene, R)-4aa [a]?% —1.20 € 3.0, ethanol) €1%

(10) Gil-Av, E.; Shabtai, JJ. Org. Chem1964 29, 257-262.

(11) (a) Lardicci, L.; Menicagli, RJ. Org. Chem1972 37, 1060-1062.

(b) Lardicci, L.; Salvadori, P.; Caporusso, A. M.; Menicagli, R.; Belgodere,
E. Gazz. Chim. Ital1972 102, 64—84.

(12) (a) Cram, D. J.; Allinger, 0. Am. Chem. Sod 954 76, 4516~
4522. (b) Cram, D. J.; Knight, J. . Am. Chem. S0d 952 74, 5835~
5838.

(13) Menicagli, R.; Piccolo, O.; Lardicci, L.; Wis, M. LTetrahedron
1979 35, 1301-1306.
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SCHEME 4
R! H
Rz/'«:o:<
(81 Br
"ArCuBr" | Oxidative Addition
R UArBr R} CuArBr
Y S R2#” —
R? H
12 13
Reductive Elimination \
Ar 1 Ar
le;\ R’I'"'_
S 207
R R H
(R)-3 (R)-4

ee)l” was generated by reaction oR){la (27% ee) with
phenylbromocuprat&a, along with §-3-phenyl-1-butyne,)-
3ag (18% ee) as the major prodiét.The racemization
phenomena can be attributed to the contact, during the reaction
of the allenic products with the cuprate or the Cu(0) which might
arise from decomposition of the cuprate itséliowever, this
process should not be very fast under our experimental condi-
tions. A different explanation could be related to the possible
presence of multiple mechanisms acting simultaneously. On the
other hand, from the reaction betweed)-{c and the phenyl-
cuprate2a, which afforded R)-3-phenyl-3-methyl-1-pentyne,
(R)-3ca, as the main product, we obtained the phenylall&)e (
4ca [0]%%5 —25.1 € 9.0, n.heptane), racemized and with
inversion of configuration (Table 2, entry 2)As proposed by
Corey and Boa?? the anti selectivity for both the acetylenic
and the allenic products, as well as the regiochemical results
(Table 1), could be rationalized through the mechanism reported
in Scheme 4. Initially, the nucleophilic copper attacks anti to
the bromine yielding thes-propargylic Cl' intermediatel2
(oxidative addition) which equilibrates to thweallenyl derivative
13 via a suprafacial 1,3-shift (Scheme 4). The''Ctransient
species readily collapse by reductive eliminations to give the
alkyne 3 and/or the allenel with the observed anti stereose-
lectivity. Formation of4 should be favored as it increases the
steric bulkiness of both the substrate and the copper reagent
It is nevertheless more likely that 1-alkyn8soriginated
essentially from additionelimination steps as shown in Scheme
3,34 while competitive routes with different stereochemistry
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products was attributed to the higher stability of tallenyl
complex. As an example, chiral allenic bromides and 2-propynyl
esters in palladium-catalyzed reactions with organozinc reagents
gave only allenic product&as well as 2-propynyl esters with
organocopper(l) derivatives of different natuf&47-21in all
cases, a high anti stereochemistry was observed.

D. Coupling of 1-Bromo-3-Phenylpropadiene with Zinc
Alkylcyanocuprates. Zinc alkylcynocuprates RCu(CN)ZnCl
2LiCl 5a—f (Knochel reagent8)vere generated in THF at10
°C from alkylzinc chlorides and the soluble copper salt CuCN
2LiCl; the necessary organozinc derivatives were obtained from
the corresponding Grignard reagents by transmetalation with
ZnCly. In particular, the starting Grignard reagentsboff and
5f were prepared in THF from 3-chloro-1-propanol and 4-bromo-
1-trimethylsilyl-1-butyne according to procedures previously
reported by Norma#t and Ross?® When the cyanocuprates
5a—f were reacted with 1-bromo-3-phenylpropadideg¢molar
ratio 2:1), the desired 3-phenyl-1-alkyn8swere selectively
obtained (Table 3), contrary to what we previously observed
with alkylboromocuprate& which afforded essentially polymeric
byproducts’® However, once again, the structure of the alkyl
in the organocopper species significantly affected the selectivity
of the reaction. In general with primary cuprates the reaction
proceeded to completion within—2 h at —70 °C yielding
exclusively the acetylenic producgTable 3, entries 1, 4, and
6). With secondary and tertiary copper reagents a decrease in
the reaction rate as well as in the chemo- and regioselectivity
was observed instead. Therefore, the isopropylzinc cuptate
afforded the alkyne8eb together with minor amounts of the
allenic regioisomerdeb (Table 3, entry 2). Thetert-butyl
derivative5c provided substantial amounts of phenylalldri
probably via metathalogen exchange processes, along with
the expected coupling produ@scand4ec(Table 3, entry 3).

These data completely agreed with the results previously
obtained by reacting alkylcyanocupratewith aliphatic 1-bro-
moallenesla—d.* They also suggested that an appropriate
selection of the structure of the Knochel reagent (primary or
secondary) in the cross-coupling wifle could yield a large
variety of functionalized 3-phenyl-1-alkynes, such ago-
acetylenic carbinolsy,w-enynes, and,w-diynes, useful syn-
thetic intermediates not easily available via simple alternative
method<X In this context, it is worth noting that the coupling
reaction could be performed with primary alkylzinc chlorides
in the presence of catalytic amounts (10%) of Cu@INCI,
affording quantitatively the 1-alkynekisolated in high yields
(Table 3, entries 5 and #)The reaction rate of the catalytic

(such those depicted in Schemes 3 and 4) should account foProcess was generally slower than that of the stoichiometric

the formation of arylallened. In all cases which started from
allenyl or propargyl substrates, an equilibrium betweellenyl
ando-propargylmetalcomplexes was postulated (Scheme 4), and
the formation, with anti stereselectivity, of allenes as the only

(14) The absoluteS)-configuration of (-)-4aj was deduced from the
Lowe’s extension of Brewster’s rules (see ref 15) and confirmed by the
Runge “chirality functions approach” (see ref 16); the enantiomeric purity
was evaluated by GC analysis on a Cydex-B chiral column.

(15) (a) Lowe, GChem Communl965 411-413. (b) Brewster, J. H.

J. Am. Chem. Sod 959 81, 5475-5483.

(16) Elsevier, C. J.; Vermeer, P.; Runge, Wr. J. Chem 1985 26,
174-180.

(17) Elsevier, C. J.; Vermeer, B. Org. Chem1989 54, 3726-3730.

(18) (a) Claesson, A.; Olsson, L.J. Chem. Soc., Chem. Comm@@79
524-525. (b) Chenier, J. H. B.; Howard, J. A.; Mile, B. Am. Chem. Soc
1985 107, 4190-4191.

(19) Corey, E. J.; Boaz, N. Wletrahedron Lett1984 25, 3059-3062.

one, but an increase in the reaction temperaturg(°C to rt)
overcame this inconvenience (Table 3, entries 5 and 7 v/s entries
4 and 6).

(20) (a) Elsevier, C. J.; Vermeer, B. Org. Chem 1985 50, 3042-
3045. (b) Elsevier, C. J.; Kleijn, H.; Boersma, J.; VermeerQRyanome-
tallics 1986 5, 716-780.

(21) (a) Dollat, J. M.; Luche, J. L.; Crabp®. J. Chem. Soc., Chem.
Commun1977 761-762. (b) Vermeer, P.; Meijer, J.; Brandsma,Recl.
Trav. Chim. Pays-Bad4975 94, 112-114.

(22) Cahiez, G.; Alexakis, A.; Normant, J. Fetrahedron Lett1978
19, 3013-3014.

(23) Rossi, R.; Carpita, A.; Ciofalo, M.; Lippolis, .etrahedron1991,
47, 8443-8460.

(24) (a) Feldman, K. S.; Bruendl, M. M.; Schildknegt, K.; Bohnstedt,
A. C.J. Org. Chem1996 61, 5440-5452. (b) Yan, J.; Zhu, J.; Matasi, J.
J.J. Org. Chem 1999 64, 1291-1301. (c) Cadierno, V.; Conejero, S.;
Gamasa, M. P.; Gimeno, @rganometallic2002 21, 3837-3940.
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TABLE 3. Coupling Reactions of Zinc Alkylcyanocuprates 5 with 1-Bromo-3-phenylpropadiene, 1&

Ph THF Ph Ph Ph
J=+=CH-Br + RCu(CN)ZnCl-2LiCl ———— )YCECH + y=e=CHR +  )y=e=CH,
H H R H H
1e 5 3 4 14
cyanocuprateh products yielé (%)
entry R T(°C) t(h) 3,4 3 4 14
1 5a Et -70 1 ea 100 (73)
2 5b i-Pr —70—rt 2 eb 94 6
3 5c t-Bu —70—rt 3 ec 50 12 38
4 5d CIMgO(CHy)s —-70 2 ed 100 (77Y
5e 5d CIMgO(CH,)s —70—1t 1 ed 100 (80}
6 5e CH,;=CH(CH,), -70 1 ee 100 (69)
7e 5e CH,=CH(CHo), —70—1t 1 ee 100 (82)
8 5f MesSiC=C(CHy). —70—1t 2 ef 100 (68)

aExcept as noted all reactions were run in=BD mmol scale by treatinge with 2 equiv of zinc cyanocupratein THF at—70 °C and by allowing the
reaction mixture to warm to room temperatut@.he yields, based on startirigs, were determined byH NMR and GC analysis on the crude reaction
mixture after workup (isolated yields 6f98% pure compounds are shown in parenthe§&)mpounds8ecand4ecare identical t8ba and4ba, respectively.
d As acetylenic carbinok The reaction was performed by treatibgwith 2 equiv of the desired organozinc reagent (RZnCl) in the presence of 10 mol %
of CuCN2LICl.

Conclusions ether (3x 100 mL), and the combined extracts were washed with
water, dried (Ng&SQy), and analyzed by GC and G®/S. The
solvents were removed at reduced pressure-2ZIDmmHg), and a
mocuprate® was found to be a very useful method of obtaining H NMR spectrum of the crude product was determined. Successive
a large variety of 3-aryl-1-alkyne8 with good yields. The fractional distillation (Fischer-Spaltrohr column) and/or column
chemoselectivity of the process depended on several factorssilica gel chromatography (pentane as eluent) afforded pure samples
with the structure of the aryl group of the copper reagent playing ©f alkynes3 and, in most cases, arylallengsvhich were identified

a key role. Indeed, considerable amounts of allenic byproducts@nd characterized by spectroscopic and analytical data; when

4, deriving from a direct substitution, were detected as the size NECESSary, larger scale reactions or preparative GC were used for
o;‘ this group increased ’ these separations. Most of the products were also identified by

. . . spectroscopic or chromatographic comparison with authentic
The stereochemical results indicated that the acetylenic ngmesa?,sgs grap P

compounds were formed in an unambiguous anti fashion with  saneral Procedure for the Hydroalumination of (R)-3-Aryl-
very high optical yields. In particular, starting from optically 1.alkynes R)-3: Optically Active 3-Aryl-1-alkenes 8 (Scheme
active 3,3-dialkyl-1-bromoallenes, the 1,3-substitution process 2, Table 2).In a typical experiment, 2620 mmol of the alkyne
appeared as a stereospecific synthetic pathway for the construc{R)-3 was added, at OC, to a solution of diisobutylaluminum
tion of enantiomerically enriched quaternary stereogenic centers,hydride (DIBAH) (15-40 mmol) in anhydrous-pentane (3660
characterized by an aryl and an ethynyl group. Since a triple mL). The reaction mixture was stirred at room temperature for the

method can be applied to the preparation of a large variety of bylfG(_:) a”_‘é "ﬁf then C?"Utio‘:sw ?ydrolyzeotl Witth &NaFer a?d dilute
optically active organic molecules, sulfuric acid. The organic materials were extracted withentane;

. the combined extracts were washed with water, dried$g and
From the stereochemical results, we proposed also that the d

. ) . ) evaporated to dryness. Optically active prod&tsere obtained
coupling reaction which afforded the 1-alkyr@proceeded via

The 1,3-substitution on the allenic bromidesvith arylbro-

'Y HOTTUVT . chemically pure by fractional distillation.

an addition-elimination mechanism rather than through d'Cu (R)-3-[4-(2-Methylpropyl)phenyl]-1-butene [(R)-8ad]: 99%
yield; *H NMR ¢ 0.90 (d,J = 6.6 Hz, 6H), 1.35 (dJ = 7.1 Hz,
3H), 1.85 (m, 1H), 2.44 (d) = 7.2 Hz, 2H), 3.45 (m, 1H), 5.01
(m, 1H), 5.06 (m, 1H), 6.02 (ddd] = 16.9, 10.4, 6.5 Hz, 1H),
7.10 (m, 4H);'3C NMR 6 20.6, 22.2, 30.1, 42.7, 44.9, 112.9, 127.0,
129.3, 139.6, 142.9, 143.7. Anal. Calcd fors8,0: C, 89.29; H,
10.71. Found: C, 89.31; H, 10.69.

(S)-4,4-Dimethyl-3-phenyl-1-pentene [)-8ba] (entry 3, Table
2): 90% vyield; bp 84°C (7 mmHg); )%, —58.4 (neat,d?>,
0.8808);'H NMR ¢ 0.89 (s, 9H), 3.01 (dJ = 9.6 Hz, 1H), 5.03
(dd,J = 2.0, 16.6 Hz, 1H), 5.07 (dd} = 2.0, 10.0 Hz, 1H), 6.26
(dt,J = 9.6, 16.6 Hz, 1H), 7.22 (m, 5H). [Optically pur&){8ba
is reported to haveo{]?>; —101 (neat)J'2

(R)-3-Methyl-3-phenyl-1-pentene [R)-8ca]: 95% vyield; bp 89
°C (17 mmHg);*H NMR 0 0.76 (t,J = 7.4 Hz, 3H), 1.34 (s, 3H),
1.79 (m, 2H), 5.03 (dd) = 1.4, 17.5 Hz, 1H), 5.10 (dd}, = 21.4,

intermediate.

From a synthetic point of view, it is noteworthy that the cross-
coupling reaction of primary functionalized Knochel reagents
with 1-bromo-3-phenylpropadieriee afforded selectively-func-
tionalized 3-phenyl-1-alkynes in high yields.

Experimental Section

General Procedure for Coupling Reactions of Arylbromocu-
prates 2a—k with Bromoallenes 1a—d: Synthesis of 3-Aryl-1-
alkynes 3 (Tables 1 and 2)All reactions were carried out at least
in duplicate. The required arylbromocupr&¢40 mmol) in THF
(120 mL) was cooled at70 °C, and a solution of the 1-bromo-
1,2-dienel (20 mmol) in THF (20 mL) was added over a period
of 5 min. After stirring was continued at70 °C for 10 min, the

cooling bath was removed and the mixture was allowed to warm 10.8 Hz, 1H), 6.00 (ddJ = 10.8, 17.5 Hz, 1H), 7.167.40 (m,
to room temperature (30 min). Generally, the reaction mixture was 5H); *C NMR 6 8.7, 24.2, 33.3, 44.4, 111.9, 125.8, 126.9, 128.1,

guenched with saturated ammonium chloride solution (100 mL),
while dilute sodium hydroxide was used in the reactions carried
out with thep-N,N-dimethylaminophenyl-cuprath (entries 15 and

16 in Table 1). The organic materials were extracted with diethyl

1908 J. Org. Chem.Vol. 71, No. 5, 2006

147.1, 147.6; GEMS(EI) vz (rel int) 160 (M*, 10), 145 (6), 131

(25) Uccello-Barretta, G.; Bernardini, R.; Balzano, F.; Caporusso, A. M.;
Salvadori, POrg. Lett 2001, 3, 205-207.
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(100), 115 (18), 103 (8), 91 (54), 77 (11), 65 (6), 51 (9). Anal.
Calcd for GoHie C, 89.94; H, 10.06. Found: C, 90.03; H, 9.97.
Hydroalumination of (R)-3-(2-Naphthyl)-1-butyne [(R)-3aj]
to (R)-2-(2-Naphthyl)butane [(R)-9aj] (Entry 2, Table 2). A
solution of R)-3aj [1.0 g, 5.56 mmol, §]%>> —6.36 (heptane)] in
n-pentane (5 mL) was added, at@Q, to 30 mmol of DIBAH. The
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(9)-4-Phenyl-4,5,5-trimethyl-2-hexynoic acid [§)-11da] (entry
6, Table 2): 80% yield; bp 145°C (0.01 mmHg); §]p?®> +10.80
(c 8.0, CHC}); the 'H and 13C NMR spectra were identical with
those of the racemic compoundr/§)-1lda (see above). The
enantiomeric excess (ee) of the sample was determined to be 32%
by IH NMR analysis of the diastereomeric salts obtained by reacting

reaction mixture was stirred for 72 h at room temperature, and then the product, in CDG| with an equimolar amount of optically pure

a further amount of DIBAH (10 mmol) was added. After stirring
was continued at 40C for 48 h, the mixture was hydrolyzed as
above. Usual workup and successive fractional distillation gave
chemically pureR)-9aj (0.52 g, 51% yield): bp 93C (0.9 mmHg);
[a]?%p —12.7 € 4.7, heptane)*H NMR 6 0.84 (t,J = 7.3 Hz, 3H),
1.31 (d,J = 6.9 Hz, 3H), 1.68 (dgJ) = 6.9, 7.3 Hz, 2H), 2.75 (m,
1H), 7.377.81 (m, 7H). [Optically pureR)-9aj is reported to have
[a]?%p —30.2 (heptane)'}

KMnO 4/NalO4 Oxidative Demolition of (R)-2-[4-(2-Methyl-
propyl)phenyl]-1-butene [(R)-8ad]: (S)-2-[4-(2-Methylpropyl)-
phenyl]propanoic Acid [(S)-10ad] (Entry 1, Table 2).An aqueous
solution (1250 mL) containing 26.3 g (123 mmol) of NaJ©.33
g (2.1 mmol) of KMnQ, and 2.26 g (16.4 mmol) of ¥CO; was
added to a well-stirred ice-cooled solution of 2.65 g (14 mmol) of
(R)-8ad in 60% aqueoutert-butyl alcohol (1420 mL). The reaction
mixture was stirred at 0C for 65 h and then treated with NaH$O
and alkalinized with solid NaOH. The MnOprecipitate was
eliminated by filtration, and the clarified mixture was concentrated
in a vacuum (17 mmHg), extracted with diethyl ether, and acidified
with diluted SO, (5%). The acid aqueous phase was extracted
with ether, and the combined extracts were dried,8@) and
concentrated into a vacuo. Fractional distillation gave chemically
pure §-10ad(2.10 g, 73% vyield): bp 116C (0.1 mmHg); f]%%
+25.6 € 3.0, EtOH);*H NMR 6 0.89 (d,J = 6.6 Hz, 6H) 1.50(d,
J=17.1Hz, 3H), 1.84 (m, 1H), 2.45 (d,= 7.0 Hz, 2H), 3.71 (q,

J = 7.1 Hz, 1H), 7.17 (m, 4H)13C NMR: ¢ 17.9, 22.2, 30.0,
44.8, 127.4, 129.6, 137.2, 141.1, 181.0. [Optically piBelQad
is reported to haveo{]?> +60.0 (EtOH).}

(9)-2-Phenyl-2-methylbutanoic Acid [§)-10ca] (Entry 4,
Table 2). According to the above procedure, 2.7 g (17 mmol) of
(R)-3-phenyl-3-methyl-1-penten&)-8cawas treated, at 0C for
94 h, with the KMnQ/NalO, oxidation system. Usual workup and
successive fractional distillation gave chemically piBel0ca(2.7
g, 87% yield): bp 124C (1.5 mmHg); mp 6469°C; [0]?% +10.6
(c 4.4, benzene}H NMR 6 0.85 (t,J = 7.4 Hz, 3H), 1.55 (s, 3H),
2.05 (m, 2H), 7.26-7.50 (m, 5H). [Optically purg(S)-10cais
reported to haved]?>; +30.2 (benzene)}

The enantiomeric excess (ee) of a sample¥10ca having
[a]?®% +10.3 € 4.4, benzene)see entry 5 in Table 2) was
determined to be 34% byH NMR analysis of the diastereomeric
salts obtained by reacting the product, in CR)@lith an equimolar
amount of optically pureR)-1-(1-naphthyl)ethylamine!H NMR
0 1.17 [s, 0.99H, R R)-MeC(Ph)C0OO], 1.19 [s, 2.01H, $R)-MeC-
(Ph)COQY)).

General Procedure for the Synthesis of 4-Aryl-4,5,5-trimeth-
yl-2-hexynoic Acids 11 starting from 3-Aryl-1-alkynes 3 (Scheme
2, Table 2). A solution of the appropriate, racemic or optically
active, alkyne3 (10—15 mmol) in hexane (1615 mL) was added
dropwise, at 0C, to an equimolar amount afbutyllithium 1.6 N

(R)-1-(1-naphthyl)ethylamineH NMR ¢ 0.76 [s, 5.94H, §R)-
t-BuC(Ph)] 0.77 [s, 3.06H,R R)-t-BuC(Ph)].

(9)-4-(4-Methoxyphenyl)-4,5,5-trimethyl-2-hexynoic acid [)-
11df] (entry 7, Table 2): 74% vyield;"H NMR 6 0.98 (s, 9H),
1.68 (s, 3H), 3.81 (s, 3H), 6.85 (m, 2H), 7.37 (m, 2MH¢ NMR
022.6,26.3,37.7,47.3,55.2,75.3,97.7,112.7, 129.4, 132.8, 157.9,
158.4. Anal. Calcd for gH,,0s: C, 73.82; H, 7.74. Found: C,
73.90; H, 7.69. The enantiomeric excess (ee) of the sample was
determined to be 32% bYH NMR analysis of the diastereomeric
salts obtained by reacting the product, in CR@lith an equimolar
amount of optically pureR)-1-(1-naphthyl)ethylaminelH NMR
0 3.624 [s, 1.02H,RR)-OMg], 3.651 [s, 1.98H, $R)-OMe].

(S)-4-(4-Fluorophenyl)-4,5,5-trimethyl-2-hexynoic acid [(S)-
11dg] (entry 8, Table 2): 88% vyield;™H NMR 6 0.91 (s, 9H),
1.62 (s, 3H), 6.93 (m, 2H), 7.36 (m, 2H), 8.29 (s, 1MH¢ NMR
022.5,26.0,37.6,47.4,75.7,96.8, 114.3J¢,= 21.2 Hz), 130.1
(d, Jcr = 7.9 Hz), 136.6 (dJcr = 3.4 Hz), 158.1, 162.0 (dlcr =
247 Hz). Anal. Calcd for GH17/FO,: C, 72.56; H, 6.90. Found:

C, 72.64; H, 6.93. The enantiomeric excess (ee) of the sample was
determined to be 32% bYH NMR analysis of the diastereomeric
salts obtained by reacting the product, in CR@lith an equimolar
amount of optically pureR)-1-(1-naphthyl)ethylamine!H NMR

0 1.321 [s, 1.02H, R R)-MeC(Ar)], 1.327 [s, 1.98H, $R)-MeC-

(AN].

Resolution of R/S)-4-Phenyl-4,5,5-trimethyl-2-hexynoic Acid
(R/S)-11da. A solution of the racemia,S-acetylenic acidllda
(13.7 g, 60 mmol) in diethyl ether (50 mL) was added to a stirred
solution of (+)-dehydroabietylamine (17.2 g, 60 mmol) in ether
(200 mL) at 0°C. The mixture was stirred at room temperature,
and the insoluble salt was filtered off, washed with diethyl ether,
dried into a vacuo [29.0 g, 94% yield; mp 8G; [a]?%, +24.32 €
5.0, CHC})], and then recrystallized three times from 95% ethanol
to yield a fraction (6.5 g, 22%) having mp 19€ and p]%%
+15.45 € 5.0, CHCE). This salt fraction was treated, afG, with
agueous NaOH (20%) and the dehydroabietylamine extracted with
ether. The aqueous solution was acidified with 5% HCI and
extracted with ether (200 mL). The combined extracts were washed
with water, dried (NgS0Oy), and distilled to give the pure aci®R)-
11da(2.58 g, 89%): bp 145C (0.01 mmHg); §]%°> —32.70 ¢
8.3, CHC}). The spectral and analytical data were identical with
those of the racemic mixture. The enantiomeric excess (ee) of the
sample was determined to be 100% as'thélMR analysis of the
diastereomeric salt obtained with optically puR-(-(1-naphthyl)-
ethylamine showed only a signal for thteBu moiety of the
product: IH NMR ¢ 0.77 [s, 9H, RR)-t-BuC(Ph)] (see above).

General Procedure for Coupling Reactions of Zinc Cyano-
cuprates 5a-f with 1-Bromo-3-phenylpropadiene le: Synthesis
of 3-Phenyl-1-alkynes (3eaef) (Table 3). All reactions were
carried out at least in duplicate. A solution of the required
alkylmagnesium halide (20 mmol) in THF (20 mL) was added, at

in hexane. The resulting mixture was stirred at room temperature g °C, to a stirred THF solution of Zng(20 mmol, 10 mL). The

for 10—15 h, heated under reflux for-3 h, and treated with solid
carbon dioxide for 60 h. After the mixture was quenched with ice
and diluted HSO, (5%), the organic materials were extracted with
ether, and then,-acetylenic acidll was purified through his
sodium salt. Distillation gave the pure acid.
(R/S)-4-Phenyl-4,5,5-trimethyl-2-hexynoic acid [R/S)-11da]:
75% vyield; bp 145°C (0.01 mmHg);'H NMR ¢ 0.99 (s, 9H),
1.71 (s, 3H), 7.30 (m, 3H), 7.47 (m, 2H), 10.62 (s, 1HE NMR

0 225, 26.4, 37.8, 48.1, 75.9, 97.7, 127.2, 127.8, 128.8, 141.0,

158.5. Anal. Calcd for gH1g0,: C, 78.23; H, 7.88. Found: C,
78.38; H, 7.86.

mixture was stirred for 30 min at room temperature and then treated,
at —10 °C, with a solution of 18 mmol of CuCf2LIiCl prepared

in THF (50 mL) [Some reactions were performed in the presence
of a catalytic amount of the cuprous salt (1.8 mmol, 10 mol %
relative to the organozinc reagent; entries 5 and 7 in Table 3).]
Stirring was continued at 0C during 30 min, then the reaction
mixture was cooled at 70 °C and the 1-bromo-3-phenylpropadiene
1e(1.80 g, 9 mmol) in THF (10 mL) was added over a period of
5 min. Stirring was continued at70 °C, and the mixture was
monitored for completion by GC. When necessary, the cooling bath
was removed and the mixture was allowed to warm to room
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temperature. Standard workup and successive fractional distillation(rel int) 170 (M*, 3), 169 (2), 155 (28), 142 (20), 141 (15), 129

(Fischer-Spaltrohr column) and/or column silica gel chromatog- (16), 128 (36), 127 (11), 115 (100), 91 (15), 89 (17), 79 (8). Anal.

raphy (pentane as eluent) afforded pure samples of alk@nes Calcd for GsHig C, 91.71; H, 8.29. Found: C, 91.68; H, 8.32.

characterized by spectral and analytical data. Some products were 1-Trimethylsilyl-5-phenyl-1,6-heptadiyne (3ef): 'H NMR 6

identified by spectroscopic or chromatographic comparison with 0.16 (s, 9H), 1.962.02 (m, 2H), 2.26-2.45 (m, 2H), 2.28 (dJ =

authentic sample¥. 2.4 Hz, 1H), 3.79 (m, 1H), 7.267.40 (m, 5H);3C NMR ¢ 0.1,
New products3ed—ef were as follows: 17.8, 36.4, 37.1, 71.45CH), 85.1 (C=), 85.4 (-C=), 106.1
3-Phenyl-1-hexyn-6-ol (3ed)!H NMR ¢ 1.60-1.90 (m, 4H), (=C-Si), 127.0, 127.4, 128.6, 140.5; GBIS(EI) m/z (rel int)

2.03 (s, 1H), 2.28 (dJ = 2.5 Hz, 1H), 3.62 (tJ = 6.2 Hz, 2H), 240 (M, 2), 239 (3), 225 (61), 209 (21), 197 (17), 195 (25), 181

3.66 (m, 1H), 7.30 (m, 5H)C NMR ¢ 30.2, 34.4, 37.3, 62.4,  (26), 167 (20), 166 (19), 165 (20), 128 (23), 115 (49), 73 (100).

71.2 ECH), 85.7 (C=), 126.8, 127.3, 128.5, 141.2; GOAS- Anal. Calcd for GgHz0Si: C, 79.93; H, 8.38. Found: C, 79.85; H,

(El) m/z (rel int) 174 (M"), 156 (4), 130 (26), 129 (30), 128 (18), 8.40.

115 (100), 91 (4), 89 (25), 77 (7), 65 (10), 63 (12), 51 (11). Anal.

Calced for G,H140: C, 82.72; H, 8.10. Found: C, 82.68; H, 8.06. Supporting Information Available: General remarks and
3-Phenyl-6-hepten-1-yne (3eefH NMR ¢ 1.78-1.91 (m, 2H), spectral and analytical data for all new acetyleBiand allenic4

2.14-2.27 (m, 2H), 2.27 (dJ = 2.5 Hz, 1H), 3.65 (m, 1H), 4.99  cross-coupling products. This material is available free of charge

(m, 1H), 5.05 (m, 1H), 5.81 (ddt) = 6.6, 10.3, 17.0 Hz, 1H), via the Internet at http://pubs.acs.org.

7.18-7.40 (m, 5H);13C NMR ¢ 31.3, 36.9, 37.4, 71.CH), 85.7

(—C=), 115.3,126.8, 127.4, 128.5, 137.7, 141.4;-8@CS(El) m/z JO0522456
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