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The reaction of propargylic substrates with organocopper species can yield two major products, a substituted
allene or a new acetylene. This paper is a study of the factors which influence the distribution of these products
in this displacement (e.g., 1 — 2 + 3). Those factors are (1) organocopper reagent stochiometry (R;CuLi,, R,Cu,
RCu metal salt), (2) organocopper species concomitant salt or counterion (Mg?*, Li*), (3) acetylenic site substitution
and, to a limited extent, propargylic site substitution, (4) temperature, (5) solvent (ether, THF), and (6) leaving
group (OAc, OTos, OCO,Me). The most dominant factor in determining the site of displacement leading to either
substituted acetylenes or substituted allenes is the nature of the organocopper reagent. The complex organocopper
species [MeCu-LiBr-MgBrl] favors predominantly allene formation, whereas di- or trialkyl organocopper species
tend to generate the a-substituted acetylenic system. A second factor intimately associated with product distribution
is the leaving group. Of the leaving groups examined, the methyl carbonate moiety appears to be the most versatile
and efficacious leaving group available for obtaining either desired displacement product. Relative steric hindrance
at the reacting sites of the propargylic skeleton exerts a prominent influence in formation of the acetylenic product
3. Solvent plays a definite and synthetically important role for the reactivity pattern of the monoalkyl-bound
species [MeCu LiBr-MgBrl]} and [MeCu-MgBrl] and a nominal role on the product distribution derived from
the di- and trialkyl bound copper species. Tetrahydrofuran, the solvent with enhanced donicity, was required
for reactivity of the complez, allene-generating organocopper species [MeCu-LiBr-MgBr] and improved the ratio
of the alkyne/allene products with the copper “ate” species. Temperature appears to have a nominal impact
on the distribution of products. The synthetic goals of these studies have been realized by the establishment
of specific reaction conditions to obtain exclusively the coupled allenic product 2 or to maximize formation of

the acetylenic product 3.

The reaction of organocopper species (RgCuLi,, RyCuli,
RCu) with prop-2-ynylic halides, esters, tosylates, and
ethers can proceed to generate either substituted allenes
via 1,3-substitution [Scheme I, 1 — 2]'2 or alkylated
acetylenes via direct substitution [Scheme I, 1 — 3].%
Despite the extensive synthetic use of these transforma-
tions, the factors which control the position of organo-
copper nucleophilic attack in prop-2-ynylic substrates have
not been clearly delineated. For example, we recently
reported the displacement of propargylic acetate 4 with
a variety of lithium dialkylcuprate agents to give the «,-
a-dialkylacetylenes 5 via direct substitution.2 Earlier,
Vermeer had described the exclusive 1,3-substitution of
the structurally related propargylic tosylates 6 with the

(1) For reviews on the substitution reactions of organocopper species,
see: (a) Posner, G. H. Org. React. 1975, 22, 253. (b) Normant, J. F. Pure
Appl. Chem. 1978, 50, 709. (c) Jukes, A. E. Adv. Organomet. Chem. 1974,
12, 215.

(2) (a) Rona, P.; Crabbe, P. J. Am. Chem. Soc. 1968, 90, 4733. (b)
Rona, P.; Crabbe, P. Ibid. 1969, 91, 3289. (c) Van Dijck, L. A.; Lan-
kwerde, B. J.; Vermeer, J. G. C. M.; Weber, A. J. M. Recl. Trav. Chim.
Pays-Bas 1971, 90, 801. (d) Crabbe, P.; Carpie, H. J. Chem. Soc., Chem.
Commun. 1972, 904. (e) Kalli, M.; Landor, P. D.; Landor, S. R. Ibid. 1972,
593. () Descoins, C.; Henrick, C. A,; Siddal, J. B. Tetrahedron Lett. 1972,
3777. (g) Kalli, M.; Landor, P. D.; Landor, S. R. J. Chem. Soc., Perkin
Trans 11973, 1347. (h) Vermeer, P.; Meijer, J.; Brandsma, L. Recl. Trav.
Chim. Pays-Bas 1975, 94, 66. (i) Tadema, G.; Vermeer, P.; Meijer, J.;
Brandsma, L. Ibid. 1976, 95, 112. (j) Crabbe, P.; Barreiro, E.; Collat,
J.-M.; Luche, J.-M. J. Chem. Soc., Chem. Commun. 1976, 183. (k)
Moreau, J. L.; Gandemar, M. J. Organomet. Chem. 1976, 108, 159, (1)
Luche, J. L.; Barreiro, E.; Dollat, J.-M.; Crabbe, P. Tetrahedron Lett.
1975, 4615. (m) Vermeer, P.; Westmyze, H.; Kleijn, H.; van Dijck, L. A.
Recl. Trav. Chim. Pays-Bas 1978, 97, 56. (n) Pasto, D. J.; Chou, S.-K,;
Fritzen, E.; Shults, R. H.; Waterhouse, A.; Hennion, G. F. J, Org. Chem.
1978, 43, 1389. (o) Brinkmeyer, R. S.; Macdonald, T. L. J. Chem. Soc.,
Chem. Commun. 1978, 876. (p) Klein, H.; Westmijze, H.; Krinthof, K.;
Vermeer, R. Recl. Trav. Chim. Pays-Bas 1979, 98, 27. {q) Westmijze, H.;
Vermeer, P. Synthesis 1979, 390. (r) Duboudin, J. C. J. Organomet.
Chem. 1979, 108, 1.
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complex organocopper agents ¢-BuMgCl (10 equiv)/CuBr
(1 equiv) to yield substituted alllenes 7.2k

In an attempt to elucidate those factors which influence
the product distribution and thereby enhance the pre-
dictive capability and synthetic utility of this coupling
reaction, we have examined the effects of several substrate
and reaction condition parameters on the composition of
products in standardized displacement processes. The
effects on product distribution of the following substrate
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Table I. Factors Analyzed in the Displacement of Propargylic Substrates 8¢
conditions
substrate 8 -
- equly % products? )

leaving of organocopper temp, ratio of
expt le Rif group agent agent® solvent °C 10 11 12 13 10/(11 + 12)
1 t-Bu H OAc 2  [Me,Culi] Et,0 0 98 0 0 2 100/0
2 (Me),Si H OAc 2  [Me,Culi] Et,0 0 91 4 0 5 95/5
3 CH,, H OAc 2 [Me,CuLi] Et,0 0 26 21 0 583 55/45
44 C.H, H OAc 2  [Me,CuLi] Et,0 0 383 63 4 0 33/67
5 n-Bu H OAc 2  [Me,Culi} Et,O 0 10 90 O 0 19/90
6d cH,, CH, OAc 2  [Me,CuLi] Et,0 0 16 50 0 34 24/76
7 C.H,, H OTos 2 Me,CulLi] Et,0 0 63 37 0 0 63/37
8 CH, H OCO,Me 2 Me,CulLi] Et,0 0 63 37 0 0 63/37
9¢ CH, H OAc 6 MeCu-LiBr-MgBrI] Et,O 0
10 C.H,, H OAc 6 [MeCu-LiBr-MgBrl] THF 0 0 100 O 0 0/100
11¢  CH,, H OAc 2 MeCu-Lil] Et,0 or THF 0
12 CH,, H OAc 2 MeCu-MgBrl} Et,O 0 58 42 0 0 58/42
13 C.H,, H OAc 2 Me,CuMgl-MgBrI] Et,0 0 41 21 0 38 66/34
14 C.H,, H OAc 2 Me,Culi,] Et,0 0 15 8§ 0 77 66/34
15 C.H,, H OTos 2 [MeCu-LiBr-MgBrI] THF 0 12 74 0 14 13/87
16 CH,, H OCO,Me 6 MeCu-LiBr-MgBrl] THF 0 0 100 O 0 0/100
17 C.H,, H OTos 2 Me,CulLi, ] Et,0 0 46 28 0 26 62/38
18 CH,, H OCO,Me 2 Me,Culi,] Et,0 0 40 21 0 39 65/35
19 C.H,, H OAc 2 MeCu-MgBrI] THF 0 72 17 0 11 81/19
20 CH,, H OAc 2  [Me,CuLi] THF 0 27 20 0 52 57/43
21 CH,, H OAc 2 Me,CuMgI-MgBr, ] THF 0 56 24 0 20 70/30
22  C.H, H OAc 2 [Me,CuLi] Et,0 ~70 24 32 0 44 42/68
23 C.H,, H OAc 2 Me,Culi] Et,0 -40 22 27 0 51 45/55
24  CH, H OAc 2 [Me,CulLi] Et;0 -20 36 35 0 29 51/49
25 CH,, H OAc 2 Me,CulLi] Et,0 20 24 18 0 58 57/43
26 t-Bu H OCO,Me 6 MeCu-LiBr-MgBrl] THF 0 0 100 O 0 0/100
27 C.H, H OAc 6 [MeCu-LiBr-MgBrl] THF 0 4 96 0 0 4/96
28 C.H,, H OCO,Me 2 [Me,CuMgl-MgBr,] THF 20 66 33 0 0 66/33
29 n-Bu H OCO,Me 2 [Me,CuMgI-MgBr,] THF 20 52 48 0 0 52/48
304 CH, CH, OAc 2  [Me,CuMgl-MgBr,] THF 20 29 67 0 4 30/70
31 C.H,, H OCO,Me 2 [MeCu-MgBrl] THF 0 175 25 0 0 75/25
32 n-Bu H OCO,Me 2 [MeCu-MgBrl] THF 0 68 32 0 0 68/32
33¢ C,H, CH, OAc 2  [MeCu-MgBrl] THF 20 32 69 0 0 46/54

¢ All data presented represent the average of a minimum of two trials. ? All experiments proceeded to complete conver-
sion in 1 h or less under the designated reaction conditions and produced a volatile mass balance (Kugelrohr distribution,

87-95% of theoretical).
characterized organocopper agents.
refers to the agent generated from MeMgBr + Cul.

¢ The bracketed organocopper species refers to methyl organometallic stoichiometry and not to be
Thus, [Me,CulLi] refers to the agent generated from 2 MeLi + Cul, and [MeCu-MgBrl]
When methyllithium was employed as the methyl organometallic, 1
equiv of LiBr may or may not be “complexed’ with this reagent.
did not influence the distribution of products and was therefore omitted from the table,

The LiBr concurrently present in the reaction mixture
In contrast to these findings see

ref 6 and the text. 9 In these instances, the C,H,, propargylic substituent was substituted by C,H,. ¢ No reaction.  See

Scheme I for the structures.

and reaction condition variables have been examined: (1)
organocopper reagent stoichiometry (RyCuLi,;, R,Cu™, RCu
metal salt); (2) organocopper species concomitant salt or
counterion (Mg?*, Li*); (3) acetylenic site substitution and,
to a limited extent, propargylic site substitution; (4) tem-
perature; (5) solvent (ether, THF); (6) leaving group (OAc,
OTos, OCO,Me). These studies have established specific
reaction conditions for maximizing the formation of either
allenic or acetylenic products for a given propargylic
substrate and have developed the methyl carbonate moiety
as the most versatile leaving group available for obtaining
either desired displacement product.

Results

The reactions of propargyl substrates 8 with organo-
copper species 9 can lead to the formation of four products:
substituted acetylenes 10, allenes 11, reduced allenes 12,
and propargylic alcohols 13 (Scheme II). To facilitate the
study of this formal displacement process, the distribution
of these products was analyzed as a function of two greatly
simplified factors—the relative steric interactions for
displacement at the acetylenic and propargylic sites and
the intrinsic propensities for 1,3 and direct substitution
of the alkylcopper nucleophiles and propargylic leaving
groups.>* Both parameters (steric and intrinsic nucleo-

phile or electrophile reactivity) could be temperature and
solvent dependent. An additional factor, the nature of the
copper-bound alkyl ligand, was not examined since studies
of propargylic and related displacements by alkylcopper
species have demonstrated that the alkyl ligand normally
has a nominal impact on the distribution of products.!
Consequently, methyl was employed as the copper-bound
alkyl nucleophile in our investigations due to the ease of
product structure determination and to the commercial
availability of methyl organometallics in both halide-free
and halide-complexed states. We have approached the
evaluation of these two factors, steric considerations and
intrinsic displacement propensities, by attempting initially
to separate their possible influences and to analyze them
independently. Our final analysis concerning the impor-
tance of steric and intrinsic reactivity parameters was
derived from a relative evaluation scheme.

(a) Steric Effects. The effect of relative steric bulk
at the acetylenic and propargylic sites on product distri-

(3) For a molecular orbital treatment of the factors associated with
attack on propargylic <> allenic cations, see;: Mirejovsky, D.; Drenth, W.
J. Org: Chem. 1978, 43, 763.

(4) For factors associated with approach to acetylenic sites, see: (a)
Dykstra, C. E.; Schaefer, H. F. J. Am. Chem. Soc. 1978, 100, 1378. (b)
Baldwin, J. E. J. Chem. Soc., Chem. Commun. 1976, 734.
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bution was examined by employing uniform reaction
conditions (Me,CuLi, Et,0, 0 °C) and propargylic site
substitution (CHOAcC:H;), while changing the size of the
acetylene-bound substituent (8, R; = variable) (Table I,
expt 1-5). A smooth continuum of alkyne/allene product
ratios is observed as the acetylenic substituent of 8 (R,)
was varied from a sterically congested, tertiary atom (C-
(CHj), Si(CHy)s; ~100/0) through a secondary carbon
(phenyl, cyclohexyl; ~1/1) to a primary carbon (n-butyl,
10/90). The converse relationship also appears to hold.
Additional steric bulk at the propargylic site inhibits
displacement at that site relative to the acetylenic position
(expt 3 vs. 6). In addition, the formation of reduced allenic,
12, and alcoholic, 13, products is related, although not in
an obvious fashion, to the substitution pattern at the
acetylenic and carbonyl electrophilic sites. For example,
under these reaction conditions, only phenyl substitution
(8, R, = phenyl) afforded an appreciable amount of re-
duced allenic 12 (4%, expt 4), and only cyclohexyl sub-
stitution (8, R; = cyclohexyl) generated a substantial
amount of alcohol 13 (53%, expt 3).

(b) Leaving-Group Effects. The effect of the leaving
group was examined by maintaining constant substrate
structural features (8, R, = cyclohexyl) and reaction con-
ditions (Me,CuLi, Et,0, 0 °C) while varying the nature of
the oxygen-bound leaving group of 8 (OG = variable). A
relationship between the leaving group and mode of direct
or 1,3 displacement had been observed previously.?? The
effect on the mode of displacement by the leaving capa-
bility of the group, as determined to a first-order ap-
proximation by the pK, of the conjugate acid, was exam-
ined. A range of leaving-group capabilities was investi-
gated: tosylate (TsOH; pK, = —6.5), acetate (AcOH; pK,
= 4.78), and methyl carbonate (MeOCOQ,H, pK, ~6.35).
Under these reaction conditions, the leaving group pos-
sessed an unpredictable influence on the distribution of
products (Table I, expt 3, 7, 8). Both the most (TsO") and
least (MeOCO,") effective leaving groups on the basis of
this crude conjugate acid pK, analysis generated identical
alkyne 10/allene 11 ratios (63/37). In addition, these
functions did not produce detectable amounts of either
reduced allene 12 or alcohol 13. In contrast, the acetate
moiety, intermediate in ability to depart, produced prin-
cipally alcohol 13, no reduced allene 12, and a diminished
alkyne 10/allene 11 ratio (55/45).

(¢) Organocopper Agent Stoichiometry and Coun-
terion Effects. Several organocopper species have been
employed in displacement processes.!? We have exam-
ined six organocopper agents which differ in the number
of alkyl ligands bound to copper and the nature of two
metal ions or salts (Li* or MgBr*), either acting as coun-
terion to the copper “ate” complex or concurrently present
in the methylcopper solution as a consequence of the
transmetalation process. The organocopper species ex-
amined include (1) MeCu-LiBr-MgBrl (expt 10), (2)
MeCuwLil (expt 11), (3) MeCu-MgBrl (expt 12), (4)
Me,Culi (expt 8), (5) Me,CuMgBr (expt 13), and (6)
Me;CuLi, (expt 14). The substitution of commercial
halide-free methyllithium (MeLi) as the methy! organo-
metallic source for organocopper species generation did not
cause a significant deviation from the reactivity pattern
observed for the commercial halide-complexed methyl-
lithium (MeLi-LiBr; vide infra). Consequently, lithium
bromide, which can be present in an equivalent proportion
to the methyllithium employed in these experiments, has
been omitted in the column describing the lithium orga-

(5) Garllina, C.; Ciattini, P. G. J. Am. Chem. Soc. 1979, 101, 1036.
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nocopper species in Table L

Lithium bromide does have a dramatic impact on the
reactivity pattern of methylcopper species which concom-
itantly possess a magnesium salt (e.g., MeCu-MgBrI; cf.
ref 6a). Vermeer has employed these complex lithium
salt-magnesium salt organocopper agents extensively in
studies of propargylic and related displacements and has
termed this phenomenon the “lithium effect”.??¢ Effects
attributable to lithium salts on reaction rates or product
distribution have been noted by others in nucleophilic
addition processes.’

The complex organocopper agent [MeCu-LiBr-MgBrI],
prepared via equivalent addition of MeMgBr, LiBr, and
Cul or MeLi-LiBr, Cul, and MgBr, in THF, produced
exclusively 1,3-displacement, generating the substituted
allene 11 (expt 10). This complex organocopper reagent
was extremely sensitive to solvent. No detectable reaction
occurred when the reagent was generated in diethyl ether
even under prolonged reaction periods (expt 9). These
alkylcopper species in THF are clearly the agents of choice
in selective synthesis of substituted allenes from propar-
gylic substrates. Although displacement is rapid (<30 min
at 0 °C) with these organocopper agents in THF, the ratio
of organocopper agent required to effect complete dis-
placement is dependent upon the substrate leaving group.
Two equivalents of the complex agent [MeCu-LiBr-MgBrI]
effect complete displacement of the tosylate leaving group
(expt 15), whereas 6 equiv of the reagent effect conversion
of the carbonate and acetate substrates (expt 10 and 16).

That both magnesium and lithium salts must be present
in this methylcopper agent to selectively produce substi-
tuted allenes was demonstrated by studying the corre-
sponding specific salt-deficient organocopper species
[MeCu-Lil] and [MeCu-MgBrl]. The reagent prepared
from 1 equiv of methyllithium (or the LiBr complex) and
cuprous iodide was unreactive, effecting no propargylic
displacement over substantial reaction periods in either
Et,0 or THF (expt 11). The “lithium effect” noted above
is not simply a salt effect and is critically dependent upon
the presence of a magnesium salt in these solutions, since
the addition of lithium bromide to the [MeCu-Lil] complex
had no impact on initiation of propargylic displacement
by this alkylcopper species.

The alternate magnesium halide complexed methyl-
copper species [MeCu-MgBrl] generated via equivalent
addition of MeMgBr and Cul in ether demonstrated a high
alkyne 10 to allene 11 product preference for the substrate
examined (expt 12). The similarity in alkyne 10 to allene
11 product ratio observed for [MeCu-MgBr] with those
ratios observed for established organocopper “ate” com-
plexes suggests that this organocopper species acts as a
heterocuprate agent (e.g., [MeCul"MgBr*]). This heter-
ocuprate appears to have substantial preparative utility
when compared with the lithium dimethylcuprate reagent,
since the magnesium heterocuprate agent yielded a higher
alkyne 10 to allene 11 ratio and no detectable side product
(alcohol 13) and was capable of effective utilization of the
equivalents of methylmagnesium bromide employed in the
generation of the reagent. In addition, the presence of
excess magnesium salts in the reaction mixture had no
effect upon the allene/acetylene product distribution, re-
inforcing the necessity of incorporating both lithium and
magnesium salts in the generation of the complex

(6) (a) Westmijze, H.; Kleijn, H.; Vermeer, P. Tetrahedron Lett. 1977,
2023. (b) Westmijze, H.; Kleijn, H.; Bos, H. J. T.; Vermeer, P. Recl. Trav.
Chim. Pays-Bas 1976, 95, 299.

(7) (a) Ashby, E. C; Lin, J. J.; Watkins, J. J. Tetrahedron Lett. 1977,
1709. (b) Lafour, J. M.; Loupy, A. Tetrahedron 1978, 34, 2597 and
references therein,
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methylcopper species [MeCu-LiBr-MgBrI].

Two dimethylcuprate species differing only in gegenion
[Me,Cu(Li* or MgBr*)] were examined with respect to
their impact on product distribution. These organocopper
agents have been suggested to possess a nucleophilicity
which is enhanced over that of the monoalkyl-bound or-
ganocopper species [MeCu-salts] and to be the reagents
of choice in displacement processes.'® With the reference
substrate 8 (R; = cyclohexyl) these dimethylcuprate agents
produced a distribution of products favoring alkyne 10 over
allene 11, with the magnesium counterion (expt 13) pro-
ducing a slightly superior selectivity in alkyne product
formation over the lithium counterion (expt 3). These
dimethylcuprate species generated a characteristic product
distribution (65 = 10% alkyne 10) with the reference
substrate 8 (R; = cyclohexyl) which was dramatically
altered from that observed for the complex methylcopper
species [MeCu:LiBr-MgBrI].

Dilithium trialkylcuprate agents 16 have been shown to
be appreciably more nucleophilic than either mono- or
dialkyl copper species in displacement reactions.® These
agents, unlike their mono- or dialkyl copper counterparts,
are not stoichiometric species but instead are in equilib-
rium with their dialkylcuprate, 14, and alkyllithium, 15,
precursors (e.g., 14 + 15 = 16).24> We have studied these

R,CuLi + RLi = RyCuli,
14 15 16

species in an attempt to determine whether a relationship
exists between the nucleophilicity of the organocopper
species and the formation of alkyne product. Only limited
insight into this question can be obtained from our data
(e.g., expt 14). Although it is not of preparative signifi-
cance, the dilithium trimethylcuprate reagent did generate
a slightly improved alkyne 10 to allene 11 product ratio
when compared with the lithium dimethylcuprate agent.
However, the principal product, alcohol 13, was formed in
a substantially higher relative percentage, which could be
a consequence of either MesCuLiy or of equilibrium
quantities of MeL.i.

In principle, formation of the alkyne product could be
a simultaneous function of organocopper nucleophilicity
and substrate electrophilicity, as crudely determined by
leaving-group capability. This issue was studied by ex-
amining the product ratios for reaction of the tosylate,
acetate, and methyl carbonate leaving groups with a mo-
nomethyl-ligated copper species [MeCu-LiBr-MgBrI] in
THF (expt 10, 15, 16), lithium dimethylcuprate
([Me,CuLi}, expt 3, 7, 8), and the dilithium trimethyl-
cuprate reagent ([Me;CuLiy], expt 14, 17, 18). The ratio
of alkyne 10 to allene 11 displacement products for this
substrate with both the Me,CuLi and Me;Culi, species
is relatively constant (60 + 5/40 + 5) regardless of the
leaving group employed and despite a great variation in
the percentage (0-77%) of alcohol 13 generated. The
complexed methylcopper species [MeCu-LiBr-MgBrl]
produced a distribution of products which followed no
obvious pattern. The most effective leaving group, tosy-
late, was the only group to engender the acetylenic product
10 (expt 15). In addition, the acetate function generated
substantial alcohol with this organocopper species. The
methyl carbonate leaving group eliminated the formation
of the undesired alcohol 13 product with both the complex
methylcopper and dimethylcuprate species and appeared

(8) House, H. O. Acc. Chem. Res. 1976, 9, 59.

(9) (a) Ashby, E. C.; Watkins, J. J. J. Am. Chem. Soc. 1977, 99, 5312,
(b) Ashby, E. C.; Lin, J. J. J. Org. Chem. 1977, 42, 2805. (c) Macdonald,
T. L.; Still, W. C. J. Am. Chem. Soc. 1975, 97, 5280.

J. Org. Chem., Vol. 45, No. 23, 1980 4743

to be the most efficacious leaving group in generating high
yields of either the allenic product 11 (when coupled with
the complex methylcopper agent) or the acetylenic product
10 (when coupled with a methylcuprate reagent).

(d) Solvent Effects. Displacement reactions of orga-
nocopper species have been executed at a variety of re-
action temperatures and in several solvent systems. In
particular, solvent has been established by House to have
a dramatic impact on the coupling reactions of lithium
dimethylcuprate.’® We have examined the influence on
product distribution of two solvents commonly employed
in organocuprate reactions, which are ethers with differing
capabilities as donating solvents (THF and diethyl ether).
Our data with three cuprate species, MeCu-MgBrl,
Me,CuLi, and Me,CuMgBr, demonstrate that solvent
played a variable role and the organocopper species a
specific role in the determination of products in these
cuprate-mediated displacements. As noted earlier, the use
of THF as the reaction solvent was critical to the reactivity
of the complex organocopper agent [MeCu-LiBr-MgBr]].
With the monomethyl-ligated copper species, [MeCu-
MgBrl], solvent played a demonstrable and synthetically
useful role in alkyne product selection. These organo-
copper species in THF provided the highest alkyne/allene
ratio observed with the reference substrate 8 (81/19 expt
19), a substantially greater ratio than that observed with
ether as solvent (58/42, expt 12). The acetylene/all-
ene/alcohol product distributions were nearly constant for
both the lithium cuprate reagent in ether (26/21/53; expt
3) and THF (27/20/52; expt 20) and the magnesium
reagent in ether (41/21/38; expt 12) and THF (56/24/20;
expt 21).

(e) Temperature Effects. No temperature-related
trend in product selectivity for displacement reactions had
been firmly established which was separate and distinct
from the temperature-dependent destruction of the orga-
nocopper species.! Our data (expt 3, 22-25) demonstrate
that for the cuprate-mediated propargylic displacement
examined here, increased temperature enhanced the pro-
duction of alkyne 10 relative to allene 11 in a slight but
definite and monotonic fashion. Thus, the alkyne to allene
product ratio increased with temperature from 0.75 (42/68)
at -70 °C to 1.33 (57/43) at 20 °C.

Discussion

Our data demonstrate that the distribution of products
resulting from reaction of a progargylic substrate with an
organocopper species is a consequence of the interplay of
a variety of factors. Clearly, the most dominant factor in
determining the site of displacement leading to either
substituted acetylenes or substituted allenes is the nature
of the organocopper reagent. The complex organocopper
species [MeCu-LiBr-MgBrI] overwhelmingly favors allene
formation, whereas di- or trialkyl organocopper species
tend to generate the a-substituted acetylenic system. In-
deed, the complex [Mg?*, Li*] salt-methylcopper species
produced such a dramatic effect on the product distribu-
tion that a fundamental distinction must be suspected
between the character and intrinsic reactivity of the other
organocopper species examined and the complex me-
thylcopper agent undergoing this allene-specific dis-
placement process. The nature of this distinct organo-
copper species is unclear at present but may be a conse-
quence of a free, neutral organocopper agent [“MeCu”] in
contrast to the established “ate” complexes of copper(I)

(10) House, H. O.; Lee, T. V. J. Org. Chem. 1978, 43, 4369 and refer-
ences therein.
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[e.g., Me,CuX, ] in which the central copper(I) atom
possesses a formal negative charge.

A second factor intimately associated with product
distribution is the leaving group. The leaving group ap-
pears not to dramatically alter the distribution of dis-
placement products generated via attack on the propargylic
framework but instead to influence the relative portion of
side product 13 formed in the reaction. The ability of the
leaving group to depart, intuitively based on the relative
pK, differences of the corresponding conjugate acid, does
not related in any obvious fashion to product distribution.
By this crude analysis of leaving group capability, both the
most effective (tosylate) and least effective (methyl car-
bonate) functions appear to produce coupled products at
the expense of alcoholic products for the substrates ex-
amined here. Acetate, the leaving group intermediate in
ability to depart, in our hands generates the largest amount
of side product 13, while maintaining a similar distribution
of propargylic displacement products.

Relative steric hindrance at the reacting sites of the
propargylic skeleton exerts a prominent role in formation
of the acetylenic product 10. Although the allenic product
11 may be selected by proper choice of the organocopper
species, acetylenic product formation is reliant upon fea-
tures of both the organocopper species and the relative
steric access to the propargyic site. Displacement at the
propargylic site of the substrate leading to the acetylenic
product 10 is critically dependent upon the employment
of either the magnesium salt of the monoalkyl-bound
copper species [MeCu-MgBrI] or a higher order homo-
cuprate. These organocopper species are sensitive to the
steric considerations at the electrophilic sites of the pro-
pargylic substrate. Qualitatively, as access to the pro-
pargylic site is sterically inhibited, allenic product for-
mation is preferentially selected. In addition, the converse
relationship holds: increasing acetylenic-site steric hin-
drance causes enhanced propargylic-site substitution.
These data enable one to predict the approximate acety-
lene/allene product ratio for an anticipated propargylic
substrate 8.

Solvent plays a definite and synthetically important role
for the reactivity pattern of the monoalkyl-bound copper
species [MeCu-LiBr-MgBrl] and [MeCu-MgBrl] and a
nominal role on the product distribution derived from the
di- and trialkyl-bound copper species. Tetrahydrofuran,
the solvent with enhanced donicity, was required for re-
activity of the complex, allene-generating organocopper
species [MeCu-LiBr-MgBr] and substantially improved the
ratio of alkyne/allene products with the species [MeCu-
MgBrl]. For the di- and trimethylcopper “ate” species,
THF appeared to slightly enhance alkyne generation al-
though the impact was small. In addition, elevated reac-
tion temperatures (0-20 °C) promoted alkyne 10 formation
with lithium dimethylcuprate although the differences in
product ratio noted from one extreme position (=70 °C)
to the other (20 °C) may be a consequence of a relative
energy term favoring the formation of the alkyne 10 on the
order of 0.15 kcal/mol.

The principal thrust of our work has been to develop
a sufficient understanding of the parameters associated
with this coupling process to allow some predictive capa-
bility concerning the distribution of reaction products.
These synthetic goals have been realized by the estab-
lishment of specific reaction conditions to obtain exclu-
sively the coupled allenic product 2 or to maximize the
formation of the acetylenic product 3.

Specific preparation of substituted allene 10 via this
displacement process requires the use of the complex or-

Macdonald, Reagan, and Brinkmeyer

ganocopper species [MeCu-LiBr-MgBrl] in THF. This
organocopper agent will effect displacement exclusively at
the acetylenic carbon site, providing the allenic product
regardless of the nature of the steric considerations and
even under severly adverse steric constraints (expt 26).
This complex methylcopper species, particularily when
coupled with the methyl carbonate leaving group on the
propargylic substrate, generated none of the alcohol 13,
acetylene 10, or reduced allene 12 products which were
observed with alternate reaction conditions. The complex
organocopper agent also appeared to inhibit formation of
the reduced allene 12 side product (cf. expt 27 vs. 4).

Selective preparation of the a-substituted acetylenic
product 10 is not straightforward and is a consequence of
the interplay of all the factors analyzed. Either of the
magnesium salt containing organocopper “ate” species
[MeCu-MgBrl] or [Me,CuMgBr-MgBrl] appeared to
maximize the relative formation of a-substituted acetylene
10. In addition, elevated temperatures (0-20 °C) and THF
as solvent improved the ratio of alkyne 10 to allene 11, and
the methyl carbonate leaving group appeared to minimize
or completely eliminate alcohol 13 side product formation.
Clearly a dominant factor in alkyne 10 generation is the
nature of the relative steric interactions at the sites on the
propargylic framework. The impact of these steric con-
cerns was evaluated empirically by utilizing reaction con-
ditions demonstrated to maximize alkyne formation on
substrates with different relative steric situations (expt
28-33). The nature of the alkyl substitution at the ace-
tylenic carbon of the substrate would appear to be of
principal importance in directing the organocopper nu-
cleophile to the direct-substitution process. However, these
data demonstrate that appreciable quantities of the alkyne
10 can be generated regardless of substrate substitution
pattern via employment of the described reaction condi-
tions. For example, in the substrate studied here (8; R,
= n-Bu, R, = H), which would be analyzed a priori to be
sterically adverse to alkyne 10 (R; = n-Bu, R, = H) gen-
eration, a 68% yield of alkyne 10 was obtained (cf. expt
5, 32).

This research has led to the empirical determination of
product-selective processes for organocopper species me-
diated propargylic coupling reactions. The mechanistic
implications of the chemistry of the organocopper species
and propargylic electrophiles noted in this research are
currently being pursued as well as continued synthetic
applications.

Experimental Section

General Methods. Proton magnetic resonance spectra were
recorded at 100 MHz with a JEOL JNM-NH-100 spectrometer
using tetramethylsilane as an internal standard. '*C magnetic
resonance spectra were recorded at 22.50 MHz by employing a
JEOL FX-90Q Fourier transform spectrometer with deuterio-
chloroform as internal standard. Low-resolution mass spectra
were obtained by direct insertion or GC methods with an LKB
9000 spectrometer at 70 ¢V. The parent ion and the most intense
peaks are reported. Infrared spectra were recorded by using a
Perkin-Elmer 621 grating spectrometer. Short-column chroma-
tography with E. Merck (type 60) silica gel and thin-layer chro-
matography with E. Merck silica gel 60, F-254 precoated (0.25-mm
thickness) plates were employed. Product percentages were
determined on the crude reaction mixture by using a Varian 940
FID gas chromatograph with a 5 X !/gin. 107.0V-1 column at 200
°C and are reproducible within £3%. Magnesium sulfate was
used throughout as the drying agent. Constant-temperature
control for the reactions between 0 and —60 °C was obtained
through the use of a Haake EK-51 isothermal bath. All reactions
were carried out under an atmosphere of nitrogen. Methyllithium
(1.3 M in Et,0), methylmagnesium bromide (3.0 M in Et,0), and
copper iodide were obtained from the Alfa Division of the Ventron
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Corp. The copper iodide was purified by an established proce-
dure.!’ Monosubstituted acetylenes were purchased from the
Farchan Division of Chemsampco, Inc. Fisher anhydrous ether
was used without purification, and Fisher tetrahydrofuran was
distilled from benzophenone ketyl radical prior to use. Physical
data on all compounds synthesized have been compiled in Table
II. All experiments executed had volatile mass balances (Ku-
gelrohr distillation, 0.5 mm) which were 87-95% of the theoretical
values. Isolated yields of displacement products were approxi-
mately 10% less than the value reported in Table L

Preparation of Propargylic Acetates (8, O0G = OAc). To
a solution of alkylacetylene (20 mmol) in THF (50 mL) was added
n-butyllithium (9.17 mL of a 2.4 M solution in hexane, 22 mol)
dropwise at -40 °C. After 1 h, n-hexanal (3.6 mL, 30 mmol) was
added (5 min) and the reaction allowed to come to room tem-
perature (1 h). Acetic anhydride (4.08 g, 40 mmol) was then added
and the reaction followed by TLC (2% ethyl acetate in pentane)
to completion (~1!/, h). The white suspension was partitioned
between ether (50 mL) and saturated aqueous ammonium chloride
(100 mL), washed with saturated aqueous sodium bicarbonate
(50 mL), and then dried, and the solvent was removed in vacuo.
Chromatography (1% ethyl acetate in pentane eluant) yielded
the pure propargylic acetate (70-85% yield).

Acetylenic alcohols were prepared either by the standard
workup of the reaction mixture after the addition of the aldehyde
or by hydrolysis (10% sodium hydroxide, methanol, ~1 h) of the
corresponding acetate.

Preparation of Propargylic Methyl Carbonates (8, OG =
OCO;Me). Propargylic carbonates 8 (OG = OCO;Me) were
obtained in the manner described for propargylic acetates 8 (OG
= OAc) (see above) except that methyl chloroformate (3.78 g, 40
mmol) was substituted for acetic anhydride and the sodium bi-
carbonate wash was omitted. Chromatography (2% ethyl acetate
in pentane) yielded the pure propargylic carbonate (70-85%).

Preparation of Propargylic Tosylates (8, OG = Tos). To
a solution of the propargylic alcohol (5.8 mmol) and tosyl chloride
(1.24 g, 6.50 mmol) in diethy! ether (15 mL) at -50 °C was added
potassium hydroxide (2.16 g, 38.0 mmol, finely powdered). The
reaction was allowed to come to room temperature within 15 min.
After an additional 0.5 h, the mixture was extracted with water
(2 X 50 mL), the organic phase dried, and the solvent removed
in vacuo, yielding the propargylic tosylate (95%).

General Reaction of the [Me,CuLi] Organocopper Species
with Propargylic Substrates 8. To a flame-dried flask (25 mL,
two necked) were added copper iodide (0.190 g, 1.00 mmol) and
Et,0 (4.0 mL). The resulting suspension was cooled to the desired
temperature (e.g., 0 °C for expt 1), and methyllithium (1.54 mL
of a 1.3 M ethereal solution of MeLi, 2.00 mmol) was added
dropwise. After the mixture was stirred for 15 min, the propargylic
substrate 8 (0.5 mmol) in Et,0 (1.0 mL) was added over a period
of 5 min. The progress of the reaction was followed by TLC until
completion (5 min to 1 h). The mixture was then poured into
a saturated agueous solution of ammonium chloride, the organic
layer dried, and the solvent removed in vacuo.

General Reaction of the [MesCuLi,] or [MeCu-Lil] Or-
ganocopper Species with Propargylic Substrates 8. These

(11) Kaufman, G. B. Inorg. Synth. 1963, 7, 9.
(12) Brandsma, L. “Preparative Acetylenic Chemistry”; Elesevier:
Amsterdam, 1971; p 159.
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organocopper species were prepared and allowed to react in the
manner described for the [Me,CulLi] species with one exception:
methyllithium (2.31 mL of a 1.3 M solution of MeLi in hexane,
1.50 mmol) was used with the [Me;CuLi,] species, and methyl
lithium (0.77 mL of a 1.3 M solution of MeLi in hexane, 0.50
mmol) was used with the [MeCu-LiI] species. Identical reaction
workup and purification (see above) gave the products listed in
Table I

General Reaction of the [Me,CuMgI-MgBr;] or [MeCu:
MgBrI] Organocopper Species with Propargylic Substrates
8. To a flame-dried flask (25 mL, two necked) were added copper
iodide (0.190 g, 1.00 mmol) and THF (4 mL). The suspension
was cooled to the desired temperature (e.g., 0 °C for expt 12 and
13), and MeMgBr [0.66 mL of a 3.0 M ethereal solution (2.00
mmol) for the [Me,CuMgl-MgBr,] species or 0.33 mL (1.00 mmol)
for the [MeCu-MgBrl] species] was introduced via syringe. After
the mixture was stirred 15 min, the propargylic substrate 8 in THF
(1 mL) was added over 5 min. The progress of the reaction was
followed by TLC until completion (5 min to 1 h). The reaction
was worked up as described for the [Me,Culi] species (see above).

General Reaction of the [MeMgBr-LiBr-Cul] Organo-
copper Species with Propargylic Substrates 8. To a well-
stirred mixture of lithium bromide (0.078 g, 1.00 mmol) and copper
iodide (0.190 g, 1.00 mmol) in THF (5 mL) at 0 °C was added
methylmagnesium bromide (0.66 mL of a 3 M ethereal solution,
1.00 mmol), and the solution was stirred for 15 min. The pro-
pargylic substrate 8 (0.50 mmol) in THF (1 mL) was added
dropwise, and product formation was followed by TLC. At the
completion of the reaction (~0.5 h) a workup as described for
the [Me,Culi] species yielded the products {(e.g., expt 26).
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= H; OG = OAc), 74835-42-0; 8 (R, = CgH;; R, = H; OG = OAg;
CsHu substituted by C4H9) 74835-43-1; 8 (R1 =n- Bu, R2 H 0oG
= OAC), 74835-44-2; 8 (R1 = Can; R2 = CH3, 0G = OAC; C5Hu
substituted by C,Hy), 74835-45-3; 8 (R, = C¢H,;; R, = H; OG =
OTOS), 74835-46- 4 8 (R1 CsHu, Rg 0G = 0C02Me) 74835-47- 5
8 (R, = t-Bu; Ry = H; OG = OCO,Me), 74843-73-5; 8 (R; = n-Bu; R,
= H; 0G = 0CO,Me), 74835-48-6; 8 (R = C¢H,;; R, = H; OG = OH),
74835-49-7; 10 (R, = ¢t-Bu; R, = H), 74835-50-0; 10 (R, = (Me);Si;
R, = H), 40276-96-8; 10 (R, = C¢H,;; R, = H), 74835-51-1; 10 (R, =
Cg¢Hy; Ry = H; CzH,; substituted by C,H,), 74835-52-2; 10 (R, =
n-Bu; Ry, = H), 74835-53-3; 10 (R, = C¢H,;; Ry = CHy; CsHy; sub-
stituted by C,Hy), 74835-54-4; 11 (R, = (Me)3Si; R, = H), 25909-12-0;
11 (Rl Can, R2 H) 74835-55- 5 11 (Rl C6H5, Rz H C5H11
substituted by C,Hy), 74835-56-6; 11 (R; = n-Bu; R, = H), 74835-
57-7; 11 (R, = C¢H;;; R, = CHy CzH,; substituted by C,H,),
74835-58-8; 11 (R, = t-Bu; R, = H), 74835-59-9; 12 (R, = C¢Hy; R,
= H; C;H,; substituted by C,Hy), 13633-28-8; 13 (R, = ¢t-Bu; R; =
H), 74835-60—2; 13 (R; = (Me)sSi; R, = H), 69498-66-4; 13 (R, =
CsHu, R2 = H) 74835-49-7; 13 (Rl CsHu, R2 CHa, C5H11 sub-
stituted by C Hg), 74835-61-3; 13 (R, = n-Bu; R, = H), 74835-62-4;
n-hexanal, 66-25-1; ¢t- BuC—‘Ch 917-92-0; Me;SiC=CH, 1066-54-2;
C¢H,;,C=CH, 931-48-6; C¢H;C=CH, 536-74-3; n-BuC=CH, 693-02-
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