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Configurational Control of Benzyl Carbanion–Copper Complexes by
Sulfinyl Groups: Synthesis of Optically Pure Allenes with Central and
Axial Chirality**
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Allenes are unique compounds that exhibit axial chirality,[1]

and they are present in a large number of medicinal and
natural products.[2] One of the most used methods for the
synthesis of optically pure allenes is based on the addition of
organocopper reagents to optically pure propargylic deriva-
tives (Scheme 1a),[3] in which almost complete stereoselec-

tivity is observed. The main limitation in the syntheses of
these chiral allenes is the availability of the optically pure
propargylic alcohols.[4] In this sense, the search for chiral
organocopper reagents for the kinetic resolution of racemic
propargylic esters is highly desirable. The use of optically pure
organocopper reagents having a chiral center directly
attached to the metal should presumably provide an efficient
method for the kinetic resolution of racemic propargylic
esters. The efficiency of this resolution is expected to be
higher when the chiral elements involved in the asymmetric
induction are close in proximity. To the best of our knowledge,
there are no reports concerning the preparation and use of

configurationally stable carbanion–copper complexes in these
reactions despite the interest in the resulting allenes, which
bear a chiral carbon center connected to the allenic system
and exhibit central and axial chirality, for studies of asym-
metric synthesis (Scheme 1b).[5]

During the course of our studies on the reactivity of the
lithium-chelated 2-p-tolylsulfinylbenzyl carbanions, we found
that the sulfinyl group, which is attached to the lithium ion,
can control the configuration of the benzylic carbon center.
This reagent reacts with electrophiles such as carbonyl
compounds,[6] N-sulfinylimines,[7] N-arylimines,[8] alkylating
reagents,[9] and other reagents[10] to form of C(sp3)�C(sp3)
bonds connecting two chiral centers. These results prompted
us to check the ability of the sulfinyl group to control the
configuration of benzyl carbanion–copper complex by inves-
tigating the reaction of the 2-p-tolylsulfinylbenzyl carbanion–
copper species with racemic propargylic derivatives. This
approach could provide a new entry into the synthesis of
allenes having chiral carbon centers directly attached to the
allenic moieties (C(sp3)�C(sp2) bond). The results obtained
are reported herein.

After trying different copper sources and reaction con-
ditions, we found that the best transmetalation conditions
involved the addition of CuCN/LiCl (2.5 equiv) in THF at
�10 8C to the optically pure lithium-chelated 2-p-tolylsulfi-
nylbenzyl carbanion ([Li]–1a) at �78 8C (Scheme 2). Under
these conditions, [Cu]–1a reacts with propargyl bromide (2a)
in a regioselective way to exclusively afford allene 4 in 92%
yield by an SN2’ process. A similar result was obtained by
using the corresponding propargyl mesylate (2b) instead of
bromide 2a as the starting material. The reaction of the [Li]–
1awith 2a at�78 8C yields the alkyne 3 in 90% yield, through
an SN2 process.

Scheme 2. SN2 versus SN2’ selectivity with lithium- and copper-chelated
benzyl carbanions.

Scheme 1. Different approaches for asymmetric syntheses of allenes:
a) classical approach, b) present work. LG= leaving group.
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Reactions of [Cu]–1a with C3-substituted propargylic
systems 2c–2e under similar conditions to afford 1,1-disub-
stituted allenes 5–7with complete regioselectivity and in good
yields (Scheme 3). The reaction was performed on a larger
scale (up to 5.0 mmol) without loss in yield or selectivity.

We then studied reactions of the prochiral benzyl
carbanion–copper complex, derived from 2-p-tolylsulfinyl
ethylbenzene (1b), with propargyl derivatives. Reaction of
[Cu]–1b with 2a is completely regioselective, giving the
SN2’ products as a 94:6 mixture of diastereoisomers 8 and 8’,
which are epimeric at the benzylic position (Table 1, entry 1).
Identical results were obtained by using the propargyl
mesylate (2b), which indicated the lack of influence of the
leaving group on the stereoselective control (Table 2,
entry 2). After confirming that the sulfinyl group was efficient
in controlling the configuration at the benzylic position, we
studied the scope of this reaction with respect to 2. Accessing
different 1,1-disubstituted allenes, having a chiral center
connected to the allenic system, is important in for the
asymmetric syntheses of allenes. Reaction of 1b with 2c
afforded an 88:12 mixture of 9 and 9’ (Table 1, entry 3).
Interestingly, the reaction of 1b with 2e was completely
stereoselective, yielding 10 with a de value greater than 96%
(Table 1, entry 4). Complete stereoselective control was also
achieved in reactions of 1c with 2a and 2c, which afforded 11
and 12, respectively, as single diastereoisomers (Table 1,
entries 5 and 6). Reactions of allyl derivative [Cu]–1d with
propargylic bromides 2a and 2c gave the corresponding 1,2,6-
trienes 13 and 14, respectively, with good diastereomeric
ratios and high yields (Table 1, entries 7 and 8). These results
indicate that the configurational con-
trol of benzyl carbanion–copper species
can be achieved by having the 2-p-
tolylsulfinyl group act as a remote
chiral inducer.

Finally, we investigated the synthe-
sis of allenes having axial chirality. We
synthesized optically pure mesylates
(R)-2 f and (S)-2 f, derived from 4-
phenyl-3-butyn-2-ol by an enzymatic
resolution of the racemic alcohol.[4b]

The reactions of [Cu]–1a with (S)-2 f
and (R)-2 f are completely stereoselec-
tive and afford optically pure (SS, aS)-
15’ and (SS, aR)-15, respectfully; the
yields of the isolated products were
73% and 76%, respectively

(Scheme 4). The axial chirality of the products was assigned
by assuming the predominance of the anti attack observed in
most of the reactions of the anion–copper reactant with the
propargylic esters.[3] The reaction of [Cu]–1b with (R)-2 f
under mild conditions (�78 8C) almost instantaneously
afforded a 95:5 mixture of diastereoisomers 16 and 16’ in
88% yield (Scheme 4). This result provides evidence that
control of one of the two chiral elements (carbon center or
axis) can be achieved efficiently. On the basis of the complete
anti stereoselectivity observed in the reactions of [Cu]–1a, we
initially assumed that 16 and 16’ were epimers at the benzylic
position; this was additionally confirmed (see analysis for 17
below). Reaction of [Cu]–1b with (S)-2 f also gave a 95:5
mixture of 16 and 16’, however, the reaction times were longer
and the yield was much lower (18%) than those obtained
from (R)-2 f. Unreacted (S)-2 f was recovered as a mixture of
enantiomers. These results suggested that reaction of [Cu]–1b
with (S)-2 f did not take place and that mesylate 2 f was
racemized under the reaction conditions.[11]

Scheme 3. Reactions of C3-substituted propargylic systems.

Table 1: Reactions of 1b–1d with propargylic derivatives 2a–2e.[a]

Entry Reagent (R1) Electrophile
(R2/LG)

Product Yield [%][b] d.r.[c]

1 [Cu]–1b (Me) 2a (H/Br) 8 76 94:6
2 [Cu]–1b (Me) 2a (H/OMs) 8 72 94:6
3 [Cu]–1b (Me) 2c (Me/Br) 9 51 88:12
4 [Cu]–1b (Me) 2e (Ph/OMs) 10 69 >98:<2
5 [Cu]–1c (Bn) 2a (H/Br) 11 40[d] >98:<2
6 [Cu]–1c (Bn) 2c (Me/Br) 12 68 >98:<2
7 [Cu]–1d (allyl) 2a (H/Br) 13 64 85:15
8 [Cu]–1d (allyl) 2c (Me/Br) 14 75 95:5

[a] All reactions were performed in a 0.2 mmol scale. LG= leaving group.
[b] Yield of isolated product as mixture of stereoisomers. [c] Determined
by 1H NMR spectroscopy of the crude mixture. [d] Conversion measured
by 1H NMR spectroscopy, in which allene 11 was inseparable from
sulfoxide 1c.

Scheme 4. Asymmetric syntheses of allenes with axial chirality.
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As expected, the reaction of [Cu]–1b with (rac)-2 f also
gave a 95:5 mixture of 16 and 16’ (58%), as well as unreacted
1b (33%) and an alcohol resulting from the hydrolysis of
(rac)-2 f (42%), which can be reused in additional reactions
(Table 2, entry 1). A complete kinetic resolution and a
deficient dynamic kinetic resolution can be observed in this
reaction, and the main advantage derives from the lack of
reactivity of the S enantiomer. The synthesis of allenes with
axial and central chirality in high optical purity can be carried
out starting from racemic propargyl derivatives, thus avoiding
the tedious synthesis of optically pure propargylic alcohols.

Similar behavior was observed in the reactions of [Cu]–1b
with different racemic mesylates (rac)-2g–j ; only the R enan-
tiomers reacted to yield optically pure allenes 17–20
(Table 2), which exhibited the aR configuration of the chiral
axis. The yields of the isolated products are slightly higher
than 50% in all the cases, suggesting that a dynamic kinetic
resolution has occurred to some extent.

The unequivocal configurational assignment of compound
17was performed by hydrogenation of the 90:10 mixture of 17
and 17’ (Table 2, entry 2) with the Adam>s catalyst. A 90:10
mixture of two diastereoisomers, 21 and 21’, respectively, was
obtained (Scheme 5), demonstrating that 17 and 17’ were
epimers at the benzylic position and not along the chiral axis.
Desulfinylation of the mixture of 21 and 21’ afforded (R)-2-
phenylhexane,[12] which allowed the unequivocal assignment
of the R configuration to the benzylic carbon atom (see the
Supporting Information for additional details).

In summary, we have demonstrated that the reactions of
optically pure 2-p-tolylsulfinylbenzyl carbanion–copper
reagents with propargyl bromides and mesylates take place
in a completely regioselective way by a SN2’ process with
complete anti stereoselectivity in the formation of a chiral
axis. The sulfinyl group is very efficient in controlling the
configuration of the a-alkylbenzyl carbanion–copper reagent,
thus providing the first method to obtain optically pure
allenes having a chiral center directly attached to the allenic
system, which can also have a defined configuration of its
chiral axis. Additionally, complete kinetic resolution of
racemic propargylic mesylates can be achieved with sulfiny-
lated a-alkylbenzyl carbanion–copper reagents, which in turn
are moderately efficient for the dynamic kinetic resolution of
the mesylates. Additional studies for establishing the mech-
anism of these reactions are in progress and will be reported
at a later date.

Received: May 8, 2008
Published online: July 25, 2008

.Keywords: allenes · chirality · copper · sulfinyl groups ·
synthetic methods

[1] a) B. S. Burton, H. V. Pechman, Ber. Dtsch. Chem. Ges. 1887, 20,
145; b) The Chemistry of Ketenes, allenes and related compounds
(Ed.: I. Patai), Wiley, New York, 1980 ; c) The chemistry of
allenes (Ed.: S. R. Landor), Academic Press. London, 1984 ;
d) A. Hoffman-RFder, N. Krause, Angew. Chem. 2004, 116,
1216; Angew. Chem. Int. Ed. 2004, 43, 1196; e)Modern Allene
Chemistry (Eds.: N. Krause, A. S. K. Hashmi), Wiley-VCH,
Weinheim, 2004 ; f) S. Ma, Chem. Rev. 2005, 105, 2829; g) Special
Volume in Cumulenes and Allenes, Vol. 44 (Eds: N. Krause),
Houben-Weyl-Georg Thieme Verlar KG, Stuttgart, 2008.

[2] For examples, see: a) J. Meinwald, K. Erickson, Tetrahedron
Lett. 1968, 9, 2959; b) R. Bonnett, A. K. Mallams, J. Chem. Soc.
Chem. Commun. 1966, 515; c) T. E. Deville, S. W. Russell, J.
Chem. Soc. Chem. Commun. 1969, 754; d) T. E. Deville, B. C.
Russell, J. Chem. Soc. Chem. Commun. 1969, 1311; e) J.
Meinwald, L. Hendry, Tetrahedron Lett. 1969, 10, 1657; f) B. C.
Weedon, S. W. Russell, J. Chem. Soc. Chem. Commun. 1969, 85;
g) D. F. Horler, J. Chem. Soc. 1970, 859; h) K. Mori, Tetrahedron
Lett. 1973, 14, 723; i) K. Mori, Tetrahedron 1974, 30, 1065;
j) W. H. Pirkle, C. W. Boeder, J. Org. Chem. 1978, 43, 2091; k) P.
Baret, E. Barreiro, Tetrahedron 1979, 35, 1533; l) K. Mori, T.
Nukada, T. Ebata, Tetrahedron 1981, 37, 1343; m) A. P. Rosz-
kowski, G. L. Garay, J. Pharmacol. Exp. Ther. 1986, 239, 382;
n) H. Carpio, G. F. Cooper, J. H. Edwards, Prostaglandins 1987,
33, 169; o) R. M. Eglen, B. Whiting, J. Pharmacol. 1989, 98, 1335;
p) M. Ito, Y. Yamano, Pure Appl. Chem. 1994, 66, 939; q) P. W.
Collins, S. W. Djuric, Chem. Rev. 1993, 93, 1533; r) N. Krause, A.
Hoffman-RFder, J. Canisius, Synthesis 2000, 1759; s) T. Satoh, N.
Hanaki, Y. Kuramochi, Tetrahedron 2002, 58, 2533.

[3] a) P. Rona, P. Crabbe, J. Am. Chem. Soc. 1968, 90, 4733; b) P.
Rona, P. Crabbe, J. Am. Chem. Soc. 1969, 91, 3289: Using
carbonates as leaving group in SN2’ reactions: c) A. Alexakis, P.
Mangeney, Pure Appl. Chem. 1988, 60, 49; d) A. Alexakis, Pure
Appl. Chem. 1992, 64, 387; e) E. Erdik, Tetrahedron Lett. 1992,
48, 9577; f) S. W. Djuric, M. Miyano, Tetrahedron Lett. 1987, 28,
299; g) J. Mattay, M. Conrads, Synthesis 1988, 595; Using
sulfonates: h) D. Bernard, A. Doutheau, Tetrahedron 1987, 43,
2721; i) I. Gridnev, G. Canai, J. Organomet. Chem. 1994, 481;
j) C. Agami, F. Couty, Tetrahedron 2000, 56, 367; k) R. Danhe-

Table 2: Reactions of 1b with racemic propargylic derivatives.[a]

Entry Electrophile (R1/R2) Product Yield [%][b] d.r.[c]

1 2 f (Me/Ph) 16 58 95:5[d]

2 2g (H/Me) 17 53 90:10
3 2h (Me/p-BrPh) 18 56 85:15
4 2 i (Me/nBu) 19 53 93:7[d]

5 2 j (Et/Ph) 20 56 96:4[d]

[a] All reactions were performed in a 0.2 mmol scale. [b] Yield of isolated
product as a mixture of stereoisomers. [c] Diastereomeric ratio deter-
mined by 1H NMR spectroscopy of the crude reaction. [d] Diastereo-
meric ratio was also determined by chiral HPLC analysis.

Scheme 5. Chemical correlation of compounds 17 and (R)-22.

Zuschriften

6944 www.angewandte.de � 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. 2008, 120, 6942 –6945

http://dx.doi.org/10.1002/cber.18870200136
http://dx.doi.org/10.1002/cber.18870200136
http://dx.doi.org/10.1021/cr020024j
http://dx.doi.org/10.1016/S0040-4039(00)89622-7
http://dx.doi.org/10.1016/S0040-4039(00)89622-7
http://dx.doi.org/10.1016/S0040-4039(01)87972-7
http://dx.doi.org/10.1016/S0040-4039(01)95694-1
http://dx.doi.org/10.1016/S0040-4039(01)95694-1
http://dx.doi.org/10.1016/S0040-4020(01)97270-9
http://dx.doi.org/10.1021/jo00405a001
http://dx.doi.org/10.1016/S0040-4020(01)92450-0
http://dx.doi.org/10.1016/0090-6980(87)90004-9
http://dx.doi.org/10.1016/0090-6980(87)90004-9
http://dx.doi.org/10.1351/pac199466050939
http://dx.doi.org/10.1021/cr00020a007
http://dx.doi.org/10.1016/S0040-4020(02)00151-5
http://dx.doi.org/10.1021/ja01019a043
http://dx.doi.org/10.1021/ja01040a033
http://dx.doi.org/10.1351/pac198860010049
http://dx.doi.org/10.1351/pac199264030387
http://dx.doi.org/10.1351/pac199264030387
http://dx.doi.org/10.1016/S0040-4039(00)95712-5
http://dx.doi.org/10.1016/S0040-4039(00)95712-5
http://dx.doi.org/10.1055/s-1988-27647
http://dx.doi.org/10.1016/S0040-4020(01)86877-0
http://dx.doi.org/10.1016/S0040-4020(01)86877-0
http://dx.doi.org/10.1016/S0040-4020(99)00949-7
http://www.angewandte.de


iser, Y. Tsai,Org. Synth. Coll. Vol. 1993, 8, 471; using ethers: l) I.
Marek, P. Mangeney, A. Alexakis, Tetrahedron Lett. 1986, 27,
5499; m) A. Alexakis, I. Marek, J. Am. Chem. Soc. 1990, 112,
8042; n) I. Marek, A. Alexakis, P. Mangeney, Bull. Soc. Chim. Fr.
1992, 129, 171; using halides: o) J. Burton, G. Hartgraves,
Tetrahedron Lett. 1990, 31, 3699; p) M. Hung, Tetrahedron
Lett. 1990, 31, 3703; q) M. Yus, J. Gomis,Eur. J. Org. Chem. 2003,
2043. Using epoxides: r) F. Chemla, F. Ferreira,Curr. Org. Chem.
2002, 6, 539; s) C. Cahiez, A. Alexakis, Synthesis 1978, 528; t) J.
Tigchelaar, J. Meijer, H. Kleijn, J. Organomet. Chem. 1981, 221,
117; u) A. Doutheau, A. Saba, J. Gore, Tetrahedron Lett. 1982,
23, 2461; using aziridines: v) H. Ohno, A. Toda, Y. Miwa, T.
Taga, Tetrahedron Lett. 1999, 40, 349; w) H. Ohno, A. Toda, N.
Fujii, Tetrahedron 2000, 56, 2811.

[4] For the synthesis of propargylic alcohols by CBS reduction, see:
a) E. J. Corey, C. J. Helal,Angew. Chem. 1998, 110, 2092;Angew.
Chem. Int. Ed. 1998, 37, 1986. For enzymatic kinetic resolution,
see: b) J. A. Marshall, H. Chobanian, Org. Synth. 2005, 82, 43;
c) For addition of alkynyl/zinc reagents to aldehydes, see: D. E.
Frantz, R. Faessler, E. M. Carreira, J. Am. Chem. Soc. 2000, 122,
1806.

[5] The [Cu] notation indicates that the ligand/copper ratio is not
known.

[6] a) J. L. GarcJa Ruano, M. C. CarreKo, M. A. Toledo, J. M.
Aguirre, M. T. Aranda, J. Fischer, Angew. Chem. 2000, 112,

2848; Angew. Chem. Int. Ed. 2000, 39, 2736; b) J. L. GarcJa R-
uano, J. AlemLn, J. , M. Aranda, M. A. FernLndez-IbLKez,
M. A. M. RodrJguez-FernLndez, C. Maestro, Tetrahedron 2004,
60, 10067.

[7] a) J. L. GarcJa Ruano, J. AlemLn, F. Soriano, Org. Lett. 2003, 5,
677; b) J. L. GarcJa Ruano, J. AlemLn, Org. Lett. 2003, 5, 4513;
c) J. L. GarcJa Ruano, J. AlemLn, A. Parra, J. Am. Chem. Soc.
2005, 127, 13048; d) J. L. GarcJa Ruano, J. AlemLn, M. B. Cid,
Synthesis 2006, 687.

[8] J. L. GarcJa Ruano, J. AlemLn, I. Alonso, A. Parra, V. Marcos, J.
Aguirre, Chem. Eur. J. 2007, 13, 6179.

[9] J. L. GarcJa Ruano, M. T. Aranda, M. Puente, Tetrahedron 2005,
61, 10099.

[10] For reaction with silicon reagents in a Pummerer reaction, see:
a) J. L. GarcJa Ruano, J. AlemLn, M. Aranda, M. J. ArMvalo, A.
Padwa,Org. Lett. 2005, 7, 19; For reactions with tin reagents, see:
b) J. L. GarcJa Ruano, J. AlemLn, A. Padwa, Org. Lett. 2004, 6,
1757.

[11] Racemization of the optically pure propargylic mesylate was
confirmed by dissolving (R)-2 f or (S)-2 f in THF containing
lithiumdiisopropyl amide. Longer reaction times did not
improve the extent of dynamic kinetic resolution.

[12] K. Inagaki, T. Ohta, K. Nozaki, H. Takaya, J. Organomet. Chem.
1997, 531, 159.

Angewandte
Chemie

6945Angew. Chem. 2008, 120, 6942 –6945 � 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.de

http://dx.doi.org/10.1016/S0040-4039(00)85248-X
http://dx.doi.org/10.1016/S0040-4039(00)85248-X
http://dx.doi.org/10.1021/ja00178a029
http://dx.doi.org/10.1021/ja00178a029
http://dx.doi.org/10.1016/S0040-4039(00)97448-3
http://dx.doi.org/10.1016/S0040-4039(00)97449-5
http://dx.doi.org/10.1016/S0040-4039(00)97449-5
http://dx.doi.org/10.1002/ejoc.200300094
http://dx.doi.org/10.1002/ejoc.200300094
http://dx.doi.org/10.2174/1385272024604916
http://dx.doi.org/10.2174/1385272024604916
http://dx.doi.org/10.1055/s-1978-24798
http://dx.doi.org/10.1016/S0022-328X(00)81035-9
http://dx.doi.org/10.1016/S0022-328X(00)81035-9
http://dx.doi.org/10.1016/S0040-4039(00)87368-2
http://dx.doi.org/10.1016/S0040-4039(00)87368-2
http://dx.doi.org/10.1016/S0040-4039(98)02348-X
http://dx.doi.org/10.1016/S0040-4020(00)00136-8
http://dx.doi.org/10.1002/(SICI)1521-3757(19980803)110:15%3C2092::AID-ANGE2092%3E3.0.CO;2-M
http://dx.doi.org/10.1002/(SICI)1521-3773(19980817)37:15%3C1986::AID-ANIE1986%3E3.0.CO;2-Z
http://dx.doi.org/10.1002/(SICI)1521-3773(19980817)37:15%3C1986::AID-ANIE1986%3E3.0.CO;2-Z
http://dx.doi.org/10.1021/ja993838z
http://dx.doi.org/10.1021/ja993838z
http://dx.doi.org/10.1016/S0022-328X(96)06712-5
http://dx.doi.org/10.1016/S0022-328X(96)06712-5
http://www.angewandte.de

