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We recently found that (Z)-1-alken-1-ylN,N-diisopropylcarb-
amates 1 bearing an anion-stabilizing group W are deproton-
ated in the g position by n-butyllithium/(�)-sparteine (2) with
high enantiotopos differentiation, leading to configuration-
ally stable lithium chelates 3 (Scheme 1).[1] Trapping 3 with
electrophiles gives rise to highly enantioenriched substitution
products, such as 4. Aryl,[1] triorganosilyl,[2] and 1-alkenyl[3]

groups were found to be suitable substituents W.

In our current investigations on the alk-1-en-3-yn-2-yl
carbamate 7 (the position designations refer to the relative
positions in the molecule) we uncovered unprecedented
features:[4] The course of the hydroxyalkylation of the
corresponding lithium compounds can be directed selectively
in four different directions by simple means. The starting
material 7 was prepared by Sonogashira coupling[5] of (E)-1-
iodo-1-butenyl carbamate 5 with phenylethyne (6)
(Scheme 2). Enyne 7 was allowed to react with nBuLi/2 in
toluene at �78 8C for 30 s[6] to form the lithium chelate 8
before acetone was added (Scheme 2, Method A). The SE’
addition of intermediate 8 has two possible regiochemical

courses: addition at the g position (allylmetal reactivity) and
at the g’ position (propargylmetal reactivity). The g’ product
(�)-(aR,E)-9a[7] was isolated in 81% yield and with an e.r. of
97:3. When pentane/toluene was used (Scheme 2, Method B),
a brownish precipitate was observed. After 15 h, when the
slurry was treated with acetone, the opposite enantiomer (+)-
(aS,E)-9a[7] was obtained in 61% yield and with an e.r. of 97:3.

Addition of the kinetically controlled lithium intermedi-
ate (S)-8 to 4,4’-dibromobenzophenone afforded (aR,E)-9b
(Scheme 2) according to an X-ray analysis with anomalous
dispersion.[8,9] It can thus be concluded that the lithium
species 8 add in anti-SE’ processes to carbonyl compounds.

In another series of experiments, the lithium intermedi-
ates (S)-8 and (R)-8 were subjected to lithium–titanium
exchange prior to acetone addition (Scheme 3). We found
that (S)-8 reacted via (S)-10 to afford the homoaldol product

Scheme 1. Lithiation of 1 and substitution with electrophiles (El).

Scheme 2. Synthesis and deprotonation of 7 to give 8 and its
subsequent addition to a carbonyl compound. For Methods A and B,
see the Experimental Section. [a]20D in degcm3g�1 dm�1.
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(S)-11a[7] (Method C) with high e.r., whereas (R)-8 provided
the other enantiomer (R)-11a via (R)-10 (Method D).

From these results we conclude that (S)-8 is the kinetically
controlled lithium intermediate, which is transformed over
extended reaction times to the epimer (R)-8 ; this is enforced
by the selective crystallization of (R)-8.[10,14a] Apparently, the
carbanionic lithium compounds (S)- and (R)-8 add in anti-SE’
fashion stereospecifically to acetone, and the more electron-
rich allenic position next to the phenyl ring is more reactive.[10]

However, covalently bound titanium compounds 10 prefer a
syn addition via a chairlike Zimmerman–Traxler transition
state,[11] avoiding a linear C3 component in the ring.[12]

The absolute configurations of the products and the
lithium intermediates were verified by the following experi-
ments (Schemes 4 and 5): Trapping the selectively crystallized

lithium intermediate (R)-8 by reaction with triphenyltin
chloride afforded the crystalline allenylstannane 9c. An X-
ray analysis of 9c with the anomalous dispersion technique
revealed its aS configuration.[9,13] Since in other examples,
stannylation reactions of propargyllithium/(�)-sparteine
complexes were shown to proceed in an anti-SE’ manner,[14]

the lithium intermediate possesses the R configuration.
The “kinetic” lithium compound (S)-8 was transmetalated

with inversion by reaction with ClTi(OiPr)3
[15] and then added

to 2,3:4,5-di-O-isopropylidene-d-ribose[16] (12) to form the
stereohomogeneous homoaldol product 11b. The configura-
tion of 11b in the solid state could be determined by an X-ray
analysis to be 5S,6S,Z.[9, 17]

Previously we[18] and others[19] demonstrated that chiral a-
(carbamoyloxy)allyltitanium compounds react with chiral
aldehydes with strict chirality transfer from the Zimmer-
man–Traxler transition state. Thus we deduce that the
titanium intermediate 10 has S configuration, and 10 must
be formed from (S)-8 with inversion of configuration.

In conclusion, the (�)-sparteine-mediated lithiation of the
alkenyl carbamate 7 proceeds with efficient enantiotopic
differentiation at the g position. Slow epimerization takes
place with longer reaction times to form essentially com-
pletely the other epimer having opposite configuration at the
metal-bearing center. Lithium–titanium exchange proceeds
with inversion of the configuration. Whereas the stereospe-
cific addition of the lithium intermediates 8 to a carbonyl
compound proceeds in an anti-SE’ manner and produces
highly enantioenriched hydroxyvinylallenes,[20] the titanium
intermediates 10 give rise to enantioenriched homoaldol
products (alk-3-en-5-yn-1-ols) in both absolute configurations
through a syn-SE’ addition via a Zimmerman–Traxler tran-
sition state.[11] Some examples are listed in Table 1.[21] This is
the first example of highly enantioenriched vinylallenes
produced from achiral precursors.[22]

Experimental Section
Method A: A solution of (�)-sparteine (95 mg, 0.36 mmol, 1.2 equiv)
in toluene (2 mL) was cooled to �78 8C. nBuLi (0.23 mL of 1.6m,
0.36 mmol, 1.2 equiv) was added slowly, and the reaction mixture was
stirred for 10 min. A solution of the carbamate 7 (90 mg, 0.3 mmol) in
toluene (0.5 mL) was cooled down to �78 8C and added quickly while
the reaction mixture was stirred efficiently. The reaction mixture
turned dark brown within seconds. Immediately afterwards (in less
than 30 s), a solution of the electrophile (0.90 mmol, 3 equiv) in
toluene (0.5 to 2 mL) already cooled down to �78 8C was added
quickly. After 15 min, the reaction was quenched at �78 8C with
MeOH (0.3 mL) and HCl (2m, 1 mL), and warmed up to room
temperature. The organic phase was separated and the aqueous phase
washed three times with diethyl ether (DE). The combined organic

Scheme 3. Transmetalation of 8 and its subsequent reaction with
acetone. For Methods C and D, see the Experimental Section. [a]20D in
degcm3g�1dm�1.

Scheme 4. Stannylation of (R)-8. [a]20D in degcm3g�1dm�1.

Scheme 5. Homoaldol reaction with the chiral aldehyde 12.

Table 1: Products of the reactions of 8 with some electrophiles.

Electrophile (Method) Product[a] Yield e.r. (d.r.[b]) [a]20D
[c]

Ph3SnCl (A) (aR,E)-9c 80% 96:4 +42
cyclohexanone (B) (aS,E)-9d 57% 97:3 +107
isobutyraldehyde (C) (5S,6R,Z)-11c 80% 97:3 (>98:2) �72
isobutyraldehyde (D) (5R,6S,Z)-11c 69% 98:2 (98:2) +74

[a] See the Supporting Information for the structures. [b] Where
applicable. [c] In degcm3g�1dm�1.
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phases were dried with MgSO4, filtered, and concentrated under
reduced pressure. Purification by column chromatography (n-pentane
(PE)/DE) furnished the corresponding product.

Method B: A solution of (�)-sparteine and nBuLi in PE (2.0 mL)
was prepared according to Method A. A solution of the carbamate 7
(90 mg, 0.3 mmol) in PE/toluene (0.5 mL each) was added slowly with
a syringe which was then washed twice with PE (0.2 mL each time).
The reaction mixture was stirred vigorously. The formation of
precipitate started within 2 h. After 15 to 16 h, a heavy precipitate
in a brown solution had formed. The electrophile (0.90 mmol,
3 equiv) was then added slowly in PE (1 mL), or in toluene (1 mL)
if it was not soluble in PE. After 3 h, the reaction was quenched, and
workup was performed as described for Method A.

Method C: Carbamate 7 (0.3 mmol, 90 mg) was deprotonated as
described in Method A. Immediately afterwards (in less than 30 s),
ClTiPT (1.5 equiv, 1m in toluene) already cooled down to �78 8C was
added quickly. After 20 min, the electrophile (0.90 mmol, 3 equiv) in
toluene (1 mL) was added dropwise. The reaction was quenched after
3 h, and the workup was performed as described for Method A.

Method D: Carbamate 7 (0.3 mmol) was deprotonated as de-
scribed in Method B. ClTiPT (1.5 equiv, 1m in toluene) was then
added dropwise and the reaction mixture stirred for another 20 min.
The electrophile (0.90 mmol, 3 equiv) was then added slowly in PE
(1 mL), or in toluene (1 mL) if it was not soluble in PE. After 3 h, the
reaction was quenched at �78 8C and warmed up to room temper-
ature. The workup was performed as described for Method A.
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