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Abstract

Chiral ligands1-2 with L-prolinol backbone have been applied to the enantioselective phenylacetylene addition to aldehydes, providing
chiral propargylic alcohols in high yields and moderate enantioselectivities. Only the ligancombination with Ti(OPr), afforded the
products with opposite absolute configuration in significant enantiomeric excesses and high yields. The rati®of T(@e ligand had
great influence on the enantiomeric excess of the product.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In the asymmetric addition of diethylzinc to aldehydes,
the usual way to get the product with opposite configuration
The asymmetric alkynylzinc addition to aldehydes can si- is to change the backbone itself of the chiral lig§Bid while
multaneously form a new-GC bond and a stereogenic center our group has reported that only adding Ti@) could lead
in one step, which has become the preferred way of syn-to the reversal of the product configuration in the system
thesizing the useful chiral propargylic alcohdl§. Thus, catalyzed by sulfamide-amine alcohol ligarjds]. To the
the development of various chiral ligands as catalysts for the best of our knowledge, there is no report on the reversal of the
enantioselective alkynylation has gained considerable signif- product configuration in the asymmetric alkynylzinc addition
icance during the past yedBy. We believe that a good cata- reaction. As part of further extending the application of our
lyst system should not only induce the asymmetric reaction in methodology, in this paper, we report our finding of another
high yields and excellent enantioselectivities, but afford the readily available chiral ligand for asymmetric alkynylzinc
products with either absolute configuration. However, obtain- addition to aldehydes and reversal of product configuration
ing the chiral sources with opposite absolute configuration by adding Ti(OPr), in the reaction$cheme L
becomes difficult, for many good chiral ligands derive from
natural chiral sources mostly existing in single enantiomer.
To solve this problem, seeking a new way of leading to the 2. Experimental
reversal of the stereochemistry in the asymmetric alkynylzinc
addition reaction shows necessary. All reactions were carried out under an argon atmo-
sphere condition and monitored by thin layer chromatogra-
phy (TLC). Column chromatography purifications were per-
* Corresponding authors. Tel.: +86 411 84379260; formed using silica gel. All solvents were drieq and Qegassed
fax: +86 411 84379260. by standard methods. All aldehydes, diethylzinc, dimethylz-
E-mail addressbswan@dicp.ac.cn (B. Wan). inc and phenylacetylene were commercially available. NMR
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Scheme 1. Evaluated ligands.

spectrawere measured in CR0h a Bruker DRX-400 NMR
spectrometer (400 MHz) with TMS as an internal reference.
Optical rotations were measured with a HORIBA SEPA-200

high sensitive polarimeter. Enantiomeric excess (ee) determi-

nation was carried out using HPLC with a Daicel Chiralcel
OD-H column on an Agilent HP-1100 HPLC instrument;
Solvent, 90:10 hexane/isopropanol; Flow rate 1 mLTin
219nm UV detection.

2.1. Synthesis of ligand)

Ligand 1 was synthesized according to literature proce-
dure[6] (Scheme P Characterization of ligantt 36% yield;
mp: 115-116C; [«]3 = —44 (c 0.31, CHG); *H NMR
(CDCl3) §0.81 (s, 1H), 1.23 (s, 3H), 1.49 (@= 3.6 Hz, 1H),
1.95 (d,J=4.8Hz, 1H), 2.05-2.12 (m, 1H), 2.96 (s, 1H),
3.41 (d,J=7.6Hz, 1H), 4.14 (s, 2H), 4.92-4.95 (m, 1H),
7.27-7.41 (m, 10H)!3C NMR (CDCh): § 14.72, 23.03,
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column chromatography on silica gel (petroleum ether/ethyl
acetate =12:1) to afford pure product. The enantiomeric ex-
cess was determined by HPLC analysis using a Chiralcel
column. The configuration was assigned by comparison with
the sign of specific rotation of the known compounds. The
racemic propargylic alcohols were obtained by addition of
PhC= CLi to aldehydeg7].

2.3. General procedures for the Ti-mediated asymmetric
alkynylation reactions

Under a dry argon atmosphere, to a solution of the chi-
ral ligand (10 mol%, 0.025 mmol) in dry toluene (2 mL) was
added Ti(OPr)4 (0.1 mmol) at room temperature. The stirred
mixture was then cooled to “@ for 5min, followed by
the addition of a 1.0 M solution of diethylzinc in hexane
(0.75mmol). The resulting solution was brought to rt and
stirred for 2h, and then phenylacetylene (0.75 mmol) was
added. The homogenous solution was stirred at rt for 1 h and
then aldehyde (0.25 mmol) was added via syringe. The result-
ing mixture was stirred at rt for 18—20 h. When the reaction
was complete, it was quenched by adding satsGH2 mL)
at 0°C. The aqueous phase was extracted with diethyl ether
(3 x 5mL). The combined organic phase was washed with lit-
tle brine, dried with anhydrous N80y, filtered and concen-
trated. The residue was purified by flash column chromatog-
raphy on silica gel (petroleum ether/ethyl acetate =12:1) to

29.73, 47.81, 61.96, 66.02, 81.67, 127.21, 127.51, 127.69,afford pure product.

127.92,128.22, 143.79, 146.45, 158.39.

2.2. General procedures for asymmetric alkynylation
reactions

Phenylacetylene (0.75mmol) was added into a 10 mL
two-neck round bottom flask containing 2mL dry diethyl

3. Results and discussion

L-Prolinol-derived sulfamide-amine alcohol® have
proved to be excellent catalysts for asymmetric addition of
diethylzinc to aldehydefs]. Unexpectedly, when ligands

ether at room temperature under dry argon atmosphere. Thevere employed as catalysts for asymmetric alkynylation re-

stirred mixture was then cooled tdG for 5min, followed

by the addition of a 1.0 M solution of diethylzinc in hex-
ane (0.75mmol). The resulting solution was brought to rt
and stirred for 2 h, and then ligand (0.025 mmol, 10 mol%)

action, modest results were obtaindalfle 1 entries 1-2).
Notably, the configurations of the propargylic products from
the system catalyzed by ligan@svere constantlsas deter-
mined by comparing with the literatuf&]. This showed that

was added. The homogenous solution was stirred at rt forthe absolute configurations of the addition products were de-

30min and then aldehyde (0.25 mmol) was added via sy-

ringe. The resulting mixture was stirred at rt for 18-20h.

pendent on the absolute configuration ofthgrolinol back-
bone. LigandL, another type of ligand with-prolinol back-

When the reaction was complete, it was quenched by addingbone, had also been used as catalyst for this reaction and

sat. NH,Cl (2 mL) at 0°C. The aqueous phase was extracted
with diethyl ether (3x 5mL). The combined organic phase
was washed with little brine, dried with anhydrous,IS&y,

induced §)-product with 16% ee (entry 3). After screening
the different solvents, we chose toluene as the optimal sol-
vent (entries 4-6). Increasing the loading of the ligand and

filtered and concentrated. The residue was purified by flashthe amount of phenylacetylene versus diethylzinc led to the
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Scheme 2. Synthesis of chiral ligahd
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Table 1
Alkyne addition to benzaldehyde usingprolinol-backbone ligands
0 Ligand H, OH
I T ’
i Et,Zn "N\
Ph
Entry Ligand (mol%) Solvent Yield (%98) ee (%Y
1 2a(10) Toluene 99 239
2 2b (10) Toluene 96 279
3 1(10) Toluene 99 169
4 1(10) Hexane 99 59
5 1(10) DCM 44 0
6 1(10) ELO 76 20
7 1(20) Toluene 99 259
gd 1(10) Toluene 99 199
od 1(30) Toluene 99 249
10 1 (40) Toluene 99 19
119-€ 1(22) Toluene 99 369
10f 1(22) Toluene 82 299
2 Phenylacetylene/EZn/aldehyde/ligand =2.4:2.2:1:0.1; toluene, rt,
20h.

b |solated yield.

¢ The ee values were determined by HPLC. The absolute configuration
was assigned by comparison to literature value.

4 Phenylacetylene/EZn/aldehyde/ligand = 3.0:3.0:1:0.1;
20h.

€ Temperature = 0C.

f Temperature =20°C.

toluene, rt,

60-
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Fig. 1. Relationship between the ratio of Ti@)u/ligand and the enan-
tiomeric excess.

configurations of products. Differently, ligaddnduced the
(R)-product and got enhanced result in Ti-mediated reactions
(entry 3). After investigating the solvent effect, toluene was
the best (entries 4-6). In addition, lower temperature gave
better result of 99% yield and 44% ee (entries 7-8).

From the above results, it can be seen that in the asymmet-
ric alkynylation reaction catalyzed by ligaridonly adding
Ti(O'Pr); can lead to the reversal of the absolute configu-
ration of the product. As the Lewis acidity of the complex
differs with the proportions of Ti(@r), to the ligand[9],
the influence of the proportions on the enantioselectivity of

rise of the enantioselectivity (entries 7-10). Low tempera- the alkynylation reaction was investigatétd. 1). In the ab-
ture afforded the best result of 99% yield and 36% ee (entry sence of Ti(®Pr), the configuration of the product we

11).

and increasing the amount of Ti{x) led to the drop of

Based on the consideration of the ligand feature, ligands the enantioselectivity, which made the configuration reverse

1-2 were used to Ti(@Pry-mediated asymmetric alkynyla-
tion reaction Table 2 entries 1-2). The results catalyzedby

finally. With the further increase of the ratio of Ti{r),
to the ligand, the enantioselectivities were almost constant.

showed reduced enantioselectivities and unchanged absolutgVe considered that the complex (ligand/TiE®)y = 1.82)

Table 2
Alkyne addition to benzaldehyde usimgprolinol-backbone ligands in the
presence of Ti({tPr),2
0 Ligand H, OH
M+ = — e
Ph” "H Et,Zn, Ti(O'Pr), \\
Ph
Entry Ligand (mol%) Solvent Yield (%) ee (%y
1 2a(10) Toluene 99 79
2 2b (10) Toluene 99 69
3 1(10) Toluene 99 37R)
4 1(10) Hexane 99 15R)
5 1(10) DCM 70 32R
6 1(10) ELO 89 27 R
7d 1(22) Toluene 99 44R)
8° 1(22) Toluene 96 43R)

a phenylacetylene/&EZn/aldehyde/Ti(®Pr)/ligand = 3.0:3.0:1:0.4:0.1;

rt, 20 h.
b |solated yield.

¢ The ee values were determined by HPLC. The absolute configuration

was assigned by comparison to literature value.

d Temperature =0C.
€ Temperature =20°C.

was acidic enough to catalyze the opposite stereocontrolled
reaction.

It is known that the presence of polyethers could lead
to a significant increase in enantioselectivity at many asym-
metric reactiong2c,10] In this paper, we employed DIM-
PEG M =2000) as the additive in this reaction. The results
showed that the additive was beneficial to the asymmetric
alkynylation reaction using liganti but unfavorable to the
same reaction in the presence of Tig®), (Table 3 entries
1-2). In the same system, k#n instead of EiZn gave
depressed enantioselectivities (entries 3—4). Subsequently,
o-methylbenzaldehyde and 1-naphthylaldehyde were em-
ployed to study the configuration-reversed alkynylation in
the presence of ligar@lunder the optimal conditions (entries
5-8). The best results of 56% ee and 61% ee were obtained,
respectively (entries 7-8).

Mechanistically, although the actual active species are un-
clear, the possible binding models of the two catalyst systems
shown inFig. 2were suggested. In the absence of TRy,
the sulfamide—amine alcohol ligand bound with Znin a biden-
tate fashion (moded). Differently, in the Ti(OPry-mediated
reaction, the carbonyl oxygen of the ligadgossibly served
as a weak coordination site in the cycle and the ligand
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Entry Ti(OPry® R DIMPEG® R Yield ee (%F References

(%)°
1 - Et + Ph 99 469 [1] (@) PJ. Stang, F. Diederich (Eds.), Modern Acetylene Chemistry,
2 + Et + Ph 99 40R) VCH, Weinheim, 1995;
3 - Me + Ph 61 249 (b) J.A. Marshall, X.J. Wang, J. Org. Chem. 57 (1992) 1242;
4 + Me - Ph 69 37R) (c) M.E. Fox, C. Li Jr., J.P. Marino, L.E. Overman, J. Am. Chem.
5 - Et + o-Me-Ph 80 529 Soc. 121 (1999) 5467;
6 + Et - 0-Me-Ph 84 52R) (d) A.G. Myers, B. Zheng, J. Am. Chem. Soc. 118 (1996) 4492;
7 - Et + 1-Naphthyl ~ 80 569 (e) B.M. Trost, M.J. Krische, J. Am. Chem. Soc. 121 (1999) 6131;
8 + Et - 1-Naphthyl 99 61R) () W.R. Roush, R.J. Sciotti, J. Am. Chem. Soc. 116 (1994) 6457.

a Phenylacetylend,Zn/aldehyde/ligand = 3.0:3.0:1:0.22; toluen&;@ [2] For a recent review, see L. Pu, Tetrahedron 59 (2003) 9873; and re-
20h. cent reports about the asymmetric alkyne addition to benzaldehydes;
b oayn stands for “adding”; “” gtands for “not adding”; (a) Z. XU, R. Wang, J. XU, C. Da, W. Yan, C. Chen, AngeW. Chem.,

ligand/Ti(OPr); = 1.82. Int. Ed. 42 (2003) 5747;
¢ DIMPEG (2.5 mol%). (b) Z. Xu, C. Chen, J. Xu, M. Miao, W. Yan, R. Wang, Org. Lett.
d Isolated yields. 6 (2004) 1193;
€ The ee values were determined by HPLC. The absolute configuration (c) S. Dahmen, Org. Lett. 6 (2004) 2113;

was assigned by comparison to literature value. (d) Z.-B. Li, L. Pu, Org. Lett. 6 (2004) 1065;

(e) Y. Zhou, R. Wang, Z. Xu, W. Yan, Y. Gao, C. Da, Tetrahedron:
Asymmetry 15 (2004) 589;

Ph
Ph mph (f) M. Li, X.-Z. Zhu, K. Yuan, B.-X. Cao, X.-L. Hou, Tetrahedron:
O‘QPh Asymmetry 15 (2004) 219;

/N,,,U, /O O—C’TI’I’:(\Ti/ (g) S. Degni, C.-E. Wan, R. Leino, Tetrahedron: Asymmetry 15
Etooc N e o (2004) 231;
(h) Y.-F. Kang, L. Liu, R. Wang, W.-J. Yan, Y.-F. Zhou, Tetrahedron:
A) (B) Asymmetry 15 (2004) 3155;
(i) L. Liu, L. Pu, Tetrahedron 60 (2004) 7427.
[3] (@) K. Kimura, E. Sugiyama, T. Ishizuka, T. Kunieda, Tetrahedron

Lett. 33 (1992) 3147;
bound with Ti in a tridentate fashion (mod®&). The reversal (b) A.J.A. Cobb, C.M. Marson, Tetrahedron: Asymmetry 12 (2001)

. Lo 1547;

of th_e enant|osel_ect|V|t|es of the productshogld k_)e probably (© MP. Shi, JX. Chen. G.R. Cook, Tetrahedron Lett. 40 (1999)
ascribed to the difference between the coordination forms of 3301
the two catalyst systems. (d) B. Goldfuss, M. Steigelmann, F. Rominger, Eur. J. Org. Chem.
9 (2000) 1785;
(e) H. Huang, H. Chen, X. Hu, C. Bai, Z. Zheng, Tetrahedron:
Asymmetry 14 (2003) 297;
(f) H. Huang, Z. Zheng, H. Chen, C. Bai, J. Wang, Tetrahedron:
. . . . Asymmetry 14 (2003) 1285.

In conclusion, we have successfully applied chiral ligands 4] 5. Mao, B. Wan, z. Zhang, R. Wang, F. Wu, S. Lu, J. Mol. Catal.
1-2 with L-prolinol backbone to the enantioselective pheny- A: Chem. 225 (2005) 33.
lacetylene addition to aldehydes, providing chiral propargylic [5] J. Mao, B. Wan, R. Wang, F. Wu, S. Lu, J. Org. Chem. 69 (2004)

Icohols in high yields and moderate enantioselectivities. _ 9123
?)ﬁ(ljy t?]g Iigam?l inycf)r?]Sbiiagon \(I)vcljti '?it(edl:e’r)?a:‘fc())sr(?eedc'thet es [6] J.V.B. Kanth, M. Periasamy, Tetrahedron 49 (1993) 5127.
) . . TR [7] G. Gao, D. Moore, R.-G. Xie, L. Pu, Org. Lett. 4 (2002) 4143.
products with opposite absolute configuration in significant (g} g.J. corey, K.A. Cimprich, J. Am. Chem. Soc. 116 (1994) 3151.
enantiomeric excesses and high yields. The ratio of "H(}p [9] (a) J. Balsells, T.J. Davis, P. Carroll, P. Walsh, J. Am. Chem. Soc.
to the ligand had great influence on the enantiomeric excess 124 (2002) 10336;

f th r This provi imple w r re enan- (b) Y. Zhou, R. Wang, Z. Xu, W. Yan, L. Liu, Y. Kang, Z. Han,
of the product s provides a simple way to prepare enal Org. Lett, 6 (2004) 4147,

t|om_er_|c produgts in the_z asymmetric alkynylation reaction [10] (a) C. Bolm, J. Rudolph, J. Am. Chem. Soc. 124 (2002) 14850:
and it is potentially applicable to other stereocontrolled cat- (b) J. Rudolph, N. Hermanns, C. Bolm, J. Org. Chem. 69 (2004)

alytic processes. 3997.

Fig. 2. Possible binding modes of metal (Zn or Ti) to the ligdnd

4. Conclusion
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