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A KO'Bu-promoted three-component coupling reaction of

aldehydes and alkynes without a transition-metal catalyst was

developed in which the sequential addition/isomerization/

addition processes take place in one pot. This reaction could

be developed into a straightforward and effective method
for rapid access to stereodefindg)-{1-en-4-yn-3-ol and4)-
2-en-4-yn-1-ol compounds.

Multifunctional molecules with double and triple bonds and
hydroxyl, such as 1-en-4-yn-3-ols (Schemé" Aye important
key building blocks for diversity-oriented organic synthesis, and

Note

SCHEME 1. Some Reactivity Patterns of 1-En-4-yn-3-ols
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(PPh)s; and Pd(dba)) are essential for those procedufeko

our knowledge, the direct three-component coupling of one
aldehyde with two alkynes without transition-metal catalysts
has not been reported. In connection with our research on the
tandem reaction$,recently we found that the K®u/THF
system could promote a three-component coupling of aldehydes
and alkynes (Scheme 2), where the sequential addition/isomer-
ization/addition processes were involved just in one pot. This
strategy offered a very straightforward and efficient (rapid,
economical, and high yield) method for accessEp-1-en-4-
yn-3-ol compounds. It is also valuable that another kind of useful
compound in organic synthesi){2-en-4-yn-1-of, could be
produced by directly quenching the reaction mixture with
excessive acid. Herein, we present our results.

During studies on the preparation of structurally diverse
propargyl alcohol§,we found that the coupling of 4-methoxy-
benzaldehyde with 2 equiv of phenylacetylene in the presence
of KO'Bu could not furnish the desired product. Unexpectedly,
a multifunctional compound, thé&j-3-(4-methoxyphenyl)-1,5-
diphenylpent-1-en-4-yn-3-ol, was isolated in 65% yield. This
interesting result encouraged us to make a detailed investigation.
Therefore, we examined various bases (KOH, CsSOHNB
BnN(CHs)sOH, NaOMe, KCBu, and PBP) and solvents (DMF,
DMSO, CHCI,, EtO, THF, toluene, and benzene). Among
these tested conditions, only K& could promote this reaction

therefore, the efficient synthesis of these compounds hasin CH,Cl,, Et,O, THF, toluene, or benzene as solvent. Under
attracted the interest of synthetic organic chemists. As reportedgeneral and optimized conditions (aldehyde, alkyne, ané KO
previouslya-ch2however, the assembly of these groups from Bu in the mole ratios of 1:2.1:1.8 in THF, rt, quenched with
alkynes and aldehydes normally requires separate multistepH,0),” a series of aldehydes and alkynes were tested toward
processes, including initial preparation of propargyl alcohol, this tandem coupling reaction. As indicated in Table 1, various
which is subsequently isomerized to the unsaturated ketone, andaromatic aldehydes and alkynes were effective for this coupling
further addition of the resultant ketone with the alkyne. In reaction, and the desired products could be obtained in good to
particular, some expensive transition-metal catalysts (e.g., RhCl-

(2) (@) Suzuki, K.; Ohkuma, T.; Miyazawa, M.; Tsuchihashi, G.

(1) (a) Jacobi, P. A.; Selnick, H. G. Org. Chem199Q 55, 202-209.
(b) Jacobi, P. A.; Touchette, K. M.; Selnick, H. &.0rg. Chem1992 57,
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63, 5283-5287. (d) Marson, C. M.; Harper, S. Org. Chem1998 63,
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S.Org. Lett.2003 5, 51-54. (g) Ma, S.; Wu, B.; Zhao, ®rg. Lett.2003
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10.1021/jo0604078 CCC: $33.50 © 2006 American Chemical Society
Published on Web 04/29/2006

Tetrahedron Lett1986 27, 373-376. (b) Barbee, T. R.; Albizati, K. .
Org. Chem1991, 56, 6764-6773. (c) Yu, S.; Li, N.-S.; Kabalka, G. W.
Org. Chem.1999 64, 5822-5825. (d) Ohmori, K.; Suzuki, T.; Taya, K.;
Tanabe, D.; Ohta, T.; Suzuki, IQrg. Lett.2001, 3, 10571060. (e) Ohmori,
K.; Hachisu, Y.; Suzuki, T.; Suzuki, Kletrahedron Lett2002 43, 1031~
1034.

(3) (@) Ma, D.; Lu, X.J. Chem. Soc., Chem. Commaf89 890-891.
(b) Lu, X.; Ji, J.; Guo, C. Shen, W. Organomet. Cheni.992 428 259—
266. (c) Trost, B. M.; Livingston, R. Cl. Am. Chem. So&995 117, 9586~
9587. (d) S&ah, M. K. E.; Pellicciari, RTetrahedron Lett1995 36, 4497
4500. (e) Mtier, T. J.; Ansorge, M.; Aktah, DAngew. Chem200Q 112,
1323-1326; Angew. Chem., Int. E200Q 39, 1253-1256.

J. Org. Chem20086 71, 4343-4345 4343



JOCNote

SCHEME 2. KO'Bu-Promoted Three-Component Coupling Reaction of Aldehydes and Alkynes
HO R?
R\ R 1) KO'Bu, THF, rt RI—== + R2-CHO + R—— 1) KO'Bu, THF, rt = 1
/ 2)H,0 = — 2)H yavan
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TABLE 1. Preparation of (E)-1-En-4-yn-3-ol 1 by

typical reaction conditions. When both aromatic and alphatic
KO'Bu-Promoted Three-Component Coupling Reactio

alkynes were used, it was found that 1 equiv of phenylacetylene

HO was first consumed in this reaction system, which was followed

Rl—= + R2-CHO + R%_— 1) KO'Bu, THF, rt R \ R by the subsequent addition of 1 equiv of aliphatic 1-heptyne,
2) H0 V4 and interestingly, the cross-addition prodiittould be isolated

R® 1 despite of a lower yield of 30% (entry 28Based on this fact,
_ _ some structurally diverse 1-en-4-yn-3-ol compounds with one
- time V'S'db single stereoisomer were readily synthesized in good yields of
entry R RR product  (min) (%) 85—-91% by stepwise addition of two different arynes! (R
1 PhPhPh la 2 90 R3) (entries 21-26). These experimental results above suggested
g EE: i:'\N"FCGFS‘;bZEA’ Ph 12 i g? the presence o_f a pos_sible allene intermediate with two aromatic
4 Ph, 2-OMeGH,, Ph 1d 2 94 rings (as mentioned in Scheme 4).
5 Ph, 3-OMeGHa, Ph le 2 95 Interestingly, when the obtained reaction mixture was quenched
6 Ph, 4-OMeGHa4, Ph 1f 2 90 with 10% H,SO, aqueous solution to acidity, as tabulated in
; ﬁﬂ* §E2:4 EE ig g g% Table 2, the stereodefinedz)¢2-en-4-yn-1-ol 2 could be
9  Ph 4_F@H: Ph 1 > o1 efficiently generated through a rearrangement of allylic alcohol
10 Ph, 4-CECsHa, Ph 1j 2 93 moiety in 1.° The same result (entry 6) could also be obtained
11 Ph, 1-naphthyl, Ph 1k 2 90 by treatment of the purified with excessive KBS0, (10% in
12 Ph, 2-pyridyl, Ph 1l 2 81 water) at room temperature. These experimental results have
1131 ﬁﬂ: Z:%:gz:: gﬂ inm g gg largely expanded the application scope of this reaction in organic
15 Ph, 2-furyl, Ph 10 2 85 synthesis, as th&-form’s 2-en-4-yn-1-ol units could be used
16 2-CRCgHa, 4-OMeGsHa, 1p 1 85 to construct some important building blockbyt their prepara-
2-CRCeHy tions required multistep transformations or transition-metal-
i; 4Rfi:Fé|’-|R3 :(;‘Mz'éeHQ';'ﬁFQH i? i 98)8 mediated cross-coupling reactiors:
19 Ph, l-cyclohexenyl Ph 1s 1 80 To propose a possible reaction mechanism, we carried out
20 Ph, 4-OMe@Hg, "amyl 1t 20 30 the deuterium-labeling studies (Scheme 3). The reaction with
21 Ph, 4-OMe@H4, 4-OMeGH, lu 5 89 deuterated benzaldehyde revealed that the deuterium was
gg 4P_hF’ éﬁoﬁégﬁéégggﬁ ﬂv g 3(1) exclusively transferred to the-position of the hydroxyl in the
24 Rl — 4_“F’C6H4, - Ix 5 88 product3. Performing the reaction with deuterated phenylacety-
R2 = R3 = 4-OMeGHa lene led to 55% incorporation of deuterium/positin of 4.
25 Rl = R2 = 4-OMeGHy, 1y 5 86 In all labeling reaction mixtures discussed above, no other
R® = 4-FGH, deuterated products were isolated.
26 R, R2=4-OMeGH4, RB=Ph 1z 5 85

aAll reactions were quenched with,B; for detailed experimental

operation see the Supporting Informatiénisolated yields.

These results implicated a possible mechanism as shown in
Scheme 4. First, the addition of alkynyl potassium with the
aldehyde RCH'O afforded the intermediaf& which underwent
a proton exchange to form intermedi&ételhrough a 1,3-hydride

excellent yields (entries-118). Notably, this tandem reaction

usu.ally proceeded qwckly at room temperature in most cases. (5) (a) Gabriele, B.. Salemo, G.: Lauria, & Org. Chem.1999 64,
An important feature of this procedure was the stereocontrolled 7687-7692 and references therein. (b)gte D.: Zalupsky, P.: KovA, J.
generation of theH)-alkene moiety in product, which was Synth. Commurl99Q 20, 1113-1123. (c) Marshall, J. A.; Dubay, W. J.

i ; . Org. Chem1993 58, 3435-3443. (d) Marshall, J. A.; Dubay, W. J.
assigned by the spectroscopic data. To expand the scope o rg. Chem. 1993 58 3602-3603. (e) Marshall, J. A Bennett. C. &.
substrates, an unsaturated cyclohex-1-enecarbaldehyde (entrbrg_ Chem.1994 59, 6110-6113. (f) Marshall, J. A.: Dubay, W. I.

19) was further examined, and satisfyingly the final prodisct ~ Org. Chem 1994 59, 1703-1708. (g) Seiller, B.; Bruneau, C.; Dixneuf,
was afforded in a good yield of 80%. When an aliphatic P-H. J.Chem. Soc., Chem. Commui$94 493-494. (h) Kictkbay, H.;

etinkaya, B.; Guesmi, S.; Dixneuf, P. lrganometallicsl996 15, 2434~
aldehyde such as butyraldehyde was used, however, the expecteslyzqg (i) Cetinkaya, B.. @demir, I.. Bruneau, C.; Dixneuf, P. H. Mol.

product could not be observed. Analogously, no product with cCatal. 1997 118 L1-L4. (j) Hashmi, A. S. K.; Schwarz, L.; Choi, J.; Frost,
the 1-en-4-yn-3-ol structure could be obtained by employing I-lgf'-zgg‘-gf‘é"égshe&;zfm \1(1232382_,:23805;Angﬁw'o(:he(r:nh' Inté()Eo%Ogg
; ; 1 3 1. . iu, Y.; Song, F.; Cong, L1. Org. Chem ,

an excess of aliphatic alkyne (e.g} R R3= 1-heptyne) under 6999-7002. (1) Liu. Y. Song, F.. Sohg. Z.: Liu, M. Yan. BOrg. Lett
2005 7,5409-5412. For a recent review, see: (I) Brown, R. CAhgew.
Chem.2005 117, 872—-874; Angew. Chem., Int. E®2005 44, 850-852.
(m) Seiller, B.; Bruneau, C.; Dixneuf, P. Aletrahedrorl 995 51, 13089
13102.

(6) According to the literature: Babler, J. H.; Liptak, V. P.; PhanJN.
Org. Chem 1996 61, 416-417.

(7) For details, see the Supporting Information.

(8) Other components were very complex and not isolated.

(9) TheZ isomer was always the most thermodynamically stable product;s
see: (a) Oroshnir, WI. Am. Chem. So&956 78, 2651-2652. (b) Santelli,
M.; Bertrand, M.Bull. Soc. Chim. Fr1973 2331-2335.

(4) (@) Tu, Y. Q.; Sun, L. D.; Wang, P. 4. Org. Chem1999 64, 629—
633. (b) Fan, C.-A.; Wang, B.-M.; Tu, Y.-Q.; Song, Z.-Angew. Chem.
2001 113 3995-3998;Angew. Chem., Int. EQ001, 40, 3877-3880. (c)
Li, D. R.; Xia, W. J.; Tu, Y. Q.; Zhang, F. M.; Shi, LChem. Commun.
2003 798-799. (d) Fan, C.-A.; Hu, X.-D.; Tu, Y.-Q.; Wang, B.-M.; Song,
Z.-L. Chem. Eur. J2003 9, 4301-4310. (e) Li, X.; Wu, B.; Zhao, X. Z,;
Jia, Y. X.; Tu, Y. Q.; Li, D. R.Synlett2003 623-626. (f) Shi, L.; Tu,
Y.-Q.; Wang, M.; Zhang, F.-M.; Fan, C.-AOrg. Lett. 2004 6, 1001~
1003. (g) Hu, X.-D.; Fan, C.-A.; Zhang, F.-M.; Tu, Y. @ngew. Chem.
2004 116, 1734-1737;Angew. Chem., Int. EQ®004 43, 1702-1705.
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TABLE 2. Preparation of (Z)-2-En-4-yn-1-ol 2 through
Acid-Promoted Rearrangement of ®

R2
__ 1)KO'Bu, THF, rt =
1= +R2- 3_— 1
RIZ==*R%-CHO + R—= - 0% 1,50, (2.2 squiv) mR
R® 2
time  vyield®
entry R, R%, R3 product  (min) (%)
1 4-FGHg, 4-MeGsHy, 4-FGH,  2a 2 91
2 Ph, 4-FGH4, Ph 2b 2 86
3 Ph, 4-OMeGH,4, Ph 2c 2 89
4 Ph, Ph, Ph 2d 10 91
5 Ph, 2-OMeGH4, Ph 2e 2 90
6 Ph, 4-OMeGH4,"penyl 2fc 1 90

aFor detailed experimental operation, see the Supporting Information.
b Isolated yields® Obtained by a treatment of the purifi@twith excessive
H2SOy (10% in water).

SCHEME 3. Deuterium-Labeling Studies
HO
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SCHEME 4. Plausible Reaction Mechanism
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shift process 06, the thermodynamically more favored allene
7 was then generatéd After thetrans-configured enon& was
furnished through an alleneknone tautomerism, the nucleo-
philic attack of an additional equivalent of in situ formed alkynyl
potassium to8 further gave the potassium salt df Finally,
following the different quenching procedures with®or H™O,
the final productl or 2 could be obtained, respectively.

(10) For the related reaction mechanisms studies, see: (a) Tzalis, D.;
Knochel, PAngew. Chenl999 111, 1547-1549;Angew. Chem., Int. Ed.
1999 38, 1463-1465. (b) Ishikawa, T.; Mizuta, T.; Hagiwara, K.; Aikawa,

T.; Kudo, T.; Saito, SJ. Org. Chem2003 68, 3702-3705. (c) Sun, M.;
Shi, Q.; Huang, G.; Liang, Y.; Ma, YSynthesi®005 2482-2486.
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In summary, we have successfully developed a novet KO
Bu-promoted three-component coupling reaction of aldehydes
and alkynes without a transition-metal catalyst. This tandem
protocol surely represents an extremely concise, practical, and
economical synthesis oEf-1-en-4-yn-3-ols and4)-2-en-4-yn-
1-ols, which are of versatile utilities in organic synthesis. Based
on the important results, the synthetic applications and the
further mechanism study for this reaction are currently under
active investigation.

Experimental Section

Typical Procedure 1 for Preparation of Products la-s.
Aldehyde (0.25 mmol) was added to the mixture of alkyene (0.525
mmol) and KOBu (0.45 mmol) in freshly distilled solvent at rt
under argon atmosphere. After the reaction was stirred for the time
indicated, it was cooled to 0C, H,O was added to the resulting
mixture, and the organic layer was separated followed by extraction
of the aqueous layer with E2. The combined organic extracts were
washed with HO and brine and dried over anhydrous,8i@,. After
removal of the solvent, the residue was purified by the column
chromatography on silica gel (petroleum/ethyl acetat#6/1) to
furnish the expected product.

Typical Procedure 2 for Preparation of Products 1t-z.
Aldehyde (0.25 mmol) and the second alkyne (0.25 mmol) were
successively added to the mixture of the first alkyene (0.25 mmaol)
and KOBu (0.45 mmol) in freshly distilled solvent at rt under argon
atmosphere. After the reaction was stirred for the time indicated, it
was cooled to 0C, H,O was added to the resulting mixture, and
the organic layer was separated followed by the extraction of the
aqueous layer with ED. The combined organic extracts were
washed with HO and brine and dried over anhydrous,8i@,. After
removal of the solvent, the residue was purified by column
chromatography on silica gel (petroleum/ethyl acetafiés/1) to
furnish the expected product.

Typical Procedure 3 for Preparation of Products 2a-f.
Aldehyde (0.25 mmol) was added to the mixture of alkyene (0.525
mmol) and KOBu (0.45 mmol) in freshly distilled solvent at rt
under argon atmosphere. After the reaction was stirred for the time
indicated, it was cooled to T@C and neutralized with 80, (10%
in water) to acidity. After the product with thE double bond
disappeared by TLC, the organic layer was separated followed by
the extraction of the aqueous layer with®&t The combined organic
extracts were washed with a saturated solution of Nakl&au
brine and dried over anhydrous }&D,. After removal of the
solvent, the residue was purified by the column chromatography
on silica gel (petroleum/ethyl acetatel 6/1) to furnish the expected
product.
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