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A new halopropargylation of alkynes promoted by boron trihalides has been developed. Reactions of ( 2)-2-halo-1-vinylboron dihalides (generated
in situ via reaction of alkynes with boron trihalides) with lithium propargyloxides in CH ,Cl, at room temperature produce the corresponding

(2)-1-halo-1,4-enynes in modest to good yields.

The regio- and stereoselective formation of new carbon these reactions require the use of expensive, and somewhat
carbon bonds is of fundamental importance in organic difficult to prepare, transition-metal catalysts.

synthesis. Development of new coupling reactions that allow Boron halides are very useful Lewis addsd have been
stereocontrolled assembly of enynes is especially significant.widely used in the dealkylation of etherthe halogenation
Propargylation reactions provide important methods for of alcohols and aryl aldehydé8the reduction of carbonyl
construction of new alkynyl building blocks and have found compounds? and the catalyzation of Friedel—Crafts reac-
widespread application in the creation of complex molecular tions and aldol condensatiéd!=* In recent years, the
frameworks' The use of transition metals has increased the haloboration of carbon—carbon triple bonds has also been a
utility of these reactions enormously. Propargylation reactions fruitful area of researct. A wide variety of haloboranes have
usually involve the formation of transition-metal-stabilized

propargyl cationd¢ Recent reports outline carbon—carbon ~_ (3) Nishibayashi, Y.; Wakii, I.; Ishii, Y.; Uemura, S.; Hidai, M. Am.
bond-forming reactions between propargyl alcohols and e S02001,123, 3393,
ond-forming reactions between propargyl alcohols a (4) (a) Zhao, W.; Carreira, E. MDrg. Lett.2003,5, 4153. (b) Sherry,

alkeneg, ketones’ alcohols? and allylsilanes$. However, B. D.; Radosevich, A. T.; Toste, F. D. Am Chem. So€003,125, 6076.
(5) Luzung, M. R.; Toste, F. DJ. Am. Chem. SoQ003,125, 15760.
* To whom correspondence should be addressed. (6) Ishihara, K. InLewis Acids in Organic Synthesi¥amamoto, H.,
(1) (a) Tsuji, JAngew. Chem., Int. Ed. Endl995 34, 2589. (b) Negishi, Ed.; Wiley-VCH: Weinheim, 2000; p 89.
E. I. In Metal Catalyzed Cross-coupling Reactighisng, P., Diederich, (7) (a) Bhatta, M. V.; Kulkarni, SSynthesisl983, 249. (b) Narayana,
F., Eds.; VCH: Weinheim, 1998; pp-#7. (c) Muller, T. J.Eur. J. Org. C.; Padmanabhan, S.; Kabalka, G. Wetrahedron Lett1990,31, 6977.
Chem.2001, 2021. (d) Nicholas, K. MAcc. Chem. Red.987,20, 207. (e) (8) (a) Amrollah-Madjdabadi, A.; Pham, T. N.; Ashby, E. 8ynthesis
Diver, S. T.; Giessert, A..XChem. Re. 2004,104, 1317. 1989 614. (b) Pelletier, J. D.; Poirier, Oetrahedron Lett1994 35, 1051.
(2) (a) Matsuda, I.; Komon, K. I.; Itoh, KI. Am. Chem. So@002, 124, (c) Brooks, P. R.; Wirtz, M. C.; Vetelino, M. G.; Rescek, D. M.; Woodworth,
9702. (b) Ma, S.; Wang, GAngew.Chem., Int. Ed2003, 42,4215. (c) G. F.; Morgan, B. P.; Coe, J. W. Org. Chem1999,64, 9719.
Nishibayashi, Y.; Inada, Y. Hidai, Ml. Am Chem. So@003,125, 6060. (9) (a) Lansinger, J. M.; Ronald, R. Gynth. CommuriL979,9, 341.
(d) Kennedy-Smith, J. J.; Young, L. A.; Toste, F. Org. Lett.2004,6, (b) Kabalka, G. W.; Wu, ZTetrahedron Lett2000,41, 579. (c) Kabalka,
1325. G. W.; Wu, Z.; Ju, Y.Tetrahedron Lett2000,41, 5161
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been found to react with terminal alkynes to produzg ( been synthesized via carbosilylation of alkynes catalyzed by
2-halo-1-alkenylboranes. The reaction occurs in a stereo-,EtAICI».2° To our knowledge, the direct halopropargylation
regio-, and chemoselective fashion and has been used tmf alkynes using propargyl alcohols mediated by boron
synthesize numerous vinyl halides, alkadienes, alkynes, andhalides has not been reported. Moreover, 1-halo-1,4-enynes
a variety of olefinic product$> More recently, we reported  are valuable synthetic intermediates because of the multitude
a unique coupling reaction between alkynes and aldehydesof functional groups they contain that can be subjected to
mediated by boron trihalides that stereo- and regioselectivelyfurther synthetic manipulations, such as coupling reactions.
generates a series &,¢)-1,5-dibromo-1,4-pentadienes and Significantly, the reaction predominantly producey-1-
(Z,E)-1,5-dichloro-1,4-pentadiene derivatives (Schené 1). halo-1,4-enynes.

The reaction was initially carried out by introducing 1

] equiv of the lithium salt of 1-(4-chlorophenyl)-3-phenylprop-

2-yn-1-ol (generated in situ by addimgbutyllithium to the

Scheme 1
o < A X propargylic alcohol) to boron trichloride (1:1 ratio) followed
, o BX3 e . .
Ar)LHJ, 2 A ——=Hep o AFVWN by the addition of 1 equiv of phenylacetylene in methylene

X =Cl. Br chloride at room temperature. After being stirred at room
temperature for 2 h, the reaction mixture was hydrolyzed.
Surprisingly, a modest yield o#)-1-chloro-4-(3-chloro-3-
The reaction is believed to proceed through a (2-halovinyl)- Phenylethynylallylbenzenesg) was obtained along with a
(allyloxy)boron halide intermediaté.We reasoned thatifa  Small amount of £)-1-chloro-4-(3-chloro-3-phenylethynyl-
(2-halovinyl)(propargyloxide)boron halide intermediate could allyl)benzene. However, the chlorination of 1,3-diphenyl-
be formed, it would lead to formation of the 1-halogenated Prop-2-yn-1-ol by boron trichloride to form the corresponding
1,4-enyne product. Therefore, we investigated the reactionPropargylic chloride also occurred. To improve the yield of
of propargy! alcohols with alkynes in the presence of boron this novel coupling reaction, an alternative reaction procedure
trihalides. The reaction stereo- and regioselectively generatesvas developed (Scheme 2). First, 1 equiv of phenylacetylene

(2)-1-halo-1,4-enyne products in modest to good yields Was treated with boron trichloride at room temperature to
(Scheme 2). form (2)-(2-chloro-2-phenyl-1-vinyl)dichloroborane at room

temperature. Then 1 equiv of lithium 1-(4-chlorophenyl)-3-

_ phenylpropynoxide (generated by reaction of the correspond-

ing alcohol withn-butyllithium in CHCI,) was introduced

Scheme 2 to the (4-(2-chloro-2-phenyl-1-vinyl)dichloroborane at room
R 2 Rl x temperature.4)-1-Chloro-4-(3-chloro-3-phenylethynylallyl)-
o CHCly, 1t R/OL' P benzene (3a) was isolated in excellent yield.
Ar T H +BX " Z 3 Ar A series of propargylic alcohols were subjected to the

reaction sequence. Modest to good yields of the correspond-
ing 1-chloro-1,4-enyne products were obtained (Table 1).
Subsequently, the reaction was extended to include boron
tribromide since the bromide derivatives are generally more

1,4-Enynes are usually prepared via stoichiometric reac- reactive intermediates in organic synthesis. The reactions
tions of allyl halides with alkyne metal salts or metal- USing boron tribromide gave modest to good yieldsZ)t (
catalyzed cross-coupling reactions of allyl halides with 1-Promo-1,4-enyne products (Table 1). All compounds were

alkynes or alkynylborate§:2° Silylated 1,4-enynes have characterized by elemental analysis and NMR spectroscopy.
The NMR data revealed that tHel chemical shifts of the

(10) (a) Brown, H. C.; Ramachandran, P.Atc. Chem. Red.992,25, vinyl (ca. 6.30 ppm) and methine (ca. 5.30 ppm) protons in

éﬁ- éb) Slirll(ghéVT- KNS.VQtTeSiﬂfg\%/ 6§_5- (©) Be?Brdtsliy,dD. AL Ftitiggzi G.  (2)-1-halo-1,4-enynes are very close to those reported for
., Goralski, C. T.; Nicholson, L. W.; Singaram, betranearon Le; . .
35, 1511. (d) Barret, A. G. M.; Seefeld, M. Al. Chem. Soc., Chem. (Z2,2)-1,5-dihalo-1,4-pentadiene compouritin some cases,

Commun.1994,9, 1053. o the NMR spectra revealed the presence of small quantities
yolkh) Olah, G A\Friedel Crafts and Related Reactianiéfiley: New  of (E)-1-halo-1,4-enynes in which thel chemical shifts of
(12) (a) Shi, M.; Jiang, J. K.; Cai, S. C.; Feng, Y. 5.Chem. Soc.,  the vinyl (ca. 6.00 ppm) and methine (ca. 4.80 ppm) protons
i’gg‘g”ﬂ;ﬁr}% 6122001' 380. (b) Mayr, H.; Gorath, G.. Am. Chem. Soc.  gre shifted upfield compared to those in the corresponding
(13) Kabalka, G. W.: Tejedor, D.; Li, N.-S.; Malladi, R. R.; Trotman, S.  (£)-iSOmers. Similar trends haye been observed.in the NMR
J. Org. Chem1998,63, 6438. data of (Z,E)-1,5-dihalo-1,4-diene compounds in previous
(14) (a) Ganesan, K.; Brown, H. Q. Org. Chem1993,58, 7162. (b) reportsté
Brown, H. C.; Zou, M. F.; Ramachandran, P. Vetrahedron1999, 57, P :
7875. (c) Brown, H. C.; Dhar, R. K.; Ganesan, K.; Singaram,JBOrg.
Chem.1992, 57, 499. (d) Brown, H. C.; Dhar, R. K.; Bakshi, R. K (17) (a) Cui, D. M.; Hashimoto, N.; lkeda, S.; Sato, ¥.Org. Chem.
Pandiarajan, P. K.; Singaram, B. Am. Chem. So2989,111, 3431. (e) 1995,60, 5752. (b) Jeffery, TTetrahedron Lett1989,30, 2225.
Galobards, M.; Gascon, M.; Mena, M.; Romea, P.; Urpi, F.; Vilarrasa, J. (18) (a) Calo, V.; Lopez, L.; Marchese, G.; PesceT&trahedron Lett.
Org. Lett. 2000, 2, 2599. (f) Ward, D. E.; Lu, W. LJ. Am. Chem. Soc. 1979,20, 3873. (b) Catellan, M.; Chiusoli, G. P.; Salerno, G.; Dallatomasina,
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1998,120, 1098. F. J. Organomet. Chenl987,146, C19.
(15) (a) Suzuki, APure Appl. Chem1986 58, 629. (b) Suzuki, ARev. (19) Chen, H.; Deng, M. ZJ. Organomet. Chen2000,603, 189.
Hetero Chem1997,17, 271. (c) Suzuki, AOrganomet. New4995, 77. (20) Yoshikawa, E.; Kasahara, M.; Asao, N.; Yamomoto¥trahedron
(16) Kabalka, G. W.; Wu, Z.; Ju, YOrg. Lett.2002,4, 1491. Lett. 2000,41, 4499.
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Table 1. Stereo- and Regioselective Synthesis of Substituted Scheme 4

(2)-1-Halo-1,4-enynes Ph
time yielda—c BBr Ph/\ou Ph Ph
entry  Ar R RI X (h) product Z/E (% Ph—==—CHjs 3 =
y (h) p (%) CH,Cly, 1 = Br
1 Ph Ph 4CIPh ClI 2 3a 982 90 Ph CHs
2 Ph Ph  4BrPh ClI 2 3b 9/4 86
30, 61%

3 Ph Ph  3BrPh ClI 1 3c 991 82

4 Ph Ph  2-MePh CI 1 3d 991 66

5 Ph Ph  4-NO,Ph CI 6 3e 991 52 . . .

6 Ph n-Bu Ph 2 a4 3f 9713 60 Although a detailed study of the reaction mechanism has

7 4MePh Ph  4CIPh Cl 2 39 982 85 not been undertaker), the reaction presumably proceeds

8 Ph Ph  Ph Br 2 3h  99/1 68 through the haloboration of the alkyne to formz-@-halo-

9 Ph Ph  4FPh Br 4 3i 991 85 1-vinylboron dihalide 4), which then reacts with lithium
10 Ph Ph  4ClPh  Br 2 3j 982 72 propargyloxide to generate a (halovinyl)(propargyloxy)-
11 Ph Ph  4-MePh Br 1 3k 982 65 boronhalide (5) intermediate. Migration of the halovinyl
E E: PhB ;’]\"eph gr i 2' ggg 2(2) group with retention of configuration affords the final)¢

n-su r m
14 Ph n-Bu 4-CIPh Br 4  3n 99/1 45 1-halo-1,4-enyne produd (Scheme 3). - .
In an effort to rule out the possibility of an ionic reactiom
2Isolated yield based on starting propargyl alcohbBromide com- mechanism ($l), we have investigated reactions of internal
pounds slightly decompose on a silica gel colufmAll compounds have S e .
been characterized by elemental analysis and NMR spectroscopy. alkynes such as phenylpropyne with lithium propargyloxide

in the presence of BBr These reactions produce the
E-isomer predominantly (Scheme 4). The structure of product

The reactions tolerate a variety of functional groups (Table 30, [E)-1-bromo-1,4-enyne, has been confirmed by X-ray
1). Reactions of alcohols and alkynes containing electron- crystallography (Figure 1 in Supporting Information). Since
withdrawing substituents on the phenyl rings tend to proceed internal alkynes do not react with boron trihalides to form
at a slower rate. Also, aliphatic propargylic alcohols (Table (Z)-halovinylborane intermediates, the reaction presumably
1, entries 6, 13, and 14) require longer reaction times. proceeds through an ionic mechanismipBto generate the
Primary propargylic alcohols and aliphatic alkynes do not corresponding (E)-1,4-enyne. This result supports the pro-
give the desired products. posed mechanism suggested in Scheme 3.

In conclusion, we have developed a unique and simple
. halopropargylation of alkynes using propargylic alcohols that
Scheme 3 is promoted by boron trichloride and tribromide. The reaction
produces a variety of usefuf)-1-halo-1,4-enyne derivatives
R" 2 with high stereo- and regioselectivity under mild conditions.
X R/OU Efforts to define the reaction mechanism, the scope of the

CHoCly, 1t *

- 212, T . . . .

Ar—=H+BX; — > "B reaction, and the use of the alternative Lewis acids are
1 4 currently underway.

r "X CH,Cly, 1t
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