OChote

Lewis Acid Catalyzed Propargylation of Arenes
with O-Propargyl Trichloroacetimidates:
Synthesis of 1,3-Diarylpropynes

Changkun Li and Jianbo Wang*

Beijing National Laboratory of Molecular Sciences (BNLMS),
Key Laboratory of Bioorganic Chemistry and Molecular
Engineering of Ministry of Education, College of Chemistry,

Peking Unbersity, Beijing 100871, China

wangjb@pku.edu.cn
Receied May 2, 2007

BF 3OEt,
R— H (30 mol %) _
o + ArH — R—="\
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CCly 41-90 %

The BR-OEt-catalyzed FriedetCrafts propargylation of
aromatic compounds wit®-propargy! trichloroacetimidates
is highly efficient and affords 1,3-diarylpropyne derivatives
in good yields.

1,3-Diarylpropynes are versatile building blocks in organic

methods are usually limited to secondary propargyl alcohols

and electron-rich aromatic substrates, and the catalysts are
expensive and/or not easily available in some cases. Conse-
guently, the development of new methods for synthesizing 1,3-

diarylpropynes is still highly desirable.

Friedel-Crafts propargylation of aromatics can afford aro-
matic compounds bearing propargyl substituents. This type of
reaction has been investigated previously with propargyl halides,
but the products are either propargylated or allenylated aromatic
products or a mixture of theff This is attributed to the
electronic and structure feature of the propargyl cation inter-
mediate, which has ambident reactivity that is largely dictated
by the substitution pattern (Scheme’Becently, Ishikawa and
Saito reported silyl ether as a leaving group in TMSOTf-
catalyzed reactions. It generated propargyl cation, which was
further reacted with electron-rich arerf@RRodfguez and co-
workers have utilizeg-TSOH as a catalyst in the substitution
of propargy! alcohol with aromatidsHowever, these reactions
need secondary alcohols and electron-rich arenes as substrates.
Here, we report a highly efficient BFOE®-catalyzed Friedet
Crafts propargylation of unactivated arenes. This reaction
provides a powerful method for the synthesis of 1,3-diarylpro-
pyne derivatives.

The key feature of this approach is the utilization of
O-propargyl trichloroacetimidates as the propargylation agents.
Trichloroacetimidates have been widely used in organic syn-

synthesis. The methods for access to this type of compoundsinesis? In particular, they have been frequently utilized in the
include reaction of aryl Grignard reagent with propargyl halide 4¢jg-catalyzed €0 bond forming reactions because the trichlo-
and transition metal catalyzed cross-coupling reaction with roacetimidoxy group can be a good leaving group under mild

organometallic reagent&. The reaction of arenes with dico-
balthexacarbonyl-complexd propargyl cation, known as the
Nicholas reaction, has been widely applfetHowever, its
drawback of the use of stoichiometric amounts of cobalt
complex cannot be neglected. Recently, transition metal cata-
lyzed propargylations of electron-rich arenes with propargyl
alcohols have been reportéc# Although these reactions are
mechanistically interesting, they have limitations in one way

or another as synthetic methodologies. For example, these

(1) (a) Peez, I.; Sestelo, J. P.; Sarandeses, LJAAmM. Chem. So2001,
123 4155-4160. (b) Martin, R.; Ftstner, A./Angew. Chem., Int. E@004
43, 3955-3957. (c) Cheng, J.; Sun, Y.; Wang, F.; Guo, M.; Xu, J.; Pan,
Y.; Zhang, Z.J. Org. Chem2004 69, 5428-5432. (d) Ma, S.; He, Q.;
Zhang, X.J. Org. Chem2005 70, 3336-3338. (e) Qian, M.; Negishi, E.
Tetrahedron Lett2005 46, 2927—-2930.

(2) (a) Nishibayashi, Y.; Shinoda, A.; Miyake, Y.; Matsuzawa, H.; Sato,
M. Angew. Chem., Int. EQR006 45, 4835-4839. (b) Nishibayashi, Y.;
Yoshikawa, M.; Inada, Y.; Hidai, M.; Uemurd, Am. Chem. SoQ002
124, 11846-11847. (c) Nishibayashi, Y.; Inada, Y.; Yoshikawa, M.; Hidai,
M.; Uemura, SAngew. Chem., Int. EQ003 42, 1495-1498. (d) Bustelo,
E.; Dixneuf, P. HAdv. Synth. Catal2005 347, 393-397. (e) Kennedy-
Smith, J. J.; Young, L. A.; Toste, F. @rg. Lett.2004 6, 1325-1327. (f)
Georgy, M.; Boucard, V.; Campagne, J.-M.Am. Chem. So2005 127,
14180-14181.

(3) (a) Nicholas, K. MAcc. Chem. Re4987 20, 207-214. (b) Teobald,

B. J. Tetrahedron2002 58, 4133-4170.

(4) For recent examples of transition metal catalyzed Frie@ehfts
benzylations, see: (a) Mertins, K.; lovel, I.; Kischel, J.; Zapf, A.; Beller,
M. Angew. Chem., Int. EQR005 44, 238-242. (b) lovel, I.; Mertins, K.;
Kischel, J.; Zapf, A.; Beller, MAngew. Chem., Int. EQ005 44, 3913~
3917. (c) Mertins, K.; lovel, |.; Kischel, J.; Zapf, A.; Beller, Mdv. Synth.
Catal. 2006 348 691—-695. (d) Rueping, M.; Nachtsheim, B. J.; leawsuwan,
W. Adv. Synth. Catal2006 348 1033-1037. (e) Noji, M.; Ohno, T.; Fuiji,
K.; Futaba, N.; Tajima, H.; Ishii, KJ. Org. Chem2003 68, 9340-9347.

(f) Tsuchimoto, T.; Tobita, K.; Hiyama, T.; Fukuzawa, S}i.Org. Chem.
1997 62, 6997-7005.

10.1021/jo0709192 CCC: $37.00 © 2007 American Chemical Society
Published on Web 08/23/2007

acidic conditions? For example, converting th®,0O-hemiac-

(5) Olah, G. A. InFriedel—Crafts and Related Reactignsiterscience:
New York, 1964.

(6) (a) Ishikawa, T.; Okano, M.; Aikawa, T.; Saito, $. Org. Chem.
2001, 66, 4635-4642. (b) Miler, T. J. J.Eur. J. Org. Chem2001, 2021~
2033.

(7) (a) Olah, G. A,; Spear, R. J.; Westerman, P. W.; Denis, J.Mm.
Chem. Socl1974 96, 5855-5859. (b) Prakash, G. K. S.; Krishnamurthy,
V. V,; Olah, G. A;; Farnum, D. GJ. Am. Chem. Sod.985 107, 3928—
3935. (¢) Krishnamurthy, V. V.; Prakash, G. K. S.; lyer, P. S.; Olah, G. A.
J. Am. Chem. So04986 108 1575-1579. (d) Olah, G. A.; Krishnamurthy,
R.; Prakash, G. K. S]. Org. Chem199Q 55, 6061-6062.

(8) Sanz, R.; Maftiez, A.; Avarez-Gutierez, J. M.; Rodiguez, FEur.

J. Org. Chem2006 1383-1386.

(9) For selected examples, see: (a) Oishi, T.; Ando, K.; Chidg&hém.
Commun.2001, 1932-1933. (b) Oishi, T.; Ando, K.; Inomiya, K.; Sato,
H.; lida, M.; Chida, N.Org. Lett.2002 4, 151-154. (c) Armstrong, A.
Brackenridge, I.; Jackson, R. F. W.; Kirk, J. Nletrahedron Lett1988
29, 2483-2486. (d) Overman, L. EAcc. Chem. Re4.98Q 13, 218-224.
(e) Chen, Y. K.; Lurain, A. E.; Walsh, P. J. Am. Chem. So2002 124
12225-12231. (f) Kirsch, S. F.; Overman, L. B. Am. Chem. So2005
127, 2866-2867. (g) Anderson, C. E.; Overman, L. E.Am. Chem. Soc.
2003 125 12412-12413. (h) Hashmi, A. S. K.; Rudolph, M.; Schymura,
S.; Visus, J.; Frey, WEur. J. Org. Chem2006 4905-4909.

(10) (a) Schmidt, R. R.; Michel, JAngew. Chem., Int. EAL98Q 19,
731-732. (b) Iversen, T.; Bundle, D. R. Chem. Soc., Chem. Commun.
1981 1240-1241. (c) Schmidt, R. R.; Michel, Tetrahedron Lett1982
23, 409-412. (d) Wessel, H. -P.; Iversen, T.; Bundle, D.RChem. Soc.,
Perkin Trans. 11985 2247-2250. (e) Schmidt, R. RAngew. Chem., Int.
Ed. 1986 25, 212-235. (f) Roussel, F.; Knerr, L.; Grathwohl, M.; Schmidt,
R. R.Org. Lett.200Q 2, 3043-3046. (g) Roussel, F.; Takhi, M.; Schmidt,
R. R.J. Org. Chem2001, 66, 8540-8548. (h) Abdel-Rahman, A. A.-H.;
Jonke, S.; El Ashry, E. S. H.; Schmidt, R. Ragew. Chem., Int. EQ002
41, 2972-2974. (i) EI-Nezhawy, A. O. H.; El-Diwani, H. I.; Schmidt, R.
R. Eur. J. Org. Chem2002 4137-4142. (j) Abdel-Rahman, A. A. -H.;
Winterfeld, G. A.; Takhi, M.; Schmidt, R. REur. J. Org. Chem2002 713~
717. (k) Ali, I. A. I.; El Ashry, E. S. H.; Schmidt, R. Rletrahedror2004
60, 4773-4780. (I) Zhang, J.; Schmidt, R. RBynlett2006 1729-1733.

1

J. Org. Chem2007, 72, 7431-7434 7431



JOCNote

SCHEME 1. Friedel—Crafts Propargylation of Aromatics
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TABLE 1. Reaction of 2a and Benzene with Various Acid
Catalysts?

cat.

Ph—=— NH Ph—=—
Y Benzene Ph
2a CCl3 rt 3a
reaction  yield®
entry cat. (mol %) T(°C) time (%)

1 TMSOTf (10) 25 2h 74
2 AuCl (5) + AgOTf (5) 80 20 min 35
3 AUPPRCI (5) + AgSbFs (5) 80 20 min 65
4 BR;-OEt (30) 25 5 min 85
5 TfOH (10) 25 12 h NR
6 TsOHH,0 (10) 25 18h NR
7 Zn(OTf) (5) 25 12 h NR
8 Cu(CHCN)4PFs (5) 25 12h NR

aBezene used as solvehtisolated yield ¢ Starting material remains
unchanged.

etals into O-trichloroacetimidoyl derivatives and their acid-
catalyzed activation have been frequently applied in the
formation of glycoside bonds. Schmidt and Michel have reported
that the arylation reaction dD-glycosyl trichloroacetimidates
with activated aromatic compounds under mild Lewis acid
catalysis give<C-aryl glycosides? The study by Cramer and
Hennrich has revealed that the BBEt-catalyzed reaction of
O-allyl trichloroacetimidates with benzene gives the Friedel
Crafts products in low yields, accompanied by the formation
of trichloroacetyl amide&! Very recently, Zhang and Schmidt
have disclosed their study on the TMSOTf-catalyzed Friedel
Crafts benzylation wittD-benzy! trichloroacetimidatt! How-
ever, to the best of our knowledge, the utilizatiorOspropargyl
trichloroacetimidates in FriedelCrafts propargylation has not
been documented in the literature.

O-Propargyl trichloroacetimidateza—k can be easily pre-
pared from the corresponding propargyl alcohols in good yields
by standard procedufeCompounds2a—k are stable com-
pounds, which can be kept at room temperature (eq 1).

DBU (10 mol %)

CCIL,CN
o 200 mol %) R——
R—— - . \ NH )
OH CH,Cl,, 1t O
1ak 82-97% 2ak CCh

a, R =Ph; b, R = p-CH;3CgHy; ¢, R = 0-CH3CgHy;
d, R = p-CH30C¢H,; e, R = p-O;NCgHy; f, R= p-BrCgH,
g, R = 0-CH30,CC¢Hy; h, R= m-H(O)CCgH,

/\
i,R = 1-naphthyl; j, R =5~ Nocpo K, R=n-CoHg

With 2a—k in hand, we first use@a as the model substrate
in acid-catalyzed reaction with benzene. TH2eswas dissolved
in benzene, followed by the addition of a catalytic amount of
acid. As shown in Table 1, the FriedeCrafts propargylation
product 3a could be obtained with a variety of Lewis acid

(11) Cramer, F.; Hennrich, NChem. Ber1961 94, 976-989.
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TABLE 2. Reaction of 2a—k and Benzene with BR-OEt; as
Catalyst®

BF;-OEt,
R—==— NH (30mol%) R—=—
o Benzene 3.k Ph
2ak CClk t 5min a-
entry 3a-k(R=) yield (%)°
1 3a, R=Ph 85
2 3b, R =p-CH3C5H4 90
3 3¢, R = 0-CH3CsHs 80
4 3d, R = p-CH30CsH,4 trace
5 3e, R = p-O,NCsH, 86
6 3f, R=p-BrCsH,4 87
7 3g, R = 0-CH;0,CCsH, 88
8 3h, R=m-H(O)CCsH,4 83
9 3i, R = 1-naphthyl 73

—_
(=]

89

3. R "»/Q\CHO

11 3k, R =n-C,Hy 82

aThe reaction was carried out in benzene solutfdsolated yield ¢ The
reaction gave a complex mixture.

catalysts, including TMSOTf, AuOTf, AuPR&I/AgSbFs, and
BF3-OE®L (Table 1, entries 24). Among them, BE-OE®L was
found to be particularly effective. With 30 mol % of BPEL,

the reaction could be completed in 5 min at room temperature,
affording 3a in 85% isolated yield (entry 4). When less BF
OEt was used, the reaction took a longer time and the yield
was diminished. Since BFOEL is cheap and easily available,
the propargylation under the BfOEL-catalyzed conditions is
therefore practically useful. It was also noted that acids such as
TfOH, TsOH, Cu(MeCN)PF;, and Zn(OTf) did not catalyze
this reaction (entries-58).

With the optimized conditions in hand, we next examined
the scope and limitation of this reaction. First, the scope of
O-propargyl trichloroacetimidates was examined. As shown in
Table 2, the reaction has good substituent tolerance in the alkyne
moiety. The substrate with strong electron-withdrawing sub-
stituent such ag-NO, worked well to give the expected
propargylation producBe in high yield (entry 5). This might
be attributed to the destabilization effects piNO,, which
makes the allenyl cation structure unfavorable as compared with
the propargyl cation in the resonance structures (Scheme 1).
On the contrary, strong electron-donating substituent such as
p-MeO worked in the opposite way. The reaction2of under
the identical condition gave a complex mixture with only trace
amount of3d (entry 4). We speculate that in this case strong
stabilization effect ofp-MeO makes allenyl cation more
favorable as compared with the corresponding propargylic cation
(Scheme 1). This will lead to side reactions. Finally, it is
worthwhile to note that substrate with alkyl substituent on alkyne
moiety also worked well (entry 11).

The scope of the aromatic substrates was then examined under
the same reaction conditions (Table 3). With monosubstituted
or ortho-disusbstituted benzene, the reaction \Rélgave the
expected propargylation products, but as mixture of regioiso-
mers, because of high reactivity of these arenes (entries 1, 3,
and 4). The reaction with furan or thiophene also worked well
to give the corresponding 2-propagylated furan or thiophene as
major products (entries 7 and 8). It should be noted that for the
reaction with electron-rich arenes, the aromatic substrates were
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TABLE 3. Reaction of 2a with Various Aromatic Compounds SCHEME 2. Reaction with O-Propargyl

BF3-OEt, Trichloroacetimidates Derived from Secondary Propargyl
Ph—= 30 mol % —
—\ NH 0) Ph—=— Alcohols
rt, 5 min Ar
CCls p
2a 4a-h 5a-h BF #OEt, Ph——= 500
ph—— Ny (30 mol %) 7 °
_ ; sald (94)® b — +
entry 4a-h equiv yield (%) ratio O—/< Benzene T
6 CClz rt, 5min — o]
HN
I
1 4a, ©_ solvent 85 3:3:1 ~35% CCl
DBU (10 mol %)
Ph CCIsCN Ph
o _
2 4b, solvent 92 - ph——=— (200 mol %) Ph?< _{NH
OH Benzene,rt O
9 20 min 10  CClh
3 4c, solvent 84 3:2 BF3*OEt; Ph
(30 mol %) Ph%< [0}
Y HN
Benzene
rt, 20 min 63% 114 CCk
4 4d, QCl solvent 79 5:1
)’]T BFOEt,
0”7 cCl; (30mol%)  H =<Ph
d e Ph N Benzene Ph H 49 %
5 de, 3 60 AN 5 min o
12 13
. cation to follow other reaction pathways. These results are
6 4 3 H - consistent with the previous investigation which has revealed
that the ambident reactivity of propargyl cation is largely
dependent on the substitution pattern atdhandy-positions>”
In summary, we have reported a highly efficient Friedel
7 dg, [/ \5 5 76 Crafts method to synthesize 1,3-diarylpropynes in good to
S excellent yields in the presence of a catalytic amount of-BF
OEt at room temperature. The reaction conditions are mild,
{/ \§ and the catalyst is cheap and easily available. The use of
8 4h, 5 65 -/

o) O-propargyl trichloroacetimidates derived from primary prop-
argyl alcohols in this reaction is complementary to the transition
metal catalyzed propargylations of arenes, which usually work
NMR and!3C NMR. The regioisomers could not be separated by silica gel with Seconda.ry propa_rgy_l al(?OhOlS oy ¢ Thls reaction .IS
column.¢ The reaction gave only one compoutidtor entries 58, CH,Cl, expected to find application in the preparation of 1,3-diaryl-
is used as solvent.The product was a 2:1 mixture of 2- and 3-propargylated propynes.

regioisomersf The product was a 10:1 mixture of 2- and 3-propargylated
regioisomers.

a|lsolated yield? The ratio of the regioisomers was determinedbly

Experimental Section

used in 3 or 5 equiv amounts (entries®), while in other cases Typical Procedure for the Preparation of Substituted Prop-
2-yn-1-yl Trichloroacetimidate. To a solution of 3-phenylprop-

the substrate arenes were the reaction solvent. 2-yn-1-0l1a (894 mg, 6.77 mmol) in CkCl, was added DBU (103
Finally, O-propargyl! trichloroacetimidates derived from sec- mg, 0.68 mmol), and the mixture was stirred for 5 min at room

ondary propargyl alcohols were examined (Scheme 2). With temperature. Trichloroacetonitrile (1.96 g, 13.4 mmol) was added
trichloroacetimidate6, the BR-OEt-catalyzed reaction in  with ice cooling, and the resulting mixture was stirred for 10 min
benzene gave enyfeand amide8, together with trace amounts  at room temperature. Then the solvent was removed under reduced
of Friedel-Crafts propargylation product which could not be pressure and the resulting crude product was purified by column
purified. Enyne7 was formed through 1,2-methyl shift of the —chromatography (petroleum ether/ethyl acetate 100:1) to give the
propargyl cation. The reaction of in situ generafdli on the desired 3-phenylprop-2-yn-1-yl trichloroacetimidaee(1.6 g, 93%
other hand, afforded amidel in 63% yield. The rearrangement y'esld%ﬁ:nalg‘fgg"; Olrll. | trichloroacetimidate (2a): 93%; light

of trichloroacetimidate to the corresponding amide has been 2°-~nenylprop-c-yny? i imi - 9570, I
previously reported! Finally, BR-OEt-catalyzed reaction of yellow oil; *H NMR (300 MHz, CDCY) 6 8.52 (s, 1H), 7.56.7.46

. - : e (m, 2H), 7.35-7.31(m, 3H), 5.15(s, 2H)}3C NMR (75 MHz
12 gave allenedl.3in 49% yield with trace amount of unidentified CDCl) 6 161.9, 131.9, 128.8, 128.2, 122.0, 90.9, 87.1, 82.3, 57.5:

isomer. All of these results, together with the selective prop- | (neat, cml) 3341 (w), 2238 (w), 1667 (s), 1289 (s); HRMS
argylations summarized in Tables 1 and 2, can be explained oncajcd for G,HgNOCI; 274.9672, found 274.9676.

the grOUndS of the steric effects of the substituents on the alkyne Typ|ca| Procedure for the BFgooE’[z_Cata|yzed Friede

moiety. Bulky substituents will obviously prevent the approach Crafts Reaction. To benzene (3 mL) were added 3-phenylprop-
of aromatic nucleophiles, thus enabling the intermediate carbon2-yn-1-yl trichloroacetimidate®a (107 mg, 0.387 mmol) and BF
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OE(15 uL,0.116 mmol). The solution was stirred for 5 min at  126.5, 120.5, 86.7, 82.7, 25.7, 21.4; IR (neat, &nB029 (w),
room temperature, the solvent was removed in vacuo, and the crudel605 (w), 1509 (m); HRMS calcd for 46H;4 206.1096, found
product was purified by column chromatography on silica gel with 206.1091.

etroleum ether to give 1,3-diphenylprop-1-y8& (63 mg, 85% —
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