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One-Pot Procedure for the Introduction of Three Different Bonds onto
Terminal Alkynes through N-Sulfonyl-1,2,3-Triazole Intermediates**

Tomoya Miura,* Takamasa Tanaka, Tsuneaki Biyajima, Akira Yada, and Masahiro Murakami*

Alkynes constitute a fundamental class of organic compounds
and a variety of alkynes can be readily synthesized by C—C
bond-forming reactions of nucleophilic ethynyl species with
electrophiles. The resulting alkynes provide versatile plat-
forms for synthetic transformations."! In particular, a [342]
dipolar cycloaddition reaction with azides to give triazoles has
attracted much attention in the last decade.” Recent studies
by the groups of Fokin and Gevorgyan, as well as our own,
have disclosed that the resulting triazoles could act as
precursors for reactive a-imino metal carbenoid species,
which can subsequently couple with nitriles® alkynes,
alkenes,” and alkanes”! A semi-pinacol rearrangement
reaction is induced by the electrophilic nature of the
a-imino carbenoid species.”! Nucleophiles such as water®
and arylboronic acids!! also add to the electrophilic a-imino
carbenoid species. The reaction with water regioselectively
introduces amino and hydroxy groups in juxtaposition onto
terminal alkynes. On the other hand, it has been reported by
the groups of Wood'” and Davies!"!! that [3,3]- and [2,3]-
sigmatropic rearrangements become feasible when o-diazo
carbonyl compounds are reacted with allylic alcohols in the
presence of rhodium(II) catalysts. Their studies prompted us
to use allylic alcohols instead of water in the reaction of
triazoles in pursuit of further functionalization with C—-C
bond formation through sigmatropic rearrangement. Herein,
we report an extremely facile one-pot process to convert
terminal alkynes into a-allyl-a-amino ketones through tria-
zoles and allyl vinyl ether intermediates. During the one-pot
process, three different bonds are regioselectively introduced
onto the C=C bond.!"”

Phenylethyne (1a), tosyl azide (TsNj; 1.0 equiv), allyl
alcohol (2a; 1.5 equiv), CuTC (10 mol %; TC = thiophene-2-
carboxylate), Rh,(fBuCO,), (1.0 mol %), 3 A molecular sieves
(MS 3A),"* and toluene (2 mL) were put in a reaction vessel
[Eqg. (1)]. The reaction mixture was simply stirred at room
temperature for 6 h, whereupon NMR analysis showed that
both 1a and tosyl azide were consumed. Next, the reaction
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mixture was further stirred at 100°C for 30 min, and then
cooled. Isolation by preparative thin-layer chromatography
furnished 2-allyl-2-tosylamino-1-phenylethanone (3aa) in
74% yield based on 1la. Thus, terminal alkynes were
regioselectively multifunctionalized with the formation of
C—0O, C—N, and C—C bonds in one pot. The outcome of this
process stands in contrast to that of the reaction reported by
Chang et al., which used the same substrates, but a different
catalyst system (Scheme 1).*1%
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Scheme 1. Two pathways of the reaction of phenylethyne (1a) with
tosyl azide and allyl alcohol (2a).

Scheme 2 shows the proposed mechanism of the one-pot
process, which consists of three steps. The first step is a [342]
cycloaddition reaction of 1a with tosyl azide, which has been
reported by the groups of Fokin, Sharpless, and Chang to
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Scheme 2. Proposed mechanism for the rhodium(l1)-catalyzed synthe-
sis of 3aa from 1a, tosyl azide, and 2a.
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occur at room temperature with copper(I) catalysis."" The
resulting N-sulfonyl-1,2,3-triazole 4a engages in the second
step when heated to 100°C. The second step, which forms C
from 4a, consists of a ring—chain tautomerization!'”! and
a subsequent rhodium(II)-catalyzed reaction with allyl alco-
hol 2a.® The a-diazo imine 4a’, which is formed from 4a by
the ring—chain tautomerization, reacts with the rhodium(II)
dimer to afford a-imino rhodium(II) carbenoid A, along with
the release of molecular nitrogen. Compound 2 a then adds to
the electrophilic carbene center of A to furnish zwitterionic
intermediate B. The anionic rhodium releases an electron
pair, which eventually results in the imine moiety abstracting
a proton from the oxygen. Thus, (Z)-allyl vinyl ether C is
stereoselectively formed. The third and final step is a Claisen-
type [3,3]-sigmatropic rearrangement, which proceeds via six-
membered chairlike transition state D, to give product 3aa.
Although the copper(I) and rhodium(II) catalysts coexist in
the reaction media, they scarcely interfered with each other in
playing their catalytic roles in the cycloaddition and carbene
reactions.

Various other terminal alkynes 1 were subjected to
reaction with 2a to demonstrate the generality of the one-
pot process (Table 1). The corresponding products, which
include alkyl-substituted ketones, were obtained in yields
ranging from 53 % to 80%.

Table 1: Synthesis of o-allyl-a-amino ketones 3 from terminal alkynes 1,

tosyl azide, and allyl alcohol (2a) in one pot.”!
CUTC (10 mol %)

Rh,(tBuCO,), O H
1.0 mol % \
RI—=—H + TsN; + ~OH ( ) R! No1e
1 (1.0 equiv) 2a toluene, MS 3A _
(1.5 equiv) RT,6h
o i 3
then 100 °C, 30 min

Entry 1 R' 3 Yield [%]!
1 1b 4-Me-CgH, 3ba 80
2 1c 4-MeO-C¢H, 3ca 73
3 1d 4-CF;-CgH, 3da 69
4 Te 4-EtO,C-C¢H, 3ea 580
5 1f 3-thienyl 3fa 72
6 1g n-hexyl 3ga 530
7 1h iso-butyl 3ha 64
8 1i (CH,),OBz 3ia 66
9 1j (CH,) 4N (Phth) 3ja 721

[a] Conditions: 1 (0.2 mmol), TsN; (0.2 mmol, 1.0 equiv), 2a (0.3 mmol,
1.5 equiv), CuTC (20 pmol), Rh,($BuCO,), (2 umol), and MS 3 A (40 mg)
in toluene (2 mL) were stirred at RT for 6 h, then at 100°C for 30 min
unless otherwise noted. [b] Yield of isolated product (average of 2 runs).
[c] The reaction was stirred at RT for 12 h. [d] Using Rh,(tBuCO,),

(5 umol) in CHCl; (0.5 mL), then at 100°C for 1 h under microwave
(MW) irradiation. Bz=benzoyl, Phth = phthaloyl.

The second and third steps were examined in more detail
using isolated triazole 4a. Thus, a mixture of 4a and
a-disubstituted allylic alcohol 2b (1.5 equiv) in toluene was
heated at 100°C for 30 min in the presence of Rh,(BuCO,),
(1.0 mol%) and MS 3A. Chromatographic purification
afforded  2-(3,3-dimethylallyl)-2-tosylamino-1-phenyletha-
none [3ab; Eq.(2)]. On the other hand, the reaction of
v-disubstituted allylic alcohol 2 ¢ gave 2-(1,1-dimethylallyl)-2-
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N Rhy(fBUCO,), o H
N* ON-TS OH (1.0 mol %) N
—={ *+7 ————— > Ph “Ts @)
Me Me toluene, MS 3A Me
H X P
Ph 4a 2b 100 °C, 30 min Me
3ab 62 %

(1.5 equiv)

tosylamino-1-phenylethanone [3ac; Eq. (3)]. These results
confirmed that the C—C bond was formed regioselectively at
the vy position of allylic alcohols, which supports the involve-
ment of a [3,3]-sigmatropic rearrangement in the mechanism.

No 1o Rh,(tBuCO,), o E
N° N . MeWOH (1.0 mol %) Ph “Ts )
= Me toluene, MS 3A  Me—H~_~
PR 4a 1 2 100 °C, 30 min Me
(1.5 equiv) 3ac 84 %

The y-selectivity even led to the production of a-allenyl-
substituted compound 3ad from propargyl alcohol (2d)

[Eq. (4)].

N ha(tBUCOz)4 (e} 'T'
N Ts [
N” °N (1.0 mol %) N.
_ | + = TOH Ph Ts 4
Ph> <H //2; toluene, MS 3A N “
4a (1.5 equiv) 100 °C, 30 min AN

3ad 98 % (NMR)

The stereochemical aspects were also investigated. The
configuration of the double bond of product 3ae, which was
produced from a-substituted allylic alcohol 2 e, was obtained
with an exclusively E orientation [Eq. (5)]. This outcome is
well accounted for by assuming six-membered chairlike
transition state D’ with an o-substituent at the pseudo-
equatorial position.

N Rh,(tBuCO,), o H

N -Ts OH 0,

N _N . /\/ (1.0 mol %) Ph N\Ts )
/\ ,\ Ph CHClI3, MS 3A >

Ph 4a 1 160 °C/MW, 30 min Ph

4a 2e
(1.5 equiv) 3ae 84 %

H
phoNTTS
B
o

Ph M pr

The use of an E/Z crotyl alcohol resulted in moderate
stereospecificity [Egs. (6) and (7)]. These results implied that
the initially formed Z isomer, which corresponds to C in

N Rh,(tBuCO,), O H
N7 NS (1.0 mol %) N
| + Me~_OH — = pp” 0T (6)
H toluene, MS 3A P
PR 4 H (E)-2f 100 °C, 30 min Me
E/Z=98:2 3af 92 %
(1.5 equiv)

3af/3af' = 88:12
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N ha(tBUC02)4 o) H
N UNCTS OH (1.0 mol %)
— + ————— pPh” " Ts @
Me toluene, MS 3A
PR 4a (-2 100°C, 30 min Me™"
E/Z =3:97 3af' 91 %
(1.5 equiv) 3af/3af' = 14:86

Scheme 2, partially isomerized to the E isomer before the
[3,3]-sigmatropic rearrangement.

When (S)-1-methyl-2-propen-1-ol (2g) was used, a good
level of chirality transfer was observed [Eq. (8)].

N Rhy(tBUCO,), o H
Ny -Ts OH o N

N _N . /\r (1.0 mol %) Ph wNerg @)

" Me hexane, MS 3A —

P 4a (Sr-2g 120 °C/MW, 10 min oMe
(R)-3ag 93 %
97 % ee o1 %
(1.5 equiv) oee

The substrate scope of triazoles 4 was also examined in the
reaction with the allyl alcohol (2a; Table 2). Triazoles 4a and
4g, which are substituted with 4-phenyl- and 4-(n-hexyl)
groups, respectively, reacted to afford the corresponding

Table 2: Rh'"-catalyzed denitrogenative reaction of 4-substituted 1-(N-
sulfonyl)-1,2,3-triazoles 4 with 2a.1!

Rh,(tBuCO.
N«.N-N -SOyR? o (12 _(o mol (’/2;4 : i : ,
R1>:<H * /\Za/ toluene, MS 3A R J\L;OZR
4 (15equiyy 100 °C. 30 min s
Entry 4 R' R? 3 Yield [%]"!
1 4a Ph 4-Me-CgH, 3aa 91
2 4g n-hexyl 4-Me-C¢H, 3ga 77t
3 4k OEt 4-Me-C¢H, 3ka 75
4 4l H 4-Me-CgH, 3la 13k
5 4n Ph 4-MeO-CgH, 3na 91
6 40 Ph 4-Br-CgH, 30a 93
7 4p Ph Me 3pa 94
8 4q Ph (CH,),SiMe;, 3qa 94

[a] Conditions: 4 (0.2 mmol), 2a (0.3 mmol, 1.5 equiv), Rh,(tBuCO,),
(2 pmol), and MS 3 A (40 mg) in toluene (2 mL) were heated at 100°C for
30 min, unless otherwise noted. [b] Yield of isolated product (average of
2 runs). [c] Using Rh,(tBuCO,), (5 umol) and MS 3 A (10 mg) in CHCl,
(0.5 mL) for 1 h under MW irradiation. [d] Using Rh,(tBuCO,), (1 umol)
and 2a (1.0 mmol, 5.0 equiv). [e] Yield determined by '"H NMR spec-
troscopy.

products 3aa and 3ga in 91 % and 77 % yields, respectively
(entries 1 and 2). The yield of 3ga was slightly lower because
B-hydride migration occurred with the rhodium carbenoid
intermediate, which corresponds to A in Scheme 2, to give
a,B-unsaturated N-tosyl imine as a by-product,l’! as was the
case with the one-pot reaction (Table 1, entry 6). 4-Ethoxy-
substituted triazole 4k, which was prepared from ethoxye-
thyne, afforded o-amino acid derivative 3ka (Table 2,
entry 3). As for the sulfonyl groups, not only arylsulfonyl
groups, but also alkylsulfonyl groups were suitable (entries 5—
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8). Thus, the reaction was highly general with respect to the R
and R? groups.

Whereas the reaction of unsubstituted triazole 41 was
sluggish (Table 2, entry 4), 4,5-disubstituted triazole 4m was
reactive enough to furnish the product 3ma, which possesses
a quaternary a-carbon in 79% yield [Eq. (9)]."")

Rhy(tBUCO,),

o H
N,,N\N/Ts o (1.0 mol %) N ©)
_ + _— > ~
/\Za/ CHCl5, MS 3A wpe:f
Me  Pent 1 5oquy) 100 “C/MW, 1h 7
4m (1.5 equiv) 3ma79 %

The synthetic utility of a-allyl-a-amino ketones was
exemplified by further transformation [Eq. (10)]. Allylation
of 3aa with allyl bromide and subsequent ring-closing meta-
thesis using the 2nd generation Grubbs catalyst afforded 3,4-
dehydropiperidine 6.

o H AN 0 (\ Grubbs2nd o Ts
N (1.5equiv) N (6.0mol %) N
Ph “Ts ————Ph 'Ts ————Ph (10)
Z DMNFE;¢HF 7 g:zf I; 7
0, ’ 6 0,
3aa RT. 16 h 578 % 96 %

In conclusion, we have developed an extremely facile
method for the synthesis of a-substituted a-amino ketones,
which are often key substructures of bioactive compounds,?”
as well as synthetic intermediates for a-amino alcohols,*"
both in general and in various natural products.’” Terminal
alkynes are functionalized with three different bonds using
sulfonyl azides and allylic alcohols, which would otherwise
require multiple synthetic steps. High generality with respect
to the terminal alkyne substituents, as well as a good level of
chirality transfer from chiral allylic alcohols, are observed.
The three starting materials are readily accessible, even from
commercial sources. This one-pot synthetic method is envi-
ronmentally benign, as the only waste generated throughout
the entire process is molecular nitrogen.

Experimental Section

Typical procedure for the one-pot reaction of terminal alkynes with
allylic alcohols [Eq. (1)]: 1a (20.4 mg, 0.2 mmol), TsN; (39.4 mg,
0.2 mmol; Ts=p-toluenesulfonyl), 2a (17.4 mg, 0.3 mmol), CuTC
(3.8 mg, 20 pmol), Rh,(fBuCO,), (1.2 mg, 2 umol), MS 3 A (40 mg),
and toluene (2 mL) were added to an oven-dried 4 mL-vial equipped
with a stir bar. The vial was capped with Teflon film. The reaction
mixture was stirred at room temperature for 6 h, and then, heated at
100°C for 30 min. Afterwards, the reaction mixture was cooled and
passed through a cotton stopper with CH,Cl,, the filtrate was
concentrated under reduced pressure. The residue was purified by
preparative thin-layer chromatography (CHCly/ethyl acetate 25:1) to
give product 3aa as a white solid (48.8 mg, 0.15 mmol, 74 %).
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