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Facile Synthesis of 2H-Pyrroles: Combination of Gold Catalysis and Lewis
Acid Catalysis

Li, Xin-Ling" Wang, Jia-Qi* Li, Long® Yin, Ying-Wu**“ Ye, Long-Wu**“”
(“ College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)

(® State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract A two-step synthesis of 5-amino 2H-pyrroles using gold and copper catalysis was presented. Firstly, 5-amino
3H-pyrroles were synthesized by gold-catalyzed formal [3+2] cycloaddition between ynamides and isoxazoles via a-imino
gold carbene intermediate. The following Lewis acid-triggered decarbonylation and group migration results in the formation
of 5-amino 2H-pyrroles. Other notable features of this method include the simple procedure, the mild reaction conditions and
compatibility with a broad range of functional groups. Thus, this protocol provides a practical and general solution for the
synthesis of 5-amino 2H-pyrroles. Accordingly, isoxazole 2 (2.0 equiv., 0.6 mmol) and Ph;PAuNTY, (5 mol%) were added to
a suspension of the ynamide 1 (1.0 equiv., 0.3 mmol) in DCM (3.0 mL) at room temperature. The reaction mixture was then
stirred at r.t. and the progress of the reaction was monitored by TLC. The reaction typically took 2 h. Upon completion, the
mixture was quenched with pyridine, concentrated and purified by chromatography on silica gel, using an eluent of petroleum
ether/ethyl acetate (5/1, V/V), to afford 3H-pyrrole 3. Then, 3H-pyrrole 3 and Cu(OTf), (10 mol%) were dissolved in DCM (3
mL) and stirred at room temperature for 6 h. The residue was purified by column chromatography on silica gel, using an elu-
ent of petroleum ether/ethyl acetate (3/1, V/V), to afford the desired 2H-pyrrole 4. Under this condition, a variety of different-
ly substituted ynamides 1 and isoxazoles 2 work well to provide the corresponding 2H-pyrroles 4a~4l in moderate to good
overall yields. But N-(4-methoxybenzyl)-N-(phenylethynyl)methanesulfonamide 1a reacts with 4-(3-bromophenyl)-3,5-
dimethylisoxazole 2d poorly under this condition, affording product 4h in only 33% yield. These results indicate that this
method has certain universality, but the reaction is influenced by the substituents to some extent. Notably, the scalability and
preparative utility of the developed methodology was exemplified by the fact that the desired product 4a was obtained with-
out a significant loss in yield when the reaction was scaled up to 5 mmol. Also a plausible mechanism is proposed and we
tend to believe that the reaction is featured by an a-imino gold carbene intermediate.

Keywords pyrrole; gold catalysis; copper catalysis; a-imino gold carbene; [3+2] cycloaddition
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Figure 1 Biologically active 5-amino 2H-pyrroles
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F PtCly %1% S M %A HEAAE - (3R 1, Entries 7~8); B
BrettPhosAuNTf, /M 1, Entry 4), H& & Fh &4k 5714
XA — E FEAGAER]. Ho PhsPAuUNTS, I i
FEREACRICR, RELL 80% A% %453 5] 3H-AEIE AL &
¥)3a (% 1, Entry 2), B, PhaPAuNTE, #li%k & A fE
AL BB IATW S T R FIVE X 77 2 (5
We, R e SR P B AR A =R, SO & SE(DCM)
VERNTER, IEK NI EE 2 h, (AR~ R (85%
STETERVEF R Y 3a (K 1, Entry 9). EULIRAEE T
A W 2544 1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol,
2.0 euqiv.), Ph;PAuUNTY, (5§ mol%), DCM (3 mL), room
temperature, 2 h.

R1 WEY 3a M5 B ¢

Table 1 Reaction conditions optimization for the synthesis of compound
3a“

Ph
o Ms N [M] (5 mol%)
Ph———N + | _—
‘PMB N-g conditions
1a 2a (2.0 equiv.)
Ph PhAC Ph Ph
N N NTN
PMB pvB H
3a 3a
Yield"/%
Entry Metal catalyst Conditions
3a 3a'
1 IPrAuNTf, DCE, 80 C,0.5h 50 7
2 Ph;PAuNTf, DCE, 80 C,0.5h 80 <5
3 Cy-JohnPhousAuNTf, DCE, 80 C,0.5h 57 17
4 BrettphosAuNTf, DCE, 80 ‘C,0.5h <5 <5
5  (ArO);PAuNTL,® DCE, 80 ‘C,0.5h 60 12
6 Au(ln’ DCE, 80 C,0.5h 20 7
7 PtCL DCE, 80 ‘C,0.5h <5 <5
8 AgNTf, DCE, 80 C,2h <5 <5
9  Ph;PAUNTE DCM,rt,2h  92(85)° <5

“ Reaction run in vials with DCE or DCM; [1a]=0.1 molsL . * Measured by
'H NMR using 1,3-dimethoxy-2-methylbenzene as the internal standard. ¢ Ar
=2,4-di-tert-butylphenyl. “ Dichloro (2-picolinato) gold (IID).  Isolated yield.
Ms=methanesulfonyl. PMB=p-methoxybenzyl.
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FATE 3H-MERE IX — P B, B 70 A B e B3 9 3K

B, BATBERIEE — S M N 7 B 1R 21 5-%
B 3H-MENE 3a FE NI AY A RIEAT % 2 Wi A0 T 1)
SRS AETRE. T 58 LA BRI B Cu(OTH), (10 mol%)
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NMEAH, — ST A, il T RN 6 hE, LL85%
FRE(T6% 73 B 7 F) 15 BIRH L 5- 2 -2 H-AIL S 71 4a
(3R 2, Entry 4). {EULIERE -, SRSERT0 T AN R TR
VAN S RE = FR . SERAA A R InEE 2 P, B
T Sc(OTf)s, e =5t FHR IR 2648 T DL AL 238 [
(3% 2, Entries 1~4). {H1G—12K2Z, BT Cu(OTh),, H
B AR R R N B AR (R 2, Entries 5~6).
BEAb, B LV TR ) 2% 58 3% B A FH ORI S50 WK i (THF)
SRR IIANT (3R 2, Entries 7~8). 22U, 1X—2 M
ML 2544 3a (0.3 mmol, 1.0 equiv.), Cu(OTf), (10
mol%), DCM (3 mL), room temperature, 6 h.
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Table 2 Reaction conditions optimization for the synthesis of compound
4a’

Ph Ph.. Ph.  Ph
Vs, J_S\ [M] (10 mol%) s, /Z\—_—S(
NT>N conditions H N” PMB
PMB 3a 4a
Entry Metal catalyst Conditions Yield”/%
1 Sc(OTH); DCM, tt, 6 h <5
2 Yb(OTH); DCM, rt., 6 h 35
3 Zn(OTH), DCM, r.t., 6 h 54
4 Cu(OTH), DCM, rt., 6 h 85(76)°
5 CuCl, DCM,rt,6h <5
6 CuSO, DCM,rt,6h <5
7 Cu(OTf), toluene, .t., 6 h 32
8 Cu(OT), THF, rt., 6 h <5

“ Reaction run in vials; [3a]=0.1 molsL '. ® Measured by 'H NMR using
diethyl phthalate as the internal standard. “ Isolated yield.
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). T 4 AL ZRIR b AR R R R )
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Bs X MR RFILH R AFIHIFEA (R 3, Entries 11~
12). FEARHARE, 2 R 8 R? NLedEn), %R N4
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Ph;PAUNTS, A1 5 mol% Cu(OTE), HIHEAL T J ot BE % I
FIHEAT, BL60% 43 55 7= 2615 2 H A5 4a (3% 3, Entry
1). e, FATEL X =4 4a 1) X-5F 28 0 S AT St — 25
BN T2 RS2 ) 5 T 456 (] 2).

R3 JERMEEBE
Table 3 Substrate scope”

R2

W
N-g
Ri_— N/PG (2.0 equiv.) Cu(OTf), (10 mol%)
‘bMB  PhsPAUNTf, (5 mol%) DCM, r.t., 6 h
1 DCM, r.t., 2 h
R! R2
H N PmB
4
Entry Product 4 Yield

Ph
Fh 64%
-
1 PMB 4a °
Ms< ~SN 60%
N
H
Ph
p-Cl-CgHy
-
2 PMB 4b 69%
Ms<,~ =N

N
H
Ph
p-Br-CgH,
e
3 - PMB 4c 56%
Ms\N N
H
Ph
p-Me-CgH,
-
4 - PMB 4d 51%
Ms\N N
H
Ph
p-MeO-CgH,
e
5 __ )—PmB 4e 77%
Ms\N N
H
p-Cl-CgHy
Ph
Ol
6 ISLPMB af 48%
Ms\N N
H
Ph p-Br-CeH4
_—
7 PMB 4g 45%
Ms~\ =N
H
m-Br-CgH,
Ph
-
8 PMB 4h 33%
Ms~\ =N
H
pMe-CeH4
Ph
-
9 - PMB 4i 74%
MS\N N
H
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Entry Product 4 Yield
Ph
/
Ph .
10 = 4 43%
PMB
Ms~ =N
H
Ph
Ph
=
11 PMB 4k 67%
Ts\N =N
H
Ph
Ph
_—
12 PMB 41 61%
Bs\N =N
H

“ Reactions run in vials; [1a]=0.30 molsL '; isolated yields (2 steps) are
reported. %5.0 mmol scale, 2.5 mol% Ph;PAuNTf; and 5 mol% Cu(OTf), were
used. Ts=p-toluenesulfonyl. Bs=4-bromobenzenesulfonyl. PG = protecting
group.

K2 EY) 4a (AR

Figure 2 Structure of compound 4a in its crystal
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Scheme 1 Plausible mechanism
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R PMB 3 [ 1K) 731 IS 25 i 24 1) 2H-RE % 4. B
BE— B PRI ELE A FHRAHIT FT.

3 g
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NESEAR AR AL ST T S-S -2 H-IE S R RO B, 1%
DEAIRE T B RN PREA B RS e A M BT,
1M B REHEAT S0 B RO, SR NS R — RIS 5-
R -2H-ME V& SR 259 K AW T oy AR AE T — 2%
e R B SE G BT 5 1. % OB VEGRATLER DA K )
I — AR B IEFER T 2 .

4 SKEERSY

S-ZHE-3H-MEME A B 1) SRR VI N o B e
1 (0.3 mmol)~ 5 %M 2 (0.6 mmol). Ph;PAUNTH, (5 mol%)
LK DCM (3 mL), Bl R &R R ZHEAMF FHidE I+
F TLC BRERON. 85658 Ja FIERE VK B R SR
PR R Y8 515 BIE S AT AR BT A B Ak, 159 305
R 5-ZHE-3H-MEE . S-S B2 H-NE s (1) & e 28—
B AR T DCM (3 mL), F1a S SR
Cu(OTD), (10 mol%), Eikfi+: 6 h, FHEE—LFRIFEM
I3 B A TR R SRR B 5-5 R -2 H-IEg 7= 4.
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