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Metal-Catalyzed Unsaturated Hydrocarbon Functionalization
Applied in the Synthesis of Pyrrolidines and Pyrrolines

Zhang, Jingang Wu, Zhengxing Xie, Fang* Zhang, Wanbin*
(Shanghai Key Laboratory for Molecular Engineering of Chiral Drugs, School of Chemistry and Chemical Engineering,
Shanghai Jiao Tong University, Shanghai 200240)

Abstract Pyrrolidines and pyrrolines, as important building blocks, are widely applied in the fields of medicine, agriculture
and materials. Many synthetic methods for the preparation of pyrrolidines and pyrrolines have been reported over the past few
years. Recently, following the rapid development of organometallic chemistry, the metal-catalyzed functionalization of unsatu-
rated hydrocarbons has gradually become the research focus of organic synthesis methodology, due to the high efficiency and
diversity of functionalization. Therefore the constructions of pyrrolidines and pyrrolines using metal-catalyzed unsaturated
hydrocarbon functionalization are important and very useful. The development of metal-catalyzed functionalizations of differ-
ent types of unsaturated hydrocarbons for the synthesis of pyrrolidines and pyrrolines is summarized.

Keywords metal-catalyzed; unsaturated hydrocarbon; functionalization; pyrrolidine; pyrroline
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TERROE T EONFE M5E. AT EWR A € )E
AR R ke JRHE =0 BB ) 1 E
FE A SR IS B RS AL P R AT A % e S SR A AL & ) (1 B 22
W Tt .

1 EREUNTIEMEERENR NS R T

UTEEAE, <5 Ja AL I AR B RE AL SR i g
Feifg 7Rk, W] BLA N AL R BB Wacker-
Type KRN SALFINEF T HORUE fetb SR R s fR
e i) A ITA
1.1 SRR

E R MBI SR SN AL S, AR
4 J& 1 A TR AN 5] S 2R 1 AN TR R 1 B e B v 8 ik
Tl
111 BH 69 R et RO

1998 4, Yamamoto /INHPHRIE T & 1 42 IR AL 1L
P AR A T NS AL SR (Eq. 1), 1%/ B
y-HaHE TN IR S IR, & TSR (D) = 3R
AL, 7R 11X 2R EE ) — 58k (dppH A N 7RIS R
TERT, TIOERERTH 70 CTFRMETFEE 2-2
IR bE R S, P i) ST — 0
FAL R B RE

H 5 R’
(N\R1 [(7°-C3H5)PACIL, (5 mol%)
R—

SN

Ts
(N_?J @J Phu, :H \m//

87% yield

dppf, AcOH, THF, 70°C

60% yield 80% yield

(dr = 94:6)

2007 4E, Toste /NPYH Ph(CH;),PAuCI 15 A1k
A, IR FHEBIRE, EEAZEP T 23 CF
SN 48 h, I P IR RS T A BRI AL
ST PR 2-BU RIS e 284 A 0(Eq. 2). =
Yy rb R OB TT Ak — 25 EAT S R R A A B A AN [F R
Eilfollisaesry Al
112 zey AL RS

2004 4, Yamamoto /NHAPHRIE T 7 & @ AR AL
T, @k g1 N — FOSUBE BC 4 (R,R)-RENORPHOS,  SE i
T IR T NS FRE LA B, BT 2-J R
IR B A WI(Eq. 3). %8 AT B IHLER 2 b 7E
AL R S A A O R A M, SRR R AE TR
FA AT WAL
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2

2 R
SOxMes R®  PhiMe,PAUC (5 mol%) MesO,S, ) R?
NH/-%RZ AgX (5 mol%) N )
j’j/ benzene, 23 °C, 48 h
1 R!
R R R R

R =2,4,6- IPF CGHZ

Mests\ MesOZS
N J

97% yield, 96% ee 88% vyield, 98% ee

MesOZS
MesOQS\
N.

84% yield, 99% ee 73% yield, 98% ee

O:P’:O_
o~ o

——R
Pd,(dba)z « CHCI3 (5 mol%)
( s e
NHNf (R,R)-RENORPHOS (25 mol%)
52% ~ 93% yield
47% ~ 91% ee

Nf = nonafluorobutanesulfonyl

PPh,
(R,R)-RENORPHOS =

PPh,
1.1.3 Mtz ey f il 5o
2005 4, Widenhoefer /NHPURIE T 78 4 8 44 1

LT, 120 CRE EANHERIF N 16 h, LA 57%~
TT%HI 7= A3 3 T M i 2 & 90(Eq. 4).

[PtCly(Ho,C=CHy)], (2.5 mol%)

NHR'
PPhs (5 mol%) j_f Me
R X dioxane, 120°C,9~22h
R2
Bn
CHchzan Bn
jb/Me Me N
Me
M . jj
© Me
65% yield 70% yield 62% yield OMe
2Me
Bn
N Cy
Me
Xb/ Me
N
Me Me Me
Me Me
62% vyield 77% yield 57% yield
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1.2 Wacker-Type & R

Wacker-Type & MAE A—Fi B B (M 12 B Refb e B
FEMEIEBE R A b A7 R AL B dn Stahl /N4 #E HL RT3
TAERFERE_ B, 2011 454008 T /A S AL, il
I 5N WLk g I R AT AR S B 1 AR Wacker-Type [
Bi, AT 2-B AR I g be Ak A M(Eq. 5)1
4 F Ph-pyrox FCAAH S5 87 [ S7 ARG BEVE B 4, DA
ik 98%IH] ee (E1F BINLE e fiTAEM).

NHTs PA(TFA), (5 mol%) R

Ph-pyrox (7.5 mol%) N
A (%)

toluene, O, (101 kPa)
R 25°C,12h

Ph-pyrox

@J T o

68% yield, 98% ee 62% yield, 97% ee 98% yield, 93% ee

1.3 SNFNERTHENNE R
TEAMINAAT E F R i i & R AL R
BUE REAY S S BRI ot F) A5 B A AN D RGBTS0 3=
B2 R Ak B T e 35 4 3 Ak s 7 R g gk Ak S
i,
13.1 MEHE
2009 4, Michael NHILL p-fadeda 254k &4 N R
B, N-FARKCE TSR % (NFBS) N B AL, 7E = SRS R Al
1AL T, I [EGNH][N(SO,Ph),] F1 PG R 35 IR i 404
Y)(TMEPO), fE=IE N T LR LB M 18 h, HIHf
DL 59% ~ 94% [ 7= 26 45 2] i 1 HUA 9 ik s e 45 74 (Eq.
6). RN VL ZAE PAADHEN T, BURE R R
AT EZHE I, 7 NFBS EA R, PAID#AL B PA(IV),
IRIG R A SN2 I N AR B i AR 1) ik s Bt KA S
(Scheme 1).
132 EAEALR S
2006 4, Donohoe /NP HRIE T 4 @R AL 1) 1E
(11507 N R R AL SN B O bR B W0(Eq. 7). /)
HULE A AR S5 K IR I R IR R, OsO, ML
A, MesNO AT, 18 I Ay TR A i s R A7 7
T, SRR R IR TR, BT DU P AR
BN BT =), 2 A R R A R (R
A] 20 Ak i A B R4
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o>\_R

NH F\N/SOZPh Pd(TFA), (10 mol%)
>C\ * Lo TEMPO
\ 2 [Et;NH]N(SO,Ph),]

EtOAc, 18 h,r. t.

R YO
N (6)
gj/\N(SOZPh)
R'O._0O R{fo
N N
p/\N(SozPh)z §_7/\N(802Ph)2
Ph Ph
Ph Ph
R' =Bn, 73% yield R? = p-Tol, 94% yield
R" = -Bu, 59% yield R? = Me, 74% yield

R? = t-Bu, 82% vield

Tol

76% yield

Me
Me =
pd' O—\ _ NFBS

NH >7 OX|dat|ve addition

0~ Me

(PhSO,),N~
O_\ v dissociation >
Pd Bl O_\ F X
>_O L “N(SO,Ph), N RaV
g\
Me

N(SO,Ph),
S\2 displacement E'}J
- =
FO
Me

B 1 AR 1,2- XA S SR

Scheme 1 Mechanisim of Pd-catalyzed 1,2-diamination of al-

kenes
OH 0sQOy4 (5 mol%)
x. _R  trans-cinnamic acid R
TMO, CSA, CH,Cly, 1. t H TsH @
NHTs PSR AR R oH OH

H TsH H TeH

OH s OH o4 'S OH
80% yield 80% yield

2008 4F, Chemler NHEHRIE T p-Re I MR
55 F A X BR B 3k A 3 b S B (Bq. 8). % B LA
Cu(OTf), FAEALF, VU B IRIE B A Y)(TEMPO) A,
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V8, PhCF; N7, TE(4R,55)-Bis-Ph-Box T4 11
R T 120 C/RN 24 h, SEFL T 307 1 AR AS KR e Jk
AN, PLIT%HI = AN 88% ] ee (A K T FHEM
2 BAR e s Joe AL A 4

NHTs Cu(OTf), (20 mol%) Ts

(4R,5S)-Bis-Ph-Box (25 mol%) N R ®
X TEMPO, O, (101 kPa), PhCF3 go
120°C, 24 h

97%, 88% ee

(4R,5S)-Bis-Ph-Box

133 LR

TR 3 9 R S A ST W o 28 8 )t A 1L
RiE®. 2007 4, Chemler /NHAPYH Cu(OThH, 1E ML
7, MnO, 1 AT, 78TV XUk AC (A1 T, 52
LT AL 5 F Y BN SRR BRI A I i (Eq. 9). i BA
45%~85%MIF*Z, 82%~94%M] ee HIE T —Fi&H
MM e ) = IR B 2R B K. 12 A5 B P T L2 R
B LA B 2 AT OGS PR 2- K L e K4 M. ik
S AT B L. 9 R BRI AN N—
Cu i, C—Cu BRI A H3E, 59 L C—H 835 k
2B IR (Scheme 2)P° Y, % EC AR T —

R! Rt R! R

Cu(OTf), (20 mol%)

Ligand (20 mol%) o s’N
2

—_—_— 9
MnOQ, KQCO3 ( )
PhCF3, 120 °C, 24 h
: 0. X o
R &/ \ R2
N N
Ph Ph
Ligand

Ph  Ph
N N N
0,8 0,8 0,8"
o]

Me
85% yield, 92% ee  45% yield, 92% ee 78% yield, 94% ee

; N
N 0,8 N
0,8 2 0,8

OMe

73% yield, 92% ee 75% yield, 94% ee 77% yield, 82% ee
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Z \_ CuX; (300 mol%) N
° \
CuX, ITIH Cs,CO3, DMF, 160 °C, 72 h 0,S
-HX / Ts
%N_X

R
T
‘S

N
t
. \4\—)\/(3“)(
\

N
|

Ts

BR2 S 5Hm RIS BT
Scheme 2 Mechanism of Cu-promoted carboamination of al-
kenes

T RARF=W(S)-1a ) LTS (R AN %o R 4 B ).

2010 4E, FKILE/NAPIRL p- 8 I b A A 55 3
WER N, Selectfluor NEAMNFA, TELMEML T T 60 C
TN 2~4 h, Lh 69%~94%[1] 7= K IFH| a- 75 FE WP H 5
BUAR (I b2 2K 45 M (Eq. 10). [FI4E, Toste /N2H g 7 4R
8 | DSRS0 FE R N R, AL )
e B AL S5 B FSGIEL e e SR AT A2 4.

Ts
NHTs
Ph3PAUCI (5 mol%) N
R + ArB(OH), ( ]/\Ar (10)
\/\ Selectfluor |
MeCN,60°C,2~4h R
Ts
@/@ Ts
94% yield 69% yield
Ts
N I
. ) o i Cl
87% yield 84% yield
Ts
Ts N
92% vyield 88% yield Ac

1.4 pERESS5MBRRNR N

Wolfe /INHUOME sifRJ8 2 5 i K e hik Ak S5 B iy 7
ML TR T T RGBT FT. 2004 4E, Wolfe 2™
Pd,(dba)s 1 AMEALT, 1,4-X0( 2K B%) T ki(dppb)/EH T,
ST - A R RN 5 B A 2 T P A ] R, A
BT — 250 2 ALRAR IS e R B 0(Eq. 11).
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Pd,(dba); (1 mol%)

Ph dppb (2 mol%)
SN L ar—Br :
H KO'Bu, toluene, 60 °C

N (1)

90% 77% 77% Ph

2 SREMHNTIEFIRE LR NS AR

T U AR G J IR O AN T AT B RE A S S A R PEE E%
A BRHE R, WL N N TS AR
2 5508 B etk s R R AR R A 4R Re AL
S RV
21 SRUERM
211 T AR

B 75 0 3 A G S o e B 38 3 D . A R £
fh5E . FAE 1998 4, Steckhan /N5 L&A T8 — 0
SRR N IRY), AgBF, ML, 75 & ki
IR N RERE 12 h, SEELT TN R EREAL OB, DA
S1%MIF= A T 3-MS AT A YI(Eq. 12).

o o)

HN)kO AgBF, (50 mol%) NJLO
- (12)
—t = 12 h, rt. N a
CHxCI CH,CI

81%

2,12 BetRty AR

4 J& Ir. Rh. Cu. Ag Ml Au Z54F 0T DAL HE )
SHEA B, FIFH p-f b i) o AL B A 1-
N s b 245 &5 A o — ol 19 BRL 0 20 V. Messerle /N
g [ T o S A AU T BB R G AR, R
8T — &4 Rh 8 Ir {40 1R s bAE 1) 2T P At
i(Eq. 13), XX N,N-B% N,P-BeAARELAL ] Rh 8% Ir f# 4071
HOHE = A AL - -1-RE ARG, o NN-BK
N,P-FRARECALIY Rh #4677 TON fE ik 9.6 X 10", 2009
FE Messerle /N LA ALk IR SHS TC AR T A7 ) ARLAE g i
17, RSB T %R

HzN/\/\

cat. Rh'/Ir! N

213 JERe A AL B
2010 4F, Chan /NEUULE T #5457 SRy —F

Chin. J. Org. Chem. 2018, 38, 1319~1326

© 2018 Chinese Chemical Society & SIOC, CAS

SRR AR i A B B A SN, BL Cu(OTH), 1E ML
7, AE PR AN 261 T ot & 1 3-SR AL &)
(Scheme 3). VR HED 1 —/AT BERIBLEZAEAR AL T,
T P R S0 I K T P A v ) A, e T 7 0 )
W RS T RN SNAT 21 3-IE I IR 4.

Ts R
N
Cu(OTf), (5 mol%)

DCE,80°C,2~15h R2
52% ~ 99% yield

]

TsHN™ X 2 R!

HO R?

NHTs
sz/\/\/R1

IR 3 EAREIRI 5T W AR R B

Scheme 3 Cu-catalyzed hydroamination of alkenes
22 TUEURYISSEMNGRERKCRN

TG a0 5 ZE fe 2R 25 K 2 5 1M )& B AL
N — R E A O S AL S I T . e EEBR R
IR T — M B HZ 2R A, PA(0)RT LA 5 R e kAR Ak
INEE R AL EIAA, SR J5 3 J5 282 82 S AR K 1)
B REA. SO TG 7R AR ) 2 5 RIRT S AR AL A 2R,
PRI 5 2 P SR SR mT A A A o TG A FR SR ).

2012 4, Bower /NHA'H] Pdy(dba)s 1 A AL,
P(3,5-(CF5),CeH3); ALK, 60~120 °C R {E DMF ¥&57+
PL 56%~93%HIF= #5287 Narasaka-Heck ML,
BT S 1-ME RS XA B SR L5 1 (Eq. 14). ALY
R R < s/ B I e Rl I N S - VAP S
Narasakal"* "1 FARIE ), 12 % S FINLER &40 2 5 A
RAFMIRL, REEEE N N—Pd 8, kMK 4E g-H
T B3 R0 JER 9 B I 2 A 38 Wbt s bk 407 A2 ) (Scheme 4).
A 19K T Narasaka-Heck 52 4R T8 % 5 25 B8 KA (1
L 2 5 BEAN ST ARAL B SR LU ™ 5, [R] I b A 7K A
Dyw 2 A SE 4 OB, PRI IR L TE B R F 32 3
TARKMIBRH]. Bower /NLIEIL G| P(3,5-(CF3),CsHs)s
it KRN T Narasaka-Heck Y s B )8 38 14 A
R, T SZAA I PR 2 T 55 1-AHL i bR 455 44 1 22 1)
R G, W74 6 S BRI S Y5 fit 7 —Fh
BATEE NP8 5 E(Eq. 14).

2015 4F, Bower /NAUPHRIE T 2 A K4 5 43
T N BRIE AR SL(Bq. 15), 73531 7 &k, D55k,
I FE AR EL R 1-MEgRR AT A, BRI 2, Pd(0)il
i 55 EEEE T N—O BAEMEIE S N-Pd(ID) H [A] 44,
SRIG IS N—Pd B, 132k A F 4 5 2%
I AR A 1 2- B B AR R P 0 (DA 1,2- ek 5 A Je
Mo, HLEEWL Scheme 5). Z/NHSZHEL TR 1,2-
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Pd,(dba); (2.5 mol%)

-
FB2O,, P(3,5-(CF3),CgH3)3 R R
N (10 mol%) (14)
- Et,N, DMF
R? “R2 60 ~ 120 °C

H Z H
s N = /BN
Ph\</N C — \ /N S

H H f
3% yield (60 °C)  74% yield (60 °C) 77% yield (120 °C)
N H N
A A

85% vyield (120 °C)  56% yield (120 °C) 89% vyield (80 °C)

0
PdoL,, o
base |
R2 R2
L,Pd"
L,Pd'"-H |
R2 R2
N\ L,Pd"
R! R2
R2 N
|
R! R2
R2

B 4 HUEILIIR R Narasaka-Heck < M ALEE
Scheme 4 Mechanism of Pd-catalyzed Narasaka-Heck reaction
of alkenes

L
Pd,(dba)s (5 mol%) o ATIOR
P(3,5-(CF3),CgHa)3 (20 mol%)
1N
N R! Nucleophile, DMF, 75~85°C " ~¢ Yo *

§

OFBz

R
Ar = > R
R1 N + 1 N + 1 N / (15)
4 R2 R/ R? R/ R2

Fe RS 12-JEFET5 B . 1. 2- B Im B R 1,2-
fil FE bR IAL S N, ZREVEM A R T — R A Mg ISR AR
.

2015 4E, #mEEEIE/NAILL PA(OAC), 1E AL,
1t P(3,5-(CF3),CeHs); HIMER T, it 5] N &R SEH T
PA(ID)HEAL I y,0- AN TN fi B B AR s A0 OBE, - DA 42%~
TS%MIF= 2 A T - IR S5 M AT AEPI(Eq. 16).

1324 http://sioc-journal.cn/

© 2018 Chinese Chemical Society & SIOC, CAS

-
—B(R)
F F \N)2
BzOBR, 820" ArBR,

21w I S ey S U 2 E A AR R
Scheme 5 Mechanism of Pd-catalyzed carboamination of al-
kenes

Ph\Fo Pd(OAc), (5 mol%)

P(3,5-(CF3),CgH3)3 (20 mol%) _, N_ Me
R~ x (16)
% MX (4 equiv.)

toluene, reflux, 24 h
75% yield (MX = Nal)

G
% N Me C|

70% yield (MX = Nal)
42% yield (MX = LiCl)

N Me
- Br

64% yield (MX = LiBr) 63% yield (MX = LiBr)

61% yield (MX = LiCl)

23 FEEUFSENHBREERURN

FL7E 1982 4F, Hegedus /NH! 5t G 241847 4 R
TR IR R IE N RY), AL AL, 2R
HNAALT, BRER BN AT &AL IR N7, A T K R
(THF)¥ A R, @it PAD 4L Wacker PR1E 2
BT - IR R LE M A (Eq. 17). 1983 4F, Venanzi
ANHIPPIRGE 1B A BRI R A IS R -t
MHRAS 225 A4 1 S .

Ts
<NHTS  pyCl,(MeCN), (1~10 mol%) N

2013 4E, Glorius /NH" T H N-45 P 3L B O F et

LiCl, Na,CO3, BQ
THF, reflux, 85%
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EVIRIRY), PA(OAC), AT, P T HIR1LE(TBAB)
I, AARAEREAT, 7E = F T P(DMSO0) %
T 30 CF &M 24 h, KA T W Heck IRUIR N,
PL 56%~87%MIF=, 1R FIMIZAF 2T 1-mE gk
FRUAWI(Eq. 18).

=

Pd(OAC); (5 mol%) Ph. N

X:(% (18)

(

TBAB, 4A MS, DMSO

0,,30°C, 24 h H
H H
Ph N y Ph /N H Ph /N $_ph
N
H H H
56% yield 68% yield 87% yield

3 HitE5RE

< JoE AR A AN TR AT (14 R P S L ) 3 bt g e AT b
Wbk 45 A4 BT S B X, IR IE L & A AL 1Y
ARV PR B BE A 15 BICEL s Joe 1 b g R K8 5 420 £ 5
SIS T AVNRIEERE. BEAAET DL N S AL A I
Ri. U LIRS 5 e B R RS & & A S 5
ke B REAL SO, He Il TR LR S 5 OB
AT 2 5 1 ST DA B 0 A B RE M s e
BRI, R T RS BT AR AT R B
b, LCETEALIRY 2 5 10 B AL 12 5 1A R NI
PIARRSRA, AT LA YA S 5 O R AN AR
FREE G 1 T AL R (5 P, — i BT B L A AR
SR H0OE A AT N SRR AR I T SR
UL

BRI, BEYUSGEAAAE LA L (D) RVHEA E
WL T ARSI, R SRR I RS AN
R, SR E— 2Dl K S A AE — SE IR, RER
TF R 8] BG5BT ) 73 1) SR, AT S
BLEL 1 RIT AL 1 AR 55 ) PO AT S, A L A T AL 38 55 Bk
il Q)EMTNS 5 1 N AE A BRSRIE AR LE LB T 1
HAY, R AENET LB ] 738 A
2, TR 2 MR TN AT AR S 2t I A 1 24
sy (3) 4 AL T 8 I A X AR £ RS S T P S L g e AT
WLk e R 28 gt LA S B SR AN S B S A, H AT
WIEATIR, AU AR A R IR Y E R 77 7).
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