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Theoretical Study of the Intrinsic Reactivities of Various
Allylmetals toward Carbonyls and Water*

Lung Wa Chung,’ Tak Hang Chan.* and Yun-Dong Wu# "8  Organometallics 2005, 24, 1598~1607

Table 1. Natural Charges of ML, and C,H;, Calculated Complexation Energies with One Water Molecule,
Reaction Energies of Hydrolysis (AEw) and Allylation (AE¢-¢), Thermodynamic Preferences toward
Hydrolysis (AAE = AE,, — AEc=0), Activation Energies of Hydrolysis (AE,") and Allylation (AEc-o%), and
Kinetic Preferences toward Hydrolysis (AAE® =AE.* — AE¢-¢') Obtained by the MP2 Method”

ML, CyHZ AE... AR AE = AAE? AE* AE«-Ut AAE?
Li 0.91 -0.48° ~16.5/-18.6¢ —28.0 —40.6 12.6 0.9 3.213.08 -2.3/-2.1%
Na 0.94 -0.50° ~17.65/-13.7¢ -24.3 -37.2 129 -1 4.1% -5.3¢
K 0.97 -0.51¢ -16.1/-8.1° —26.3 -37.0 10.7 -1.5 8.7% -10.%
ZnBr .67 -0.05 -15.7 -16.2 -273 11.1 12.9 6.9 6.0
CdBr 0.63 -0.05 -11.7 -10.0 -21.2 11.2 15.2 9.0 6.2
HgBr 0.50 -0.03 ~6.4 29  -91 12.0 276 16.9 10.7
In(D) 0.72 -0.37% —6.8/-4.1 -36.9 —46.4 95 0.7 5.8¢ -5.1¢
InBr; 0.52 0.00 -21.3 -16.7 —29.0 12.3 12.7 4.7 8.0

R Scheme 2. Energetic Diagram for Hydrolysis and Allylation Reactions
[L m LMo N Allylat
» {Lnl - - H ylation
RCHQ 0 R Allylation (a) Earlier TS model (b} Later TS model Hydrolysis
@ Y- a/—\"
HO ™ L"MoH] N+ HOML,
Hydro(ysrs

Reaction Coordinate Reaction Coordinate

— Advontages —

" The epse o; reoctionS  n olm/To\t?wd the r\eeC{ -Foy ;‘rrplammaue
onhydrous ogonic solverits  and  inert masphere .

@) Prtection of veoctive hydroxy Fonctional growps Th o |onger reguire red

() compounds (e.9. @ubohydrotes) nsoluble n organic solverits can

react A .rPd‘J N
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ORGANOMETALLIC REACTIONS IN AQUEOUS MEDIA WITH INDIUM!

C.J. Li and T. H. Chan*
Depantment of Chemistry, McGill University
Montreal, Quebec, Canada H3A 2K6 Teonhadron Lect. [AQ( 32,7020,

o oH
Q')kke + X A- M /H:0 .
S XL d R77S

Re
Table 2. Allylation of Aldehydes and Kelones Medisted by Indium in Aqueous Media

Eatcs R’ R X Mol AZUMX/M  Xime(hes) Yield Sxaiantt
1 Pa " .13 1s 111,501 3 9
2 Pt H 1 Ta 125.5/1 3 95 N
3 m oo o uLsn s 60 SO '?m" ’ the mOST CO”W'O'I,)I {,{SBC{
¢ re H C1 So 121.501 s [ \ .
s cies H o B Ia L8 1 94 méto“( N qu Olaﬂﬂoméfh //IC
€ CH;CHOH H Be In 11.523 3 38 e7:33 N
7 CH,CH(ODCB) H o 8 e 118 3 75 247 reOCt‘tOV\ ore 2int ard t‘l n.
[ CH)(CH,),CII(ORa) M Br  Ia 118N b 0 476
s PRCH(CH, HWoOBr 1 A 3 s T \/e"y - o%en J QC}C( Q')fa[)/ﬂ:? ) }")eat or
1. Pe CH, B In 1180 [; 72 .
oo CHy Be za  WLSI s 1 SOHICOt"on e I’eg_u{)‘ec( tﬂ ;nc{uce
12 " CH, 8¢ s 1.0 3 [y
13 H{CHy)s- [ T 11501 ¢ . 'dﬂe reacb on "@- OCC(/U”
14 “(CHy)s B Se 171,541 0 o
15 HOCH,;C(CH,), H Br  lo 1/1.811 ] s
16 KO(CH,), " Be s 1/1.811 3 s
17 (CH30),CHCH, CHy Br  In U ‘ 70
18 (CH,0),CHCH, cH, B Za 1272 6 0
1 (CHy0),CHCH, CH, Be  Sa 1202 [ 10°
Authelucnauwzmpedm:dn 1 mlmku:mmmycmunmnmhymmngmmmmm
for the proper time. otherwi d; *mediated by tin at 80°C. % d by jon: © d by

zinc with sonication; ‘by "Hnme.

® Rectione with indiwm metal need ro promoler
The use of indiwn gerenlly improved  the yields ( entries 3and 4, (0-H)

Proposed Medhanism — ( Gn.J. Chem . 1994, 72, 7/81. )
>=0 + ,rrrr I >=o] ;: — 5

This mechaniam  can account
rot only Sor the product kit alsy
for the side product of the
X = >, romely the procol 5.

16 Ix,v

I
|8
;S
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Another egaa//)/ /i/<e// mechantism. |s the ;Collowi»ﬁ.

NF /7:7-/ _— ’x’\/]‘. Tn SU\PPOH; 05: s mgclqon]gm , He SB(; —Ca,)D/}/g
4 l>=° Procfmc'(.' oF the dlylic holide con also ke
Sound in the reoction mixtwe o a Side podd
o O- ] I

) SN side product |

Table L. Ficst to Fousth Jonization Poteatial of Some Metals

fonization Potential (eV)

Metal

1 il 11l 1Y
fadium 5.7858 18.86 28.03 54.4
Aluminum 5.984 18.82 28.44 119.96
Magnesium 7.646 15.035 80.143 109.29
Zinc 9.39 17.96 39.7
Tin 7.34 14.63 30.49 40.72

¥ ogueous orgaroretallic  reactiong procesd by o single electron Gronster
mechanism , indiwn may well be effective in Such rexctions .

Unexpected Barbier—Grignard Allylation of
Aldehydes with Magnesium in Water

Chao-Jun Li* and Wen-Chun Zhang

Department of Chemistry, Tulane University
New Orlcans, Lovisiana 70118 J.Am. Chem.Soc . 1988, 120, Gro2 .
Received March 26, 1998 J 07 . Chem, 1917, 6% 3230

oH OH
R

Hx0

Table 1. Magnesium—Mediated Barbier—Grignard Allylation of Benzaldehyde in Various Solvents”

‘o) cH
RAH  + o~ Mg o pAoa + o
| 2 3 4

eniry allyl halidv solvent mediator 3tdfbenzyl alcohol conversion (%) of aldehyde

( allyl bromide THFH-0 (10:0.04) Mg/, 100%/0/0 : quantitative

2 allyl] bromide THFH O (10:0.2) Mgl 100%/0/0 quantitative

3 allyl bromide THFH:0 (10:0.55) Mg/, IR 98

4 ally] bromide THFEH:O (10:0.67) Mg/l 9%t43 %t 4% 56

S allyl bromide THRHO (10:0.7) Mg/l W0 0

[ allyl bromid.: H.0 Mg/l 13%/2%!1 % 16

7 allyl bromiide 0.1 NHQ Mg/l 28%RIGORICE quantitative

8 allyd bromide 0.1 N NH,Ci Mg A RIS2%T% Guantitative

9 allyl iodide 0.1 NNHCI Mg SBR/34%/8% quantitative

" Entries 1--6: benzaldchydezallyl halide:magnesium = 1:3:20. Entries 7—9: benzaldehydeallyl hatide:magnesium = 1:3:10 (the use of a
stoichiometric amount of magnesium resulted in a fow con: crsion).
>~ Ry

Mg oo pgr, T8 o |l s~g ﬂﬁgo PhAA
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Table 2. Allylation Reaction Mediated by M. gnesium in Ag Medi

ooty avbstralo (1) yold (3. X)° yiokd (4, %1 yickd (11, %9* ooy subsvete (1) YRl (3. %)% yiokS (4, %) yiedd (11, %)

oo CHO “The rf’c{uct}on Pouht‘a( 05:
1 U!la) 56(50) 34 8 10 @ (ap 4o 38 13

ST o oldehydes ore offedted by
o STy et

3 ) 52{45} % 12 Hco CHO
2 O/m 45(40) a7 8
CHO »
4 ,O/ (14} SH43) 35 2 CHO
F 1 ’O/(unr 271100 52 21

) Qg"’a waw s " e Under similar conditions,
s G\G/(?nn 4204 37 21 u w/@::o 3 2 #5(%0} W M é: wove re dm-aon
cHO 15 ,©/liol ) 0 0
! g/O(Wi 40(32) 4 13 OHC t ’C;Q"Q 05} al;PAat;c
&

16 A0 o [} [}
CHO ’ (1o}
s Uw 39(20) 54 7 Ite W\/(::o ° 0 0 a(dehydeg a\}*e more I%qt‘lzg
CHO
'W\ﬁm) 5345) n “* 1./\/\/\/(?;'0 0 0 ° El :[ e £ f,c
Reactions were canted oul by using skdehye: shyt lodide: magneshm ming(1: 3: 10) 0.1 N aqueous NH.CL “Measured by H MR feolated a(dehyde .

Yields In parentheses) ‘mwmdwumm For entry 15, @ polyrmeric product was otktaned.

S Sor example = ( RaV BESUFA )

O”"vvv%«v o OHscHO CEeoM, pH =8 . E st = —177el )

¢

mevwa BT DL cHO (BLoH, pH=P B - - r4er )

The Barbier—Grignard-Type Carbonyi Alkylation Using Unactivated Alkyl
Halides in Water

""""" Charlene C. K. Keh, Chunmei Wei, and Chao-Jun Li* 7 A'm Chem SDC 2003 /25 ((06.2

Deprartment of Chemistrs, Tulane University, New Orleans, Louisiana 70418

Schome 1 0 Scheme 2
on

on o .
O)L" + >_, _Conditions /©/‘Y N L Za/Cut, cat. taCl. (\ R2
Ne Ne o 007MNaC0, /.7
R R

Table 1. Optimization Conditions
conditions® - solvent yeid (%)°

Table 2. Alkylation of Varous Aldehydes

2

I 1nCWZa H,0 ) ey REHO R yied (%)
2 MCYTBDMSCY/Za/CuBr H0 30° 1 4-CNCoH,CHO cyclohexy! iodide 7
K} 1InCVZn/Cu} H:0 13:33:54 2 4-CNCoHCHO cyclohexy! bromide . 4]
4 Za/Cul H0 0:38:62 3 4-CNCaH(CHO cyclopentyl iodide 67
s InCYCuBr H,0 no reaction 4 4-CNCH4CHO isopropyl iodide 85
6 InCCut H0 1o reaction 5 4-CNCHiCHO tert-butyl iodide 30
7 mCVZn/Cul 0.07M Na:C:0.  0:12:38" 6 4-CNCsHiCHO 1-iodo-2-methylpropane 32
8 InCVCuBr 007 M Na,C;0¢ o reaction 7 4.CNCH,CHO I-iodohexanc 14
9 InCVZa/Cul 0.07 M K,C;04 0:25:73 8 4-BrCoHCHO cyclohexyl iodide 58
1o InCVZn/Cul 0.07 M KOAc 0:36:64 9 4-CIC,H,CHO cyclohexyl iodide 53
1 InCVZn/Cut 0.05M Ng;C;0;:  6:12:82 0 PhCHO cyclohexyl iodide 46 I
12 InCl/Cul 0.05M Na;C0¢  noreaction 1 3-MeCuH, CHO cyclohexyl iodide 47 k
13 1nClZa 0.05 M Na,C;05  trace 12 4-CH CsHiCHO isopropyl iodide 30 I
14 Zn/Cul 0.05MNayC;04  13:17:71 13 4-CFyCoH(CHO isopropyl iodide 83 !
- 14 4-MeOCgHCHO cyclohexyl iodide 56 i
* 18 h reaction at room temperature, based upon 20 mg (0.153 mmol) of 15 3-HOCWH,CHO isopropy! iodide 47 |
p-cysnobenzaldehyde. * Yield from crude 'H NMR, ratio of unreacted 16 3-CICHCHO cyclohexy! iodide 66 ]
aldehyde:pi I:desired product. < Isolated yield. €0.10 equiv of InCl, 3
equiv of Cul, 5 equiv of isopropyl iodide, 6 equiv of Za. 7 Isolated yiclds were reported. .

rWhen the reaction was awvied out in oanic Solvents Such aS THE | method
and  methylene  chloride , no desired reaction /th{c(ct wnl abserved . '
e No reoction wos observed with oliphatic oldehyde ond ketores.

Proposed  Medmnism Sor the Metol ~ Medoted Addition of Alkyl Halides

(Cc'yfIhLQ o Aldelsdes 10 Witer .
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Tin- and Indium-Mediated Allylation in Aqueous Media: Application
to Unprotected Carbohydrates

Enoch Kim, Dana M. Gordon, Walther Schmid, and George M. Whitesides™

J. Org. Chem. 1993, 58, 6500~-6507

<
Snll4 i Sl ,
or S . )
cther
IY) (>Q3 /\ / IV\ C( 2
Table I1l. Bummary of Organic Halides and Organcmetallic Reagents
A. Organic Halides
wuccesaful metals (unsucceestul) unsacosseful metals used
o < In, 8n, (Zn) ”‘@C:' In, 8o
I In, Su* "l in,Sn
X
N;O—-—\ In, 8n .w.c.. In, 8o
L) tx sn
:?'{x In, 8n =\ In,8n
M In,8a CHshS—m— Sn
O/‘- In, 8n*
Al In, 8o
B. Organometallic Reagents
successful unsuccessful
”P{enewm n.w{w_m
MO g gor it *“e;::nm, e \snimauty
‘ ‘m,/ Oy Ay Clnin Bt
PhesylMih: sthymytMgBo/ By (THE)
vinylMgBr/8aCly (THF)
allenylMgBr¢/8aCly (sther)
THS R ity o

The wse of aunthenbic orep

implying  common  reactive  Species

Indium-Mediated Organometallic Reactions in
Aqueous Media: The Nature of the Allylindium

Intermediate

Tak Hang Chan* and Yang Yang

Department of Chemistry, McGill University
Montreal. Quebec, Canada, H3A 2K6

RI
. =0 + I~ Br

Br

V=40 ppm

In
p-o

In > R M
H20

Rz

[

a New sTa nal

voin ovd  orepro Ao reaaen‘tg qave.
esertiolly idertical  to those obtaed wder heterngeréons conokilion,

ot 1 ppm (d, J=8Ha)
=

Coth{e"Uel)/ over yﬁgh't ,

ouCoomes

SEEE YN
QL Yield
The new g‘tﬁml reoched o moximum in obout 20-30m

ond then slowly declined in itensity to dissppen

P 510




" They tried to see if the dlylindium intermediate could have
gither structwe Lo 2

P~ InBra (M InB,

1 2
, T 5 T
2~ MgB + InBras W O«“ylvc Ssaral ot 215 F;mm

OM?% the S‘\laﬂa( ot [\ wes 8n35d)’ veduced , oand Ghe 387)16\/ af 2./$
was ehlmr\ceO(,

allylic s?anai ot bth§ 1Tad 215 P20 o the sigral 6t |- Tppm

only
They tumed to other metheds for the prepartion of agaroindium compoied |

(%%Ha + In @ — YleWS‘naml
* H.zO (;t “ZPP”\

- §1.9ppm V4

The same tromsient allylfnc(ium Species hos been Sormed arol Shee  no
bromde wos involved In the trans metaloation reaction, the a{/)//!'no,ic(h;
species  connot be 1 or 2

Il allylic s‘em{
( / In /\/In(l) (N Ha 4 DA.O,[S,,.,,‘,L Ot |‘r{&
’ ’ * InB)’g —————n ><
P.0
3 4
g
“The torsient a{(yl‘mo(‘»um Species n a?ueous media. s a/&/}ncﬁm(r)
B+ T

(M_-LHS + In Hoo 2 /\/I‘;’(I) éHzO (/\)LHﬁ +Inl
|§'>=0 l H. 0

|
F’eft& o T 0y Chen, 1999, 6l 4452

PbAp
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Highly efficient Grignard-type imine additions via
C-H activation in water and under solvent-free
conditions

Chao-Jun Li* and Chuamel Wei Cm . Commun . 1002 2 llL‘l (o)

ot. Rulls (3rel7)  AHAr
R-cHo + ArNH. + R—=-H At GuBrlomtsy, |

th0 or neat S
or ~ -~ R/
'Vl'n!)le 1 Catalytic addition uf pheaylacetylene b imines in water {or neat) s
Entry  Aldehyde Anilinciconditions Product Yie ld‘(;ﬂ;)_i
NP Ly . N R -~

’ S, A " conditons: A, in water ; B, Solvent Free
2 - ° ‘ PhNH /A Fm‘)\ 90
3 i PhNH/A )\ 89

mom” i pyea N .

: S Aliphatic olkynes , Such os hcx)me ond

4 PhNH /A 95

pml)L" »o R

s S L m)"‘\';\h 03 tﬁnWyISnb:locety(eM, were also é’g'\fd:'f
£ panigA &"‘ 87 ;or H‘e l’COC't(\OVL

7 s R, reA *m)":%: 86 P‘«ﬂl‘x ﬁ
' " R R k

8 R PaNHA o 87 U | *I )\ A

prax i wﬁ’x“ I,"ﬁR 9“} - R ) (L_ 2 “\/
g o NHP (¢} v
9 >|);" PhNH /A >H\,,, 64 FERN 9\ )\;’/‘MR 61} &
10 ok PHNH,/B - )\ 85 \9(!\
Tertotive mechanism $or imire oddition via ¢-H oactivolion ™7

PTT. = Ruf$D) R R

- The conversion was decreased when a

H R i Ru-H

™ J\\ omownt of CuBr was used .
\( - No ‘mine addition Product wesS oéseruea(
Ru(m) + CuX R“‘"’ R WH?LL ‘P‘ACQS alore os the COIB.()!S.'C

. . / H A
7 AP
\

/__ = - H u\ =~ = -

NHR" R «- Ru - , 7R‘f
/t | R o _ % ¢ k\~ 1

,‘? NilE | ."‘——-P
. =R T
A Highly Efficient Three-Component Coupling of Aidehyde, Alkyne, and .
Amines via C—H Activation Catalyzed by Gold in Water
Chunmei Wei and Chao-Jun Li* J.Am . Chem . Soc. 2003 > 125, argh.
. . Nl AR,
R-CHO + RINH + R—= B lond/) Y
- Ha0,1007% R~
T k
7N
Aty R—=—aruH
AN
/ Au() con be genemteo{ in oitu from reduction of
I: j o) - Y« revo
i (=0 Au@ by the olkyne

o




Table 2. Coupling of Aldehyde, Alk , and Amine Cat
Gold in Water " v yne e Catalyzed by

enbry aldchyde  anine prod.ct yeld”

S The decreosed yield for aliphatic aldehydes
2 pMaCICHO Pipndne P”(f‘% ]3 musec( b/ 'Hl\e tﬁW\e}" J 2Qt0h O; OJ;PM'C
¥ aldehydes  Certry (2 ond 13 )

3 PEWCGH.CHO  poondine 5 gye 95%
a)\\P

on
4 P-MeOCH,CHO pmperndine pMeOC;HE‘S\ph 91% ‘ ]

N
S PCRCMCHO ppeidne popcai A 98%Y \/
O Ph
N
j 99%
S pOCHCHD prendne o '()S‘p,. Q

T mCICgHCHO  piperidine m-cnc.n‘:"\\n 95% R”‘ CH 0 + Q + sz = l5~3m¢€/ /h:[ N )
Ha0. 100% R N

g N
PR e A H N R?
?  m-BrCH.CHO  piperdine »arc,n.)u\n 299%
19 PHCHO NG ,,,,5‘\":)’ ot 0/(7 CLett. 2003, &, W3
N@BaET
1] PhCHO HN(Bn), Pn\ 99%

0
N
12 CHEH MO piperidine CH,(CH,).’K\ 53% O O

N
10 pNCHO e phl\({\]\m 5% CH;(CHa)q /K%\ P}L/\)\S.
y ,j,cno piperdne /)E.’j)\mx = Ph . Ph
s s e scpala 79/ Yield 35/ Yield

N
16 pCFC.HCHO  pipendine ”F’c‘"')\o >89%

* Isolated yields based on aldehyde. * Reaction was carvied ut at 70 °C.

CuBr-Catalyzed Efficient Alkynylation of sp? C—H Bonds Adjacent to a
Nitrogen Atom

Zhiping Li and Chao-Jun Li* T.Am . Chem. Sac. 2004, 126,
71810

Path A stonds Sor stoichiometiic

Scheme 1. Various Methods for Forming Propargylamines

:N-(::-FG* M—=—R
Path A
o rucleophilic reacdtion, .
\ / N/ cat M N T Am. Chem . Soc. . 00k, 126, §958
N-H + 0= ~—+ N=C + H——R — N-C—=—R
/ \ /N Paths | 7 |
y othB s the bavsition metal —Cﬂ‘fhl)/i-ec\
catl
N-C-H + H—Z=—R ———e
Path € reoctions of ojkynt‘&‘ ond imines .

Table 1. Selection of Copper Catalyst?
[Cu) (5 mat%)

Q"‘(‘:_@I%@:(%@ CuBr ond Cut provec( to be the best m%éf?

29?. faeg, leg.

entry catalyst NMR yietd®

1 CuBr 77

: e L When the amount of A/,A}-c{/‘met/l)//ani/me
4 CuCl, 73

: Cullysse o was reduced , the yields also decreased .
: Al 3

9 no 0

PIq



Table 2. Copper-Catalyzed Alkynylation of Amines?

CuBr (5 mol%)
A OO (1012800 7
N"N\ h—= 100°C, 3h ==_p Scheme 5. Tentative Mechanism for the Direct Oxidative
1 2 3 Coupling of Amine with Alkyne
enlry N R product yield® ‘ [CUI-OR
1 T'h Ph 3a 74 e
2 Ph 4-MeOPh 3b 82 N
3 Ph 4-MePh 3c 74 “CHR®
4 Ph 4-BrPh 3d 74 +
5 Ph 4-PhPh 3 60 < x l
6 Ph 2-Py 3f 36 =—n"
7 Ph HOCH, 3g m
8 Ph EtCOOCl; 3h 58 [Cu) {Cu}
9 Ph CH;0CO 3 25
10 Ph Bu 35 12
11 4-McPh Ph 3k 3
12 2-McPh Ph 31 53 N
13 4-BrPh Ph 3m 69 R T * ROH + K0
4.0 mmol amine, 2.0 nuuol alicyne, 0.1 mmol copper bromide, and 0.4
mL 'BuOOH (5—6 M in decane). ® Isolated yiclds were based on alkynes.
C‘Hs C‘THs (l:Hi C,Hf
—e" (] ]t ‘9 - - @
AY/N\O"{} .___g-—? AY/N@CJ“L; _._H_.? AY/N\ d‘la.e €. AV /NQCH
2
+ + +
[Cutm) ] lacn ] L ]
< Anpther P roPogec( _Mec"bh'tsm >
3 .
| (EHQ Tt (\\‘[\[Cu(l)] Tk Lam]-=-R
ANSe T AN T 7 AN a-[om] g
wl- = —
\s[C“ /1-=—R lwl-=—k
ok <N :‘ —— & : >
AN - 2
N
Ar -l ] A o (e ]
n [Cu M I=-R % e
o~ N : Z ok N — ]
7 N eH. - a7 hY [
Ar Ar N Ay /\l by
OH: -[Cum) ] th—-=—R
t +
(@ ] [Ca@ ]

They also propose

O O~ =

’BuOOH
cat. [Ru]

cat. CuBr

O_

Q'N;C}

T Chem . Sec. (M), 1993.2837
T Chem . Soc.(B), (963 269,

80%

> J. Am, Chem. Soc. 1988, 110, 3256
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Highly Efficient Copper-Catalyzed Nitro-Mannich Type Reaction:

Cross-Dehydrogenative-Coupling between sp® C--H Bond and sp’C-HBond V. Am Chem. Soc.

2mekl /. CuBr

Zhiping Li and Chao-Jun Li*
[0 -12 e3. TRHP
MeN0.

>
; ~Ph
reom  Temprlie NO

products (isolated yields %) Rz

22 A, G@-0R

5

<@

~t

PP S Y

2008 . R7,3672

]

0°
3a gg;c 3b (54) 3c g;;c } 5
owe  Copper atolysed the Sumdbion of an
@;@ @:@\w @:;@ imine - type intermediate 4 'quLgl\/
:sd(ss)2 30(;1) ) . 3f(32)2 H-—abs'boctfon 07(\ QDs C*‘H 00(750012{'
Q_N/H ‘@‘”i_\ to nitrogen .
oo ™ ey “The copper aialyst also actiwted
9

CuBr-Catalyzed Direct indolation of Tetrahydroisoquinolines via
Cross-Dehydrogenative Coupling between sp® C—H and sp? C—H Bonds

Zhiping Li and Chao-Jun Li*

Sml/. CaBr
+ A l.3eg. TRAP
> Ph next, b0
cQ, o o
ST gﬂ"‘ @:1:1'9 @@ = @ ~Ph,
- R wﬁl TP Bicdel- Gafts >
Cu) ~oR reacton
. C(E’"“ ?ﬁ:ﬂ o ) bpe Q AH
. O} %::. The oc(vanfb@es of thie method  jnclude :
. ey ng:" () reltiely mild readion @nditiong
Oh:} gh (2) use of Hree WH) Indoles
" - @  toleronce of vorious Functional Groups
"J:..l? ng« @) h?sh Ve\j‘«oSe{ecEn/i?;/
R wgg";; - () Use of a l’ela‘(}ve{y cheop metal Copper

o

¥
3 ?

0S betq(yst .

0
=y

g 11

the nitroclkanes to form intarmediate 5 .
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