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1. Yong-Qiang Tu's Profile

Education & Work experience:
1958 Born in Guizhou Province, China

1978-1982  B.S. Organic Chemistry
Lanzhou University, China

1982-1985 MLS. Organic Chemistry
Lanzhou University, China

1985-1989  Ph.D. Organic Chemistry
Lanzhou University, China v
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1993-1995  Post-Doctoral Fellow
Queensland University, Australia; Advisor: Prof. W. Kitching
Visiting Professor
Bielefeld University, Germany

1995- Professor of Chemistry
Lanzhou University, China

2001- Director of State Key Lab of Applied Organic Chemistry
Lanzhou University, China

Research Interest:

1. Synthetic studies of the biologically active marine natural products
2. Tandem reaction and its application to total synthesis of bioactive alkaloids
3. Studies on the construction of C-C or C-N bond via the C-H activation (since 2005)

Awards & Honors:

1. 1992 Chinese Chemical Society Prize for Young Chemist
2. 1993 2nd Prize of Progress in Science and Technology, by the Education Council of China
3. 2000 Outstanding Youth Scholarship Award, by Qiu Shi Science & Technology Foundation,

Hong Kong, P. R. China
2002 1st Prize of Progress in Science and Technology, by the Gansu Province
2005 Lilly Scientific Excellence Award in China, by Eli Lilly & Company
2006 1st Natural Science Prize, by Gansu Province
2009 Member of the Chinese Academy of Sciences
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2. Latest Work of Professor Tu
2-1. C-H Activation by Cu

Microwave-Promoted Three-Component Coupling of Aldehyde, Alkyne, and Amine
via C-H Activation Catalyzed by Copper in Water

Lei Shi, Yong-Qiang Tu*, Min Wang, Fu-Min Zhang, and Chun-An Fan,
Org. Lett., 2004, 6, 1001.

Advantages:

(1) Microwave (MW)-promoted, in water---Green chemistry!

(11) It required only the cheaper Cul as catalyst without Au, Ag, or other additives.

(111) It was applicable to a broader substrate scope

(both aromatic and aliphatic aldehydes and secondary amines).
(iv) It proceeded faster and gave good to high yield, and its experimental process was simple and easy.

Table 1. Coupling of Aldehyde, Alkyne, and Amine Catalyzed by Cul in Water®

15 mal% Cul Ra"l‘d'ﬁ2
RCHO + RIFRNH + Rf== —————————=
H.0, Ar . K
Microwave =
R'R%R R = aryl, alkyl, H R*
entry R! amine (R, RY) R1 product time {min) yield (%)°

1 Ph morpholine Ph la 20 90
2 2-FCgHa maorpholine Ph 1b 20 89
3 2-CICzH, morpholine Ph le 20 88
4 3-CICgH, morpholine Ph 1d 20 90
5 4-CI1CsHq morpholine Ph le 20 91
6 4-BrCsH, maorpholine Ph 1f 20 a0
7 4-MeCelly morpholine Ph g 30 82
8 4-MeOCH, morpholine FPh 1h 30 85
9 4-NOzCsHy morpholine Ph li 5 11
10 2-furyl maorpholine Ph 1j 20 86
11 1-naphthyl morpholine Ph 1k 20 88
12 cyclohexyl maorpholine Ph 1 20 90
13 n-C3Hy morpholine Ph Im 20 78
14 Ph pyrrolidine Ph Za 10 93
15 Ph piperidine Ph zb 20 91
16 Ph R:=R¥=Et Ph 2c 20 a0
17 Ph R? = R?®= (Me).CH Ph 2d 20 83
18 Ph R?2=R%=cCgH)y Ph Ze 20 75
19 Ph R:=R*=Ph Ph 2f 10 0
20 Ph RZ=Bn, R®*= Me Ph 2g 20 83
21 Ph R?=Ph.R®*=H Ph zh 10 85
22 Ph R? = (Me);C, R®=H Ph 2i 10 76
23 FPh morpholine n-CsHy, 3a 20 83
24 Ph morpholine TMS 3b 20 804
25 Ph maorpholine CH;OTBES 3c 20 86

“For a detailed experimental operation. see Supporting Information. All reactions were carried out on a 1 mmeol scale with aldehyde/amine/alloyne =
1:1.3:1.6, 15 mol % Cul, and 1.5 ml of water. ? Isolated yields based on the aldehyde. ¢ No desired product was obtained. ¢ Under solvent-free conditions.

Details of the process:

-In 2003, the team developed a MW-promoted coupling reaction of aromatic halides and amines.

(Tu et al. Org. Lett. 2003, 5, 3515.)

-Although several methods for construction of such units in water were reported, some required
expensive Au or Ag as catalyst, while some were limited to only one kind of aldehyde or the aromatic

aldehyde and primary amine.

-For the aldehyde substrate scope, morpholine and phenylacetylene were used as model substrates
(entries 1-13).

-For the amine substrate scope, benzaldehyde and phenylacetylene were used as model substrates
(entries 14-22).

-For the alkyne substrate scope, benzaldehyde and morpholine were used as model substrates

(entries 23-25).

-They found MW irradation was necessary, because without MW, the coupling under heating required
more than 5 days.

Preparation of Cul

2CusS0, + 2Nal + NaHS05 + HoO ————— = 2Cul + Na,30,4 + NaH30,4 + H230,



Procedure _ _ _ 3
microwave irradation,
Ar, sealed 1 min cooledtort  quenched by Et,0, NH,CI

1 l o~
! T ! o

Cul(15mol%) ... in ice water, 5 min
aldehyde (1 eq) cooled to lower temp.  repeat irradating

amine (1.3 eq) and cooling

alkyne (1.6 eq)

H,0 (0.67 M)

Table 2. Diastereoselective A Coupling Induced with Chiral
Amine Substrate”

G. .R?
R'CHO + GRMNH + R‘t—= 15 mol¥% Cul N Scheme 1
H; O, Ar FEV:‘“‘K —
) Microwave S R'—=—Cu + W SN 4 OH
R'R*R* = aryl, alkyl, H; G = chiral auxiliary R J//’ S ”R.J‘ ‘\\
/ \1_. / ]
amine yielc f — ~ \f R
= | Microwave i /!
entry R (G, RY) RY product drf (%) } L_J !I Lﬂ] /\
il " e
1 Ph (S)-proline methyl ester Ph 4a 955 88 AN AT RICHOD RIFNH
2 Ph G=(5-Ph(CH;)CH.R*=H Fh 4b 67:33 83 / ;- % o ,/ j’\ .
e e _ -+
3 Ph G=(S-Ph(CH:)CH,R®=Bn Ph  4c 6733 81 % — e N

2 For a detailed experimental operation, see Supporting Information. Al
reactions were carried out on a 1 mmeol scale with aldehyde/amine/alkyne
= 1:1.3:1.6, 15 mol % Cul, and 1.5 mL of water. ? Diasterecmeric ratio
(dr) was determined by 'H NME: the absolute configuration has been not
determined. © Isolated yields based cn the aldehyde.

2-2. C-H Activation by Rh (Pd)

2-2-1. A Reaction for sp*>-sp® C-C Bond Formation via Cooperation of
Lewis Acid-Promoted/Rh-Catalyzed C-H Bond Activation

Lei Shi, Yong-Qiang Tu*, Min Wang, Fu-Min Zhang, Chun-An Fan, Yu-Ming Zhao, and Wu-Jiong Xia
J.Am. Chem. Soc. 2005, 127, 10836-10837.

They were expired by the landmark report of the ruthenium
catalyzed hydroarylation of alkenes by Murai and co-

WOrkgitS-2i S or gl Nature 1993. 366. 529-531.

TABLE 1 Addition of aromatic ketones 10 olefins cataiysed by RUH{CO)P(CeHs)als

Aromatic Ketone/olefin/catalyst  Time Yield Yield
Run ketone Clefin {mmaolp (h) Product (%) Product (%)
o o Si(OEt),
1 “Nsiory, 2127004 0.2 m 75, o 8
Si(OEt)y
2 2/6/0.04 <1, Si(OEl); %4

90
o]
3 2/4/004 4 (66) mmm e e e e e eeaoaoooo
o] catalyst O
RuHa(CO)PPhs)a
o . _:j)\gl b ANy —— Ra_@d:\ﬂ,
in toluene v

SiMay

1
1
|
o 3
4 @)\ CH,=CH, 2/12/0.04 2 100 ' reflux
(6 kg cm™2) o :
! Ru(0) R, Sy
5 SiMe 2/10/0.12 4 100 '
#oS SiMe, ' 0
| Re I/
) . x
A ' F
6 SiMe, 2/10/012 33 96 ! H
1
1
1
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Entry Rh#* LA Solvent Additive | Olefin'EtOH | Yield (%)b
Scheme 1. Optimization Studies 14 RhCI(PPhs); Toluene 110 0
) 3 mal % Rh* 2° RhCI(PPh;); BF;-OEt; Toluene 1:10 27
LA OH 3° RhCI(PPh;); BF;-OEt, Benzene 1:10 24
o Sol-; E“'ﬂ & RhCI(PPhy); BF3-OEt Toluene 11 21
O/\ +  EtOH Additive 5° ROCl; BF;-OFEh Toluene 110 20
55 o°C 6 ROCI(PPha); BF:-QEt: Toluene PPh; 1:10 0
Ar o RLCI(PPhy); BF3-OEt DME 1:10 0
10° ROCI(PPhy); BF;-OEt, DMF 1:10 0
11° | RuCI(PPhLy); BF;-OEt DMSO 1:10 0
12° RhCI(PPh;)s TiCls Toluene 1:10 0
13° RhCI1(PPhs); Ti(0i-Pr)s Toluene 1:10 0
I T T i CuCl Toluene 1:10 0
X 15° RhCI(PPh;); BF;-N"Buy Toluene 1:10 1]
' 167 RhCI(PPh;); BEt; Toluene Air 1-10 0
Procedure E 17 RhCI1(PPh;); B(Oi-Pr); Toluene 1:10 0
. 18° — BF:-OEt: Toluene 1:10 0
. ' F i . s B
Oleflne (1 eq) ! 19 RhCI(PPh;); BF;OFEt; Toluene BuBr 1:10 70
alcohol (10 eq)
RhCI(PPhs); ( 2 mol %)
BuBr (0.5 eq) BF; OEt, (2.5 eq)
toluene dropwise quenched by Et,0O, NaHCO;
1 55°C,6h l l

N

-
55 °C, efficiently stirred

Ar
Table 1. Coupling of Alcohols with Olefins?
2 mol % RhCI(PPh),
R, 2.5 equiv BFy DER; R?  OH
Taluene
HV’J% + RRPCHCH Rl R
0.5 equiv BuBr Ry
99 °C
yield: yield
entry olefin (R, R%) alcohol (R RY) product (%) entry olefin (R, R aloohol (R?, RY) product  (%)°
1 R]=P']J__R%=H REZC"H_::RJ'ZH la 70 E 10 R!=40MeCsH: R2=H BE=CH:; R*=H e
2 Rl= Ph R.:' =H R': =nPr.R*=H 1h 70 ‘11 Rl= 4{CH,CNC5H,, RI=H Ri= CH;, Fi{—H 1i 71
3 R!=PLR'=H R'=iPr.R'=H le 68112 R!= lnpaphthyl R2=H RI=CH:; R‘=H 1j 73
4 PRl=PoLR!=H Ri=pCiHp.R'=H 1d 7413 Rl=2CICH. RI=H RP=CH;. R*=H 1k 66
5 Rl= 2 MeCsHs, Fi=H Rf = ICH_!: R*=H le 63 14 R] = 2. BrCsHa R_l =H RS = (Ha. R_-I —H 11 64
6§ R!=3MeCsH.R:=H R:‘ =CH;. R*=H 1f 73, 15 Rl= E-NO"CﬁH-L Rl=H Bi= C'H- Bi=H d
7 Rl=4MeC:H: B:=H B =CH;R‘=H lg 63,15 Rl=Ph RI=Fh B =CH-B‘=H lm &4
& R!=20MeCsH: R= B =CH: R'=H 117 Rl=CH:. R =CH; Ri=nCH:R'=H 1ln 31°
9 R!'=3.0MeCsH: R'=H B=CHi.R'=H Ih 57,18 RI=PLR!=H Bi=CH: R*=CH; e
Mechanism supporting experiments:
RhCl;/BF;0Et,/toluene could make the reaction occur.
---> The formation of Rh(III) intermediates.
Scheme 2. Deuterium Crossover Expeniment
Addition of PPhs (0.05 equiv) could prevent the reaction. b o fo
. . e .-f“‘-\-‘_,;"|“‘\ + s \_f{"a
--->The presence of PPh; could prohibit the ligand . CHCDOH | O i\ R:J/‘ o
dissociation and exchange. DA axpenment | B
PSS SUPES

. . . + CHy{CH,0H L e v T

The crossover experiment was performed using styrene and a 1:1 Mo Mot s 1 1 ﬂx:r 1 @l

mixture of deuterated and undeuterated alcohols (Scheme 2).
--->A possible radical reaction mechanism was involved, which
would lead to a statistical distribution of the labels in the

products.

The addition of radical scavenger (1.4-benzoquinone, TEMPO., and



FeCl;) in the system of ethanol with styrene prohibited the reaction. 5

--->The presence of a radical reaction mechanism was further Tl T TR e e e

confirmed. e WAL H H
N LA O

4-phenylbutan-2-one could not have been observed in the cross- Pl L W ”:'--,l,..nu;‘PF'"!
coupling of ethanol and styrene (entry 1, Table 1). PP ! PhaP” | ;‘;Cl
--->The reaction could not undergo the reaction mechanism as ey chh A m‘:w

reported in the hydroacylation of olefins with alcohols: 2 : S

first hydrogen transfer from alcohol to form aldehyde. pmp_gﬁ"‘%’ He, PP H., » .PPhy] LA

| e o % _H
. ) oo — 4 | PRP™ | o |, 9

When acetaldehyde was used in place of the primary alcohol, _ H LA =§R2 'H,,"/
the reaction could not proceed under the same condition. w a2z o R
—> i R! caged radical

The first hydrogen transfer from alcohol to form aldehyde va\/J\H( ioordnatad Fadoal gl B

was not the proper mechanism.

2-2-2. Palladium-Catalyzed/Lewis Acid-Promoted Alkene Dimerization
and Cross-Coupling with Alcohols via C-H Bond Activation

Yi-Jun Jiang, Yong-Qiang Tu*, En Zhang, Shu-Yu Zhang, Ke Cao, and Lei Shi,
Adv. Synth. Catal. 2008, 350, 552.

This work: % Table 1. Optimization of reaction condition ™
R Ph
OH  Pd(iL O L catalyst, BF;-OEt o
4 N yst, BF3 2 CH
RS+ g™y o+ sy P [ + BOH ———————— L% o
H R~ LA 1 T~""pg? E solvent, 60 °C Ph %
1a 2a
S_rhu_mu 1. Cross-coupling of alcohols to alkenes via C—H ac- gy Catalyst Solvent Product (yield [% )"
tivation. la 2
1 Pd(OAc), Toluene 0 10
Ph 2 Pd(OAc),/PPh; (1:2) Toluene 8 0
3 Pd(OAc)./PPh, (12) CH,Cl, 10 0
e sfag?@rd oH 4 Pd(OAc)./PPh, (12) CH,NO, 35 0
Ph = conaiions 5 Pd(OAc)./PPh, (1:1.5) 50 0
+ CH3CDo0H P PA(OTFA)./PPh, (1:1.5) 60 0
Ph 7 Pd(acac)y/PPh; (1:1.5) 30 0
D D gl Pd(dba),/PPh, (1:1.5) 0 16
ot Pd(OTFA)/P(Mesityl), (1:1.5) ] 20 0
1k 107 Pd(OTFA),/dppp (1:1.5) CH,NO, 5 5
Scheme 2. Deuterium labeling experiment. Il Reaction conditions: styrene (3.0 mmol), ethanol (15.0 mmol), catalyst (0.3 mmol), acid (7.5 mmol) and solvent (12mL)
at 60°C for 20 h.
Table 2. [_)nTni_nm_sj._'nEw_sis_oF~,:I):an_clz:d_s;c(:naar_y N s
R?
PA(OTFA), PPhy L
BF,+OEt, OH
RIS+ g+ RCHOH ‘l P
CHNO,, 60 °C R" 7R
3 ] 4 1
'
Entry Substrate Product Yield [% E‘H: Entry Substrate Product Yield [% )™

TGH,Me

Ph '
1Rl 5 Ae . 106 OH
1 R' R?=Ph, R~ Me la H 601 (1:06) 17 R', R?=m-C;H Me, R’=Me 1g . 51(1:08)
' -
PH’
Ph :
p-CHMe
2 R, R’=Fh, R'=i-Pr 1h T 40 (108) ’ -
Ph 's R!, R? - p-C,H Me, R~ Me 1h 56 (1:0.6)

'
3 R',R’-Ph, '~ n-Bu le i/DKHN 53(107) PCHC
Ph ' on
Ph :9 R, R?=m-C,H,Cl, R*=Me 1i 30 (1:0.6)
4 R, R’=Ph, R =n-C;Hy 1d lj\ji{ 45 (1:05)
1 Cl
Prp-\h 2 : n-CaHis
oH 10 R'=Ph, R?=n-C,H,. R*=Me 1j OH 271 (1:0.8)
5 R, R?=Ph, R® = c-Hexyl le 6814 (1:0.7)1 P
P !
:"‘ Standard reaction conditions: 3 (1.5 mmol), 3' (1.5 mmol), 4 (15.0 mmol), Pd(OTFA); (0.3 mmol), PPh; (0.45 mmol),
Ph \ BF;-OEt; (7.5 mmol) and CH;NO; (12 mL) at 60 °C for 20 h.
vl ed viel calk o & efine 3 & ‘ i Ereoi & cte e s b H iven i
6 R', R’=Ph, R’ = CH,CH,Ph 1 LOKH/\ 70 (108) : :::::.:E;;‘:m calculated on the basis of olefine 3; the ratio of two diastercoisomers determined by '"HNMR is given in
PH Ph 1<l The ratio of two diastereoisomers is calculated by isolated yields.
1l Reaction t
Vel Reaction ti
A supporting experiment using the isolated alkene 5 Ph
3 standard conditions
+  EtOH 1a
Ph,/‘x\
25%



R? R‘;‘“«? 6

OH
LA + \j\)\ lLA
RS

R‘“‘*’ Pd{II]Ln
LA'
/L\ R R2
Pd{II}Ln
Dimerization
RZ h. i | C-H Activation | |Pd{U}Ln of Alkene Pd“m‘n
Kl r3 M, LA-
F‘d(II,ILn
R = S LA
J RZ R2 R2
=0 )
, Fd[an L F'd{ll]d_n —l Pd(lllLn == l P(lin —= [~
=4 CHzDH + LA Rl "'\-\ R1 -..,— R R‘Iﬁ
4 I G E D F H

Scheme 3. Plausible mechanism for C—H activation and the domino reactions.

2-2-3. Cross-Coupling Reaction between Alcohols through sp3 C-H Activation
Catalyzed by a Ruthenium/Lewis Acid System

Shu-Yu Zhang, Yong-Qiang Tu*, Chun-An Fan, Yi-Jun Jiang, Lei Shi, Ke Cao, and En Zhang,
Chem. Eur. J. 2008, 14, 10201.

Table 1. OpL'Lmi.?aL'mn of reaction conditions. !

Equation 1. /1\ 5 0” catalyst (2.5 mmold) e .
Ph | OH acid, solvent, 50 °C Ph B
Known hydregen autotransfer process 2a 3aa
OH  OH [RUCL{PPhy)] {5 mmal) o Entry  Catalyst Acid Solvent Yield]%]®
A 1 Ao+ HO (1)
arer R Base (e.9.. KOH) Mg 1 IrCl, BF.-OFt, CI{CH.,Cl  trace
f-alkylation of secondary 2 RuCl, BF,-OFEt, Cl{CH,),Cl1 trace
alcohols with primary alcohols 3 [RhCl{PPhs )] BF.-OFt, CHCH.LCL 72
4 [Pd{ OAC)LPPh,] BF,-OFt, Cl{CH,LCl 22
"R R g 0 ‘Ho O R+ 5 [RuCly PPl BF,-OFi, CHCH,LCl 82
oukdabion L—w | J # b —= g |~ tdician 6 [RuCpCI(PPhy)]  BF.-OFt, CHCH,LCl 64
R 7 [AuC1(PPh,),] BF,-OFEtL, Cl{CH,LCl  trace
. . L s O [RuCL{PPhs).] InCL, Cli{ CH, %Cl Ilc]‘i
— g [RuCL(PPh,).] TsOH Cli CH, L1
[This work 10 [RuCl,(PPhs).] SaCl, CI(CH.:Cl 62
OH H OH 11 RuClL,(PPh,)] BF.-OFEt, toluene [i%:3
Ph"'{\““- ¥ l{.i‘« [RU.CHPTDM}&] EoTmn P /.:\aﬁ{"\ *HO (3 12 {-RUClzil)l‘h.a}:j BF,-OFt, THF 3
f Lewis Acid (e.g., BFe0Et) PN " 13 [RuClL(PPh; )] BF.-OFt, CH:NO, 60
‘ a-alkylation of primary | 42% yield 14 [RuCL(PPh,).] BF.,-OFt, CH,(N k]
aleahols with secondary alcohols 15 [RuCL(PPh.).] BE.-OFt Y CHCH.Cl 42

[a] For entries 1-14, the general reaction condition: 1,1-diphenylethanol

la (0.5 mmol) reacted with ethanol 2a (0.75 mmol) in the presence of

catalyst (0.0125 mmol) and acid (0.6 mmol) at 50°C for 5 h. [b] Yield of
oo e e e e oo - . At proaiuct, o] N dlegired propinct, [d] BEQES, (O oquiv), Adays

:'I'ahleS a-Alkylation of primary aleohols with variows tertiary aleohols.[d
DH [RUCL(PPh,)] (25 mmal%) R OH

+VR’ vl - R,ia]-/'kww,.o

Tahle 2. a-Alkylation of various primary alcohols with tertiary alcohols F!

'
|
!
OH OH  [RUCL{PPh,).] 25 mmoit) R OH ! BF,+OEf, .
" ., + HO ! | K R
R' & R’ BF+DEL, R' R ! ! 1ei 2g, 2h ClCH.HCI, Ar, 50°C 3cg-3ig, 3hh
1a, 1b 2b-2h  CHCH,LCL Ar, 50°C  3ab-3ag, 3bg, 3bh X -
: KCHzk 2939 \ Entry Substrates Product™ Yield [%]

Entry Substrates Product Yield: Fh Fh OH

U
[%]" /\/i\ »\_/L\_/'\
: “="T"oH
Ph OH '] | 2s Ph 92 (T:1)
HO. o~~~ ' g
1 la 2h Fh 9% 1c 3cg
dab I OMe Ph OMe Ph  QH
Ph OH ! =
HO . - 12 | OH 2 [ Ph 92 (3:2)
2 la Ph o1 ! L L=
2 Jac ' 1d ddg



Ph Ph OH Ph ' Fh Ph OH 7
1
" -~ Ph)\/]\‘/vl\':h T 2 OH s
3 la HO W\Ph 9q '3 | P 2g Fh 03 (1:1)
2d ! -
3ad ! 1e Jeqg
Ph  OH . .
! OH
4 la Ho ™ Ph 2 | N
20 Jae 4 Ph|_OH g Ph Ph 5504 (5:1)
' .
Ph  OH !
HDﬂ\[“"ﬁ; ' 11 g
5 la o8 Ph . 7! /|\ OH
3af !
Ph OH 55 P | OH g PH VJ\”’HF‘h T (=00:1)
R
H Ph - 1 3gg
6 1a © Ph Ph 9 h
29 3ag ' OMe OMe
1
F F I | =
1
= Lx :( 4 2 OH 62 (=99:
ﬂ ) ® * By R
i e '
7 2 OH 03 X >r/.‘\GH 'fhxF"l'l
1
= ! OMe
F F '
1b 3bg ! .
F ! |
' OH .
| j V7 1h Zh 88 (= 00:1)
1
o - ' T
8 1h /\O j"' 06 E
Zh ' 3hh
F | OH
' Ph \/!\—/'\/\
3bh '8 ~ToH  2g4 P Ph 32 (81)
[a] The general reaction conditions: 1 (0.5 mmol) was treated with 2 1 3ig

(0.75mmol) in the presence of [RuCL(PPh);] (0.0125 mmol). and Lewis [a] Reaction conditions: 1 (0.5 mmol) was treated with 2 (0.75 mmol) in

acid (0.6 mmol) at 50°C. [b] Yield of isolated product based on the tertiary the presence of [RuCl{(PPhs)s] (0.0125 mmol), and Lewis acid (0.6 mmol)
alcohiol 1nsed. E at S0°C. [b] Major syn diastereoisomers with relative configuration were
'shown. [¢] Yield of isolated product based on the tertiary alcohol 1 used.
"'The syn:anii ratio of the two diastereomers is given in parentheses, and
' the assignment of relative configuration (see Scheme 1 in the Supporting
! Information. [d] Only two diastereomers were isolated, and the stereo-

N\ mistry remains unknown currently.
oH OH - } )

- - |
L 4 " = E: 2 - e, Transfer Hydrogenative Coupling
Coupling E E . - Reduchon
' B4% yield ‘ This Wark! * R OH MH
Ph OH Ph OH Rz& D/i\ Rs R, e Rs
Ph PR QH ph’{\/\\ D (H)
o P A 0 om
g ™ i et s N
quamilali'.le ’,r \\ guantitatve
Thecredically deutaration deuteration Theoratically B ML
~ 50% | 50% |2 98% ~58% ~ 50% - 50% R1 o Ry O
single product [D]3aa abisined ! R /’\/ML )J\ — R MR
2
Scheme 2. Deuterium-labe led cross-coupling experiment. D D Rs 2 D D 3
------------------------------- BN ) (H)
H Ha0 R 0. cy . .
i LA H;xH =5 Oxidation-Hydroacylation-Reduction
H R L~ i = on
T R>.== R OH 1
I
[Ru] " A \ R{J\ D/Ei; Rs - Rz/[i)\/cl)\ R
anti-3 ! . , (H)
{minor™, | T | Tagel) oxidation reduction
REL |
RY B R')'\H

'/LﬂT\\T" ABWFEA ! Rz/§ D)LR::, R2/|l3\/lL Rs
\\,‘ H [Ru-H

BN 7 | :
o, ¢ ...?M H=[Ru} RMH“O’LP‘ \ hydroacylation
# ]
j D.. I Q

D
RM Rs Riv~ R,
== i R,

n Sl I
tavorable
c
R

[~ 1 P ki - E R1 (0] R1 O
5 5 . 5

Scheme 3. Proposed catalyvtic mechanism.



2-2-4. A Direct C-C Cross-Coupling of Alcohols at the b-Position with Aldehydes under
Co-Promotion of Tris(triphenylphosphine)-rhodium Chloride/Boron Trifuoride Etherate

Shu-Yu Zhang, Yong-Qiang Tu*, Chun-An Fan, Yi-Jun Jiang, Lei Shi, and Ke Cao,

Adv. Synth. Catal. 2008, 350, 2189.
Path A
OH RhCI{PPh;l, (2 mimal¥a)
o Cs,00, (2 mmol%)
1 3
R\/FL\/H + H'JLR’ BF, “OEt,

1 2 toluene, 40 - 55 °C
e o
Fath B

Scheme 1. Crosscoupling of tertiary alcohols with aldehydes.

Table 1. The coupling reaction via Path A for synthesizing
the 13-diol."!

OH OH
R? ”
H2R1 R'=R'=H, R" = Me,
R*=aryl, alkyl
3
R? OH
R! R?
+ H.O
R0 TR R R RY=H, alkyl
a R* = aryl

GH 0 ) OH OH
/ﬁ Py . general conditions )
* HR Path A R4 Table 2. The coupling reaction via Path B for synthesizing the polysubstituted THPE
1a 2a-2g 3a-3g
2
Entry  Substrate Product Yield [%]™ OH o , R AH
2 R eneral condilions R
O OH CH R 2 + Hf‘lde 4,.13 * Hz0
Path B 47 4
7 H 1a-1d  2a,2h-2j =0
1 P 65 ’ 4a - 4e
Br
2a
o OH OH Entry Substrates Product"! Yield
OH
“CC™ W : o)
2 = 76 1 la o 72
Br Ph” 0" Ph
2h
2b da
0 OH OH o OH
Br- OMe OMe
H H
3 47 2 1a o /@AQ 54
cl F cl F e . 8
2i
2c 4b
0 OH OH o 0 o
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Scheme 3. Proposed pathways for the cross-coupling of tertiary alcohols with aldehydes.

2-3. C-H Activation by Fe

Iron-Catalyzed C(sp3)-C(sp3) Bond Formation through C(sp3)-H Functionalization:
A Cross-Coupling Reaction of Alcohols with Alkenes

Shu-Yu Zhang, Yong-Qiang Tu*, Chun-An Fan, Fu-Min Zhang, and Lei Shi
Angew. Chem. Int. Ed. 2009, 48, 8761.

OH Table ©: Optimization of cross-coupling reaction conditions M
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Scheme 1. Carbon—carbon cross-coupling reactions of alcohols with 10 Fe(Cl0,):-9H,0 DCE i6
olfl:Fins. threugh copromotion with late transition metals and Lewis 1 FeCl, (0.02 equiv) DCE 47
acids. 12 FeCl, (0.10 equiv) DCE 64

-Several liga.nds such as TMEDA, NEt; and DACH, as well as/[a]/t_'.eneral reaction conditions: a mixture of alcohel Ta (0.2 mmel),
some additives such as LiCl, KCI, Cul, CuCl,, CuBr,, Cu(OAc),, alkene 1b (0.3 mmaol), and solvent (2 mL) in the presence of iron catalyst

CuO, Cu,0, NiCl, 6H,0, and CoCl, 6H,0 were tested, {0.03 mmol) was stirred at 65 °C under argon for 8-12 hours. [b] Yield of
but no significant improvement of the yield was observed. isolated product. [¢] 1.0 equivalent of DCE was added to 2 mL of nBuBr.

-The above non-iron additives alone, in the absence of FeCls, did acac=acetylacetonate, DMF = N,N-dimethylformamide, THF = tetrahy-
not promote this cross-coupling reaction. drofuran.

Table 2: Cross-coupling reaction of primary alcohols with various alkenes or tertiary alcohols.®
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[a] Reaction conditions: alcohols a (0.2 mmeol) were treated with alkenes b (0.3 mmal) in the presence of FeCl; (0.03 mmeol) and DCE (2 mL) at 65 °C for §—
24 hours. [b] Yield of isolated product. [¢] Yield based on the recovered starting material. [d] Only one diastereomer was isolated, and its relative
stereochemistry is temporarily assigned as syn according to our previous report.®
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