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l. Introduction
1.1 State-of-the-Art Catalysis Methods

1.1.1 Catalytic Amination Reactions—Buchwald-Hartwig Amination
A summary of recent progress: Hatwig, J. F. Acc. Chem. Res. 2008, 41, ASAP.

Pd/L Me
X X=Cl, Br, I, ks .
[ ] OTLOTs + HNR, e Fo PCyp 2
/ 2 HN;CPhQ, 25-110°C i/ >
R HsN-NR,, HSR K FIGURE 1. Josiphos ligand CyPFtBu in the fourth-generation
B catalyst. - faster for more electron-donating R
First-generation catalyst: Pd/P(c-tolyl)s K
Second-generation catalyst: Pd/chelating aromatic phosphines L, MR _~_XR
Third-generation catalysts: Pd/Hindered alkylphosphines and carbenes «++for 2°-/1°-amines PN R‘@ +LyPd
Fourth-generation catalysts: Pd/Hindered alkyl bisphosphines ««+for 1°-amines and thiols 5 £ ’EH
R R ARAAR .

~ faster for more electron-withdrawing R

1.1.2 Regioselective Reactions—Desymmetrization of Diols
A recent example: Hoveyda, A. H.; Snapper, M. L.; et al. Nature 2006, 443, 67.

20-30 mol.% 4.gy 1 H b

HO. OH Me H TBSO OH < N/
\r\r N\(\NJ\“’NVME YY &Y\N/E?H 7
MAN &/L‘ H H N N._. _Me T 6 <

O t-Bu o DCi.... 5i5° 0
HO,  OH 9 . TBSO, OH LS \<;(
> < t-Bu Me

>‘_< TBSCI, DIPEA
WA R WA snnns Figure 3 | Proposed transition state model for catalytic enantioselective
silylation of diol 1.

1.2 Current Challenges in Catalysis
* The reaction is
thermodynamically unfavorable

N
: +  H=NRy =-mmmommesss - fo + H-H4t (1)" C-H Amination
—> Chapter 2 (AH ~ +15 kcal/mol) and an
oxidant is generally required.

o H-NR; ?? o
Py + e - I + H-NR, (2) Selective Acylation of OH over NH
R” X H-OR R” TOR —> Chapter 3
o HO™ R ??7 0O R .
Jis + 4 mmssesssnc - I+ yo~g (@ Selective Acylation of More Hindered OH
R™ "X R R” 70" 'R —> Chapter 4

HO)\F‘ 112



2. C—H Amination

2.1 Nitrene-Based Catalysis Methods

2.1.1 Background

(1) General Scheme Ru(ll), Mn(lll) etc.

" cat. LM H. g

+  PhI=NR" 4)
Hlﬁ' — Phl H)\ﬂ'
aryliminoiodinane

(generally prepared in situ)

(2) Mechanism PhI(OCOR); + R"NH;
]} -2 RCOOH

H. PhI=NR"
NR* LM
R” TR
Phl
¥
_-,@*
& %
LaM- "N L,M=NR"
‘\_’<metal nitrenoid
C—H insertion
R

2.1.2 Selected Examples of Racemic Intermolecular C—H Amination
Che, C.-M.; et al.

(1) Che's Work

[Mn(TPFPP)CI] 2
(0.013 mol %)

Rh(ll) dimer, Cu(l),

Review: Davies, H. M. L.; et al. Nature 2008, 451, 417; Sanford,
M. S.; et al. Tetrahedron 2008, 62, 2439; and references therein.
See also: Suzuki Lit. Seminar 2008.08.02 (Fe-catalyzed ©-H
oxidation); Noda Lit. Seminar 2007.10.20 (oxidative C-C bond
formation); Dr. Kuramochi Lit. Seminar 2007.09.12 (Du Bois'
total synthesis of Saxitoxin); ltano Lit. Seminar 2007.05: 23
(Sanford's C-H oxidation); Tanaka Lit. Seminar 2007.02.07 (Du
Bois' total synthesis of Tetrodotoxin); Yamaguchi Lit. Seminar
2006.09.09 (C-H insertion of carbenoids); Handa Lit. Seminar
2006.07.15 (oxidative amination of olefins); Dr. Shibuguchi Lit.

(3) Reactivity

2° C-H sterically favoured ﬂ
siectronically favoured \ QH:;/ electronically disfavoured

@ +  PhI=NTs

1 equiv.

CH5Cl,, 40 °C, 2 h
2 equiv.

(2) Pérez's Work

(3) Du Bois' Work

Pérez, P. J.; etal. J. Am. Chem. Soc. 2003, 125, 12078.
See also: Che, C.-M.; et al. Org. Lett. 2004, 6, 2405.

|_Seminar 2006.02.01 (C-H borylation). :

1° C-H sterically favoured
electranically disfavoured

2° C—H sterically favoured

EDG H EWG Bh
EDG ”L\ EWG
3° C—H sterically disfavoured H_ist
electronically favoured A Ra

Facile C-H insertion at activated sites
positive charge buildup at insertion site
stabilized when R = N, O, aryl, vinyl

Org. Lett. 2000, 2, 2233.
NHTs

y. 34%
TON 2600

1: M =Ru(ll), L=CO
2: M= Mn(lll), L=CI

1 equiv. —
P e NHES ‘ Other substrates .
_ M NHTs NHTs "
TpBriCu(NCMe), rt ; JI O fie
5 mol %, 12-18 h n {\
(Eolvers i G- oot 1h, y.>99%
iR Br Br
sp? bond is rare. (sxeasstalians) 1h,y.>99% / \

(excess alkane)

'O

Tpﬂr:, @

Ol

O/NHTS

12-18 h, y. 65%
(excess alkane)

benzyhc sp® C-H
sp? C-H
~ allphatlc sp® C-H

Du Bois, J.; et al. J. Am. Chem. Soc. 2007, 129, 562; and
references therein.

Rha(esp), (2 mol %) NHToes i ;./\fﬂfe
e Phl(OCOBuU), (2 equiv.
OAc + HN"T 0" cal, ( )2 (2 equiv.) OAC o F?h 2 _
CgHg, 23 °C, 3+2 h MeT—o- th— L
1.0 equiv. ;l'c(:)e:gjul-il\? Y. 74% Rha(esp),
’ ' Other Rh dimer catalysts gave less
Other substrates satisfactory results (<35% yields).
NHToes iTRes >, NHToes NHToes
| B s O/
N N y. 27% _ y. 95%
COCF, €56 99.9% ee (stereospecific) (5 equiv. alkane)
y. 70% y. 50% (5 equiv. alkane)

- 212



2.1.3 Selected Examples of Diastereo- and Enantioselective C—H Amination
(1) Diastereoselective/Intermolecular (Mller/Dodd/Dauban) Mdiller, P.; Dodd, R. H.; Dauban, P.; et al. J. Am.

Reaction Using Chiral Sulfonimidamide Chem. Soc 2008 130 343; and references thereln.
b 3 mol % p-Tol, / Other substrates ’ y
Rh,{S-NTTL), NHS NHS
S p-Tol. O Phiocorsu) TsN NH /0
i + 4 -
2 TsN'/S NH, CICH, )?CI.’MeOH ,©/\ ij
-35°C,3d = 92%
47 48 i ° 0 e
. . 49 1d ,Rh ‘_Rh de 98% y. 91%
1.0 equiv. chiral 88% yield 7l (0.5 mol % cat.) de: 99%

sulfonimidamide >99% diastereomeric

i ) * NHS™
1.2 equiv. T excess Ph\/ﬁ.nNHS O’

o y. 79% y. 85%
Kinetic Resolution of (+)-2a de: 89% (5 equiv. alkane)
o, TS ToN, o NTs
H}'(H + j’s‘unz bR . i /N:‘s [ j‘“s‘NHz
; = — +
a8 1.1 equiv. PhI(OCOt-Bu); a g AR
3 (=)-2a {6:CH)MeDE: 311 y.56-80%  (1R.S%-4 (R)-2a
1.0 equiv. 2.2 equiv. de: 88-99%
racemic ee: 97-99%
(2) Enantioselective/Intramolecular (Du Bois) Du Bois, J.; et al. J. Am. Chem. Soc. 2008, 130, 9220; and
references therein.
p—_— o O“s"o 2;;103; 0,0 Rhol, E V=M of yield % ee
N 2 H” 2 #9 1 i1mv <5 -
HN-So  RhaASnapl HNS0 rj P ey w 2 120 my 22 54
— i Rhy(S-nap), = f‘\N Ph Pht=0 P 3 242 mv <5 nd
Ar Phi=0,3AMS  Ar AR 3A MS 4 330 mvV 85 92
4 CH:Ol . 45-98% A Rhyly= S gy < -
1.2 equiv. ee: 56-99% thNIj &D Ij 01
Selected Examples - oA - oA OAN COMe
- 1. T / Vo). -
Q\ fp Q\ ;,O Q\ r,o /R| ;a /R!h;ﬂlh ~ 1 7H| /R'h“;ﬁ'f‘ "’Rih/Rih
1 2 3 4 5
©/l\) @j)\) /@@J\) - Selection of a suitable ligand (4) is important for both
MeO,C reactivity and selectivity.
Boc
y. 85% y. 98% y. 87%
ee: 92% ee: 92% ee: 99%
(3) Enantioselective/lntermolecular (Katsuki, Hashimoto, Davies)
Katsuki's Work Katsuki, T.; et al. Tetrahedron Lett. 2001, 42, 3339.
catalyst 4 NHTs NHTSs WHTs

. MS 4
2.4 equiv. 8 y. 63% y. 44% y. 67%
—407°C,24h ee: 66% ee: 67% ee: 77%

soRRe: o cRNelre {;wb
(CHCl,)s 5 2
: Ve B

Hashimoto's Work Hashimoto, S.; et al. Tetrahedron Lett. 2002, 43, 9561.

Rhy(S-TCPTTL), NHNs | NHNs NHNs o X x
(2 mol %) R Bu., N ¥
©E> + Phl=NNs E::D ] @/\ @ HI_
CH,Cls, =23 °C, 6 h ; 070 0 X
5 equiv. y.82% | y.61% y. 88% 1/
ee:70% | ee:33% ee: 76% PT—}‘T
e . _ = —
Davies's Work Davies, H. M. L.; et al. Org. Lett. 2006, 8, 5013. X = F: Aha(STF .
1/1.5 equiv. NHNs | NHNs NHNs X = Cl: Rhy(STCPTTL),
@D NsNH,/PhI(OAc), : i X g '-?h
TFT, catalyst 4b : ©/\ @ -Rh -
5 equiv. 2 mol % L 95% | y.86% . 82% X
; MgO (2.3 equiv.) eye: 04% | e).’c,': 74% eye: 73% RhiglefTaDly  (59)
23 DC, 3 h : X X X =Cl
X Rhyo(S-TCPTAD), (4b)
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For details of formal C—H amination of alkenes, see: Handa Lit.
Seminar 2006.07.15 (oxidative amination of olefins).

2.2 Catalysis Based on C—H Activation
2.2.1 Background
(1) General Scheme

Electrophilic transition

metals (Pd(ll), Cu(ll), etc.)  (2) General Mechanism

are generally used. reoxidant-Hs AH
H NR: catalyst LMX electrophilic
regeneration substitution
Vx 2 HX i
cat. L,MX, reoxidant
R~ H reoxidant R NRe R
+ RaNd . &) LaM(0) LM,
— reoxidant-H, X
R-H R-NR, .
R'oNH
R-NR'
Rr==r3ld =i reductive R electrophilic
elimination LnM, substitution
NR'> HX

2.2.2 Buchwald's Work (Intramolecular C—H Amination)

Buchwald, S. L.; et al. J. Am. Chem. Soc. 2005, 127, 14560; Angew.
Chem., Int. Ed. 2008, 47, 1932; J. Org. Chem. 2008, 73, ASAP.
See also: Shi, Z.-J.; et al. Angew. Chem., Int. Ed. 2008, 47, 1115.

Selected Scope and Limitations

(1) Carbazole Synthesis
Optimized Results

x=10:24h, y. 95%

O O Pd(OAC), (5 mol %) O y . =
o, (]
HJ\ Cu(OAc), (x mol %) : _(0 i
H toluene, 120 °C 0 0 0 e}
. 1 atm O, ' N N N N
x =100: 18h, y. 92% O O O O

SCHEME 2, Our Initial Proposed Pathway for Carbazole y.
Synthesis
Me
HOAc O O O O O O o] O 0
e L LI T
TIPS T INT
o
O PA(0AC), 3 O /'K Met) OMe CFs
- IC B Eo« & y. 81% y. 41% y. 97% y. 94%
u(0AC)/O2 g i SCHEME 3. Two Alternative Pathways for Carbazole
Synthesis
LnPd{0} .
i revised Wi O Me
E O A mechanisms e Wacker-like
N o] Me 3 Heck-like
O _</0 Pa H* ——— O - /// O "one \
Sl ! \
O Me . +AC-Hactivation ) e ®
g mechanism was proposed. : I CulOAc)Og
(2) Benzimidazole Synthesis LrPd(d)
Optimized Results E B e
Cu(OAG), (15 mol %) y 5 HOAS *
H HOAGC (x equiv.) N i o .
N | )@ i« The reaction is not via
@ DMSO, 100 °C ] | C-H activation??
j A 1 atm O, b e S A S R AR e
18 h x=01y. 19%  gelected Scope and Limitations
x=5:y. 63% e "
N N
ot SO L D
| u
A k/‘f‘-N} <\_/) \ Me z FgC
HYC\/ H; A X = H:y. 89% y. 88%
Cu(0A N A ~EN /\\J X =MeO:y. 70%
P | £.¥ N o X = Bry. 89%
0,/HOAC N, [Cul X ) [Cu]'N H H
! N N
3 OAc © 5 7 ©: ; )@ )—Bu
Ny’ 7 N X N
: %
+ Either path A or B is likely. @iH Nstey
6 X=CFj5y. 87% X =H:y. 86%
X =MeQ:y. 68% X =MeO:y. 83%
Scheme 2. Possible reaction pathways for the conversion of 1 into 2. X=TBS:y. 80% X=Bry. 89% 412



2.2.3 Yu/Che's Work (Directed Intermolecular C—H Amination)

Yu, W.-Y.; Che, C.-M.; et al. J. Am. Chem. Soc. 2006, 128, 9048.
See also: Itano Lit. Seminar 2007.05.23 (Sanford's C-H oxidation)

Optimized Results

R R
MeO. K* “0480-0805~ K*
NJD Pd(OAC), (5 mol %) LLE N KyS404
X R'CONH; (1.2 equiv.) s ;
» H K550 (5 equiv) B N ¥ 2900/500 g (Aldrich)
N or . or y. 88-96%
FE MgO (2 equiv.) s
H ; DCE, 80 °C R'CONH -
MeO. .2 ! MeO J
N 14-20 h N 4
y. 77-97%
H RICONH
£ 1°, 5p3 C-H y. 76-93%
Selected Scope and Limitations
H Me
MeOCONH
8aco A MelcORH ' MeOCONH CF4CONH p-Cl-CgHaSONH p-Cl-CgHySONH
X=H:y. 92% y. 87% y. 94% y. 89% y. 93% y. 76%
X =Me:y. 95%
Proposed Mechanism
=
| P Pd(OAC), "RCON" HOAc |
- HOAc nitrene insertion  AcO-Pd. — Pd(OAc),
H cyclopalladation into Pd—C bond j\ protonolysis R'CONH
o7 R
Preliminary Mechanistic Studies D N e
i catalytic Meo\fo MGOYO i | »
conditions i
Curtius ©/ ortho- ! 1
+3 MeOQOH rearrangement methoxylaiton OMe ! N *S0,(p-Cl-CgHa)
y. 55% i - [
+ A Curtius rearrangement product obtained under the reaciton conditions ! =

support the formation of nitrene intermediate.

2.2.4 White's Work (Allylic Amination)

detected by ESI-MS

White, M. C.; et al. J. Am. Chem. Soc. 2007, 129, 7274, J. Am. Chem.
Soc. 2008, 130 3316. See also: White, M. C.; et al. Angew Chem., Int.

Ed. 2008, 47, 6448 and references therein.

(1) Intramolecular Process Sifisime 4
0 Je
Ph—S  S—Ph J0L P&S’f‘sﬁzh ,?L )oj\
& *Pd(OAc), 0~ “NHTs  Pd(TFA), 07 “NHTs| BUuNOAc S A,
(10 mol %) 0 (1 equiv.) /]\/\ (1 equiv.)
o7 oN-TS PhBQ (1.05 equiv. OJ(N o P N & THE Q8B M), o 7 | 40min -
S 2a ' 3a
R = THF (0.66 M) )\/ LnPd
45°C,72h 75%, 6:1 d.r.

=Pr.y. 76%, anrflsyn =6/1
R = Bu:y. 8%, antilsyn =181
R = nPr:y. 86%, antilsyn = 1.6/1

(2) Intermolecular Process

- Bis(sulfoxide) ligand enhances the formation of
allylpalladium intermediate.

- Initial alkene isomerization followed by hydroamination
is less likely.

Scheme 3. Stoichiometric Studies To Evaluate the Role of

Q. f_\ L (salen)CrCl 2
Ph pd(cm:)?h 1 C—H Cleavage
{10 mol%) ) ,
- Crill(salen)CI 2 (Emol%) g X oMe CrHisn oy Pd/bis-sulfoxide 1 C?H1s\v/—['\\\
X = : NN V Ma@C(O)NHfs .
MeOCOINHTS (2 equiv.) . . NBU.CH PA(CIY,
1*; Jiv, G (2equiv). TBME (0.66M) e o R=fhy 530/0 23 66%
ks 45°C,72h R Cy:y. 53% Funclionalization | ’
w/o 1 or 2: No T™ Cr(salen)Cl 2,
\,Lo s R _t CHisn A BO CiHise N _OMe
O Sy, COsMe = . MeOC{ONHTs 7 I
Ny 2 N
N 24 PA(OAC): ok catalytic o5 O
CBn O NHCbz conditions a1 LB
(4)-12 63% >20.1EZ (+)-14 55% 171 E2
200118
no erosion in ee - I - I — 11
AcO BQ-Cr(F)L B i *Cr(F)L
MeO i/\/\ COM At \Prd/ LPd L LPd”
el S LOMe  BuO S Ry g, LO2BN ) : i :
Me B :r}f\ﬁ ka N R a5 S
()13 54% (+)-16 50% most likely ACO-CiL* | AcO-Crl® 512




(3) Synthetic Application

Scheme 3 Application of Intramolecular Process Scheme 1 Application of Intermolecular Process

C—0to C—N route C—HtoC—Nroute : C—O to C—N route C—H to C—N route
o) OMe 0O : 6 ste;
6 steps 3 steps 191'5_.16955 . 2HX NH, © I 4 FGpl\?
\‘)J\H 2 FGM O 0 FGM H ' 13% N CO.H 2009
o, o, g i R N 2 o
Otes  L58% Lo 57% OTBS : 4 N
()11 Mg HAC (-)-11 i NH, (+)-deoxynegamycin
l ;g OH 5 ! BocHN O analog BocHN O
dsteps, ref. 12 o) N acetyl-O-methyl ~% ' HO 198, X = Br
e Ay (+)-(lpc)2B : Ot-Bu 19b, X = CI* 19 = G o
N5 o 1.-78°C,88% | o 20 on
o 1. TMS(CH,},OH,
oTBS 13 TT ref. 1a 12' Tehioenen | 7 steps 2steps | ph.p, Dli%. 96%
o) ! ref. 19 2 NeCy gy, 0% 2.1 (10 mol%),
2 steps, ref. 1a 0O 5 1 - F! 8 2 (§ ""9"'/?)'
o o — o
AU . ,NTs : : . 6. HBr, AcOH, 83% N
M 3.1(10 mol%)Yv\ : Boc o BeeH e
OTBS  istep.rel 7a. OTBS\\, enoey g OTBS TR Ot-Bu oo | = OTMSE
14 (-)-15 '- (+H12 PN 2 HEN'N\/u‘or-su TshNChe (917

2.2.5 He's Work (Au-Catalyzed C—H Amination) He, C.; etal. J. Am. Chem. Soc. 2007, 129, 12058.
(1) Optimized Reaction Conditions i (2) Mechanistic Study

AuCl; (2 mol %)
NsN=IPh (1 equiv.)

H  MS4A CH.C, NHNs
i, O/N

Phi=NNs NHNs NHNs
2% AuCl3 \
+ F ) (4)
D.'z CH20|2 r.t D11

1.1eq. AuCl3 CCly, rt.

8 equiv. y. 90%
sp2 C-H > benzylic C-H :

\_~—-—_
Table 2. AuCly—Catalyzed Nitrene Insertion into Aromatic C—H

Groups? 2.0,0
Eny’  Substale  Produt  YieM(%®  Enty®  Substate  Product  Vied(#)P ! - P
\ : %0 i ﬁ Ii‘““‘ 7% : Figure 1. Amination of benzylic C—H groups catalyzed by AuCly and
N ~ ' isotope labeling experiments. @ 'H NMR ratio and conversion.
< Vi = -+ They proposed initial Au-C bond
2 :Ej: Ii o 5 Cf meot O “ { formation followed by insertion of
- bl s o0 > nitrene to explain the different reactivity
ki w = e e ; i "N e Obtained in the Au-catalyzed system.
s :gji I;r o . \E:r \©' L e _\v‘_ (See 2.1.2 (2) (p. 2) for comparison.)
£ Et : " b

“ All reactions were carried out by using 50 mg PhI==NNs in 4 mL solvent !
at a ratio of hydrocarbons/PhI=NNs = 8:1. v Isolated yield. © All three,
products with a ratio of 1:1:1 based by 'H NMR. ¢ With <5% of benzylic!
nitrene insertion based on 'I1 NMR.

* Note: Benzene and toluene yielded <5% of C—H amination

product (because of electronic effect??).

2.2.6 Stahl's Work (Amination of Termial Alkynes) Stahl, S.S.; etal. J. Am. Chem. Soc. 2008, 130, 833.
i Appendix. Synthetic Utility of Ynamides

(1) Optimized Reaction Conditions

: step-
_ ) ' i EWG
Table 2. Cu-Catalyzed Oxidative Coupling of Phenylacetylene | EWG. WA Heters N G 0 R
with Nitrogen Nucleophiles? ; -0 [2+2] | BT o EWGy 1
; 20 mol % CuCl, . p ”\, | R | N
H R 2.0 equiv pyridine ! ' i " H a
A+ HeN : Nog2 been R - - ellen 417 2
Ph 2 2.0 equiv Na3CO, / ' 415 1 2
0, (1 atm), toluene Ph y. 51-97% : 415
1a 2b-m 70°C,4h 3b-m >40 examples ; & o) R H
----------------------------------------------------------------------------------- 2 8
Nitragen Nucleophiles: (5 equiv. in general) : R' TR 2i>:0
! —  CHyCly nt N
o [o] R . N——= 2tz h
i R 1 ‘ ine-oxi
o ko e o LI wym 1 S Toog | amnemdls Toes
A Me. 3, .
" — N H (2) Proposed Mechanism
2b 2c 2d 2e 2f. R=Me 2i:R=Bn 2k R=3-Ac
2c: not applicable 2g:R=NO;  2iR=nBu 2: R=3.CO.Me H  BH*X-
____________________________________ 20R=OMe ____ _ 2mR=2 +8 R
Alkynes: R’ = TIPS [TIPS = (i-Pr);Si] (1b) Nitrogen Nucleophiles: =
n-CgHya (1c) 2a - 2m (see Table 2) /
TBSO(CHy); (TBS = ¢BuMe,Si) (1d) Lg% LnCU" """"""" P Lut
TBSOCH, (1e), 4-MeOCgH, (1) :D\
o . ; R—=——NR'Z H—NRZ ' R
* The addition of an excess amount of nitrogen nucleophiles . g H_}—'_
suppressed alkyne dimerization. FeBirh i
120, u BH*X"
+2 BHX- :
¢ NRZ 6/12



3. Chemoselective Reaction

3.1 Arvlation on Ei Buchwald, S. L.; et al. J. Am. Chem. Soc. 2007, 129, 3490.
ylduen o ther N orOH (BUChW8.|d) See also: Buchwald, S. L.; et al. Org. L%c;r. 2002, 4, 3703.
3.1.1 Background of Cu-Catalyzed C—N/C—O Bond Formation (Ullmann Reaction)

Review: Thomas, A. W.; et al. Angew. Chem., Int. Ed. 2003, 42, 5400; Kunz, K.; et al.
Synlett 2003, 2428; Beletskaya, |, P.; et al. Coord. Chem. Rev. 2004, 248, 2337.
For mechanism, see: Hartwig, J. F.; et al. J. Am. Chem. Soc. 2008, 7130, 9971.

(1) General Scheme (2) Mechanism
HYR + base
cat. L,CuX' Ar-YR LnCuX
base :

Ar-X + HYR A-YR (6) ligand exchange

—HX-base reductive

Y=NR, O elimination Hkehase

« Aryl halide: |, Br, CI (reactivity: | > Br > Cl)
- Amine/alcohols: 1°/2°-alkyl/arylamines and alcohols L. YR
» Cu source: Cul, etc. (generally 5-20 mol %) cd
- Effective ligand: diamine, 1,3-diketone, etc. y e B L”C‘gﬂ idelalkoxid
- Base: K,COg, K3POy, Cs,CO, etc. _ Cu(in) XA HEISARexce
« Solvent: toluene, DMF, alcohol, etc. intermediate  oxidative Ar=X

additio N w246 NE <
/ " @er/w;l;n LnlYF-l arej "F-E‘U‘L\}E* )

‘more electron-donating = . '&"\“TGMI ap

3.1.2 Selective C—N and C-0 Bond Formation

1 i \3 : X
Scheme 1. N-Arylahon of 5-Amino-1-pentanol Table 1. Effect of Spacer Length of N- and O-Arylation el
HN 5% Cul, 20% L1 o o Reactions®?
2.0 equiv Cs;C0q ;
ReR p@ 5 pes fg O™ s wm B
3 ' &4 I
1a, 97% L1 Swn O, fot P MaQ/
Scheme 2. O-Arylation of 5-Amino-1-pentanol a n= 2 3 4 5 6
. i d
sl 5% Cul, 10% L2 Me . CN Yield, % | 45¢ (22} 96 99 97 99

m\©,| - 2.0 equiv Cs,CO;4 Br@,% ' CN:CO 31401 451 >50:1 =501 >50:1
salbetule LN
. P foluene: 3A MS C 5% Cul, 10% L2 o
90°C, 16 h 200N = 2.0 equiv Cs;CO, yNHz
1b,86% | i ve-{ )1 + Ml o 20N CCDy w/O i

e

‘L2 Me ff toluene, 90 °C
highly coordinative ligand and solvent: C-N > Cﬂ b, n= 2 a 4 5 6
-less ¢ inative ligand and solvent: C-O > C-N__ CO Yield, % 167 28° (4 91 a0 89

- 1,2- and 1,3-aminoalcohols: ligandless conditions favorable
- highly coordinative conditions: Oxidative addition might be
rds and more electron-donating amide would react faster — TR

S
preferential C—N bond formation??
- less coordinative conditions: Ligand exchange might be rds “ Using 1.5-2.0 equiv of aminoalcohol. # Isolated yields. average of two
and deprotonated OH on Cs,CO3 would react faster than runs. © GO yield. ¢ Ligand-free conditions: see Supporting Information.
neutral NH — preferential C—O bond formation??

Table 2. Copper-Catalyzed N- and O-Arylation of Aminoalcohols?

CO:{CN+double} 16 1:4(2:1) 181 2011 24:1

entry  aminoalcohol Al C-N product C-N, %P% (N:0) C-O product C-0. %% ! (N:0)

H H
T ~~o 2~\g 2

9a, 84 (»50:1) “z“\gf’vvv”“’t 9h, 79 (16:1)

10a, 85 (>50:1) & Oy 10b, 80 (20'1)

1 QWNH"

3 g~ O C‘,Q/ Q 11a, 84 (25:1) & 11b, 78 (16:1)

F
T FD/ Dﬁ 12a, 93 (>50:1) pjac'wv% 12b, 79 (18:1)
|

5 " OH 13a, 83 (20:1) N 13b, 80 (15:1)
N/\/Mmo Q’ % b 2

6 sbuﬂ\oﬂ O" @—M o B30En o (e 14b81(150)

“Q °
7 HMNT\ on /C:(' 15a, 80 (20:1) MWI 15b, 80 (18:1)
" M\“Me Me
8 MJ{)/' O 16a, 85 (20:1) A~nr,  16b, 81(16:1)
6 H

a [solated yields, average of two runs.  With L1. ¢ Seleetivity: %CN:%CO. ¢ With L.2. ¢ Selectivity: %CO{%CN + % double). / Balance: ArlH (from
Arl) and AnO. 72



3.2 Selective Reduction of Amides over Ketones/Esters (Ito, Nagashima)

lto, Y.: et al. Tetrahedron Lett. 1998, 39, 1017; Nagashima, H.; et al.
Chem. Commun. 2007, 4916, and references therein.

3.2.1 Background of Transition Metal-Catalyzed Hydrosilylation of Carbonyl Compounds
(1) General Scheme — low-valent, coordinatively (2) Mechanism R H(X)

unsaturated M are used RySi-H Y-0SiRg
(Rh(l), Ru(0), etc.)
Q OSiRg / reductive oxidative
R3S|OS|H3 /
H)LR cat. L,M H/i\ﬂ elimination addition
+ RySiH H (7)
O .

H H R

RR(X)
R)LX R X 0, &~ SiRs
ketone/ester/amide alcohol/ether/amine Li—M " Sle Ln_M.H
« general reactivity toward hydride reduction: ketone > ester > amide \,4 0
- general reactivity in the hydrosilylation: amide > ketone, ester (?) migratory P

insertion R~ RX)
3.2.2 RhH(CO)(PPhg)s-Catalyzed Amide-Selective Reduction (Ito) Silyl migration generally

precedes reductive elmination

RhH(CO)(PPhg)a (0.1 mol %) in the case of h i i
\ . ydrosilylation of
o PhySiH, (2.1 equiv.) ¥ - tertiary amide only carbonyl compounds.
R” “NR' THF (1 M), rt R”°NR, - ester, Br, epoxide, Bn tolerant
2-48h y. 65-94%

Selected Scope and Limitations

H H
H H H H Bn
H 1
H H H H NE NE2 \eo C/\%N Ad;}( VLN
P )4 2 MeO 2 Ph NMe; H)ULH
Et” 'NBn, Bu NBny B
b 0

1h,y.96% 48h,y. 86% 20h,y.85% 4.5h,y. 70% 3h,y. 98% 3h,y.65% 3.5h,y. 70%
3.2.3 Ru-Cluster-Catalyzed Amide-Selective Reduction in the Presence of Et;N (Nagashima)
Ru-cluster 1 (1 mol %) (CO)Z
5 P“M?Eﬁts,'\lH(ﬁzbf’;sfwe)q”"") . E9 - tertiary amide only
/u\ 3 AHEqUN. Y4 -l*---Ru(CO)z - esters and ketones tolerant
R™ "NR'z toluene, THP or dioxiane R” "NR'; = "RU»J &0 1 + Et3N completely retarded reduction of
i, 0.5-20 h y. 72-96% (€0),© ketones and esters (Fig. 1).

Selected Scope and Limitations

O HH O HH O HH R. _Me R. _Me

(eq. 1)
B b
)LP@(N )LM(?(N Meo’lLMg(rIu " 0 1 (1 moi%) OSiPhMe,
M oMe  PhMe;SiH (3equiv) e x)
1h,y. 72% 15h,y. 94% 0.5h, y. 96% B! i R._-OSiPhMe; (eq. 2)
83% selective  >99% selective  >99% selective 0 ‘Et-'ﬁ”(-:‘;q”"’-) s (O)
66
Me; < > Y H Meo)f < > Hl H TNME" R._-NMe, (f;q- 3)
v (@
0] N-Bn 0 N-Me i 9
Me Mé In the absence of Et;N in the presence of Et;N
18 h, y. 88% 3.5h,y.81% T ey s AL s o SO
>99% selective >99% selective E; 5
) ) 8 ke
Mechanism (my speculation) [ 5 s0
> c
[OX SR OC}R’CO G0 8 ‘
|U\R CcO RS | ‘ \R/ B 1 5 0 2 3 4 5_
..... u AT IS u 0 2 3 4 1
PN --Ru/ | (CO) -CO RL?/ /N SR reaction time (h) reaction time (h)
(CO)CO 1 (1 mol%) T H 3 . (D)R=Ph
oc co 2 g R
determined by X-ray 5 5
5 % 5
E =
g 8
[¢] 1 2 3 4 :‘) x o} 1 2 3 4 5
reaction time ¢h) ] reaction time (h)

hydrosilylated

Fig. 1 The reaction profiles of eqns 1-3. Reuctions were carried out
product < ; s P “q ¢

using carbonyl compounds (0.2 mmol), PhMe>SiH (0.6 mmol) and 1
(0.002 mmol) in the absence (A and C) or presence (B and I)) of Et:N

. o (0.2 mmol; 1 equiv. with respect to the carbonyl compound) at room
competitive coordination of C=0 with EtzN J_ orEtsN  temperature. The reaction of methyl benzoate was performed at 50 C;
would result in selective reaction of amide. XR™ 'R eqn 1 (%) eqn 2 (7). eqn 3 (@)

8/12



3.3 Acylation of OH over NH (Ohshima/Mashima) Shshima, T, Mashima, K.; etal. J. Am Chem. Soc.

3.3.1 Background of Selective Acylation of Alcohols in the Presence of Amines
Review: Melman, A.; et al. Org. Biomol. Chem. 2004, 2, 1563.

(1) General Consideration

Scheme 1. Acylation of Aminoalcohol 1 o} HoN ~_-OH o]
! g 3 1%
path a: acylation (R1O0;H, R'COCY, (R'CO)O. st o : Ph \)LOMe . 2a (5 moi%) Ph\)KN/\/OH
\ pl K Aoy | ~_ THF,23°C H
path b: indirect route "oz i 1a HoN Ph 959 4aa
~ O 6 %
1 ' -
Hzf\iQO; \ @& Qoa—e 5 @ )‘L} R \ HZNQGJ“R' i 5 . 5 1 Baaet: st
! Scheme 1. Proposed Reaction Mechanism
< I s - - s
[ t i Mes
path ¢ acylation (fransesterification) (R'CO,Ma) MaOH H\I,Q) ﬁc;o\za‘ g Mes o 0 '?
i | Yi--H-Q Ao
« Selective acylation of alcohols in the presence of : H N g ey H ﬁ” L é‘
amines (path ¢) is generally difficult; multistep protection- ! Mes Nk Mes
deprotection sequence (path b) is more reliable butit 1 + HOCH,GH,NH; 9 N
consumes many reagents and generates much wastes. | -RoH - l N
------------------------------------------------------------------ ; H Mes -
~ N
(2) Precedents I S1-H-0 L Mes ’r\'fk
) , N R 0
. « lipase-catalyzed selective Mes 8 g I{,ﬁ_ H g, \
E acylation of Ser-OH in the 5 e i
Ry presence of primary amine 0 | 10 ‘]
(N-terminus of peptide) A OH l
H 4 = -
T
Klibanov, A. M_; et al. J. Am. Chem. Soc. 1991, 113, 6328. O—N-acyl- Mes 5- R
transfer N =
I HoN Bl
| rH-Q L
* Movassaghi reported NHC-catalyzed selective transamidation of o HOTNSE R
N | Mes
aminoalcohols in the presence of benzylamine, and they proposed selective Ll il N

deprotonation of alcohols by NHC would accelerate transesterification step
(e-11). Movassaghi, M.; et al. Org. Left. 2005, 7, 2453.

3.3.2 Zn-Cluster-Catalyzed Selective Acylation of Alcohols in the Presence of Amines
Table 2. Chemoselective Acylation of Aminoalcohols 1

Table 1. Chemoselective Acylation of Alcohols 20 dOCOCF 0
i o (6) (1.25 mo! %) o]
toip ZndOCOCF0 e oam0. cr T O TPt |, Q K,
% iy gl Ok . N o)
JOL (120quy 61 (125mai%) O i Fio08 25 0 0c, " 7a o 1 e © s o &
+ el T e o+ LI Ig < o]
R "OMe RENHE  FPr0 reflux R OR? RYUNARRY ¢ 6_\(60 {1.2 equiv) & )L Q I ,JL O )L,
7 (1.2 equiv} 18h 10 11 &F, (8) PhT N on PN 07 Ph
- 10 11 2 12
antry RICO,Me 7 ROH 8 RIRNH 8 (%) (%) antry | aminoalcohol 1 fime (n)  ester 5 (%) amile 2 (%) 12 (%)
1 PhCO,Me (7Ta)  cycioHex-OH (Ba)  cyclo-Hex-NHp (9a) 96° 1° HN_~an &
2 7a CHglCHls-OM (8b)  CH5(CHp)s-NH, (8b) 92 8P 1 H s (1a) 24 n.d. 7 =
3 7a cycloHex-OH (8a)  CHy{CHplsNH, (o) 92°  5° 2 HN-CHy)yOH (1) ia ~ ng.c ®
4 7a CHy(CHo)sOH (8b)  cycloHex-NH, (9a) 99°  1° PO i M it 20 o0 it 5
5 7a +-Bu-CH-OH (8c) tBu-CHyNH, (9c) 947 19 4 HAN-CHp)OH (1) o6 i Ado ”
6 78 n-ProCH-OH (8d) +PRLCH-NH, (8d)  90° 17 w
o <o 5¢ Hyher{ )-OH (18) 24 o9 nde  ndf
7 7a PhCH(Me)OH (B¢)  PhCH(Me)NH, (Be)  76% <1 g
OH " NH, on 8 nde 67 HN™™ n=1(10 18 88 nd.s 17
8 7Ta n=1({8f) n=1 n.d. OH
8 7 @Q n=21(8g) ) n=2(8g) T8 ndS . YT (1g) 18 g2 nds 7
“n
10 7a cycio-Hex-OH (8a)  pyrrolidine {9h) gab  of
11 7a cycioHex-OH (8a)  piperidine (9i) 83° & Isolated yield after Boc protection. “Tsolated yield. “Not detected.
L — LL I— g {?ﬁf‘?};?ﬁ‘j?_{)_____'Y_J?[Q']C_ﬂ_hj?_lﬂ_7_“__59:'___‘_‘_‘f #Solvent was toluene.
139 4-CHy-CgH COMe (Th) Ba %a »09 ndf BALYP/6-31G(d.p)
149 4-Cl-CyH,COzMe (7c) Ba 9a >99 <1 4
d CF. -+ CFy
159 4-Br-CyH,COMe (7d) 8a ¢a 94 1 ¢ g
16 4NO,CeH,COMe (7e) Ba %a 508 <1 go 0_0_ io
17 4-NC-CgH,COMo (71) 8a oa ¢ 1 FiC Y?};@OYC% N FGC\(O ZIHFL-OYCFS
189 ATHPO-CHHCOMe (Tg)  Ba 9 09 <1 FC 5, 2Ccr, FCY0_ 0. rcrs
19 3-Br-CgH,COMe (Th) Ba ga »08 ndF O-Zn: 'zn\o o- Zn no
Q o o, ! E = 5.6 {kcalimol) NH
20 *m'{’ OmMe@) Ba 9a >89 < Mme H ! H = 5.5 (kcalimol) Me £
! G = 6.5 (kcal/mol) n
21 (EFPhCH=CHCOMe (7))  Ba %a >99 <1 Me:JH -
22 PhCH.CH,COMe (TK) 8a % 942 <1 e O, e SO R R
23 CHy(CHghsCOMe (71 g2 9a 83 nds CFy CFs
247 TBSO(CHCOMe (Tm)  Oa 9a &7 nd o Jo
O3
Fac\(oz.-,?jnO CFy FaC _\/O '. ZnO CF.‘
o Tealated vield "GC vield. “Not detected, “Reaction t was 24 h. FaCo O 00 — F.C
Isolated vield. *GC yield. “Not detected. “Reaction tme wi o, 0. 29ck, O~x0. b, /\»CFQ
-7Zn Zns - O- n° Zn
- Zn-cluster 6 would selectively activate alcohols in the presence e . G
of amine nucleophiles, making alcohols more nucleophilic than the Q ' H =51 (keal/mol) e H
amines Me 1 G = 7.6 (kcal/mol) e
. e i . + +
. Bimetallic activation of both alcohols and esters would be oy .

plausible.
912



4. Regioselective Reaction
4.1 Acylation of Natural Products (Miller)

Miller, S. J.; et al. Angew. Chem., Int. Ed. 2006, 45, 5616.

4.1.1 Background of Selective Acylation of Polyols gerg%g: Melman, A.; et al. Org. Biomol. Chem. 2004,

(1) General Consideration

(a) Enantioselective Catalysis

/_— T /m AAG'(1) - Enar
/ G
{ \\a : | F A5, \
B R' R
M Ou_
TR BT Ty
(o] rR* R RY RY

(+)-Enantiomer = ) Enantiomer

meso Subsirale

Achiral Catalyst -» (AG", - AG",) = 8 -+ Racemic

Chiral Catalyst - {AG", - AG"}) 40 -» Enantioenriched

(b} Site-Selective Catalysis

AAG'¢2) -» Raversal of “"‘"\ """"" T AAGY(3) > Inherent
inherent // """""" \ e A A Selectivity
o G AG'. 1 JAGY
Selectivity / o 1‘ o s
Sy
E AG, 4 T .! 1
E‘ 3( Bt
Ma\ErOYA\(OH HO\]/r:-.‘ V'OH HO\.‘_J/\VO.\ [f Me
o R R B R O
z R*¢R? !

Achiral Catalyst - (AG”, ~ AG",) # U —» Inherent Selectivity

Chiral Catalyst - (AG", - AG",) # D —+ Regioenriched

« Site-selective activation of alcohols is thought to be much

more difficult than desymmetrization of meso-diols because

catalysts have to overcome inherent reactivity difference.

' ' S Bu Bu
(2) Precedents BusSn- Shal
1°-Selective
I-Sn-O-SnBup
Bu Bu ¢
1
OH /J\ 1(2mol%) OH
+ —_—_— =
)\/\/\OH AcO 30°C, 24h OAc
excess y. 92%
(solvent) 1% diacetate

Otera, J.; etal. J. Org. Chem. 1998, 63, 2420.

2°-Selective 1) Bu,SnO (1.05 equiv.)
toluene, reflux, 6 h
0Bz

OH 2) BzClI (1.0 equiv.)
OH CHCl;, 0°Ctort,1h OH
3) TMSCI (1.05 equiv.)
CHCI3, 0°Ctort,1-2h
® y. 83%
2°M1° = 98/2

Roelens, S.; et al. J. Org. Chem. 1990, 55, 5132.

4.1.2 Miller's Approach to Overcome Inherent Selectivity Difference by Peptide Catalysts

3rdf Most Reactive
110H O Most Reactive . o 1
2-0H Me-p Ny e Me C2-Monoacelate
i o J\OAW HR L [Ea.(h)]
NM NMI {10 mol%) {1 equiv) Moo OH - Me, Nides Q.
! " Vo oghe. ) 0757
! O~L-Me {ot pyridine as solvent) Qe - O~LMe
‘0 OMe o 0 OMe i
s M
: F%;;BH e, o o "% Me”ﬁu C4~Monoacetate
k ¢y NMI{10 ot} Me}LUJ\Me Me Me Nie;
| ongmostReaciive | ©TPwiosssolvent) (2 gquiv) Me S Aot AT
4"0H =
I L B oMe (£l
{1} Catatyst ' o Mg
mogayst| | L s
{6 mai%) | (2 equqv) (ii) MeOH quench P o
cs
(‘) ) . Jﬁw [Eq.(3)
o "‘;}0 OMe
N v
< i J\ ( B B
¥ gacN 0% Mgy —hBoc B N Me
o C11-Monoacelate C11-Monoacetale
7 e &, (Macrofide Tautomer) 8, {Hemiketal Tautomer)
MeO

* Miller's peptide catalyst 7 could overcome inherent
selectivity difference of erythromycin A 3 obtained by
NMI as a catalyst, although the actual mechanism of
activation is still not clear (hydrogen-bonding
interactions?)

'
'
'
'
i
i
]
'
]
]
'
'
'
]
'
'
"
i
I

Table 1: Site-selective reactions of erythromycin A with achiral catalyst

versus 7.
o
Me \Me Q
F OH D Meof
EvA Me \f’ R NMe, 0
, Mo Z\-J e Mend ’Mg}‘v"‘ NMe
L——-. y -, Nie\/j"’o 'fQ_ZO-__.-Me
o) J0 Dme
ﬁm o OMe
8 9 Me

L
Ery-2..4"bistacyl) Me 0} R Ery-2.11-bis(acyl) 0’\;9 OH

" lati t with NMI with 7
entry acylating agen prh i
; & 1:9
8a, 9a: Me’a\"’\/\“k‘a}\i?wﬂn =100 (58-%}
R==(CH,)eCH;, Me
2 BocHN O O ] "
8b, 9b: A e Me 5. o
]

R= (CH,),NHBoc MeM& (53%)
3
8¢, 9c: o Q9 : 1:5

' = L b
R = (CH;),CH= \V\')i\o)\/‘\f 2: (56%)
CH,
;d 9d: " E ,?L W - 1:3.5
R=Et e ' (28%)
- 1012




4.2 Acylation of Carbohydrates (Kawabata) Kawabata, T.; etal. J. Am. Chem. Soc. 2007, 129, 12890.
4.2.1 Background of Selective Acylation(Protection) of Carbohydrates

(1) General Consideration

Faewee oy

{ h“)-lp\"‘"- | 2.alcohals

N 2at- znu ;

N e

Fullyprotoctes 1. €3t TMSOTE ACHO T

monoancchaﬂier. 2 F“é: aSH
-l Baa, cleciroghil

BuLplunul.nT bie 2)

S»alm)mh.

1. cat, "MJDTI AV.HC

2. RCHO. L ,c,,; \

LA \, 3 TBAF
R e O visart srcio | Simpiomonvary Table 1 “gg'fﬂ\ ,
S o X " | X 2,
\ dat-gate, [/ . Bupplemestary Tenied) | Ty s.n 5:-6 4
. dbtape 0 T TNtk
MSOTE, ACHO
SH

£ gt TMSOTE, AGHO
e HO, ErySiH
sktisphia {Supplementory Tabla )
phemantary Tatde 3) S
Vd T
S tegu Msom, N

2,ACHO, ELSIH

3. RGN0 \

4. L, HaGHBH,

Scpplementary Tabe § \

£
Ememantary Talse 5} /

N,
\ K DCHACY,
Jaerg
L0
3-sdeoliols gc'r\—*\\ ncu u\,ﬁ.m A-akcuhols.
i Zo K, Ro00 X
4a1-4a0, \ GatDak,
B 4b1«4b3 / . 5m-5b4 7

« Selective protectlon of carbohydrates generally

(2) Precedents

1°-Selective AcClI (1 equiv.)
pyridine (1 equiv.)
OH DMAP (5 mol %) ﬁOAc o
O o 0 y. 73%
HB\HOﬁOCBHW CH,Cly, 0 °C HBOHO OCgH17 859 selectivity

. Albert, M.; et al. Org. Lett. 2004, 6, 945.
2°-Selective g

OH iti OH
0 conditions Io)
HB%OCEHW ﬁ&gﬁ;ocwﬂ
HO HO
Ac,0O (0.7 equiv.), KoCO4 (10 equiv.) y. 98% (for a-anomer)
DMAP (5 mol %), CHClI5, 23 °C, 1h  61% selectivity
Ac,0 (0.7 equiv) y. 100% (for p-anomer)
17 (2 mol %), tol/CH;Clp, 0 °C, 15 58% selectivity

NBn

=

[¢] H 0 Me H [e]
BDCHN\:/ILN N\)LN/'\H,N\.)LGME
: H H o :

Q “cHx \©

\,N

requires multistep protection-deprotection sequence. yoshida, J.; Mizutani, T.; et al. J. Chem. Soc., Perkin Trans. 11999, 465,

Hung, S.-C.; et al. Nature 2007, 446, 896.

Miller, S. J.; et al. Tetrahedron 2003, 59, 8869.

4.2 2 Kawabata's Catalytic Approach to One Step Regioselective Protection of Carbohydrates

{a) catalytia one-step process

Substrate Generality

(a) octyl p-D-glucopyranoside (b) octyl f-D-thioglucopyranoside

HO
= > Ho‘ﬁocﬁH" HO SCethiz
NH OH OH
’ R=i-Pr . >99% regioselective R=iPr . 97% regioselective
>99% selective 98% yleld (-50 °C, 38 h) 92% yield {-60 °C, 72 h)
i-’-PfCQ)zO 98% yield R=CH, : 96% regioselective  95% regioselective
HO 96% yield (-20 °C, 24 hy 99% vield (-60 °C, 41 h)
Hgo 003”17 "Prggo ooc oHa7 {c) octyl e-D-glucopyranoside (d) octyl f-D-mannopyranoside
OH OH HO,

1. TBDMSCI / imidazole
2. 2-methoxypropene / PPTS
3. (i-PrC0O);0 / DMAP

HO
HO: o
HO

R=i-Pr : 54% regioselective
75% yield (20 °C, 12h)

gﬁi%gw,,

HG

R=(-Pr : 85% regioselective
61% vield (-50 °C, 120 h)

4, CSA { MeOH
5. separation of regicisomers (o) octyl fo-galactopyranoside
46% overall N
{b) conventional protection/deprotection procedure o '*"“‘O
/ &Z,o H
Table 4. Effects of Catalysts on Regioselectivity of Acylation of HO % Sz
Octyl j#-D-Glucopyranoside? ; )
R=/Pr : 91% regioselective
HO 6 catalyst (10 mol%s)  j-PrCOQ LPICOO 46% yield {20 °C, 12h)
4
HO o) {-PrCO),0 (1.1 eq) X
HO S L FociH + Zf;_z,ocaH ., +completely 4-OH selective for octyl B-D-glucopyranoside
éfslg?;ne €°2351e zq h | -PICO0 - Regioselectivity is rather sensitive to structure of carbohydrates.
b b e « Multipl rogen-bonding interactions between carbohydrates
monoacylate regioselectivity?  diecyiate  recovery  @nd the catalyst would make possible the selective acylation of
entry catalyst (%) 6-04-03-02-0 (%) (%) more hindered alcohols (Table 4 and Figure 5).
1 1 97 0:98:2:0 2 0
2 5¢ 69 14:60:26:0 20 8
3 6 74 7:65:28:0 15 4
4 7¢ 62 13:66:20:1 13 22
5 DMAP 61 33:24:43:0 21 14

@ The reactions were carried out with a substrate concentration of 0.1
M. # chiosc]cctivilv (%) among four monoacylates. © Catalyst structures:

E

g N

et

H
/W\/"'O wsiN}\[N\/KO

0
w237 e A°
N N
5 7
O W . ' H ©
;5 2
N -'(:)\,N\_/‘Lof\/\/\/\

RS

N
6

o]
\)LOA./\/\/\

=

Figure 5. Proposed transition state model for the chemo- and regioselective
acylation of octyl -n-glycopyranoside catalyzed by 1. 1112



5. Summary and Perspective
5.1 Summary and Perspective

5.1.1 C—H Amination
(1) Nitrene-Based Catalysis (2) Catalysis Based on C—H Activation
Summary Summary

- Substrate scope: mainly electron-rich, benzylic C-H - Substrate scope: arenes and alkanes having coordinating
- Selectivity: Both intra- and intermolecular groups, terminal alkenes, terminal alkynes, mainly amides

enantioselective reactions are possible. + Selectivity: regioselective in many cases
Perspective Perspective

+ Substrate scope: simple alkanes, electron-deficient C-H - Substrate scope: simple alkanes, alkyl- and arylamjnes '
+ Selectivity: improvement of enantioselectivity for + Selectivity: regio- and enantioselectivity for unfunctionalized

intermolecular reacitons hydrocarbons
5.1.2 Chemoselective Reaciton
(1) Arylation on Either NH or OH (2) Selective Reduction of Amides over Ketones/Esters
Summary Summary

+ Substrate scope: aliphatic primary amines and alcohols + Substrate scope: tertiary amides only
+ Selectivity: good except for 1,2- and 1,3-aminoalcohols + Selectivity: good to excellent

Perspective Perspective
+ Substrate scope: anilines and phenols + Substrate scope: primary/secondary amides, more
- Selectivity: NH- and OH-selective reaction for 1,2- and functionalized substrates
1,3-aminoalcohols - Selectivity: reduction in the presence of aldehydes and
alkenes
(3) Acylation of OH over NH
Summary Perspective
+ Substrate scope: 1°- and 2°-aliphatic alcohols and - Substrate scope: application for total synthesis
aminoalcohols, aliphatic and aromatic esters - Selectivity: reactions in the presence of various functional gorups
« Selectivity: excellent except for 1,2-aminoalcohols
5.1.3 Regioselective Reaciton
(1) Acylation of Natural Products (2) Acylation of Carbohydrates
Summary Summary
+ Substrate scope: applicable only for erythromycin + Substrate scope: mainly for glucopyranosides

- Selectivity: good - Selectivity: good to excellent
Perspective Perspective
- Substrate scope: other natural products * Substrate scope: other pyranosides and furanosides
+ Selectivity: General strategy of selective activation is - Selectivity: development of 2, 3-OH-selective catalysts

required for the catalyst development.
For Rubisco, see: nttp:/fja.wikipedia.org/wiki/RubisCO.

See also: Lorimer, G. H.; et al. Nature 1989, 337, 229.

5.2 Future Challen in i
- enges CatalySIS For CO, co-polymerization, see: Chen Lit. Seminar 2008.03.12.
5.2.1 CO, Fixation .
Reaction Mechanism of CO, Fixation Catalyzed by Rubisco ' e
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* The reaction is thermodynamically favorable (AG = —41 kJ/mol). e T g Y
* Mg ion is required for this reaction. N
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5.2.2 Reformation of Renuable Carbon Sources o5

Reformation of Cellulose under Acidic Conditions  Mascal, M.; et al. Angew. Chem., Int. Ed. 2008, 47, Early View.
celiulose | excess

0
s o
of  aqHCIACICH,), OHC._O o._J_oH oHc_o
sucrose . \(\ch* Q7 . WOH+ )K/\WOH

o LiCl, A I
glucose excess 71-76% 6-8% 4-8% 1-5%
65°C, 18 h

- Stable C-O bonds of cellulose, including anomeric carbohydrate linkages, were cleaved under highly

acidic conditions. 12112



