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Synthesis of Chiral Bisphosphines with
Tunable Bite Angles and Their
Applications in Asymmetric Hydrogenation
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Scheme 1. Synthesis of CnTunaPhos Ligands
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MeO

PPhy,
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(R)-MeO-BIPHEP 7

1, n =1, C1TunaPhos, 80%
o) O 2, n=2, C2TunaPhos, 61 %
b s
-~ (o),
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PPh,
3, n =3, C3TunaPhos, 82%

PPh,
O 4 n =4, C4TunaPhos, 84%

5, n =5, C5TunaPhos, 55%
(A-TunaPhos 6, n = 6, C6TunaPhos, 55%

a, BBry, CH,Cl, -78°C to it
b, X(CHX' KCO;, DMF, X or X' Is a halide.

Table 1. Calculated Dihedral Angles of Chiral
Bisphosphines

- hexf prge.

phosphine 1 2 3 4 5 6 MeO-BIPHEP BINAP
dihedral angle® 60 74 77 88 94 106 87 87
(deg)
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Té—re 2. Ru-Catalyzed Asymmetric Hydrogenation of ﬁk&oesters"

o o [Ru(CeHICL (0.5 mol%) o o
R‘)J\,/U\on?' + H, (750 psi) -~ R oR® (%ee)
R Chiral Phosphine (1.2 mol%), in MeOH R
Entry Substrate 1 2 3 4 5 6 MeO-BIPHEP  BINAP
0O 0o
1 /U\/U\OMB 909 90.8 977 99.1 97.1 96.5 97.9 98.4
o 0
2 Mop ’ 90.1 90.8 977 99.3 96.8 96.3 98.8 98.2
0O o
3 90. .
)\/u\oeu' 0.0 93.9 99.0 99.2 96.8 95.9 985 97.6
o O
4 89.9 X
\Moa 938 99.0 99.0 96.9 95.9 98.5 975
o 0
76.8
I . 714 720 823 785 605 748 78.4
0o o 79.6 856 95.5 95.8 925 90.7
6 (46.1%syn)  (45.7) (45.5) (45.6) (44.2) (46.5) ?455;29) ?4163,35)
OEt 93.9 95.6 985 . 987 98.0 97.5 8.1 95.7
(53.9% ant)) (54.3) (54.5) (54.4) (55.8) (53.5) (54,1) (55,2)
o o
87.9 89.7 95.2 96.8 94.7 91.9 975 93.4

# Hydrogenation was performed as described in the text. All reactions were complete in >99% conversion, and ee's were determined by

chiral GC.
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Planar-Chiral Pyridine N-Oxides, a New Family of
Asymmetric Catalysts: Exploiting an 75-CsArs
Ligand to Achieve High Enantioselectivity!

Beata Tao, Michael M.-C. Lo, and Gregofy C. Fu*

Department of Chemistry
Massachusetts Institute of Technology
Cambridge. Massachusetts 02139

Received October 3, 2000
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Figure 1. Synthesis of planar-chiral pyridine N-oxides.

Figure 2. X-ray crystal structure of (—)-3b-MeOH (for clarity, the MeOH
is omitted).
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Table 1. Desymmetrization of cis-Stilbene Oxide Catalyzed by
Planar-Chiral Pyridine N-Oxides

osiCly
O 10% (-)-catalyst Ph
SiCly —~————— P
P h (HPr)NEL &
CH.Clp

entry catalyst temperature ee (%)
1 3a n 11
2 3b rt 25
3 3b -78°C 60
4 3¢ 1t 68
5 3¢ -78°C 92

Figure 3. X-ray crystal structure of (+)-3¢-TsOH (for clarity, the TsOH

is omitted).
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Eric N. Jacobsen,* Wei Zhang, Alexander R. Muci,
James R. Ecker, and Li Deng

Roger Adams Laboratory, Department of Chemistry
University of Illinois, Urbana, Ilinois 61801

Received April 25, 1991
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Table I. Asymmetric Epoxidation of ¢is-g- Methylstyrene with < i
Catalysts 1-5 BQ;{'“—@\" Q@(ed}\u +7
Ph Me
Ph Me catalyst (5 mol %) |
\=/ ¢ maooten “SEEERe S was chtained
entry catalyst yield* % ee, % epoxide confign \"\}-H'\ Ccdt;l Yﬁ /S\\ ,

1 (R,R)-1 88 84 1R,2S-(+)

2 (5.5)-2 54 49 15,2R-(-) ,

3 (8.5)-3 87 80 18.2R-(-) ~ . -

4 (5.5)-4 56 ss 15.2R-(-) as  ex {)eu f‘eb‘( .

5 (S.5)-8 81 92 1S.2R-(-)

“Determined by GC by integration against an internal quantitative
standard.



- Pz 5713

P

(/ ) pynamic Control of Ligand Conformation: Asymmetric Epoxidation Using
Achiral, (Salen)manganese(III) Complex

Keishi qura Tsutomu Katsuki*
Department of Molecular Chemiistry, Graduate School of Science, Kyushu University 33. Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan S‘ ] ] / ?9 ﬁ /7 8“ j}
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Table I. AE of 2,2-dimethylchromene derivatives with achj

lcx 5 as a catalyst in the of N,N'-dioxide (+)-4.3)
cotry substrate time  yield (%) % ecb) confign]
1 m 24 65 82 38,48
2¢) " 24 58 82 38,48
.,07\.( 3d) " 48 90 83 38,48
4d.c) - 48 29 86 3S, 45
5 m 48 59 T 3s4s
6D " 24 51 78 38,48
+Bu : (}
7 m— 48 60 78 354
8¢) " 24 41 84 35, 48

a) The reaction was carried out in dichloromethane at -20 °C in ti
presence of 4 (5 mol%) and 5 (4 mol%) unless otherwis
mentioned.

b) Enantiomeric excess was determined by HPLC (DAICE
CHIRALCEL OJ, hexane/2-propanol=1/1).

c) Configuration was determined by the comparison of the elutio
order with the authentic samples.

d) The reaction was carried out in dichlorocthane.

¢) The reaction was carried out employing 20 mol% of 4.

f) The reaction was carried out employing 10 mol% of 4.
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N What is the Origin of*¥righly Asymmetric Induction by a Chiral ~
(:}) (Salen)manganese(Ill) Complex? Design of a Conformation'ally Fixed Complex
' and Its Application to Asymmetric Epoxidation of 2,2-Dimethylchromenes

Yoshio N. Ito and Tsutomu Katsuki*

Department of Chemistry, Faculty of Science, Kyushu University, Hakozaki. Higashi-ku, Fukuoka 812-8581, Japan ‘ l \ {ﬁ?‘ ) 3 E‘ 4-[L 3 }§\ .
Received 9 March 1998 revised 6 April 1998; accepted § April 1998 ]
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Scheme 5. Conformation of oxo Mn(salen) bearing a coordinating group.
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Scheme 7. Catalytic cycle of the epoxidation with Mn(salen) bearing a coordinating group,
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Table 1. Effects of additives on the cross-coupling of triflate 6a (X =Y =H) with phenylacetylene®

Entry Additive (mol%) ¢ (b) 7a (R2=Ph, %) Entry Additive (mol%) ¢ (b) 7a (R2=Ph, %)
1 None® 17 29 5 n-Bu NI (100) 24 84
2 n-Bu,NBr (100)® 24 58 6 n-BugNI (150) 24 91
3 n-BuyNBr (150) 24 62 7 n-Bu, NI (300)® 15 91
4 n-Bu,NI (50) 24 56 8 n-Bu,NI (300)° 36 82

* Carried out with 10 moi% Pd(PPh,), and 30 mol% Cul in Et;N-CH,CN (1:5) at 2

»20% Cul was used.
“ Pd(PPh3),Cl, was used to replace Pd(PPh,),.
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Rhodium-Catalyzed Asymmetric Rin pé'hi'n{;rheactions of
Oxabicyclic Alkenes: Application 6f Halide Effects in the
Development of a General-Process ~

=) wl*y

Mark Lautens.” Keith Fagnou.* and Dinggiao Yang?!

" Contribution Srom the Davenport Research Laboratories, Department of Chemistry,
\ Usiversity of Toronto, 80 S1. George Street, Toronto, Onturio, Canuda MSS 3IH6

Receivod February 24. 2003; E-mail: mizutens@alchomy.chem.utoronto.ca
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{Rh(COD)C1l, (0.5moi%) ‘O
( PPF-P'Bu, (1.5mol%) NG
Nucleophile
O
1 THF /reflux H
“First Generation Reacticn Conditions*
Nucleophile Outcome
Alcohols and Phenols >90% yield, >90%ee
Aliphatic amines no reaction

Aromatic Amines >90% yield, 30-74%ee
Malonates <50% yield, 50%ee
Carboxylates >80% yield, 30-60%ee
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Scheme 2
{Rh(COD)CY, (2.5mol%) ‘ O
% OPPF (1 eq. o Rh) C’#‘. .
Pyrolidine (5 equiv.) OH
1 Et,N.HCI (5 equiv.)* 3 >88%cony.
THE / refux 85% ylakd
— 6 hours
\m'f‘ (&
( Pymolidine {10 equiv.) Pyrrolidine (5 equiv.) Pymoidine (5 equiv.)
. _CSA({5equi)® Q/awcu {5 aquiv.) BugNCI (5 equiv.)
a CSA (1 equiv.)®
92% conversion 81% conversion >88% conversion
after 25 hours efter 14 hours afler 5.5 hours
Protic Additives work Chioride Additives work Protons and Chioride
slowdy afone contribute in unison

slowly alone

“ Conditions: Substrate, [Rh(COD)CI]; (2.5 mol %) and dppf (5 mol
%) were dissolved inTHF and stirred at room temperature for 3—5. min.
The halide additive was then added and the mixture heated and at first sign
of reflux, pymolidine (5 cquiv.) was added. ® In reactions using CSA, it
was added immediately after the addition of the pyrrolidine nucleophile.

Scheme 3

[RMCOD)CH; (2.5mot%)

e

OPPF (1 eq. 0 Rh) A
Pymolidine (5 equiv.) C'
1 Additive (S equiv.) OH 3

THF / refux

Addltive BuNF BuNCI BuNBr BuyNt

17% conv.  60% corw. >98% conv.
Outcome  NR afor 25hr oftor Shr after Shr afler She
Halide Effect on Consumption of 1:

F<Cl<Br<i
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Scheme 7
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Productive ¢
Catalytic 3
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(a) Substrate binding on the exo-face
or dimer bridge cleavage): (b) Oxidative insertion; (c). protonation of the
r}.lodlum alkoxide; (d) nucleophilic attack and product liberation; (¢) amine
bmfﬁng; (f) amine ligand protonation and nucleophilic. displacement by a
halide nucleophile; (g) dimer formation with loss of a halide ligand; (h)
dimer cleavage by nucleophilic displacement with a halide; (i) e-oxidation
of the amine ligand.

(displacement of a halide ligand
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Table 1. Palladium Catalyzed Coupling of Vinyl Triflate 6 and ’I‘nbutylvmylstann“aﬁe 7a in the Presence of Carbon
Monoxide at Atmospheric Pressure

Wj{)f’lx.l

(o~ yield %+(0-itg (,

entry solvent. T, time catalyst additives 10a 11a + 12a
1 THF, 55°C, 7h Pd(PPh3)4 (5%} LiCl (3 equiv) 15 132 (73:27)°
2 NMP.RT. 5h Pd(PPhz)s (5%) LiC1 (3 equiy) — 39 60 (79:21)¢
3 NMP.RT. 4h Pd(PPha)s (5%) LiCl (3 equsv), Cul (10%) Y 17 79 (72:28)¢
4 NMP, RT. 35 min Pdzdbaz (5%); As(Ph); (20%) LiCl (3 equiv}— 19 81 (82:17)°
5 NMP, RT. 6 min Pdzdbaz (5%); As(Ph)s (20%) LiCI (3 equiv){ Cul- ) <l 74<(80:20)*
6 NMP, RT, 15 h Pd(PPha)s (5%) Cul (10%) - - —~d
7 NMP.RT. 17 h Pd,dbag (5%): As(Ph)z (20%) Cul (10%) - —-d

#Plus 71% recovered starting material. ® Ratio determined by integration of the methyl signals in the 'H NMR spectrum. ¢ Plus 25%

recovered starting material. ¢ Pd black preci
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1 PhsP X Br  90/10(1)
2 i 98/2(11)

Scheme 5. Effect of push—pull interactions on the hard/soft character of a
transition metal complex.
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“Regioseléctive Cyeliz
Tuning the Regioselectivity in the Palladium(i)-

Catalyzed Isomerization of Alkylidene
Cyclopropyl Ketones: A Dramatic Salt Effect**

Shengming Ma* and Junliang Zhang

//}hgw. Chem. Tut. Bd.
2003, , (& ¢
“‘, e/
\e¢ w"\’\\L | e
& '3’\(,‘ r "‘:’:v '
G ‘;-l, e ,“ .\ .
hg 0
e A NOE
N Ph
o H HyC =< |Sso Ph_a SOPh p HO S0,
o) i 3 Fl _a_ —_—
— [P;‘g"z(%&g?f'z‘i)! caty P CHis— Ky CaHy 91% /(I 1% o H“;(OI
CyHqs [) ot 73 + 3 o C4Hy” O 4Hg
d acetone, ,reflux,‘b O (o) 19 4g 5g
- Z-3f
" 2 0 Scheme 3. The Pd"-catalyzed isomerization reaction of 1g under Con-
205h 80% . ditions B and the subsequent hydroboration—oxidation reaction.
th 15% 55% a) 5 mol % [PACL(CH,CN),], acetone(-@ S min; b) 1. BH,-SMe,,

Scheme 2. The Pd"-catalyzed cycloisomerization reaction of 1f under THF, 0°C—RT, 1 h; 2. NaOH-H,0,, 0°C-RT, 6 h.
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Table 2: Palladium(1)-catalyzed regioselective isomerization of ketones 1, which leads to furans 2.4
1

—<F'R2 5 mol% [PACL{CHyCN),) ; R?
H‘,—%-R:* .*_'L._. h 3
d acetone, reflux o N
1 2
Entry 1 t Yield of 2
3 R R 0 %
1 GHys CO,Et Me (1b) 10 74 (2b)
2 CH, CO,Et Me (1) 14 74 (2¢)
3 Bn CO,Et Me (1d} 135 78 (2d)
4 14 r 65(2d)M
5 TBSO(CH,), CO,Et Me (1¢) - 26 82 (2¢)
6 CHys COMe Me (11) 205 80 (2f)0
7 H H GHq(CH,), (Yh) 12 77 (2h)

[a] Unless otherwise specified, the reaction was carried out using 1{0.25-1.5 mmol) in the presence of 5
mol% [PACl{CH,CN),] and 2 equiv of sodium iodide in 2 mL of acetone under reflux {Conditions A).

[b] The reaction was carried out in the presence of 0.2 equiv of sodium iodide in 0.5 mL of acetone under
reflux. [c] See the text.

Table 3: Palladium(1)-catalyzed regioselective isomerization of the ketones 1, which leads to the 4H-
pyrans 4.1
=L Mot PACHCHCN R
R R acetone, RT at 4
19 4
Entry 1 t Yield of 4
R R R [min] (%]

1 CHig CO,Et Me (1b) 15 80 (4b)
2 CHy CO,Et Me (1} 15 75 (4e)
3 Bn CO,ft Me (1) 15 69 (4d)
4 14 10 80 (4)®t
5 TBSO(CHy}, COft Me (le) 10 85 (4ejPl
6 GHyg COMe Me (1) 40 60 (A1)
7 CH, SO,Ph Me (1) 15 9 4g)
8 CHy H Ph (1§ 15 70 (4

[a] Unless otherwise specified, all reactions were carried out using 1 {0.5 mmol) in the presence of
§ mol % [PCl,{CH,CN),] in 2 mL of acetone at RT (Conditions B}. [b] The solvent used was benzene.
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Scheme 4. A plausible mechanism for the Pd'-catalyzed isomerization
reaction of 1.
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R-X + R ——————+ R&R (1) )
Mo . i Table 1. Cross-Coupling Reaction of n-C1oH21Br with n-BuMgCl
R = alkyl R’ = alkyl, aryl

X=Cl, Br, OTs

" GC yield (%)*
entry  catatyst additive yield (%)

n-CiqHay decane decenes?

1 NiCk, ~A 92 <1 2
2 NiCl, none (2) 49 27
| I § 3 Niaeac, s A 90 <t 2
/7,,\17' /{ 3" l)u\{‘ac?(.\ eme. +YPQ 4 Nicopy, NN o o s
a clA ﬁL?Ve \Mcde Ca’fhl)f S\s :> 5 PdCl, <A 38 1 3
’ ' 6 NiCh San g <1 0
?o w?/l I . 7 NiCl \,/K 5 14 9
) s 8 NiCl, . cop® 10 18 38
V2 9 NiCb  Ph—=—ft 3 7 23
rA 0~0 (‘mj? 10 NiCl, 3-CFystyrene 15 25 14

—

equiv, 0.9 M), additive (1 equiv, 0.7 M); 25 °C; 3 h. » A mixture of I-decene
Mg'X and 2-decenes. © 1 5-Cyclooctadiene.

S ¢ 1. A Plausible Reaction Pathway - ¢ Conditions: #-CigHyBr (2 mmol), catalyst (3 mol %), n-BuMgCi (1.3
NiO) NS @\R'-ng ,/,tj R-X R @
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Ligand Topology Tuning of Iron-Catalyzed
Hydrocarbon Oxidations**
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Table 2. Olefin oxidation reactivities of nonheme iron catalysts*

N'4
=z — Y

D"\ z° Fe(tpa)® a-1 A1 Fe(6-Me;-tpa)t)
L B 4 —)
— QS y € cyclooctene

Q A > diol + epoxide (TN) 7.4 65 77 56

Table 1. Alkane oxidation reactivities of nonheme iron catalysts.[ [diol)/[epoxide] 12:1 7.0:1
epoxide %'*0 90/9 90/11  66/15 5473
Fe(tpa)™  a-1 A1 Fe(6-Me;-tpa)v [H;1%0,/H,%0](% )@
H 18
cyclohexan} AoV K\%ﬁ diol % O from
A + K6 TNy 32 55 S PYREY H,"0, [00/1020)(%))  0/97/3 38977 2493 419
AVIK) - 5 @ > (o 1 H,"0 [no0/1020](% ) 13/86/1 11/88/1 97/3/0  99/1/0
KIEL 35 32 40 33 cis-2-heptene
[H;'%0,/H,%0] (%) 70127 82/15 34/10 2211 diol 4 epoxide (TN)K! 49 7.0 6.8 45
adamantane 3°/2° 17 15 17 15 [diol}/[epoxide] 16:1 01:1 08:1 10:1
cis-DMCH® %, RCH) >99% >9% 68% 54% % RCE) epoxide 80 >99 67 35
. .. A (el g

(a] Reaction conditions: 0.7 mM catalyst, 7 mm H,0,, and 0.7 M substrate in %RCEl diol % >99 8 3
CH;CN at room temperature in air. H,0, solution added by syringe pump Ir am-2~hcptf:ne
over a 30-min period. [b] Data from references [5] and [6]. [c] A + K= diol + epoxide (TN)® 48 3.7 3.6 41
alcohol + ketone. [d] TN =Tumover number. [¢] KIE = Intermolecular [diol}/[epoxide] 221 0.05:1 0.6:1 13:1,
kinetic isotope effect obtained from the competitive oxidation of c-CgH,,/c- %RCll epoxide >99 >9 86 >99
GeDy; to cyclohexanol. [f] **O incorporated into cyclohexanol when H,*0, %RC! diol 96 >99 81 9
was used as a oxidant/when reaction was carried out in presence of lj°°“m° ) )
1000 equiv of H,!*0. Other conditions as stated in [a). [g] 3 x [1-adaman- d‘?l + epo:fnde (TN 75 6.4 4.7 5.8
tanol)/([2-adamantanol] + [2-adamantanone]). [1] DMCH = 1,2-dimeth- (diol}/[epoxide] 20:1 02:1 21:1 181

yicyclohexane. [i] % RC =100 x (cis-trans)/(cis + trans).
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[a] Reaction conditions: 0.7 mM catalyst, 7 mum H,O,, and 0.7 M substratc in
CH,CN at room temperature in air. F,O, solution added by syringe pump
over a 30-min period. [b] Data from references {5} and {6]. [c] TN = Turn-
over number [d] O incorporated into cyclooctene epoxide when H,"0,
was used as a oxidant/when reaction was carried out in presence of
1000 equiv of H,0. Other conditions as stated in [a]. [¢] Percentage of cis-
cyclooctane-1,2-diol that contains no 0/1 0O atom/2 O atom when
H,®0, was used as a oxidant. Other conditions as stated in [a].
[f] Percentage of cis-cyclooctane-12-diol that contains no ®O/1 O atony/
2 0O atom when reaction was carried out in presence of 1000 equiv of
H,"®0. Other conditions as stated in [a]. [g] % RC = 100 x (cis-trans)cis +
trans).




