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Outline for Part 1

• Library Synthesis:

Brief Background
Library Design
Synthetic Routes
Biological Results
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Background: Mitogen-activated Protein Kinase
Phosphatase-1 (MKP-1) as a Therapeutic Target

• MKP-1 is a dual-specificity phosphatase involved in
tightly regulated signaling pathways responsible for cell
growth, division and death.

• Annu. Rev. Pharmacol. Toxicol. 2005, 45, 725.

T = Threonine

Y = Tyrosine
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Background: Mitogen-activated Protein Kinase
Phosphatase-1 (MKP-1) as a Therapeutic Target

• MKP-1 was initially believed to be a tumor suppressor.

• MKP-1 has been found to be over expressed in prostate,
gastric, breast and pancreatic cancer.

• To date, No x-ray crystal structures are available for
Structure Activity Relationship (SAR) analysis to aid in
inhibitor design.

• Selective and potent MKP-1 inhibitors may lead to
therapeutic treatments for cancer.

• Annu. Rev. Pharmacol. Toxicol. 2005, 45, 725.David Arnold @ Wipf Group 4 6/22/2007



Background: Two Known Inhibitors of MKP-1 Previously
Discovered by the University of Pittsburgh

N
+

O

O

O

O

N
H

O

NC

CN

38.1 + 2.8 µM>100>400>40028.8 + 2.9 µMNU-126

74.0 + 5.3 µM67.9 + 11.7 µM57.8 + 11.6 µM>>10017.3 + 1.2 µMSanguinarine

VHRPTP1BCdc25BMKP-3MKP-1

Average IC50 + S.D. for inhibition of dual-specificity phosphatases

Comparison of Potency and Selectivity for Sanguinarine and NU-126

Sanguinarine NU-126

• J. Biol. Chem. 2005, 280, 19078.
• Bioorg. Med. Chem. 2006, 14, 5643.
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Pittsburgh Molecular Libraries Screening Center:
High Throughput Screen of 13,309 Compounds for

MKP-1 Inhibitors

N N

O

OH2N

O

O O

N
O

IC50 = 19.2 + 5.6 µM

• Chem. Biol. Drug Des. 2007, 69, 23. 
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Library Design: Retro-Synthesis and Points of
Diversification

N N

O

R3

OH2N

R4

O

O O

N
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1
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R
3

OH2N

R
4

O

Cl

+

+Na-O O

N

R1

R
2

N N

O

R3

OH
2
N

R4

HO O

N

R1

R
2

R1: H, CF3
R2: H, CF3, Ph, Cyclopropyl, Furyl
R3: Methyl, Methylcyclopropyl, Isobutyl, Benzyl
R4: Methyl, Benzyl

Target Library:
26 Compounds
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Synthesis of Mono and Bis-Trifluoromethyl
Quinolinecarboxylic Acid Sodium Salts

R2

OO

ONH2

+

a)R1 = H, R2 = CF3 b)R1 = CF3, R
2 = CF3

R
1 75 -> 150

o
C

2 h

PPA

N R2

OH

R
1

a) 58% b) 32%

75 -> 150
o
C

2 h

POBr3

N R2

Br

R
1

a) 50% b) 88%

2) CO2

3) HCl

1) n-BuLi, THF, -78 oC

N R
2

COOH

R
1

a) 53% b) 53%

NaOH

40 - 50
o
C, 1 h

N CF3

COO-Na+

N CF3

COO-Na+

CF3

a) 99%
15% Overa ll

b) 97%
14% Overa ll

• Eur. J. Org. Chem. 2003, 1576–1588. 

• J. Med. Chem. 2000, 35, 359–364. 
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Preparation of R2 = H, Ph, Furyl and Cyclopropyl
Quinolinecarboxylic Acid Sodium Salts

• Purchased quinolinecarboxylic acids

• Synthesis of furyl and cyclopropyl quinolinecarboxylic sodium salts

N R2

COOH

R1

c) R1 = H, R2 = Ph

d) R1 = H, R2 = H

NaOH

40 - 50
o
C, 1 h N

COO-Na+

N

COO-Na+

c) 99% d) 100%

N
H

O

O +
R2

O

e) R1 = H, R2 = furyl f) R1 = H, R2 = cyclopropyl

R
1

1) KOH, H2O
100 oC, 4.5 h

2) HCl
N R2

COOH

e) 34% f) 78%

R
1

NaOH

40 - 50
o
C, 1 h

N

COO-Na+

N

COO
-
Na

+

e) 100%
34% Overal l

f) 100%
78% Overa ll

O

• Russian Journal of Organic Chemistry, 2003, 39, 1803. 
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Synthesis of N6-[(Dimethylamino)methylene]
Protected N1-Alkylaminouracils

1) 10 % NaOH

H2O/EtOH

95 oC, 1 h

2) 1M HCl

N NH

O

R3

OH2N

g) 50% h) 36%

i) R3 = Me (purchased)

DMF-DMA

DMF, 40 oC

4 - 14 h

N NH

O

R3

ONN

g) 76% h) 93% i) 65%

• J. Org. Chem. 1986, 51, 4180-4185.
• J. Org. Chem. 1951, 16, 1879-1890.
• Synthesis, 2001, 3, 478-482. 

R
3
NH2

g) R
3
= benz yl h) R

3
= methylcyc lopropy l

1) 1M HCl

2) KOCN

H2O, r t, 30 h

R
3

N

H

O

N

H

H +
HO

CN

O

g) 58% h) 76%

(Ac) 2O

77 oC, 1.25 h

R3
N

H

O

N

H

O

CN

g) 75% h) 56%
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Synthesis of N1,N3-Dialkyl-6-Aminouracils

N NH

O

R
3

ONN

g h i

DBU, MeI

MeCN/DMF

30 oC, 48 h

DBU, MeI

MeCN/DMF

30
o
C

DBU, BnBr

MeCN/DMF

80
o
C, 16 h

N N

O

R
3

ONN

R
4

j ) R
3
= benzyl , R

4
= Me

51%

N N

O

OH2N

j) 77%

aq. NH3
MeOH

rt, 3 d

N N

O

R3

ONN

R4

k) R
3
= methylc yclopropyl, R

4
= Me

42%

aq. NH3
MeOH

r t, 4 d

N N

O

OH2N

k) 80%, Crude

N N

O

R3

ONN

R4

l ) R
3
= Me, R

4
= benzyl

15%

N N

O

OH2N

l) 73%

aq. NH3
MeOH

r t, 3 d

• Synthesis, 2001, 3, 478-482. 
David Arnold @ Wipf Group 11 6/22/2007



Synthesis of 5-Chloroacetyl-N1,N3-Dialkyl-6-
aminouracils

+ Cl

O

Cl

1) Chlor oacetic ac id

P yr, 95
o
C, 1h

2) H2O, 50 - > 0
oC

j) R3 = benz yl , R4 = Me k) R3 = methy lcy clopropyl, R4 = Me

l) R
3
= Me, R

4
= benzy l m) R

3
= Me, R

4
= Me (Purchased)

n) R3 = i -Bu, R4 = Me (Purc has ed)

N N

O

R
3

OH2N

R
4

N N

O

OH2N

O

Cl

N N

O

OH2N

O

Cl

N N

O

OH2N

O

Cl

N N

O

OH2N

O

Cl

N N

O

OH2N

O

Cl

j ) 72%
5% O vera ll

k) 47%
2% O vera ll

l ) 67%
5% Over al l

m ) 53% n) 35%

• Chemistry of Heterocyclic Compounds, 1978, 443–446. 
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Final Compound Library Synthesis
N N

O

R
3

OH2N

R
4

O
Cl

N

COO- Na+

DMF

153 oC, 1 h

j

R '
R
a, b, c, e, f

N N

O

OH2N

O
O O

N

R
1

R2

n
N

COO- Na+

R'
R

a, b, c, e, f

N N

O

OH
2
N

O

O O

N
R1

R
2

N N

O

OH2N

O

O O

N
R1

R
2

N N

O

OH2N

O
O O

N

R
1

R2

N

COO- Na+

R'
R
a, b, c, e, f

N

COO- Na+

R'
R
a, b, c, d, e, f

l m

o) R1= H, R2 = CF
3
: 51%

(DMA-P154)

p) R1= CF 3, R
2 = CF3 : 58%

(DMA-P155)

q) R1= H, R2 = Ph: 39%

(DMA-P148)

r) R1 = H, R2 = furan: 54%

(DMA-P156)

s) R1 = H, R2 = cyclop ropyl: 48%

(DMA-P157)

v) R1 = H, R2 = CF3: 6 2%

(DMA-P158)

w) R1 = CF3 , R
2 = CF3: 5 3%

(DMA-P159)

x) R
1
= H, R

2
= Ph: 47%

(DMA-P162)

y) R1 = H, R2 = fura n: 59%

(DMA-P160)

z) R
1
= H, R

2
= cycloprop yl : 50%

(DMA-P161)

aa) R1 = H, R2 = CF3: 45%

(DMA-P145)

bb) R1 = CF3 , R
2 = CF 3: 56%

(DMA-P146)

cc) R1 = H, R2 = Ph: 66%

(DMA-P100)

dd) R
1
= H, R

2
= H: 74%

(DMA-P78)

ee) R1 = H, R2 = fu ran: 70%

(DMA-P138)

ff ) R
1
= H, R

2
= cycl opropyl: 59%

(DMA-P140)

gg) R1 = H, R2 = CF 3: 58%

(DMA-P151)

hh) R1 = CF3, R
2 = CF 3: 55%

(DMA-P152)

i i) R
1
= H, R

2
= Ph: 60%

(DMA-P101)

j j) R1 = H, R2 = fura n: 61%

(DMA-P153)

kk) R
1
= H, R

2
= cyclop ropyl: 31%

(DMA-P149)

k

N

COO- Na+

R'
R
b, e

t) R
1
= CF 3, R

2
= CF3 : 55%

(DMA-P166)

u) R1 = H, R2 = furan: 56%

(DMA-P165)

N N

O

OH2N

O

O O

N

R
1

R
2

• J. Med. Chem. 2000, 35, 359–364. 
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Library Results

• 23 of the target 26 final library analogues were
synthesized in yields ranging from 31-74%.

• A total library of 47 compounds was submitted for
biological testing against MKP-1.

• None of the 24 uracil or quinoline intermediates tested
were found to be biologically active against MKP-1.

• A remake of the original HTS hit showed an
approximately three fold loss of potency against MKP-1.

N N

O

OH2N

O

O O

N
O

Original HTS Hit: IC50 = 19.2 + 5.6 µM
 Remake: IC50 = 50 µM
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Library Results

• All of the 23 final library analogues tested showed an
IC50 >50 µM against MKP-3.

• Five analogues showed a potency against MKP-1
comparable to the original hit:

N N

O

OH
2
N

O

O O

N
O

N N

O

OH
2
N

O

O O

N
O

N N

O

OH2N

O

O O

N

N N

O

OH
2
N

O

O O

N
O

N N

O

OH
2
N

O

O O

N
O

IC50 = 13.4 µM IC50 = 16.9 µM IC50 = 20.6 µM IC50 = 24.6 µM IC50 = 28.9 µM
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Outline for Part 2

• Utility of Benzothiazole (Bts) and 5-
Methylthiadiazole (Ths) Sulfonamides as Protecting
Groups in the Synthesis of α-Chiral Amines:

Background
Sulfonamide Synthesis
Benzaldimine Synthesis
Racemic Additions
Asymmetric Additions
Deprotection
Future Directions
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Background: Important Pharamacetucials
Containing α-Chiral Amines

O

N

N

O

ON
H

N

O OH

O

O

O

OHOO

O
HO

O

O

OH

NHO

H
O

O

O

Rivastigmine
Treatment for mild to moderate

dementia resulting from Alzheimer's
or Parkinson's Disease

Repaglinide
Treatment for type II Diabetes

Taxol
Treatment for cancer
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Background: Organometallic Additions to Aldimines

N

H

P

O
Ph

PhN

H

S

O

O N

H

N

H

R

O

N-acyl im ines N-sul fonyl im ines N- phosphinoy limines N- alkyl im ines

• Common Aldimines

N

H

P

O
Ph

PhN

H

S

O

O

RMgx RMgx
R2Zn

1) Alkyne, Cp2ZrHCl

2) Me2Zn

3) A ld im ine

1) A lky ne, Cp2ZrHCl

2) Me2Zn

3) Aldimine

A r-S nMe3
[Rh( cod)(MeCN)2BF4

A r-S nMe3
[Rh( cod) (MeCN)2BF4A r-B (OH)2

Rh(ac ac)(c oe)2
Ligand

A r-B (OH)2
[RhCl(cod)]2

Synt hesis 1999 , 6 , 930.

Ter ahedr on, 2005, 65,
12238.

J . Am. Chem . Soc.
2003 , 125 , 761.

J. Am . Chem. Soc.
2003 , 125 , 761.

T et r ahedron Lett. 1999 , 40 ,
9259.

T etr ahedr on Let t. 1999, 40, 9259.

Synlett 2000 , 11 , 1637. J . Am. Chem . Soc . 2005, 127 , 1092.

R2Zn

Cu(OTf)2
Ligand

J. Am . Chem. Soc. 2003 , 125 , 14260.

J . Or g. Chem . 1990, 55 , 393.
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Background: Asymmetric Additions of Diethylzinc
to N-phosphinoylaldimines

• Addition with a stoichiometric amount of ligand

N

H

P

O
Ph

Ph

3 eq Et2Zn

1 eq Ligand

Toluene, 0
o
C - > r t, 2d

HN
P

O
Ph

Ph

65 % Y ie ld
92 % ee

N

Ph

OH

• J. Org. Chem. 1998, 63, 2530.

N

H

P

O
Ph

Ph

3% Ligand

6% Cu(OTf)2
2 eq Et2Zn

Toluene, 0
o
C, 20h

HN
P

O
Ph

Ph

96 % Y ie ld
98 % ee

P

P

O

• J. Am. Chem. Soc. 2003, 125, 14260.

• Copper catalyzed additions
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Background: Asymmetric Additions to N-
Sulfonylaldimines

• Synlett  2007, 1, 19.

• Copper catalyzed asymmetric addition of Et2Zn to sufonylaldimines

N

H

S

O

O

6% Ligand

3% Cu(CH3CN)4BF4
2 eq Et2Zn

Toluene, 0
o
C, 8h

HN
S

O

O

93 % Y ie ld
86 % ee

H
N

NH

P

S

N

H

S

O

O

N
1.5 eq ligand
Nucleophile (X )

Toluene

HN

X

S

O

O

N
O

N N

O

46%49%-40 oCEt2Zn

83%67%-95 oCCH3MgBr

eeYieldTemperatureNucleophile
• Tetrahedron Lett.
   2005, 46, 8941.

• Ligand catalyzed asymmetric additions to heteroaromatic sufonylaldimines
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Background: Zr-Zn Transmetalation Followed by Catalytic
Asymmetric Addition to Aldehydes and Aldimines

N

H

P

O
Ph

Ph

1) 1-hexyne, Cp2ZrHCl

2) Me2Z n, L igand

3) A ld imine, Toluene

HN
P

O
Ph

Ph

OH

OH
OH

N

O

N
OH O

O

Ph

OH

Ph

OH

Ph

Ph

N

Bn

Ph

OH

Ph
N

N

H
H

H
H

HO

N SH

N

34% ee

Cp2ZrHCl

CH2Cl2, rt

C4H9
ZrClCp2

Me2Zn

-65
o
C

T oluene

C4H9
C4H9

ZnMe

H

O

10% Ligand

-30
o
C

OH

C4H9

80% Y ie ld
95% ee

N

SH

• J. Org. Chem. 1998, 63, 6454.

• Christopher Kendall, PhD. Thesis, University of Pittsburgh, 2004.David Arnold @ Wipf Group 21 6/22/2007



Background: Introduction of the Benzothiazole
(Bts) and 5-Methylthiadiazole (Ths) Sulfonamides

as Nitrogen Atom Protecting Groups
• Protection of Amino Acids

NH2

OH

O

N

S

S Cl

O

O N N

S S
Cl

O

O

HN

OH

O

S

O

O

N

N

S

HN

OH

O

S

O

O

N

S

0.25 M NaOH

Ph = 10-10.5

10
o
C, 10h

0.25 M NaOH

Ph = 10-10.5

10
o
C, 10h

97% Yield 96% Y ie ld

HN

OH

O

Zn/HOAc

E tOH

Al-Hg

Ether/H2O

50% H3PO2

THF, reflux

Pg NH2

O H

O

NH2

OH

O

NH2

OH

O

• Deprotection

• Pg = Bts, Ths
• When Pg = Ts, No deprotection occurred
• >90% yields
• Retention of amino acid chirality

• J. Am. Chem. Soc. 1996, 118, 9796.David Arnold @ Wipf Group 22 6/22/2007



Introduction To Research

R H

N
S

O

O

N
N

S

R H

N
S

O

O

N

S

Organometallic
Reactions

R R'

HN
Pg

Asymetric
Organometallic
Additions

R R'

HN
Pg

*
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Synthesis of Benzothiazole-2-sulfonamides (BtsNH2)
and 5-Methyl-1,3,4-thidiazole-2-sulfonamides (ThsNH2)

N

S

SH

Cl2 (g)

33% CH3COO H (aq)

0 - 5 oC, 2h N

S

S

NH3

CH2Cl2
- 78 -> rt, 15 h

Cl

O

O

45%

N

S

S NH2

O

O

65%

N N

S SH

Cl2 (g)

33% CH3COOH (aq)

-5 - 5 oC, 45 min N N

S S Cl
O

O

52%

NH3

CH2Cl2
-78 -> rt, 15 h N N

S S NH2
O

O

62%

• BtsNH2:

• ThsNH2:

• J. Am. Chem. Soc. 1996, 118, 9796.David Arnold @ Wipf Group 24 6/22/2007



Preparation of Ths- and Bts-Benzaldimines

• Ths-Benzaldimine

N N

S
S
NH2

O

O H

O

+

5% PTSA

Toluene, reflux , 18 - 24 h

Az eotropic Removal of H2O
H

N
S

O

O

N
N

S

A ir instab le
Integrated in- situo by 1H NMR

agins t 2,3-d imethoxybenz aldehyde
Av erage yield = 79% (n=12)

Range = 76 - 82%

• Bts-Benzaldimine

N

S

S NH2

O

O

H

O

+

3-5% PTSA

Toluene, reflux, 17 - 22 h

A zeotr op ic Removal of H2O H

N
S

O

O

N

S

Air stable s ol id
Av erage yield = 82% (n = 6)

Range = 80 - 87%
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Racemic Additions: Lithium Reagents

H

N
Pg

+ R Li

THF, -78 oC
R

N
PgH

See Table

dec.2 hMeBts3

dec.2 ht-ButylThs2

23%2 hMeThs1

YieldTimeRPg

Lithium Reactions
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Racemic Additions: Grignard Additions to Ths-
Benzaldimine

H

N
S

O

O

N
N

S

+ RMgX

R

N
S

O

O

N
N

S

H
See Table

49%39%-78 oC2 h1-propynylBrTHF5

46%37%-78 oC2 hVinylBrTHF4

61%49%-78 oC2 hMeBrTHF3

64%51%-78 oC2 hPhBrTHF2

58%46%-78 oC2 hi-PropylClTHF1

Grignard Reactions Using Optimized Conditions

X15%-78 -> rt1.5 hi-PropylClTHF3

X47%-78 oC2 hi-PropylClTHF2

X45%-78 oC2.5 hi-PropylClCH2Cl21

1 Step2 StepTemp.TimeRXSolvent

Rec. YieldsOptimization Reactions

Grignard Reactions
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Racemic Additions: Grignard Additions to Bts-
Benzaldimine

H

N
S

O

O

N

S

+ RMgX

R

N
S

O

O

N

S

H
See Table

77%-78 oC3 hPhBrTHF5

71%-78 oC3 h1-propynylBrTHF4

85%-78 oC3 hVinylBrTHF3

77%-78 oC2.5 hi-PropylClTHF2

87%-78 oC2.5 hMeBrTHF1

YieldTemp.TimeRXSolvent

Grignard Reactions
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Racemic Additions: Diethylzinc Additions to Bts-
and Ths-Benzaldimines

H

N
Pg

+

N
PgH

See Table
Et2Zn

• Tetrahedron 2005, 61, 12238.

40%6 h0 oC2TolueneBts8

40%4 hrt2THFBts7

63%4 hrt2TolueneBts6

61%33 h-78 oC1TolueneThs5

70%2.5 hrt2TolueneThs4

53%2.5 hrt1.2TolueneThs3

43%4 hrt1.2THFThs2

46%2.5 hrt110% THF/TolueneThs1

YieldTimeTemperatureEq. Et2ZnSolventPg

Diethylzinc Reactions
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Racemic Reactions: Vinylzinc Additions to Bts- and
Ths-Benzaldimines

Cp2ZrHCl
Cp2ClZr

Me2Zn

CH2Cl2, rt CH2Cl2/to luene

Zn

H

N
Pg

See Table

N
PgH

71%4.5 hrtCH2Cl21.51.6Bts3

57%10 h-40 oCToluene 1:1 CH2Cl21.51.6Ths2

35%2.5 hrtToluene 1:1 CH2Cl21.51.6Ths1

YieldTimeTempSolventEq. Me2ZnEq. Cp2ZrHClAldimine

1-Hexyne Derived Vinylzinc Additions

Cp2ZrHCl Me2Z n

CH2Cl2, rt CH2Cl2/to luene

H

N
Pg

See Table

N
PgH

Cp2ClZr Zn

63% (2 products)4.5 hrtCH2Cl21.51.6Bts2

47%2 hrtToluene 1:1 CH2Cl21.51.6Ths1

YieldTimeTempSolventEq. Me2ZnEq. Cp2ZrHClAldimine

3-Hexyne Derived Vinylzinc Additions

• J. Am. Chem. Soc. 2003, 125, 761.David Arnold @ Wipf Group 30 6/22/2007



Asymmetric Reactions: Vinylzinc Additions In the
Presence of 2-[(R)-1-(Dimethylamino)ethyl]benzenethiol

NH2
37% Formaldehy de
88% Form ic ac id

Reflux, 26h

N

1) t- butyl L i th ium

hex ane, -40 oC - > r t, 40h

2) S ubl imed Sul fur

-78 - > -10
o
C, 11h

3) Glac ia l A cetic Ac id

N

SH

30%73%

• Org. Lett. 2002, 4, 3619. 

N
PgH1) Cp2ZrHCl

2) Me2Zn

3) Ligand
4) Aldimine
See Table

3%80%16 h-30 oCToluene100%2.52.5Bts4

5%62%20 h-30 oCCH2Cl2100%2.52.5Bts3

0%33%15 h-40 oCToluene 1:1
CH2Cl2

15%11.5Ths2

10
%63%12 h-40 oCToluene 1:2

CH2Cl2
100%33.2Ths1

eeYieldTimeTempSolventLigandEq. Me2ZnEq. Cp2ZrHClAldimine

Asymmetric Additions Using 2-[(R)-1-(Dimethylamino)ethyl]benzenethiol Ligand
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Asymmetric Reactions: Vinylzinc Additions Using a
Diverse Set of Ligands

N
H

1) Cp2ZrHCl

2) Me2Zn

3) Ligand
4) Bts-Aldimine
See Table

S

O

O

N

S

3%13%9 h-30 oCToluene100% of 31.51.53

1%84%13 h-30 oCToluene100% of 22.52.52

XX20 h-30 oCToluene100% of 12.52.51

eeYieldTimeTempSolventEq. LigandEq. Me2ZnEq. Cp2ZrHCl

Asymmetric Additions Using a Diverse Set of Ligands

OH

OH
OH

N

O

N
O

N N

O

Bn Bn

1 2 3
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Asymmetric Reactions: Diethylzinc Additions Using
Cu(OTf)2 Catalysis and Me-DuPHOS Derived Ligands

P

P

R,R-Me-DuPHOS

1) BH3
.
DMS, THF

0
o
C, 45 min

2) 30% H2O2
0
o
C -> rt, 45 min

P

P

O

H3B

DABCO, Benzene

50
o
C, 5 h

P

P

O

R,R-Me-DuPHOS monoxide
66%

• J. Am. Chem. Soc. 2003, 125, 14260.

H

N
Pg

+

N
PgH

See Table
Et2Zn

Toluene, 0 oC

0%60%15 h5% of Me-DuPHOS monoxide10%Bts3

0%48%15 h5% of Me-DuPHOS10%Bts2

97%86%19 h3% of Me-DuPHOS monoxide6%P(O)Ph21

% eeYieldTime% Ligand% Cu(OTf)2Pg

Copper Catalyzed Reactions
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Asymmetric Reactions: Diethylzinc Additions Using
Cu(CH3CN)4BF4 Catalysis and BINOL Derived

Thiophosphoramide Ligands
Cu2O + HBF4

CH3CN, 15 min
Cu(CH3CN)4BF4

75%

• J. Org. Chem. 2002, 67, 3450.

NH2

+ P
Cl

S

Cl
Cl

1) Py rid ine, 0 oC -> r t, 4h

2) S-B INOL, Py ridine

r t - > Reflux, 4h

3) 10% H2SO4

HN
P

S

O

O

27%

• J. Org. Chem. 1993, 58, 1748. 

H

N
Pg

+

N
PgH

See Table
Et2Zn

Toluene, 0 oC

10%70%17 h10%5%Ths4

8%74%16 h50%25%Bts3

11%85%17 h12%6%Bts2

9%83%15 h6%3%Bts1

% eeYieldTime% Ligand% Cu(CH3CN)4BF4Pg

Copper Catalyzed Reactions
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Asymmetric Reactions: Synthesis of BINOL
Derived Thiophosphoramide Ligands Using a

Variety of Chiral Amines

NH2

+ P
Cl

S

Cl
Cl

1) P yrid ine, 0
o
C -> rt, 6h

2) S -BINOL, Pyr id ine

rt -> Reflux, 10h

3) 10% H2SO 4

HN
P

S

O

O

51%

+ P
Cl

S

Cl
Cl

1) Pyr id ine, 0
o
C -> rt, 6h

2) S-B INOL, Py rid ine

rt -> Ref lux, 10h

3) 10% H2SO4

HN
P

S

O

O

71%

NH2

+ P
Cl

S

Cl
Cl

1) Pyr id ine, 0 -> 60 oC, 24h

2) S-B INO L, Py rid ine

r t -> Reflux, 15h

3) 10% H2SO4

P

S
O

O

NH2
HN
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Asymmetric Reactions: Diethylzinc Additions Using
Cu(CH3CN)4BF4 Catalysis and BINOL Derived

Thiophosphoramide Ligands

H

N
S

O

O

N

S

+ Et2Zn N
S

O

O

N

S

H
See Table

Toluene, 0 oC

0%69%15 h10% of 25%Et2Zn First4

12%83%15 h50% of 225%Aldimine First3

7%83%14 h10% of 25%Aldimine First2

5%76%14 h10% of 15%Aldimine First1

% eeYieldTime% Ligand% Cu(CH3CN)4BF4Addition

Copper Catalyzed Reactions

HN
P

S

O

O
HN

P

S

O

O

1 2
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Synthesis of Trifluoromethyl Hemiaminals

N

S

S NH2

O

O

+

O

CF3 N
S

O

O

N

S

H

CF3

OEt

Ti(OEt)4
CH2Cl2

See Table

13%57%5 h / 4 drt
20%

DMAP1.524

Trace60%2 hrt
15%

DMAP1.523

Xdec.1.5 hMW 110 oCX1.522

12%47%4 drtX231

Yield19F NMR % ConversionTimeTempAdditiveEq. Ti(OEt)4Eq. Ketone

Trifluormethyl Hemiaminals

• Org. Lett. 2006, 8, 2743.David Arnold @ Wipf Group 37 6/22/2007



Deprotection Reactions: Optimization of Boc
Anhydride Conditions for Amine Protection

NH
2

O

O

O

O

O

HN O

O

See Table

99%1 hCH3CN1 eq Et3N1.254

89%1 hTHF2.5 M NaOH1.253

82%2.75 hDioxane2.5 M NaOH1.22

11%24 hCH2Cl210 % DMAP1.21

% YieldTimeSolventBase/CatalystEq. (Boc)2O

Optimization of Boc Protection at Room Temp
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Deprotection Reactions: Hypophosphorous Acid

R

N
S

O

O

N

N
S

H 50% H3PO 2 (aq)

THF, Reflux

R

NH2 Boc2O

Et3N

CH3CN

HN

R

O

O

Cr ude

88%1 h1.25>134.5 h3 h30
1-

propynyl4

83%1 h1.25>134.5 h3 h30Ph3

81%1 h1.25>134.5 h3 h30Me2

84%1 h1.25>134.5 h3 h30Me1

% YieldTimeEq. (Boc)2OWorkup pHTimeAdditon TimeEq. H3PO2R

ProtectionDeprotection

H3PO2 Deprotection and Boc Protection

• J. Am. Chem. Soc. 1996, 118, 9796.David Arnold @ Wipf Group 39 6/22/2007



Deprotection Reactions: Samarium(II) Iodide

N
H

THF, r t

NH2 Boc 2O

Et3N

CH3CN

HN O

O
Pg

SmI2

83%OptimizedCrude8 h9Bts5

84%OptimizedCrude8 h7Ths4

48%OptimizedCrude30 h5Ths3

44%OptimizedCrude15 h5Bts2

51%OptimizedCrude15 h5Ths1

YieldConditionsAmineTimeEq. SmI2Pg

ProtectionDeprotection

SmI2 Deprotection and Boc Protection

• J. Org. Chem. 1995, 60, 5969.David Arnold @ Wipf Group 40 6/22/2007



Deprotection Reactions: Zn/HOAc and
Mercaptoacetic Acid

NH2

N
S

O

O

N
N

S

H

15 eq Zn Dust

23 eq CH3COOH

EtOH, rt, 2.5 d

~ 50% Conversion

by 1H NMR

NH2

N
S

O

O

N

N

S

H
+ HSCH2CO2H

See Table

67%40 h40 oCCH2Cl23Et3N5

50%4 hµW 70-80 oCCH2Cl21.3Et3N4

45%23 h66 oCTHF1.3Et3N3

10%48 hrtCH2Cl21.3LiOH2

40%30 h40 oCCH2Cl21.3Et3N1

 1H NMR % ConversionTimeTemp.SolventEq. HSCH2CO2HBase

Mercaptoacetic Acid Deprotection

• J. Am. Chem. Soc. 1996, 118, 9796.

• Chem. Commun. 2004, 353.David Arnold @ Wipf Group 41 6/22/2007



Future Directions

• Increase substrate scope

• Continue to screen ligands and catalytic organometallic conditions to
  Improve the enantiomeric excess of the aforementioned reactions.

R

HN
S

O

O

N

N

S

R

HN
S

O

O

N

S

* *

H

N
Pg

MeO

H

N
Pg

O

OMe

H

N
Pg

Pg = Bts , Ths

CF3

N
Pg
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