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DOB: February 8, 1953
New York

May, 1975: B.A., Chemistry, Syracuse University
Advisor: Professor Ei-ichi Negishi (synthesis)

1975-1979: Ph.D., Chemistry, Massachusetts Institute of Technology
Advisor: Dr. W. H. Rastetter (Epidithiapiperazinedione syntheses)

1979-1980: Postdoc, Harvard University
Advisor: Professor Y. Kishi (Total synthesis of erythromycin A)

1980-1985: Assistant Professor, Colorado State University

1985-1988: Associate Professor, Colorado State University

1988-2002: Full Professor, Colorado State University

1994-present: Member, Editorial Board "Chemistry and Biology"

2002-present: University Distinguished Professor, Colorado State University

2012-present: Director for the Colorado Center of Drug Discovery (C2D2)

Current Group: 2 postdocs; 6 graduate students

Alumni: 78 former postdocs and 56 graduate students; 25 in academia

Independent Career:
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- Ernest Guenther Award in the Chemistry of Natural Products, American Chemical Society (2011)
- Multiple Myeloma Research Foundation Senior Award (2009-2011)
- University Distinguished Professor, Colorado State University (2002)
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- Merck & Co. Academic Development Award (1991-93)
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Primary Research Areas:
- Unnatural Amino Acid Synthesis
- Secondary Metabolite Total Synthesis
- Biosynthesis

Research Impact
(from Web of Science)

311 total publicationsPublished Items in Each Year

Citations in Each Year Times Cited: 4138

Top 5 cited papers:
1. Biosynthesis of prenylated alkaloids derived from tryptophan. Top. Curr. Chem. 2000, 209, 97–174
2. Concise, asymmetric total synthesis of spirotryprostatin A. Org. Lett., 2003, 5 (17), 3135–3137
3. Asymetric synthesis of 2,6-diaminopimelic acids. J. Org. Chem., 1992, 57 (24), 6519–6527
4. A concise formal total synthesis of TMC-95A/B proteasome inhibitors Org. Lett., 2003, 5 (2), 197–200
5. Asymmetric total synthesis of (+) and ( spirotryprostatin B Tetrahedron, 2002, 58, 6311–6322
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O
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BocN

Ph

O

H H

O

Br

ArM or ArH

ZnCl2

Ph

BocN

Ph

O

H H

O

R

1. Me3SiI / CH2Cl2

2. 10% HCl/ THF
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pH 3
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J. Org. Chem. 1990,55, 3723-3728

1. BrCH2CO2Et
2. BnOCOCl
3. p-TsOH, PhH

D or L

RM Reaction Condition % Yield (UAA) % ee

O

OMe

OMe

MeO OMe

)2CuLi

)2CuLi

Et2O/THF, -78 °C, 1hr

Et2O/THF, -78 °C, 1.5 hr

ZnCl2, THF, 25 °C, 4.5hr

ZnCl2, THF, 25 °C, 5.5hr
4 Å M.S.

ZnCl2, MeCN, 25 °C, 4hr
4 Å M.S.
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-Monosubstituted -Amino Acids
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MN(SiMe3)2, R1X

THF, -80 °C
(M=Li, Na)

R = Cbz or Boc

Ph
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O

H H

O

R1

R1X Base (eq.) % yield

H2C CHCH2I

CH3I

PhCH2Br

Me2C CHCH2Br

BrCH2CO2Et

n-C3H7I

LiN(SiMe3)2 (1.2)

NaN(SiMe3)2 (1.1)

82

88

NaN(SiMe3)2 (1.2) 77

NaN(SiMe3)2 (1.1) 84

NaN(SiMe3)2 (1.1) 64*

NaN(SiMe3)2 (1.5) 76

Li0, NH3, THF/EtOH

1. TFA, CH2Cl2

2. H2, Pd/C (cat.)

BocHN CO2H

R

H3N CO2

R

Important Notes:

1. The base should be added to a stirring solution of the oxazinone and the electrophile at -80°C in order to prevent double alkylation (This is more pertinent for unactivated electrophiles).
- It was noted that the addition of HMPA greatly increased the yields, likely through the prevention of aggregate formation.

2. KHMDS appears to be too reactive and tends to generate dialkylated products.
- LDA, n-BuLi, t-BuLi, and NaH showed no "satisfactory" alkylation

Mechanistic Rationale

J. Am. Chem. Soc., 1991, 113 (24), 9276–9286

Ph

CbzN

Ph

O

H H

O
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H R1
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O
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O
R1 R2
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Li0, NH3, THF/EtOH

H3N CO2

R1 R2

R1 R2X % yield

Me

n-C3H7

allyl

n-C3H7

PhCH2Br 84

PhCH2Br

PhCH2Br

PhCH2Br

KN(SiMe3)2 equiv.

2

2

5

3

0

85

84

-Disubstituted Amino Acids

Important Notes:

1. The same protocol for monosubstituted amino acids had to be used however KHMDS was the only base that proved successful under the reaction conditions.
- HMPA as an additive led to lower yields (It is presumed that the employment of HMPA for the more reactive potassium enolates only promotes decomposition).
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Synthesis of -Hydroxy- -amino Acids
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18-crown-6, -78 °C
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2. H2O
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2. Ac2O, Et3N, DMAP
0° to rt

1. DIBAL-H
2. Ac2O, Et3N, DMAP
0° to rt
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CbzN

Ph

O

H H

R

CN

1. H2, Pd/C
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150 °C

1. H2, Pd/C
2. KOH, ethylene glycol
150 °C
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HN
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O
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R

CO2H

Ph
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Ph

O

H H

R

CO2H

H2N

OH

R

CO2H
HCl H2N

OH

R

CO2H
HCl

H2 (120 psi), PdCl2 ( 3 eq.) H2 (120 psi), PdCl2 ( 3 eq.)

R = methyl, or cyclohexyl methyl

H2N

OH

CO2H
HCl

H2N

OH

Me

CO2H
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H2N

OH

CO2H
HCl

H2N

OH

Me

CO2H
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(2S,3R)-Nor-C-statine

(2R,3S)-Nor-C-statine

(2R,3S)-isothreonine

(2S,3R)-isothreonine

J. Am. Chem. Soc., 2001, 123, 3472–3477
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Total Synthesis of ( ) and ( ) Bicyclomycin:

PMBN

NPMB

O

O
1. NBS (2 eq.), BPO (cat.)
2. NaS(py) (2 eq.)
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Interesting Side Reactons mentioned:
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O
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95% over 2 steps

71%

60%

92%

82%52%

95 %

31%

4.6% overall yield

J. Am. Chem. Soc., 1984, 106, 5748-5750, J. Am. Chem. Soc., 1985, 107, 3253-3266
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Total Synthesis of ( )-Brevianamide B
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O
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( )-Brevianamide B

3-4.9:1

J. Am. Chem. Soc., 1988, 110, 5927-5929 J. Am. Chem. Soc., 1990, 112, 808-821
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Total Synthesis of ( )-Aspirochlorine
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Total Synthesis of ( )-Paraherquamide B
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O
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1. PdCl2 (1.2 eq), AgBF4
(2 eq.), MeCN, rt

2. NaBH4, EtOH, rt

3. AlH3, Me2NEt, Et3Al, THF
toluene, NaCNBH3, MeOH
0 °C

4. NaH, MeI
5. TFA

1. tBuOCl, pyridine
2. 90% THF, 10% H2O
TsOH (5 eq.)

3. MTPI, DMPU

( )-parahequamide B

J. Am. Chem. Soc. 1993, 115, 9323-9324, J. Am. Chem. Soc. 1996, 118, 557-579
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Total Synthesis of ( ),( )-Spirotryprostatin B
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O
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O
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OCH
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Me
OMe

N
H

TMS

OH

O
TFA, Toluene 0 °C;
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O
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O
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Me
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spirotryprostatin A
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Total Synthesis of Spirotryprostatin A

J. Am. Chem. Soc., 2000,122 (23),5666-5667, Org. Lett., 2003, 5 (17), 3135–3137
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O
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O
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1. Pd/BaSO4, H2
2. TFA, DCM
3. TBSCl, TEA, DMAP, TEA

MeO
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OTBS

O

HN

O
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Ph

MeO
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OTBS

OH
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HN

O

Total Synthesis of ( )-Jorumycin, ( )-Renieramycin G
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1. H2, Pd/C, MeOH
2. IBCF, NMM, then NaBH4

OMe
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MeO

OH

BocN

Ph

Ph

OH
1. TFA, DCM
2. TBSCl, TEA, DCM
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MeO
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OTBS
EtO2CCHO
MeCN, 50 °C
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MeO
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N

Ph
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CO2Et

1. DBU, THF
2. LiBH4, THF

OMe
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MeO

OH

N
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HO

1. H2, Pd/C; EtOH, Boc2O
2. KHMDS, allyl-Br
3. TMSOTf, 2,6 lutidine

(COCl)2, DMF, 2,6-lutidine

OMe

Me

MeO

AllylO

NBoc

OTBS

AllylO
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Me

MeO

AllylO

NH

OTBS

AllylO

OMe

Me

MeO

AllylO

N
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O

MeO

Me
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OTBS

NHFmoc
1

1. PdCl2, H2 (80 psi)
2. FmocOSu, NaHCO3

1

1. piperidine, DCM
2. Boc2O. EtOH
3. HCO2H

OMe

Me

MeO

AllylO

N

OH

AllylO
O

MeO

Me

OMe

OTBS

NHBoc

J. Am. Chem. Soc., 2005, 127 (36), pp 12684–12690
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OMe
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MeO

AllylO

N

OH

AllylO
O

MeO

Me

OMe

OTBS

NHBoc

Total Synthesis of ( )-Jorumycin, ( )-Renieramycin G (Continued)
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N

H

H

H
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Boc OMe

Me
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NMe

H

H

H

H

HO
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Me

OMe
1. DMP
2. TBAF

1. TFA, DCM, anisole
2. HCHO, NaBH3CN

1. LAH; KCN, AcOH
2. Bu3SnH, Pd(PPh3)4, AcOH
3. DDQ

O

Me

MeO

O

N

HO
CN
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H

H

H

H

O
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O
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2. AgNO3

O

Me
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O

N
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OH
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H

H

H

H

O
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O

( )-jorumycin

1. Bu3SnH, Pd(PH3)4, AcOH
2. 2,4,6-trichlorobenzoyl chloride,
TEA, toluene, 95 °C

HO

O
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Me
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Me

MeO

OH

N

O

NMe

H

H

H

H

HO
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Me
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O

O

Me

Me
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O
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O

N

O

NMe

H

H

H

H

O
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O

O

O

Me

Me

( )-renieramycin J. Am. Chem. Soc., 2005, 127 (36), pp 12684–12690
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Total Synthesis of Stephacidins A, B and Notoamide B
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H

N
O

O
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N
H

CO2Me
HClBr

LDA, THF

NaOMe;
HCl ,MeOH

N
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1. (Boc)2O, DMAP
2. H2, (80 psi), Pd/C

N
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N
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Me
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N
HO
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Me N
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Me2N
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N
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EtO2C
N
HO
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BocHN

CO2H

MeCN, W 180°C
H2CO, Me2NH,

AcOH

1. nBu3P, MeCN
W 140°C;

1N HCl
2. Boc2O

3. LiOH, THF:H2O N
H

CO2Me

HATU, DIPEA
MeCN, rt, 4 hr;
W 150°C, 30 min

N
H
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O
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1. Me3OBF4, Cs2CO3
2. Boc2O, DMAP, TEA
3. HGII, DCM W 100 °C
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N
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H
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1. NaBH4, MeOH
2. MsCl, TEA
3. NaH, Benzene
sealed tube 130 °C

N
N

O

H
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1. Pd(TFA)2, MeCN;
NaBH4
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O
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O

H
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N
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H

O
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O
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O
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O

)-avrainvillamide

-stephacidin B

SeO2 (cat.)
35% H2O2 dioxane

rt, 72 hr
TEA
MeCN

davies oxaziridine,
DCM 24 hr

J. Am. Chem. Soc., 2007, 129 (19), pp 6336–6342
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Approaches to construct the bicyclo[2.2.2]diazaoctane nucleus
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J. Am. Chem. Soc., 2006, 128 (26), pp 8678–8693
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Total Synthesis of Ecteinascidin 743 (E.J. Corey)
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4. BF3 OEt2, H2O
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1. HOAc, KCN
2. allyl bromide,
CsCO3

1. DIBAL
2. KF 2H2O
3. MsOH, 3A MS

1. Tf2NPh, TEA, DMAP
2. TBDPSCl, DMAP
3. MOMBr, i-PrNEt
4. PdCl2)PPh3)2, Bu3SnH
HOAc

5. CH2O, NaBH3CN, HOAc
6. PdCl2(PPh3)2, SnMe4
LiCl

1. (PhSeO)2O
2. TBAF

1. Alloc-Cys(CH2Fl)-OH
EDCI, DMAP

2. DMSO, Tf2O; TEA;
tBuOH; N-tert-butyl-
N,N,N,N-tetramethylguanidine;
Ac2O

1. PdCl2(PPh3),
SnBu3, HOAc

2. [N-methylpyridinium-4-
carboxaldehyde]+I-
DBU, (CO2H)2

1. silica gel

MeO

HO

NH2

2. TFA, H2O
3. AgNO3, H2O

ecteinacidin 743
J. Am. Chem. Soc. 1996, 118, 9202-9203
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1. Br2, NaOAc, AcOH
2. ClCH2Br, CsCO3
3. mCPBA
4. HCl, MeOH
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1. Ti(OiPr)4
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1. TsOH, MeOH
2. TsOH (cat), DMP

DMF
3. TBSOTf
2,6-lutidine
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O
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Me Me

CO2Et

1. ethyl glyoxalate
2. Bu3SnH, AIBN

1. LAH
2. NaH, BnBr
3. 2,6-lutidine
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O
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1. Dowex 50W-X8, MeOH
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3. Swern ox.
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1:0.72 (desired)

DCM:TFA

1. TrocCl, pyr
2. BnBr, K2CO3, TBAI
3. pyrrolidine, Pd(PPh3)4
4. MOMBr, iPr2NEt
5. DMDO
6. NaCNBH3 Me

MOMO

O

O

N

N

H

BnO

OMe

Me

O
BnO

OH
H

Troc

5 steps to
Fukuyama
intermediate

Danishefsky's Intermediate

Pd2(dba)3 (5 mol %),
P(o-tol)3 (20 mol%),
TEA, CH3CN, reflux H2, Pd/C

Fukuyama's Key Ring Forming Reactions

1. Cl2CHOMe,
TiCl4

2. BBr3

Williams Formal Synthesis

J. Am. Chem Soc. 2002, 124, 6552-6554; J. Org. Chem. 2008, 73, 9594–9600
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MeO2C HN

NCO2Me

ODEIPS

1. p-anisaldehyde, pTsOH
2. NaCNBH3
3. Ti(OiPr)4, L-( )-DET,

tBuOOH
4. NaN3, NH4Cl
5. TBSCl

1. MsCl, TEA
2. Ra-Ni, H2NNH2
3. MeOCOCl, pyr
4. TBAF
5. DMP

1. NaOMe, MeOH
2. DEIPSCl, Im
3. DMP

1. H2, Pd/C
2. MgSO4, 4A MS
3. NaCNBH3
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3. DMP

1. LDA; CH2O
2. TBSOTF, 2,6-lutiidne

1. DMDO, K2CO3
2. TBAF
3. Cl3CCONCO; MeOH
silica gel

4. TMSBr
1. LiBH4/MeOH;
2. Swern
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Angew. Chem. Int. Ed. 2002, 41, 4683-4685; Tetrahedron, 2000, 56, 521-532; Chem. Rev. 2013, 113, 6816-6863










