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¥Born: March 29, 1927 in Paris, France but grew up 
in Rio de Janeiro, Brazil
¥B.S. Simmons College, 1949 (graduated in 3 years)
¥M.S. University of Pennsylvania, 1950
¥Ph.D. University of Pennsylvania, 1953 with Allan R. 
Day (Negishi also studied under Day)
¥University of Pennsylvania (1953Ðpresent)
  -Instructor (1953Ð1957)
  -Research Associate (1957Ð1959)
  -Assistant Professor (1959Ð1968) 
  -Associate Professor (1968Ð1974)
  -Professor (1974Ðpresent)

The ÒGrand DameÕ of organic synthesis
¥First full-time female graduate student in 
chemistry at Penn (no womenÕs restroomsÉ)
¥Rejected from DuPont (after Masters), which only 
hired women in its libraries
¥Only undergraduates for first five years
¥First Affirmative Action officer 1960s 
¥First woman appointed tenure track position in 
chemistry at major American university
¥1976 Chair of Equal Opportunity panel
¥First Safety Committee Chair
¥Favorite research: sea squirts (didemnins)

>350 publications
3 textbooks
18 reviews
H-index 41

Cited 6,620 times

All characterization by 
elemental analysis
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J. Am. Chem. Soc., 1955, 77 (24), 6662-6663
First independent paper

Thesis: A study of anionic cleavages of esters of trichloro and 
trifluoroacetic acids

Supervised Work (with Day)

Awards (selected):
1972 - Philadelphia Section Award, ACS 
1978 - Garvan Medal, ACS
1984 - American Cyanamid Faculty Award
1985 - Scroll Award, American Institute of Chemists 
1991 - Lindback Award for Distinguished Teaching 
1991 - Class of 1970 Endowed Chair 
1991 - Philadelphia Section Award, AWIS 
1994 - POCC Award, Philadelphia OCC 
1994 - Henry Hill Award, ACS
2002 - Arthur C. Cope Scholar Award, ACS
2009 - Edward Leete Award 1



Madeleine M. JoulliŽKelly J. Eberle
Baran Group Meeting

11/02/19

Bis-benzimidazoles
-Expansion of method by Phillips
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Fluorobenzimidazoles
-Schiemann reaction
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2-substituted benzimidazoles
-First paper with male students

J. Chem. Soc., 1964, 4151-4153

First synthesis of unsubstituted 5,8-isoquinolinedione
-Precedent existed for 5,8 quinolinediones
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J. Med. Chem.,!1964,!7(6), 801

(First paper as a Research Associate)

Mid 1960s- PennÕs first 
Affirmative Action officer, 
making her Òthe most hated 
person on campus for seven 
yearsÓ. She is also given tenure 
during this time periodÉ

Reactions of amines with quinoxalinedione
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Methods - 1950s and 1960s

benzodiazepinone

benzimidazoyl propanone
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J. Heterocyclic Chem.,!1966,!3(4), 529
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Fluorine-containing heterocycles:
Tetrahydropyrans
-First paper mentioning NMR
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J. Org. Chem.,!1965,!30(9), 3237.

H2O, piperidine

DielsÐAlder reactions with quinones
-First example of heterocyclic quinones
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Trifluoromethylquinolines
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J. Heterocyclic Chem.,!1965,!2(2), 113.

Similar studies with other heterocyclic dienophiles:
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J. Heterocyclic 
Chem.,!1967,!4(1), 133.
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J. Heterocyclic 
Chem.,!1970,!7(2), 425

Photochemistry
-Photolysis of oxacycloalkanones
-Used mercury vapor lamp
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Tetrahedron Lett.,!1970,!(28), 2501.

Collaboration with Yates (U of Toronto)
-Deuterium labeling for mechanistic studies
-ACS Philadelphia Section Award 1972

J. Org. Chem.,!1970,!35(11), 3682
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ÒÔYouÕll never get promoted unless you can change.Õ Then, I decided IÕd do 
photochemistry. [É] That was totally different from my synthetic work, and I 
felt good. When I got the Philadelphia section award, thatÕs what the subject 
of my talk was. I never did much photochemistry after that; I really didnÕt like 
it that much, but it paid.Ó -MMJ interview, with CHF, 1991
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Methods - 1960s and 1970s

Product A Products B

Product A

Products B

23 1
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Cycloadditions of ketenes and imines with sulfur dioxide
-Expected azeditinone product, but saw incorportation of SO2
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J. Heterocyclic Chem.,!1969,!6(5), 729.
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General application to imines
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Preparation of Functionalized THF
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O

HO
NMe3

I

muscarine analogue

J. Org. Chem.,!1979,!44(17), 2961-2966

rather 
than

-or-

ketene-sulfur 
dioxide adduct

Spirooxazolidinones and Spiroisoxazolidinones

N
Alk

O

C
C

O
R1

R2

O
AlkN

O
AlkN

O
R1 R2 O

R2

R1

R1, R2 = Ph
R1 = tBu
R2 = CN

Birch Reduction of Hydantoins
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Methods - 1960s and 1970s

80%
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Phenylselenoetherification (Collaboration with Nicolau)
J. Am. Chem. Soc.,!1980,!102(11), 3784-3793.
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Applicable to synthesis of 
allylic ethers and thioethers
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" -cyclodextrin Sulfates (Collaboration with 
Folkman [Harvard Med] and Weisz [Penn])
-A synthetic substitute for Heparin, used to 
control angiogenesis
-JoulliŽÕs most cited paper
-Published in New York Times, but JoulliŽ 
is not mentioned in the article

Science,!1989,!243(4897), 1490-1493
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Benzo(f)ninhydrin
-Product has better luminescent properties than ninhydrin
-Synthesized in 4 steps, 73% overall yield from cyclopentadiene
-Best previous: 6 steps, 2% overall
Tetrahedron Lett.,!1987,!28(52), 6539-6542

Synth. Commun.,!1991,!21(8-9), 1055-1069
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Ninhydrins (Collaboration with U.S. Secret Service)
-First synthesized in 1910 by Ruhemann, who discovered that 
reaction with amines led to colored products
-1954: Oden and von Hofsten discover its utility in fingerprinting

 
Review on ninhydrins: Tetrahedron,!1991,!47(42), 8791-8830

5

Selected Collaborations

DCM, -78 ¡C
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New methodology Tetrahedron,!2015,!71(40), 7620-7629

1,2 indanediones Fingerprint Whorld, 1997, 23, 131-140.
-Show improvement over DFO (best in class at the time)
-Reacts to form ÒJoullieÕs PinkÓ
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1,2 indanedione

Selected Collaborations

O

O

Chem. Soc. Rev.,!2005,!34, 408-417

Works equally well for eccrine-rich (sweaty), 
sebum-rich (greasy), and uncharged fingerprints

(Space intentionally left blank)

DFO
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Tilorone HCl Total Synthesis Synth. Commun.,!1976,!6(5), 371-376 O
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ÒChirality transferÓ from 
D-glucose, JoulliŽ coins 

the phrase
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ÒChirality transferÓ from D-glucose also applied to muscarine analogue synthesis J. Org. Chem.,!1980,!45(26), 5359-5363
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dihydromauritine A
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Nummularine F
Total synthesis J. Am. Chem. Soc.,!1992,!114(26), 10181-10189
Ugi 4CC studies Synth. Commun.,!1989,!19(1-2), 1-12

Overview of cyclopeptide alkaloids J. Chem. Ed.,!1987,!64(1), 21-27

Other cyclic prolyl peptides synthesized by JoulliŽ group:
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R= iPr, G1
R=iBu, A

8

Total Synthesis - Prolyl Cyclopeptides

UgiSN2

3. CBZ-HONB 2. HOBt, DMF
(10%, 3 steps)
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Z-Leu-Pro-OH

1. HF
2. isoprenyl chloroformate 
NMM w/ Fragment A

3. AcOH
4. TFAA, DMSO, TEA then 
KMnO4, NaH2PO4

1. Pd/C, H2
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Didemnin macrocycle Tetrahedron Lett.,!1989,!30(29), 3757-3760
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9

Total Synthesis - Depsipeptides

didemnin macrocycle

(isolated from 
marine tunicates 
or Òsea squirtsÓ)

(from Z-L-tyrosine)

O
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Total Synthesis didemnin A, B, C

R=

A B C
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Constrained didemnins
JOC,!1996,!61(5), 1655-1664.
JOC,!2001,!66(23), 7575-7587
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First fluorescent didemnin 
Tetrahedron,!2000,!56(23), 3687-3690

20 years of didemnins 
Med. Res. Rev.,"2002,!22(2), 102-145

Didemnins and Tamandarins: Nat. Prod. Rep.,!2012,!29(3), 404-424

Tamandarins J. Am. Chem. Soc.,!2001,!123(19), 4469-4474.
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Analogues of Tamandarin B: JOC,!2007,!72(14), 5129-5138
10

Total Synthesis - Depsipeptides

R =

O
H
N

Me

Me O

N
H

O O

NMe2

O

3. HF

3. L-Pro-Me ester
DCC, HOBt, NMM
4. LiOH

2. H2, Pd/C

J. Am. Chem. Soc.,!1990,!112(21), 7659-7672.

2. TBAHSO4
KOH, Me2SO4
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First Total Synthesis of roquefortine D 
Tetrahedron Lett.,!1998,!39(46), 8401-8404

N
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O
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DanishefskyÕs Òreverse prenylÓ conditions

isoroquefortine C 
J. Org. Chem.,!2002,!67(3), 620-624

roquefortine C

N
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N

NH

O

O

Me

Me

N

NH

H

H

First total synthesis of roquefortine C J. Am. Chem. Soc.,!2008,!130(19), 6281-6287.

-Present in blue vein of all blue cheeses 
-LD50 in mice at 50-100 mg/kg
-Paralysis in cows, one example of same 
reaction in human with contaminated beer
-But, these examples likely contained 
mixtures of toxins

N
Boc

NBoc

O

Me

Me

H

OH

uranoic acid 
methyl ester

MeO

O

NBoc

N

NBS
MeCN, H2O MeO

O

NBoc

N
HO

Br 1. NaN3
2. Pd/C, H2 MeO

O

NBoc

N
HO

NH2

MeO

O

NBoc

N
HO

NH2
EDC
CuCl2

N
Boc

NBoc

O

Me

Me

H

N
H

CO2Me

BocN

N
N
Boc

NBoc

O

Me

Me

H

N
H

CO2Me

NBoc
N

(Separable mixture of isomers)

TMSI

NH4OH/MeOH
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Total Synthesis - Roquefortines

N
H

N

NH

O

O

Me

Me

NH
N

H
H

N
H

N

NH

O

O

N

NHMe

Me

H

Other members of roquefortine family from JoulliŽ group:

roquefortine C

then LiOH



Madeleine M. JoulliŽKelly J. Eberle
Baran Group Meeting

11/02/19

O

NHMe

N
H

O

R

HN O

Me
Et

O

N
H

CO2H

HO

OH

Overview of all synthetic strategies
!J. Am. Chem. Soc.,!2008,!130(7), 2351-2364

N
H

O

CO2tBu
N
Ns

Me
OBn

OH

HN

CO2Bn

Me

HO

CuOAc

DBU

N
H

O

CO2tBu

Me
OBn

O

HN

CO2Bn

Me

HO

NHNs

O

NBocMe

CO2tBu
ZHN

HN O

Me O

N
H

CO2tBu

Me

Me

HO

OH

1. PhSH, CsCO3

2. Z-Val-OH, 
EDCI, HOBt

1. H2, Pd black
2. EDCI, HOBt

3. TFA, Et3SiH
usilitoxin D

Total synthesis of usilitoxin D
Previous: 31 steps, first total synthesis J. Am. Chem. Soc.,!2002,!124(4), 520-521
Second generation 15 step convergent Org. Lett.,!2005,!7(23), 5325-5327
-Unprecedented copper catalyzed reaction

BocN
O

Me

O

Me
Me

MgBr

BocN
O

HO

Me
Me

Me
1. HCl

2. NsCl, 
Na2CO3 NHNs

OH
HO

Me
1. TEMPO
2. Gly-OtBu
EDCI, HOBt

3. DEAD, PPh3

N
H

O

CO2tBu
N
Ns

Me

O

NBocMe

CO2tBu
ZHN Me

HN O

Me O

N
H

CO2tBu

HO

OH

1. H2, Pd black
2. EDCI, HOBt

3. TFA, Et3SiH
usilitoxin F

OBn

OH

HN

CO2Bn

Me

HO

OH

OH

CHO

BnCl

Ac2O

OBn

OAc

CHO

N

O
OMe

PMP

1. (S)-Al cat,
AgSbF6, LiClO4
2. DBU

OBn

OAc

O

N
PMP

CO2Me

OBn

OH

BocN

CO2Me

Me

HO

1. MeOTf 
then NaBH4

2. HCl then Boc2O

1. LiBr

2. BnBr, DBU

R = Me, usilitoxin D
R = iPr, usilitoxin F

12

Total Synthesis - 2000s

1. PhSH, CsCO3

2. Z-Ala-OH, 
EDCI, HOBt
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trichodermamines A and B

O
N

N
H

O
OO

OMe

OMe

OH

R

R = OH, trich A
R = Cl, trich B

O
N

OTBDPS

OAc

CO2HOH

O

OMe

MeO

NH2

O

EDCI

pyridine
O

N

OTBDPS

OAc
OH

O

OMe

OMe

HN

O
O

K2CO3, MeOH
TBAFtrichodermamine A 

(from trans alcohol)
1. K2CO3, MeOH
2. MsCl, TEA, LiCl
3. HFtrichodermamine B

(from cis alcohol)
MeO

OMe

OMe

CHO

3 steps

O
N

OR

OAc

CO2HOH

HO

HO

OH

CO2H

OH

13 steps

Org. Lett., 2007, 9, 977.

O
HO

HO

O

OR

R=TBDPS

O
O

O

O

OR

O

OH
O

O
O

O

OR

O

O O
N

OH

OH
OR

O
N

OR

OH
OR

O
N

OR

OH
OROH

1. H2O2, TFAA
Na2HPO4

2. TsOH
    2,2-DMP

1. NaBH4, CeCl3
2. NaBH4

3. DMP NH2OH¥HCl
NaOAc
then NaOH

1. TBDPSCl, imid.
2. FeCl3¥6H2O

3. TCDI then     
P(OMe)3 
(microwave)

CrO3

1. Ac2O, TEA, 
DMAP
2. HF pyridine

3. TEMPO 
NaOCl

First total synthesis of ceanothine D
-ÒNJ Tea PlantÓ, used in the Revolutionary and Civil wars

NH

O

HN

O

HN

O

Me

Me

MeO
N

Me

Chem. Sci., 2018, 9, 2432Ð2436

N
H

O

N
Ns

Me
Me

O NH2

Me

Me

I

TBDPSO

CuI
Ph

Ph

NHMe

NHMe

N
H

O

N
Ns

Me
Me

O NH

Me

Me

TBDPSO

1.TBAF
2. TBD

N

N
H
N

NH

O

NsHN

O

HN

O

Me

Me

Me

Me
Me

1. PhSH 
Cs2CO3

2. N-Me-L-Pro,
BOP, DIPEA

ceanothine D

TBD
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Total Synthesis - 2000s

HO

O
1. TBDPS 

protect

2. Stork-Zhou 
reagent

(-)-quinic acid

O
N

OR

OH
ORO

30%, two 
recycles

NaBH4 
CeCl3

NHN

Me
Me

1:1 d.r., both 
carried forward 

separately

Synthesis of oxazine moiety:

J. Am. Chem. Soc.,!2008,!130(51), 17236.


