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Cancer Center

Born: March 10, 1936

Education:

B.S., Yeshiva University, 1956

Ph.D., Harvard University, 1962 (Peter Yates)

NIH Postdoc, Columbia University, 1964 (Gilbert Stork)

Positions:
Professor of Chemistry, University of Pittsburgh, 1964-1980
Sterling Professor of Chemistry, Yale University, 1980-1993

Director of Laboratory for Cancer Research, Memorial Sloan-Kettering Cancer Center, 1991-

present
Eugene Kettering Chair of Chemistry, Columbia University, 1993-present

Other affiliations (selected):

Progenics Pharmaceuticals (SAB member) ($16MM IPO in 1997)

Conforma Therapeutics (SAB member) (acquired by Biogen for $250MM in 2006)
Kosan Biosciences (SAB member) (acquired by BMS for $190MM in 2008)
Nereus Pharmaceuticals (SAB member) (acquired by Triphase Research in 2012)

Optimer Pharmaceuticals (Cofounder, Board member) (acquired by Cubist for $535MM in 2013)

HerbalScience Singapore (SAB member)
Acretia (SAB Member)

Awards (selected):

Wolf Prize, 1995 (with Gilbert Stork)

Tetrahedron Prize, 1996

Arthur C. Cope award, 1998

Benjamin Franklin Medal in Chemistry, 2006

Bristol Meyers Squibb Lifetime Acheivement Award, 2006
National Academy of Sciences Medal in Chemistry, 2006

Publications:
>500 papers, H-index of 94

Memorial Sloan Kettering

: Methodologies: The Pittsburgh Years

: Electrophilic cyclopropanes as homologous (“1,5”) Michael acceptors

Precedent: Thrope and coworkers, J. Chem. Soc., 1909, 685.
CO,Et
COEt  NaOEt, EtOH - Only highly activated
NC__ COEt + [>LCN EErr—— O nucleophiles and
reflux electrophiles tolerated
CN
“less than 50%”

Discovery #1: Intramolecular attack is highly regioselective and diastereospecific

NuH co,Me NaOMe, MeOH Nu CO,Me
( reflux
N (M5 80-94%
n=1,23 Single regio- and diastereomer
Nu=0O,N,C

Danishefsky et al., J. Am. Chem. Soc., 1977, 99, 4783.
Discovery #2: Meldrum scaffold dramatically activates cyclopropane
(0]
NH, o rt
+ >L —_ QCOZH
o Ph”
o

(o}
quant.

Danishefsky et al., J. Am. Chem. Soc., 1975, 97, 3239.
First correct stereoelectronic treatment of Meldrum’s acid in literature!

Regioselectivity studies: Nucleophile favors more substituted carbon

H
Et NaOEt, EtOH Et CO,Et CO,Et
N + CO,Et )\/kz . 2
CO.Et 110 °C Nu COEt Nu CO,Et
(pressure vessel) Et
3 2
H 4
N CO,Et NaOEt, EtOH \j\)c\ozEt CO,Et
+ _— +
D COqEt 110 °C Nu CO,Et Nu CO,Et
(pressure vessel) ™
100 0

Danishefsky et al., J. Org. Chem., 1975, 40, 114.

For review on electrophilic cyclopropanes, see: Acc. Chem. Res., 1979, 12, 66.
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Methodologies: The Pittsburgh Years (cont.) : Methodologies: The Pittsburgh Years (cont.)
Electrophilic cyclopropanes as homologous (“1,5”) Michael acceptors (cont.) : Strong interest in enamine reactivity
Applications: Synthesis of Trachelanthamidine, Isoretronecanol In additon to 1,5 additions, “1,7-Addition of enamines”
O (o}
4 steps Ve (0] ;
NK —— 0 1. xylene reflux All other nucleophiles,

(o)

/

o]
N /
\__ o
o) b o
H o
o]

(:E‘é 2 TsN3
— 67% over two steps

3 steps ©:‘<‘< O
\ 2 Pd/BaSO4, Hy
63% over two steps

Cu bronze
65%

1. TsN3

2 Cu bronze
81% over two steps

1. H,NNH,
2. NaOMe, MeOH
80%
isoretronecanol
(single diastereomer)
H S/OH
EEE——
2. NaOMe, MeOH CI\Q
91% o)

trachelanthamidine
(single diastereomer)

Danishefsky et al., J. Am. Chem. Soc., 1977, 99, 4783.

CO,Et including ketone

CO,Et _ : ;
é COzEt 2. 1M HCI, rt enolates,

590,  CO2Et add in 1,5!
single regio- and diastereomer

Danishefsky et al., Chem. Comm., 1969, 636.

Understanding enamine formation thermodynamics
Precedent: Stork observes “surprising” enamine thermodynamics

o HN [ )
f Ph  H* l:> N . N
R E—— AN i Ph single regioisomer

Kuehne et al., J. Am. Chem. Soc., 1959, 81, 5400.

Danishefsky hypothesizes: orbital overlap of nitrogen p -> pi, plus A-1,3, are key

With this hypothesis, in constrained system, stereoselectivity should revert (and does)

200 e 5

stereochem.
not reported

Danishefsky et al., Tetrahedron Lett., 1965, 16, 1131.

(Chloromethyl)isoxazoles as 1,3-dicarbonyl surrogates

o)
o\
CI\)I/\<N *
o)

(o]
H

1. NaH KOH, H,0,
—» HO
2. Pd/C, H, reflux
47% 50%

HO
Direct use of 1,3-diketone led to polymer / low yield.
Danishefsky et al., J. Am. Chem. Soc., 1967, 89, 5459.
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Methodologies: The Pittsburgh Years (cont.)

Strong interest in enamine reactivity (cont.)

Enamine “

1,6-additions”

[ ) CO,Et

N CO,Et “This raises mechanistic
1.THF, reflux questions...The yellow color
+ —_— observed on mixture of the

=z

2. DME, air, 200° C

components is reminiscent of

43% over two steps a...Diels-Alder reaction.”

Danishefsky et al., J. Am. Chem. Soc., 1965, 30, 3676.

Broadening the scope and utility of 1,6-additions

CO,Me a
NaH DMSO
95% fo)
CO,Me
COzMe \\
NaH, DMSO H
N
o = 76% CHchZMe
o
Danishefsky et al., Tetrahedron Lett., 1968, 18, 2257.
Applied to Epiclovane
CO,Me
MeOLC NaH, DMSO COM
e
€02 coMe \ ° ’
o > 8%
Meo,Cc H

7 steps to methylate
and globally reduce

—

_>

H

epiclovane

Danishefsky et al., J. Am. Chem. Soc., 1973, 95, 2410.

Aldehydes undergo spirocyclization

(o) o

g

CO,Me
B
=z

(o)

NaH, DMSO

7%

HO  CO,Me

Danishefsky et al., Tetrahedron Lett., 1969, 50, 4333.

: Methodologies: The Pittsburgh Years (cont.)
1 1974: The Danishefsky diene

Precedent #1: bis(alkoxy)dienes were used in Diels-Alder (DA) chemistry

CO,Et OEt
OEt OEt  TsOH, 120°C OEt OEt / CO,Et
EtO —_— . —
OEt neat Z
“variable yields” EtO

Shavrygena et al., Khim. Farm. Zh., 1969, 3, 17.
“Several attempts on out part to prepare [the diene] in bulk were unsuccessful.” - Danishefsky

Precedent #2: Stork and House independently invent silyl enol ethers

See Stork et al., J. Am. Chem. Soc., 1968, 90, 4462.
House et al., J. Org. Chem, 1969, 34, 2324.

“Precedent” #3: Siloxy-dienes had already been used in DA reactions!
OTMS CN

z / CN
—_—
TMSO MgBr; o/‘/f)/

Cazeau and Frainnet, Bull. Chim. Soc. Fr., 1972, 1658.

With these precedents, Danishefsky invents the Danishefsky Diene

(o) TMSO
EtsN, ZnCly, Z Canonical DA rules (i.e., endo prevails;
X T™MSCI > N polarity matching) are strongly predictive
for Danishefsky diene.
OMe 68% OMe

Danishefsky et al., J. Am. Chem. Soc. 1974, 96, 7807.

Concurrently, dithianyl dienes were explored:

o (\s OH
o A
more reactive o
S/j partners do
Michael

less reactive
partners do DA m

jiisrcozuv.e
MeO

Danishefsky et al., J. Org. Chem., 1976, 41, 2934.
For review on Danishefsky diene, see: Danishefsky, Acc. Chem. Res., 1981, 14, 400.
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Syntheses: The Pittsburgh Years i Syntheses: The Pittsburgh Years (cont.) OMe
(¥)-Camptothecin o EtO : ()-Pentalenolactone _
QOEt 67% I\ © P E0,C 1. 950 0 "
° : 2 2. acetone, TsOH
+ Me ——— 2 3 EtO NH OMe ; , TMSO
HzN/\)\OEt MeO // OMe — : 7 3 0 o) — VS0 = e
o D EtO.C 3. NaOH, THF/H,0 / o 2. Ba(OH),
° OMe P 4. =z o 3. NaHCO3, Mel
OEt ; EtO 65% over three steps
: 47% over four steps
1. HCI, H t ;
Et0,C” ey CO:Et  EtO CO,Me Z_Cérgf,;ijggf”e : OH 1. NaOH (1 equiv),
- CO,Me » i o) 1. 0sOy4 0 o NaBH,
NS : O )L — >0 >L—>
EtsN, MeOH 3. MeOH, HCI : o) 2. Pb(OAc),, AcOH
45% o Z CO,Et 86% over three steps ' - Pb(OAc)s, Ac o 2. NaOH
: CO,Me quant. CO,Me 73%
: over two steps
MeO,C MeO,C :
- \L % NaOMe, MeOH " i 0 1. SOCI o R
NP\, -COMe e e COMe ' o A SOC o o Oy _ 2Ha
J come 81% NS : 0 2. Pd/BasO,, H, 0 82%
fo) 2 o = CO,Me . CO,H 95% CHO over two steps
NH2|0 o H :g:ozH
o CO,Me ' o OH CrOs, H,SO,4 m MeOH, H,S0,
: — > —
M} = | COZH—> ; OH 95% fo) A 80%
N NaOH, H,0 ; X (/ COH
o) i
: CO,Me co,Mm CO,Me
: H #5254 socl, H £20¢ 4 MePPh, Br H 772
: m 2.ACl, o™ 2. Wilkinson’s, Hy ;
=N ; — —_—
1. MeOH, HCl 1. NaH; Etl i 0 P 41% $ 35% over two steps H
—>» \ /I CO,Me : ~ COH ° \S-N ’ o .
2.FVP N 2. CH,0, H,S0, 5 (o) 2
29% over four steps 20% over two steps ' .
© PO e u SOMe 150, H0
5 NMe, PA 2. NaBH,
H,0,, Ho0 : 3.MsCl
i 4.DBU
20% ! 63% over five steps
: LDA, y COzMe 1. DIBAL-H
camptothecin ;  then, PhSeCl i 2.VO ‘BuOOH
! then, NalO,4 Y : (acac)y, Bu
: 46% 3. CrOg, H,SO,
; 4. NaOH, H,O/THF
: 21% over four steps
E pentalenolactone,
Danishefsky and coworkers, J. Am. Chem. Soc, 1971, 93, 5576. ! Danishefsky et al., J. Am. Chem. Soc., 1979, 101, 7020. 29 steps, 0.1% overall
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Syntheses: The Pittsburgh Years (cont.)
Other total syntheses (Pittsburgh years), not covered:

OH o

patchouli alcohol ~o Oe androstenedione

(o) ~ \o /
‘z—ONa 00
Na0,Co_< O i
o (o)
griseofulvin

disodium prephenate :
o~ o
o

Lasiodiplodin

Methodologies: The Yale Years

Organomecury chemistry:
Oxymercuration/reduction sequences were well-known/precedented.
Reductive capture of the organomecury species was under-explored

1. Hg(OAc),
)\/\: —_— B \/\COZMe
NHCbz 2. Methyl acrylate, NCbz
NaBH(OMe)3
41% over two steps single diastereomer

Danishefsky et al., Tetrahedron Lett., 1983, 24, 11.

1. Hg (OAc),
2. NaBH(OMe
10% over two steps

1:1 dr
Danishefsky et al., J. Org. Chem., 1982, 47, 2231.

Mercury in the total synthesis of mitosene

OMe
Br Hg(OAc)2 ;@j\(\/
OTBS 51 % OoTBS
ome H

Tetrahedron Lett., 1981, 22, 3919

 Methodologies: The Yale Years (cont.)

Extending the mercuric indolization, Pd can effect similar transformations

— PdCI2 (1 equiv) Early inspiration for
NH Larock indole synthesis?
55%
M
(o}

Danlshefsky et al., Tetrahedron Lett., 1983, 24, 15.

The second coming of the Danishefsky diene: DA condensations of aldehydes

TMSO
+ CI) BF3 OEt,
X \ 95%
OMe Ph
Danishefsky et al., J. Am. Chem. Soc., 1982, 104, 360.

Kinetics experiments support cycloaddition, rather than stepwise Mukiyama-Michael

OMe
e P = /I:/k Z on
X R -78 c’C 5 min R
OMe 40% 38%
OMe
Z OTMS BF3'OEt2 /l:)\
Io) R -78 °C 5 min <7%

Danishefsky and coworkers, Tetrahedron Lett., 1982, 23, 1975.

Enones and eneimines react exclusively at carbonyl/imine

TMSO
ZnCl, Z "NPh
+ PN ph P
N 41% (o) Ph
OMe single isomer
Danishefsky et al., J. Org. Chem., 1982, 47, 3183.

Luche reduction of pyrans is stereoselective; passion ignites for sugar synthesis

OH
CeCls, NaBH,
| > I
0,
o 88% o

single isomer

Danishefsky and coworkers, Tetrahedron Lett., 1983, 24, 3451.
Review of Danishefsky diene in pyran synthesis: Danishefsky, Chemtracts: Org. Chem., 1989, 273.
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Methodologies: The Yale Years (cont.)

Diastereoselectivity control for sugar synthesis
Nature of Lewis acid sets C4 / C5 relationship

ZnC|2 THF TMSO__~2

Ph BF;*Et,0, DCM  © «Ph
—_—
* OI U0

>40:1 dr

0

3:1dr OMe

Danishefsky et al., J. Am. Chem. Soc., 1982, 104, 6457.

C3 stereochemistry: Control via Ferrier Rearrangment
OAc OAc via

: 1.Ac,0  HO, R R
HO OAc 2 O.. OAc < o
O 2. PhSH 0
3. DMDO (3,3\
72% ® Ph

Danishefsky and coworkers, J. Org. Chem., 1990, 55, 1979.

Exocyclic chirality can be conferred via chelators

=z (o) OBn MgBr2 0
™ I OBn + -.,, OBn
41 PhH: Et20 r : r

OMe 45% 5%

TMSO

With no Lewis base on pendant chain, 1:1 mixture of exocyclic epimers was obtained
Danishefsky et al., J. Am. Chem. Soc., 1984, 106, 2456.

Diastereoselective Sakurai allylation confers sugar stereochemistry

TiCly

single diastereomer
Only C2’s configuration is relevant for diastereocontrol; chelation to endocyclic oxygen is driver
Danishefsky et al., Tetrahedron, 1985, 42, 2809.

“It is critical to the field of carbohydrate study that the synthetic chemist have individual and
independent control over the configuration of each [carbon’s] stereochemical configuration.”

 Methodologies: The Yale Years (cont.)

Enantioselective sugar synthesis

Chiral lanthanides as enantioselective catalysts

TMSO Ph  (+)-Eu(hfc)s (0] «Ph - modest substrate scope
+ ﬁ —_— -substrate-controlled

N © CDCl3 0 diastereocontrol

OMe 18% ee overrides catalyst

Danishefsky and coworkers, Tetrahedron Lett., 1983, 24, 3451.

Chiral auxiliaries on dienophile (aldehyde)
Evans had recently published asymmetric aldol. Facile access to Q-enantoenriched aldols.
Chelation-controlled cycloaddition (vide supra) allowed enantioenriched products.

Chiral auxiliaries on diene CiF;
TMSO Ph de)3 hfc = ZNOH
s
X © MeOH 0
OMenthyl 10% ee CsF5
fod = 0
TMSO Ph ( )-Eu(hfc)s 'Buﬁ
s oH
Y © MeOH
OMenthyl 18% ee
TMSO
Ph
+ f (+) Eu(hfc)s «Ph Mismatched case has higher
jvity!
> ° MeOH Substrat Zele‘;t'v’ty&
OMenthy! 84% ce ubstrate scope now broadened.

Danishefsky and coworkers, J. Am. Chem. Soc., 1983, 105, 6968

First use of Lipase to kinetically resolve sugars

Ph (o}
Ph O\ Lipase PS-30 Ph,. O
| 1. [
AcO" vinyl acetate, AcO” ™ AcoO"
OH DME OH OAc
0% ee 47% vyield 47% yield
>97% ee >97% ee

Danishefsky and coworkers, Tetrahedron Lett., 1991, 32, 5497.
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Methodologies: The Yale Years (cont. : Syntheses: The Yale Years
Methods to form glycosidic bonds 1 Saccharide total syntheses, not covered:
Via DA chemistry HO,,
OBz HO,,,
TMSO Z BFg.EtQO \
z H H2N\ o
"o N 62% /_—»"'0
6 OMe OH Me0:C. "\~ “oMe o' % o)—NH
lincosamine : tunicaminyluracil OH
monensm
single isomer
Danishefsky et al., J. Org. Chem., 1984, 49, 4564
Via haloglycosylation |
OBn BnO |
Bno':. ', / /
o o —0> BnO:.. N-acetylneuraminic acid : OH
~ 1% 0Bz O OH OH OH .
BnO BnO | pancratistatin populacandin D

homodimers avoided via electronic control
Danishefsky and coworkers, Tetrahedron, 1990, 46, 103 For review of saccharide total synthesis, see: Danishefsky et al., Angew. Chem., 1987, 99, 15.
Via epoxide opening (+)-mitomycin K
OBn OBn

OMe OMe OH
to
BnO,, o 1. DMDO > BnO,, o NuH = ROH (including sugars), : 1. Bulli - MeO Z hv
2 NuH RNH,, RSH, TBA N3, TBAF 2 OMe O OMe | 45%
BnO Bn0” Y “Nu MeO H NO,
OH OMe
Danishefsky and coworkers, Carbohydrate Res., 1990, 206, 361. NO,
OMe
Via sulfonamidoglycosylati
ia sulfon n:)lBog ycosylation 86% -
n
(o}
BnO, N, 1. TSNBrp 1.PDC 1. L-Selectride
2. HO
N 2. PhSCH,N; 2. imid__S
o 59% over two steps
A( o imid
0o -, fo) 3. BuzSnH, AIBN

32% over three steps

Danishefsky and coworkers, Angew. Chem., 1992, 31, 915.
Danishefsky and coworkers, J. Am. Chem. Soc. 1991, 113, 8185.

Danishefsky and coworkers, J. Am. Chem. Soc. 1990, 112, 5811.
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Syntheses: The Yale Years
(¥)-mitomycin K (cont.)

MeO

hv Raney Ni
—>» MeO
MeO 48% 70%
1. TMSMelLi
2. Ag(OPic), PPTS
81%

14% over two steps

N— mitomycin K,

MeO 13 steps,0.3% overall yield

1. DMDO
+
TBSO 2. NaBHy, CeCI3
(o]
TBSO
OAc
1.Ac,0 1. NalOy
2 TBAP 3 TZB'SNS%HE N
. t
599 four st '3
% over four steps 99% over three steps o

1. NaOMe, MeOH 1. KHMDS, Tf,NPh

2. PDC 2. PACly(PPhs),,
3. H202 N
66% over three steps Z “SnBug
3. TBAF
4. MsCl, Et;N

40% over four steps

Danishefsky and coworkers, Angew. Chem., 1992, 31, 915.
Danishefsky and coworkers, J. Am. Chem. Soc. 1991, 113, 8185.

Syntheses: The Yale Years
(%)-Myrocin C
MsO

1. DIBAL-H

2. PDC
74% over two steps

1. BuzSnH, AIBN
_—
2. DMP
3. H,0,, NaOH
50% over four steps

H202; then, P(OEt)3
_—
68%

DCC,
CHO

PPhsCH,

79%
over three steps

hv, PIDA, I,
OH—M 3

1. PMPSLi AlMe;

2. DMDO
55% over two steps

Myrocin C,
28 steps, 1% overall

Danishefsky and coworkers, J. Am. Chem. Soc., 1992, 114, 8333.
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Syntheses: The Yale Years (cont.)
Other total syntheses (Yale years), not covered:

~
o | o

HO,,, (¢) W0, H H
o~ o~ (o) o 0" "0
quadrone

y OH

|:I:_ el

Coriolin B widdrol

NH,

(0] HO,,

i OH
H 2 arogenate HO O OH O
vineomycinone B2 methyl ester

musmusculus

pheramone N QI-LI NHAc
HO NG
HO g .
quinocarcinol ipalbidine
OH OH O
MeO,C A actinobolamine

N

heptelidic acid

~o

o7 NH s___s
sugars-0

zincophorin

indolizomycin
magallanesine

i The Columbia / Sloan-Kettering Years
: Three core research interest areas, not covered:

Taxol

o

o
>~0 O OH

(3

Epothilone synthesis, analogging, and SAR

“,,

HO™ ) s
For a review, see: Chem. Monthly, 2000, 131, 205.

J. Am. Chem. Soc., 1996, 118, 2843.

Use of oligosaccharides as cancer vaccines
For reviews, see: Carbohydrate-Based Drug Discovery, 2003, 1, 381;
Pure and Appl. Chem., 1995, 67, 1647;
Proc. Nat. Acad. Sci., 2004, 101, 11937;
Expert Rev. Vacc., 2014, 4, 677.

Methodologies: The Columbia / Sloan-Kettering Years
Solid-phase oligosaccharide synthesis
Challenges of oligosaccharide vs. peptide:

- New stereocenter with every bond formed
- Chemoselectivity challenges with poly-ols

- Homodimerization problems 1. DMDO
Epoxyglycal chemistry (vide supra) alleviates these problems! 2. ZnCly,
Ph, HO
e g Q ° 0=<° o
O/SiPhZCI 0" \F o=<° o 0"~F >
DIPEA, DCM o Z
Ph,
O/Si\o HO
iterate; then,
o) TBAF o o
o
o= o=
ol e 32% 0" ~"o
6H over 3 iterations OH n
0 o 0=<° )
o
=<o _ s

Danishefsky et al., Science, 1993, 260, 1307.




Solomon H. Reisberg

Samuel J. Danishefsky

Baran Group Meeting

11/18/17 10

Methodologies: The Columbia / Sloan-Kettering Years
Macrocyclization methodologies
Via B-alkyl Suzuki

OTBS
AN

1.9-BBN

MeO

2. Pd(dppf)Cly,
AsPhg,
TIOEt

>
2
z.

60%, single isomer

1. 9-BBN

2. Pd(dppf)Cl,,
AsPhg,
TIOEt

46%, single isomer

Analagous Grubbs RCM produces 1.3:1 mixture favoring trans
Danishefsky and coworkers, Org. Lett., 2000, 2, 2695.

Via isocyanide-mediated macrolactamization

® O
0 CyN=C; o
R”™ "OH RJJ\N'R
then, R.ny &
1
R
Applied to cyclosporin
o o}
N 0 N

higher yields than Corey or Yamaguchi
Danishefsky and coworkers, J. Am. Chem. Soc., 2012, 134, 2378.

: Methodologies: The Columbia / Sloan-Kettering Years
Reductive quinone functionalization

CN
R 1.TMSCN R R = Ar, Alk, OAIk
e 75-89%
2. Sml, rr>10:1
OH

Danishefsky and coworkers, Tetrahedron Lett., 1994, 43, 7901.

Cis-propenyl amide synthesis

O TES

Ph)LNJ\/

H

PhH, 110° C; [0}
—
then, H,0 Ph)LN/ﬁ
H

81%, single isomer
Danishefsky and coworkers, Angew. Chem. Int. Ed., 2002, 41, 512.

“Trans Diels-Alder”

; o)
z

1. Hy0,

0 A _OH
BF3*OEt
\ #’ — > OH
92%, oY 2. LAH N
single isomer 69% H

Danishefsky and coworkers, J. Am. Chem. Soc., 2012, 134, 16080.

Syntheses: The Columbia / Sloan-Kettering Years

(+)-Dysidiolide A

°’> Me,Culi;  MeO,C °’> LigH4;  1BDPSO 0’>
—_— > —_—
o) 0
/0 then, | then, |
17> Co,Et TBDPSCI
55% 68% dienophile
1.
LiO
1. LAH r\n/
2. TsCl [
EtO,C | >
\/\"/ 3é2"i/a' 2. Tf20, 2,6-lutidine
° 3. Pd(PPh3),, )
over three steps (SnB?:J)4 diene
3
=
34%

over three steps

Danishefsky and coworkers, J. Am. Chem. Soc., 1998, 120, 1650.
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Syntheses: The Columbia / Sloan-Kettering Years : Syntheses: The Columbia / Sloan-Kettering Years
(#)-Dysidiolide A (cont.) r\"/ 1. TSOH / H,0 (*)-Garsubellin A OH
2. HoNNH;,, KO'Bu ' OTIPS 1. n-BuLi; Pd(OAc),, PPhj,
TMSOTf 3. TPAP, NMO : then, prenyl bromide Ti(PrO),,
diene + dienophile ——— 2 ' S ~o o
67%, >10:1dr 0N . HEEEN ~ 2.0s0y4, KsFe(CN)g A9 _OMe
\;>_L' + 0 0 3. Acetone, TsOH o) Z g
20% 4. TBAF >< 62°/o
OTBDPS over four steps ! 70% over four steps 0 °
. i o
X . - _ HCIO, OH\\- Grubbs I,
hv, O, Rose Bengal : o 0 .
= ! o HZO/dlooxane
DIPEA i >< A\ 1%
7% T ; o
o OH '
dysidiolide, 12 step LLS, 3% overall )
. ' 'PrMgBr;
Danishefsky and coworkers, J. Am. Chem. Soc., 1998, 120, 1650. ! 1y, KI, KHCO, I, CAN allyl bromide
| —
(+)-Spirotryprostatin : 85% 7% 67%
o :
OMe ] J</[(j)\ ° OMe
NH; PhS H NBoc | |
N\ ’ '
i > SPh : A 1. AIBN,
MeO N 2. Boc,0 N ; AT SnBu;
H 74% over two steps MeO H : TMSI i >
OMe : 98% 2. Grubbs I,
NBS, H,0, AcOH 1. TFA, DCM (o)
' o NBoc sph —_— '
46% o TrocN : N
Cl 60%
MeO N o ;
H 3.2Zn, THF ; | I
63% over three steps 1. LDA, TMSCI;
' then, I, 1. DMP
' 2.'PrMgBr; Q 2. Et3N(HF)3 ?
then, 88%
Spirotryprostatin, ' o
9 steps, 7% overall . H)k( TMSO
MeO ! 26% garsubellin A,

N
H Angew., Chem., 1998, 37, 1138. Danishefsky and coworkers, J. Am. Chem. Soc., 2006, 128, 1048.

17 steps, 1% overall
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Syntheses: The Columbia / Sloan-Kettering Years
(+)-Eleutherobin

TBSQ

Syntheses: The Columbia / Sloan-Kettering Years
(+)-Eleutherobin

H MezN NMeZ
CI3C o*Bu
' Yo 7% 75%
5%,

TBSO,

st

Pd(PPhj)s, LiCl

BU3SI1

OMe -0, o
>10:1 dr
H Lii_o
7/ "NMe; 4 TsOH MeOH \E/)_B’
EEEEEE—
4 O 20TSOH acetone ' 57%, 1.3:1 dr 1. TBAF
60% over two steps 2.DCC,
HO NMe )
Br 1. TBDPSCI, imid TBDPSQ o__Br M/) Eleutherobin,
o N > 26 steps, 0.4% overall
3. PPTS

—
4.KCN, “u, ,CHO NiCl,

5. DIBAL-H 74%, 15:1dr
73% over five steps

19% over four steps

Ho, P " 2. DIBAL-H E

/_g 3. MsCI , /—Q\j crcl,
ot al ,
-, ~ONe

i’

OH

OTBDPS OH Danishefsky and coworkers, J. Am. Chem. Soc. 1999, 121, 6563.
1. PivCl L
2 TBAF & ~, DMDO Other total syntheses (Columbia years), not covered:
0 —
86% 94%
: over two steps z
OH OPiv
1. TMSOTY{,

lutidine S i amauromine
2. MeLi S 1. TBSOTH, lutidine
2. DIBAL-H
79%, “, .
>20:1 dr OMe 73% over two steps

HO
frondosin B
1. TPAP, NMO Rishirilide B
mamanuthaquinone
2. LHMDS; Comin’s q Me
70% over two steps HN/\/\/N\/\/NmeZ

/7 X/ Hispidospermidin
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Syntheses: The Columbia / Sloan-Kettering Years
Other total syntheses (Columbia years), not covered:

TMC-95A

HO sesquicillin E

Intentionally left blank

guanacastepene A

HO co,me
H %
o
—O’ (0) - difen OH
y OH jiadifenin
A jo\
HO™ NG
scabronine
HOHO
0 OH
HO

(o)
11-O-debenzoyltashironin

phalarine NMe,




