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Advisor: Dr. W. H. Rastetter (Epidithiapiperazinedione syntheses)
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Current Group: 2 postdocs; 6 graduate students

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

Primary Research Areas:

- Unnatural Amino Acid Synthesis
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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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Electrophilic Glycinates (diphenyloxazinones)

CeHs

HC NHCHO SOCl,
>

CeHs
1
HC—N=cH HCl

H(i.: OH
CeHs

H
Ho/ PACl,  Ph G A

EtOH 20 psi  cpzN \/&

0-CH H,0
CeHs
Ph
wH

1. BrCH,CO,Et Ph
2. Boc,0O H :

3.p-TSOH, PhH  Ph,, | A
---------- >
BocN\/g
(]

1. BrCH,CO,Et
2. BnOCOCI
3. p-TsOH, PhH

Ph
Ph H :_H
NBS H ArMorArH  Ph,,
------ > P, e o
CCly ZnCly BocN
BocN (o)
o
R
Br
1. MesSil / CH,ClI, ¢
2. 10% HCl/ THF
reflux V
h
- H :_H
N Ph...
HaN co, NalO4 / H,O / THF f OH
\l/ oo Cl H,N_ _COuH

OTBS
OEt
OTMS

Ph

=/—TMS

MeZnClI
Me,CuCNLi,

Bu,CuCNLi,

Reaction Condition

ZnCl, (1.2 eq), THF, rt, 1hr

ZnCly (1.2 eq), THF, tt, 1hr

ZnCl, (2 eq), THF, rt, 3 days

THF, rt, 1 hr
THF, -78 °C, 0.5 hr

THF, -78 °C, 0.5 hr

J. Am. Chem. Soc. 1951,73, 1216, J. Am. Chem. Soc., 1986, 108 (5),1103-1104

©\)2CuLi
“\l: )oCuLi

(o}
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“r

*Dor LE
CeHs glutamic 77T Ph
! acid H H
o o m ik
Ho_?H chiral
CeHs resolution NH,
Ph
H |.H Ph
RM Ph X NBS .
4_ O .« Ph o
CbzN CCly
(o) Csz\/&
(o)
Br
Yield Amino Acid % ee
1% D-B-ethylaspartate™* 96.6
54 % L-homophenylalanine 96.9
68% L-norvaline, L-allylglycine  98.3
46% L-alanine 96.8
28%
48% L-norleucine 99.5

Reaction Condition

Et,O/THF, -78 °C, 1hr

Et,O/THF, -78 °C, 1.5 hr

ZnCl,, THF, 25 °C, 4.5hr

ZnCly, THF, 25 °C, 5.5hr
4AMS.

ZnCly, MeCN, 25 °C, 4hr
4AMS.

% Yield (UAA) % ee
52 82
29 94
62 91
26 20
73 93

J. Org. Chem. 1990,55, 3723-3728
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a-Monosubstituted a-Amino Acids Li% NH3, THF/EtOH

BocHN.__COZH
HoOpH WO
ph Lo MN(SiMes X pp, Lo
o o
THF, -80 °C
RN \/Ko (M=Li, Na) RN \_/&0
R = Cbz or Boc ';1
.-
1. TFA, CH,Cl, HN_cO,
2. Hy, PA/C (cat.) i

Important Notes:

R4X Base (eq.) % yield
H,C = CHCHy| LiN(SiMes), (1.2) 82
CHl NaN(SiMes), (1.1) 88
PhCH,Br NaN(SiMe), (1.2) 77
Me,C=CHCH,Br NaN(SiMes), (1.1) 84
BrCH,CO,Et NaN(SiMes), (1.1) 64+
n-C3Hyl NaN(SiMes), (1.5) 76

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

o,o-Disubstituted Amino Acids

Ph Ph
H |.H , H |.H Ha, Pd/C (cat.)
Ph X KN(SiMes)p, RoX  Ph G & .
it 0 ul H;N_ _CO
THF, -80 °C CbzN : > 2
CbzN - z R g
7 o (M=Li, Na) < fo) Li®, NH3, THF/EtOH R R,
H R1 R1 Rz

Important Notes:

R, R,X KN(SiMej3), equiv. % yield

Me PhCH,Br 2 84
n-C3H; PhCH,Br 2 0
n-C3H; PhCH,Br 5 85

allyl PhCH,Br 3 84

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).

Mechanistic Rationale

MN(SlMe3)2

,{

R1-X

R1X RO

20 MN(SiMe3),
o —»

\(

/

077,

K, o
Ry-X 0 R

J. Am. Chem. Soc., 1991, 113 (24), 9276-9286
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Synthesis of a-Hydroxy-p-amino Acids

Ph Ph Ph
H iH H iH H o
Ph..| A RX,NaHMDS ~ Ph,, | A KHMDS Ph.,
2 [o) 3 " o . fo)
CbzN \/& CbzN 18-crown-6, -78 °C CbzN.__—
(o (o oK
L PP EPE LR EPPELREEPFEPREDREEPRS R R

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

OH
HCl HoN_ A
CO,H
(2S,3R)-Nor-C-statine
: OH :
' HCI H N\/k ;
: IN"coH (2R 3S)isothreonine :
E Me E
; OH :
: HCI HzNY\cozH (2S,3R)-isothreonine :
E Me E

H, (120 psi), PdCl, ( 3 eq.) Ph~~.V<o

R = methyl, or cyclohexyl methyl

1. DIBAL-H
2. Ac,0, Et;N, DMAP
O°tort

X
X

Ph.,.

CbzN
OAc

R

TMSCN, BF3-Et,0
MeCN, -20°C

Ph

j=n

H
Ph.,.

<
CbzN
\(LkCN

R
1. Hy, Pd/C

2. KOH, ethylene glycol

150 °C

Y
Ph

H H

H

OH
HCI H,N :
2 Y\COZH<
R

H, (120 psi), PdCl, (3 eq.) Ph-.] A

Ph
1.CO, pn. 1 et
—_—— "'l/<0 -
+  HCO,
2. H,0 cbaN A
< o
R

1. DIBAL-H
2. Ac,0, Et;N, DMAP
O°tort

P
H

Ph.,
o o

h
CbzN
OAc

I

R

TMSCN, BF3-Et,0
MeCN, -20°C

-

I

)
4
& I
e ;--'u
=2
g_o

CbzN
CN

1. Hy, Pd/C
2. KOH, ethylene glycol
150 °C

-

Ph
i H

HCI H N\/'\
HN ’N"co,H -
"COLH :

R

HN
CO.H

. §:§\I

R

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

o
1.NBS (2 eq.), BPO (cat.)
2. NaS(py) (2 eq.)
NPMB -
PMBN 95% over 2 steps
o

n-BulLi (2.3 eq.);

CHO

N
j\Me
d.r <20:1

95 %

1.) TFAA (10 eq.)
DMAP (15 eq.)

2.) CAN (4 eq.);
silica gel PTLC

31%

Bicyclomycin
4.6% overall yield

— —

Ny Ny
1. Ag(OTH) (1 eq.); NTNs o LAH (1 eq.) N g °

] > H=—" “NPMB 60% > H=—1" “NPMB
Q\OTMS PMBN\H)’ PMEN \n)’H
H H
HO
1.3:1 syn.antl
(both carried forward)
Ag(OTf) (1 eq.)
92%

n-BuLi (1.5 eq.), HMPA (2 eq.) 1. MesCl (2.5 eq), TEA (2.5 eq.)

(Me,N)3P (2 eq.) THF, 78 °C 2. NaBH3SePh (2.2 eq)
0,(g) -100 °C 3 30% H,0, (5eq.)
- PMBN

52%

82%

n-BuLi (1.5 eq.), HMPA (2 eq.),
(Me,N)3P (2 eq.) THF, -78 °C;
04(g) -100 °C

MeO

CAN, MeCN/H,0

>

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

HO

(o) (o)
2 Me
1. BrCH,COBr, KoCOs /\ 0”7 1. )\
DCM Y NPMB O3/ MeOH Y NPMB
2. NaOH, DCM N\IH DMS N\") Ph,pZ" “CHO
—_ —_—
97 % 99% 2. NaBH,, EtOH
OMe 0 (o)
87%
1. TBSCI, TEA,
Cl TBSO DMAP
2. n-BuLi; CICO,Me
71 %
TBSO
1. LiCI/HMPA/H,0 100 °C Me
2. KOtBu/(BOC),0
NaH 3. TBAF gramine, PBus \ o
18-crown-6 4. MsCI/LiCI/DM, collidine MeCN
3-4.9:1 85% 62%
64-77%
N
HCI/H,O Boc
Dioxane
72%
m-CPBA, DCM NaOMe, MeOH tBuLi, O,, THF
—>
K,CO3, THF 67% 40%

(-)-Brevianamide B

J. Am. Chem. Soc., 1988, 110, 5927-5929 J. Am. Chem. Soc., 1990, 112, 808-821
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. . . 1. (COCl)y;
Total Synthesis of (+)-Aspirochlorine

OEt
Ny
1

1. diethyl bromomalonate ONB O
1. Zn(CN), HCI K,CO3, MEK, reflux i
OH 2 MOMCI TEA MOMO OH 5 KOH, EIOH, refix MOMO o 2. Cl, dioxane
> ) —COH —_—
Cl CHO cl
1. Ac,0, pyridine o
2. isobutyl chloroformate, NHOM MeO\ (o)
N-methylmorpholine; o N e AcO o N
methoxylamine I 1 NBS, CHCl3 s
—_——
P AcO ONB O . .
\
Br O ONB
Cl

AcO AcO

1. hv, 10% H,O/THF

1. NaOEt, EtOH
2. tBuOCI; NaOMe

2. thiolacetic acid (xs),
BF3' OEt2

Cl

- ci

TRANS R;=OMe, R,=H
CIS Ry=H, R,=OMe

TRANS R;=OMe, R,=H, R;=OMe
CIS Ry=H, R,=OMe, R3=OMe

methoxylamine, CSA
TFH, aerobic

(+)-aspirochlorine

I N ~coH
HO ONB

Cl

Ag(OTf),
MeOH/THF, reflux

_—_—

TRANS R;=SAc Ry=H, Ry=SAc
CIS Ry=H, Ry=SAc, Ry=SAc
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Total Synthesis of (+)-Paraherquamide B

1. NaOH, H,0,
2. Hy, Pd/C, ACOH

3. BBr3, DCM, -78 °C 1. m-CPBA, NaHCO;

A COMH 4 prenyl bromide, K,CO5 O 2.snCly
> HO N >
HO N00|-I H
2 Me\l/\/o
OMe
Me
CHO OTBDPS
1. CAN, MeCN 1. n-BuLi; MeOCOCI
2. NaBH,4 -78 °C
3. TBDPSCI 2. LiN(TMS),, MeOCOCI
THF, -100°C
—_— ’
MeO,CN
MeO,C
OH
1. LiCl, HMPA, H,O ot
2. Me30BF,, Nay,CO4 N 1.NCS, DMS
3. (BOC),0, DMAP, TEA, DCM

4. TBAF, THF

3. NaH, benzene

2. TBSOTT, 2,6-lutidine

Me
1
Me—N
1. NaBH,4, BF5* OEt,
2. TBSCI, im
o 3. CH,0, HNMe,, AcOH, H,0 A\
o H (o} N
Me M H
0 ° o
Me Me El

OTBDPS

PBuj, MeCN

o

N
Boc

HO

1.PdCl, (12 eq), AGBF, M€
(2 eq.), MeCN, rt Me
2. NaBH,, EtOH, rt o
>
3. AlH3, Me,NEt, EtzAl, THF
toluene, NaCNBH3;, MeOH

TBSO

1. tBuOCI, pyridine

2.90% THF, 10% H,O
TsOH (5 eq.)

3. MTPI, DMPU

-
v

(+)-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

(0] Me ';h Ph

Ph OMe : : H,, PdCl,
on /ll\)< Ph., o [1.3]-dipolar MeQ Ph, THF, EtOH
(\o H Me cycloadditon  Me |/\ O  60psi,36hr
—_—
\/&0 Me

> E-ylide N
HN\/& mol. seives, tol. n exo
o =N

Et02c Me \_‘ C02Et
) o

MeO
Me
o HN
N
H L -
1. Lil, py.
2. DCC, DMAP
HO\N N
1. D-pro-OBn, —
BOP, TEA, MeCN TSOH (1eq) S
2. H,, Pd/C Tol BrCCls, A
3. BOP, TEA, MeCN : 3 -
—_—
3. NaOMe, MeOH
spirotryprostatin B
Total Synthesis of Spirotryprostatin A
Ph Ph
_ - Ph, :
™S ur\o
OH " TEA, Toluene 0 °C; HN\/&
TEA, H,0;
MeO N 2 MeO N Me
OCH\)<OM9
i unstable ] Me

MS 3A, tol, -15°C

OMe OMe

spirotryprostatin A

J. Am. Chem. Soc., 2000,122 (23),5666-5667, Org. Lett., 2003, 5 (17), 3135-3137
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Total Synthesis of (-)-Jorumycin, (-)-Renieramycin G
Ph

Ph Ph N,Fmoc
Ph Ph Ph OH
CH,OH CH,l o BocN 1. Pd/BaSO,, H, HN )
PPhs, I, BocN\/& O 2.TFA,DCM 0 1. PdCl,, H; (80 psi) MeO lo)
MeO imidasole  W1€0 o) ¢ 3. TBSCI, TEA, DMAP, TEA . 2. FmocOSu, NaHCO,
— ' '
NaHMDs ~ MeO o MeO o
Me OBn Me Me OTBS
OMe OMe Me OBn Me oTBS OMe
OMe OMe [1]
Ph
Ph
BocN OMe OMe
O 1.H,, PdIC, MeOH 1. TFA, DCM EtO,CCHO
2. IBCF, NMM, then NaBH,4 2. TBSCI, TEA, DCM MeCN, 50 °C
MeO o > BocN _ > >
\:/\Ph
Me OBn
OMe
OMe OMe OMe
1. Hy, Pd/C; EtOH, Boc,O
Me otes 1.DBU, THF ~ Me 2. KHMDS, allyl-Br Me oTBS
2. LiBH,, THF 3. TMSOTY, 2,6 lutidine
S
N NBoc
MeO <N pPh MeO MeO
OH CO,EtPh AllylO
AllylO
Me Me
MeO OMe
OMe OMe TBSO OMe o ° OMe
Me Me 1. piperidine, DCM Me
oTBS O, OMF. 264utd : OTBS 3 Boc,0. EtOH : oTBS
NH 2, + 2,6-lutidine N ; 3. HCOLH » :
MeO + [ > MeO \n/\NHFmoc MeO N\n/\NHBoc
AllylO AllylO o
YAilylo YAllylo Ay yio °

J. Am. Chem. Soc., 2005, 127 (36), pp 12684—12690
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Total Synthesis of (—)-Jorumycin, (—)-Renieramycin G (Continued)

Me
MeO OMe
OMe OH OMe OH OMe
Me 1.DMP Me H Me 1. TFA, DCM, anisole
: oTBs 2 TBAF 2. HCHO, NaBH3CN
N >
MeO \n/\NHBoc MeO OMe
Allylo o
Allylo

1. BuzSnH, Pd(PH3;),, AcOH
2. 2,4,6-trichlorobenzoyl chloride,

TEA, toluene, 95 °C 1. LAH; KCN, AcOH

2. BugSnH, Pd(PPhj),, AcOH
3.DDQ

Me

(-)-jorumycin

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

, 0CO,Me

</ : MeK

Ao o . NaOMe; (/ : \\ |- (Boc),0, DMAP A Me N

. LDA, THF HCI ,MeOH & ' 2. Hy, (80 psi), Pd/C CuCl,, DBU

—_— —_— & ' —_— —_—
N N ' BnO N HO N Me
\ -0 \-O N COyMe ; H H
H B N7 : H Hl : A
c1,C cl1,C :
----------------------------------------------------------------------- -
Me,N 1. nBugP, MeCN COH
LW 140°C; BocHN HATU, DIPEA
N\ H,CO, Me,NH, 1N HCI 7 MeCN, rt, 4 hr;
MeCN, uW 180°C AcOH Ph Ph 2. Boc,0 A puW 150°C, 30 min
? A > l 3. LiOH, THF:H,0 Ny ¢t Q\
Me / o N EtOZC\/ N <L ’ -2 H Cone
H o N
Me Me = H
Me
Me Z
Me

1. Me3OBF,, Cs,CO;
2. Boc,0, DMAP, TEA
3. HGII, DCM W 100 °C

Me 1. NaBH,, MeOH

2. MsCl, TEA

)\ 3. NaH, Benzene Me
CHO sealed tube 130 °C e
' —_—
SeO, (cat.)
35% H,0, dioxane TEA
rt, 72 hr MeCN
—_—

1. PA(TFA),, MeCN;
NaBH,
2. MeCN, pW 180 °C

_—_—m

(-)-stephacidin A (+)-stephacidin B

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

Williams
H H O OMe
N N
\ 7\
N / N NaH : | = [4+2]
H e o7 > N JN N JN >
H Me o] Me g (o}
cl ¢
Liebscher i Myers
o ; o
N = H /o L H_ 0
1 N t-amyl (o) Ph N
— AcCl : Phﬁ !
\ — B
f =N 4+2 '
N w1 0 2l ; TBDPSO RN Rz,: ve _ TBDPSO 03 N
€ Me E Me Me 11\@ Me \e
Baran
H 0 H ,O
N N
% LDA, Fe(acac)s
\ —_— |
H o) O&\N H (o) o&\N
OMe OMe
H 0 H ,O
N vinlyl radical M N
Qﬁ [4+2] QT Cycllzatlon Q_je —
N 7 J—N X N J—N
H Me Meo H Me [o}

J. Am. Chem. Soc., 2006, 128 (26), pp 8678—-8693



Shenvi Lab Group Meeting _— Robert Demoret
January 30, 2017 Robert M. Williams
Total Synthesis of Ecteinascidin 743 (E.J. Corey)
OMe
MeO OMe MeO OMe
OCH,Ph O OBn 0 OH 0 TBSO OTBS
Me 1. TEA, HCO,H, Pd (PPhg), Me 4. BF3 OEty, H,0 Me YA
A o 2. DPPA, TEA, BnOH o] 5. BF; OET,, 4AMS
3. Hy Rh[(COD)-(R,R)-DIPAMP] BF, 6. Hy, Pd/C + H
HN___O NH Allylo_ _N
Y = Y - Y
\_o o OBn o O CHO
1. Tf,NPh, TEA, DMAP
OMe 2. TBDPSCI, DMAP
3. MOMBr, i-PrNEt
TBSO oTBS 4. PACl,)PPhj),, Bu;SnH
1. HOAc, KCN 1. DIBAL 5. CH,0, NaBH,CN, HOAc
2. allyl bromide, Me O/ H 2. KFe2H,0 6. PACly(PPhs),, SnMe,
CsCO; ; HN—|-COAllyl 3 MsOH, 3A MS | LiCl -
N
(o) : H
o CN
OMe :
1. Alloc-Cys(CH,F1)-OH OMe
Me ™ Ebcl, DMAP H N 1. PACly(PPhy), o OMe

2. DMSO, Tf,0; TEA;
tBuOH; N-tert-butyl-
N,N,N,N-tetramethylguanidine;
ACZO >

Me  snBu,, HOAC
2. [N-methylpyridinium-4-
carboxaldehyde]*I-

DBU, (CO,H),

1. (Phse0),0 Me
2. TBAF

» Me

0 :
o N
OH (0}

1. silica gel

Hom HO
MeO NH,
2. TFA, H,0 MeO
3. AgNO;3, H,0O
—_—

o OH

ecteinacidin 743

J. Am. Chem. Soc. 1996, 118, 9202-9203
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Williams Formal Synthesis of Ecteinascidin 743

Fukuyama's Key Ring Forming Reactions

OMe OMe

OBn
Pd,(dba)s (5 mol %),

OMs
OMs P(0-tol)s (20 mol%), e
Me Me I TEA, CH3CN, reflux
\(\N— —=Boc -
N .
7 o
° " —
\_o ) °

_________________ O
Williams Formal Synthesis 1. Ti(OiPr),
H
1. Bry, NaOAc, AcOH -/~0
Me 1. Cl,CHOMe, CHO 3 CICH,Br, CsCO; OH °”°‘<:J¢ Me
TiCly Me 3. mCPBA Me Boc Me
2.BBr; 4. HCI, MeOH 2. AllylBr, Cs,COs3
—
MeO
HO o Br
OMe
OH \—o
1. LAH
2. NaH, BnBr
MeXMe 3. 2,6-Iutidine0TBs
oM
1. ethyl glyoxalate Allylo o o cocl ©

2.BusSnH, ABN e BocHN " e
—_—

1. TrocCl, pyr

4. MOMBt, iPr,NEt
5. DMDO
6. NaCNBH;

AllylO
DCM:TFA Me
—_

OTBS

2. BnBr, K,COg3, TBAI
3. pyrrolidine, Pd(PPh3),

OMe

H,, Pd/C Me
N=—|=Tro¢c ——— 3

1. TsOH, MeOH
2. TsOH (cat), DMP Me. Me
DMF ><

3. TBSOTf
2,6-lutidine

1:0.72 (desired)

(o)
\_o
AllylO OMe OH
OMe 1 Dowex 50W-X8, MeOH M© NBoc
2. TBAF
3. Swern ox. N
Me r (o)
\—o o)
BnO
Me OH
OMe
5 steps to
Fukuyama
intermediate
’ I

Danishefsky's Intermediate

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