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Enantioselective synthesis:  # Amino Acids and Acetals iDirect Addition of Grignard to Diketone  Bartoli et al, 1061 R,
Enders et al, 418 L i-limited to primary Grignards R, Me.R
. ' ' O O 1.CeCl;, THFOiC 0O R N |
EtO N SAMP N~/ RAMP: : 2. RMgX, -30 iC JOH o, oMg
H |H2N H2N - 1 1 3 g 1 | X J K (S
SAMP ; OMe ~OMe p Ry Me ————FRy Me Ce=Cl %
89% OEt i RREEEEEEE ; R, 70-85% R, cl’
Raney Ni/H, il kil
N RM/CeCl, N MeOH l;le EHead-to—tall alkyne coupling Barluenga et al, 893
NI -100 jC HN 70-100 iC EtOY\ '
—_— > : > R
EtO OMe EtO __A OMe :
OEt OEt de 78-98%, ee 90-96% | R/ DCM. -80 iC
1. MeLi/CeCl;-100 iC 96-99% after chromatography 70180%| 17 > Cut +
5004 | 2- CHsCOCI, -78 iC ' R
°| 3. Li/NHg R
4. ethylene glycol, PPTS 1 One-Pot Propargylic Alcohol Synthesis ~ Hwu et al, 608
0 1. nBuLi then Boc,0O : o ROLI OH
2. N,H,, MeOH NHBoc NH2 : ~ neat, 25|C
HNJ\Me 3.0, : TMSI o : o+ —=5 e
> Lo\ \H/\M —_— \n/\Me : H” °NR, Ph 2
0 74%, 3 steps 88% 5 : R=Me, Et, iPr, Bu Ph 74-93%
<, 97% ee 9%5%ee 1 O o 07 \ ¢ H,0
Enant|oselect|ve Aldols Enders et al, 421 ' JL‘ RO_» NR; H /@AJL ~—— pdt
Et ' H” CNR, = A HT RO
Et Et : k{ Ph Ph
1. BOMCI, et
C%OM 1. LDALBY, -78 iC OMe DIPEA TBAI BOMO O : Titanated Methoxyallene as Homoaldol Equivalent
2. RCHO, -90 to 78 iC \—N, 2.chromat. onr : Reissig o a'B 1:‘4940 . R O R OH
then H,O/NH,4CI OH N 3.05 -78iC : nBuLl, -40 s "
20/NH,Cl | RanciA N o + |l 2 cmoirn, [ b — s
84-97% R OAr  73-86% >08% ee . JL -100to -78 {C | Bn,N H Bn,N —
] R —_—
78-98% de O :H OMe (OiP)4Ti )J\ -78 to -40 iC HCl
Synthesis of C ,-symmetric HIV-1 Protease Inhibitors  Enders et al, 423 R H o) L|N(TMS)2 55;(32/;))5
: ' o
SAMP chemistry o RAMP chemistry ' &
11 steps 11 steps ; Bn,N
OH de, ee = 98% HH de, ee = 98% OH : OH "=Ph HN
Ph Ph 0__O Ph Ph | R : Q Bna
BocHN  NHBoc Me>'/'|v|e BocHN  NHBoc 1 homostatine lactone

NBn2 AIMe3
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Tandem Epoxy-Hydroxylation ~Adam et al, 733 OH OH
Ti(O'Pr), HO HO
OH
HOO (0.05 equiv) Me+ Me
“¢” “Me|DCM, -25 iC, e Me
OH 85%, < S;H!in
Me 955 o i
Me Oz, TPP, hv : ' \ A\ '
I DCM, 0 iC 1 o9 60 i
Me~ "Me —————>» + E Me H
TPP = » Y H H i
tetraphenylporphyrin OH A 1 Me VS, ude !
: Ti(O'Pr), e !
HOO,,, Me (0.1 equiv)
/Q DCM,-25iC,  OH oH
80%. 8h b, A HO., A
Me _9;|5_> ., Me + » o Me
______________________ otodr T MeT N meT Y
Catalytic epoxidation with Methyltrioxorhenium Herrmann et al, 1157
-First isolated peroxo-metal complex stable to H,O and H50,
O
H,0, 9 o o
Me (1 equiv) 0zRe!Q  H0; O/'Rlevc')
oRe,, —> ML O — e 5
"0 H* SH  80% T
MTO Compound A isolable solid
-Compound A does not react H,0,
-Reaction does not work with metal-alkene
organoperoxides, suggesting -25iC
that peroxo ligand essential for ~ Compound " R o
epoxidation A
Kinetic Resultion of chiral hydroperoxides by Horseradish Peroxidase
Adametal, 1737 4 scope includes:
H
oon ome o7, QoM QOH
P
/é\ Ph”_"Me Ph MeO,C MelEt
Ph”” “Me (R) (S)
—_—

HRP both in >99% ee

: Asymmetric Dihydroxylation

 Where are we in the [2+2] vs. [3+2] Debate?

' 1 1980: Original report by Sharpless, proposing [2+2]

- 1989: Corey proposes [3+2] pathway

; 1 1989-1996: Several back and forth publications between the groups

: February 1997: Sharpless publishes Hammet analysis supporting [2+2]

: October 1997: Sharpless (with Houk and Singleton) publishes conclusive
: evidence for [3+2] (KIE studies support a symmetrical TS)

' Temperature Effects on Asymmetric Dihydroxylation
-~ T[C]

! Sharpless et al, 1329

: s00® 15 =25 -s0 =75 %0
! 1. 0sOy, L
: re 2 LAH OH 2500 Ls
LR T -
! R/\/ R ROT 200} 175 t
| e P ol < ee[%]
{Me_~_ ODHDQ : OH 1% o
' | ! 1.00 45
: N ' 4: R=RO= 0.50 Mﬁ.\‘ 25
: ' 5' R_Ph —RgggHv 300 350 400 450 500 5.0
' L 1ol R=FPN, =H 109771 K1) —
I‘ ___________________ ' 6: R:C8H17, RO=H

-Inversion point in Eyring plot

Proposed [3+2] Pathway: suggests reaction proceeds

9/ o R with at least two
o O “) / Os’ I enantioselective steps
1o -Depending on T, either can be
|_ L R rate-determining
(supports [2+2] mech)
Proposed [2+2] Pathway:
(0]
o) N_R | 0-0s30 , 0:ll.0
n R S50t O:‘OS o. O R
O:OS' — sO/
n -0 - R R R > O" S‘
] O O R
E-L1LL -L1LL -LﬂL
: 9 RXAR 9_0 0.9 o 0, O~R
A AL " RN, [T oA
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Metathesis of Sulfur-containing Olefins Basset et al, 112 Synthesis of Ferrocenyl Derivatives with Planar Chirality Kagan et al, 568

-Starting material synthesis J. Org. Chem. 1991, 56, 5991

TS T Se A~V Powe : o, B
' 2 ' 0 ' Ph tBuMgCl Ph_ ferrocenyl- CS
; * ; ; 1-5 rgﬁl/lo cat Me (\/SME : Me  .\Ph 7810 Me  .\Ph lithium nBuLi
: ey i U 2010 80 iC i : o — > OH ~——> re
' ,\Og : 20% 10 80 j 95%  Me ' O’ 75% O~ 80% .
: 0) r : : S'IO /S'IO
: : SMe 0.4 mol% cat : ) Bu” Y
s E Pt e o, 8 J=—1 ¥ o, B
' catalyst /\/s\/\ 80iC 4 ' G é/‘s—: é/s—-
: _______________ _: 880/ S : Mel . PhZPC| ]
0 : Fe ~~ Fe ——————> Fe

. 80% ' 80% L
sp 1 mol% cat @ @ @Pphz
PhCI b m m e e e e e e e e e e mmmmmmmmmmemmm e mmmmmmmmmmmmmmmmmm—m -
ROMP S

20to0 80 iC SR Tantalum complexes as Phospha-Wittig Reagents ~ Schrock et al, 756

> j ! Revi i .
~96% comvereron >97% conversion : Review on this method: Power, 850 LiPHPh _Ph
faster rates for bulkier R~ : Et,0, -78 iC Et,0, -40 iC ™S P TMS
' Lig(NgN) + TaCls ————3  [(N3N)TaCly] —— 5 I
Y e s ami crystallize crystallize Ta’
Structure and reactivity of Fe ~ %-allyl hydrido complexes : I( 3 dls f;\mlng 32% 87%, stable TMST=N” [\ |
McMahon et al, 1073 : Igagro\Lljvps-,gM l\l
: H
co :> < ; P 7
oc. A _ h | ) : Ph 83% ™S, O 'ppn N
0 —>  oc-Fe-H OC-Fe-H ! ~p N \/ ~TMS H™ “tBu
4. 4 L [ I h N
W CcO CO OC co OC co : )\ TMS'_N
exo endo E H tBu

Carbenerhodium complexes Werner et al, 1480

Previous attempt by Perego et al (J. Chem. Soc. Dalton Trans. 1977, 1828) This work: h
- . P
showed loss of CPh, upon heating Iprssb \\ CPh,N, Ipr3sb A PiPr; iprap /A
cl Toew ofL PN Togy o RT Ph
CPhoNy PP, & Prap N, Sb'Pfs Sbipr <" e
i ' ,Nchhz / N
RhCI(P'Pr3)y ———— 3 |’er — - Rh/ target
1" pipr, PiPr, NaCsHs &2

> Rh< _Ph

T sl X
Ph
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Water-soluble phosphine ligands  Stelzer et al, 1058 Selective C2 functionalization of imidazole ring of histidine

SO,CI SO-K : Evans et al, 1326 Method from synthesis of dipthamide
3 SO4K » Initial Observation: . J.Am.Chem. Soc. 1992, 114, 1495-1496
1. Dowex-H* N | /{
: NHBoc equw
P 2. NaOH =\ : NHBoc
DMSGOO{’EOH ' N CO,tBu PdC'z(PPhs)z /<
: H Cul, TEA CO,tBu
For Ruhrchemle/Rhone-PouIenc process SOsNa]  + Scope: 65iC, 52% acetylene acts as reductant
(industrial synthesis of aldehydes via formylation, ' =
Rh-catalyzed) ' BocN R/{e Uiy BocN NHBoc
-also works for primary and secondary phosphine SM P 3 ) NHBoc q > RZ(\ ]\/\
_____________________________________________________________________ 17 <\ PdCl,(PPhs), N CO,tBu
COABU  cyl, TEA, RT
Chiral Phosphinooxazoline Ligands for Pd Catalysis w ' yields 83F-Q9Z°/Bobfl;c§?nur’n-g\r<lc?-iodo SM
Pfaltz et al, 566 (most cited paper in ACIE 1993) Application to Zn: O

Znl BocN
BnoJJ\/\/ ]\/[?l\HBOC

1. BuLi then Ph,PCI ;
N 2.ZnCly, 2 ; BocN NHBoc H R—'<\
amino alcohol 0, o <\N]\/\ _ NHPG N CO,tBu
= Lo N : COABU PACI(PPhy), 65-84%
Br 27 5 DMA, 40 iC
O] O] R moTTTmTmmmmmmmmmm o o SoToTommmmmmemmmmmn oo T T oA
J\/U\ ; -Labeling studies suggest two possible pathways
OAc MeO OMe MeO,C___CO,Me :
> R=Ph: 95% ee 94% yield ! path,a H
=Pn: 0 ee o yield ; r )
R/\)\R 1 mol% allyl PdCl, . X R R=Me or nPr, : c’ path a;
2.5 mol% ligand (R=tBu) 70% ee, 96% yield ! /\B - E>_/
BSA, KOAc, DCM R=iPr, use DMF w/ heat ' N
96% ee, 88% yield .
Mechaniom of 1.bomme metathedie T TTTTTTTTTTeTTmsmsasasmasees ' ETN path a, O@éfH
echanism of 1,6-enyne metathesis
Trost et al, 1085 £ Pd ¢ CH> h,E - E \
~ : 2 E /
EC — '
E E . . O \ =
= N — "% Dimer E E
EO E= TFE ester 'E Pd g E y
EO=CGMe : \ / Pd"V intermediate [ / - D_/
E ; path b Pd
Dimer E E
E= CO,Me -formation of dimeric product suggests vinyl- subst|tuted alkynes

follow path b (path a could give mixture of products)
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Photo-induced exo-selective Double Anionic Oxy Cope Butenschon et al, 26/7\
Diels Alder for carbonyl compounds ' BrMg ~ X o O Me
Pandey et al, 1612 ' 0/5 0 > S Li ANF
' X J HCI | XN— (2 equiv) | AN —— | S
' — — v “ 6 equi
? 1:1 EtOH/TEA o l// o ZN (OC)Cr o (Gosuw()oc) Az
N hv, RT i C)sp_)  (O0KCH S N P
0O —> ' N
: Li7 N (7 equiv) | vso M
© ° ; (7 equiv) 78iC (oc)ser ©
>98% exo ' ~ - _ S
_________________________________________ H O Me TMSOTf, 70% | /. o)
Electron-transfer Diels Alder E X
for 2-vinyl indoles ! | + A00
Steckhan et al, 901 ' // H3;0", 48%
: (OC)sCr
; -0 Me

Ry
N__ ¢/
©\/>_<_ hv," >345nm R
N 4+ CN >
H
cr
Rz

Proposed ET mechanism

R
¢ 00—
HCN

DCM, 15 iC

R
O 74
N CN
H

Ry R Rs3 Yield (photo) 0 1. [1,3] H shift 0 - -
Me H H 61 R 2. back-electron
Me H H 8 (thermal) O A transfer . R
;
Me iPr  Me 33 ™ -~ O )
Ph iPr Me 35 H N CN
_ SbClg O S e .
C¢H,OMe Br < > rtl <:> . When [1,3] shift is prevented by substitution: OMe
N Me OM Me OMe
| +o Me e ¢ hv,' >345nm Q Me O
MeOCgH;” O7 “CgH,OMe N N\ OMe  omr 1t o
BF, H 25%

Br
photo ET sensitizer thermal ET sensitizer
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2H-pyrrole synthesis Vogel et al, 1051 Microbial Synthesis Krohn et al 1151

N5CH,CO,Me

gr L. Wit;[)ig or HWE cHo NaOMe, MeOH COMe E CO,Me oL OLi Cco,tBu OLi  OLi

2. tBuLi; DMF N : -
CHO N R 3 !

-78t0 20 {C R : 2. Ac,0 o 0

80-85% R Xy|ene — . CO,H 57%, 2 Steps then ACOH, 72%

| N reflux /)—COMe g ' 0
CO,Me ~€———— N '
N 95% RO quant | COM 1 cuBr,, coseu

LDA

H ' 02, 87%
Byproducts of Sakurai reaction  Knolker et al, 1081 ‘O Me 2. prop|onyl cl, O‘O ME
-propose formation of pentavalent silicon ca‘uon €
DMAP, 82%
O
o O OH O

. TiCly Me -70 iC O
Me . _bem SRy ¥ 70% M
/\/SIR3 X e

; o) 3. TFA, 98%
[3 2] CO,H

6,5 product favored when R=bulky Streptomyces
Application to synthesis of cyclopentanoid terpenes O‘O galileus
POy, H, CD---SiPhS me 6%
Me
© 1. mCPBA e H o
spn NaHCO, __ mCPBA CESIPR g I 77T T
s 7 HBF, 1SIPy The Seven Component Reaction (Ugi-Asinger combo)
H o ' Ugietal, 563
1. 03 : : Me
*11SiPhj ! Me 0
\ZPMS (:L\'::> : Me oG 37)\ Me_ |
O . Me NaSH e NH;
...................................................................... N
tBUNH — ‘co,Me Br
Ve, Me O 43%, 2:1dr 1 2 3

S Me M
e Me (0]
I+>—< .
N 4 Me tBUN )\/M Meﬁ) CO,  MeOH )<\1c
e
MeO
(assumed trans but could not determine absolute configuration)

5+6 —>

Ol

MeO OH MeO
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Total Synthesis of (-)-ACRL Toxin 1l B Alternate Route without HPLC: o _ OH '
Mulzer et al, 1452 ! . S LiBEt '
R ) o i 20 steps, 2% overall yield, wern 3 !
ODespite some recent confusion in the ' >90% selectivity for all steps A e Y OTr —0> Me” S Y OoTr
literature on this matter, there is no ' Ve 96:4, 83% - '
S . L e Me Me Me '
ambiguity in the structure and configurationQ !
; OPMB 0 CBS reduction, ;
Total synthesis by Heathcock: Swern \ 85:15 83% OPMB OH :
J. Org. Chem. 1994, 59, 7566-7567 ; Me” : <~ “OTHP RV A oTHP !
16 steps, 4% yield : v z € : : :
16 steps ' Me Me Me Me Me e '
1.3% overall yield :
O OTr e !
i Me——=——Me oK O OTHP OPMB OH
y —_— 1. NaH, DMF, PMBCI 95% OPMB i |I\)
l\:/le c 'ir?(l:JlMgzcrln o ME/WOTr g (Zgggl,;lg;vlso DIPEA 96% // ! - Me/\('\-/W\OTHP
2 . s s (0] - H z
[Cp2 7§l/0 oo Me Me 2 > MeT - 1.58% Me Me Me Me
1:1 mixture (A) 4. CBry, PPhg, Zn 89% Me Me M o L1:1.8 mixture (B)
HPLC separation 5. nBuLi (2 equiv), 91% HPLC separation
1. TBSCI, imid. 84% O
' OPMB OTBS -4 mi
B 22 o e YT “So ] ; e - e OMe__
Me Me Me Mo NS Nppe s DD @ NeN TBAF, ACOH 65% Me {(-)-ACRL Toxin Il B }

.................

Carbapenem ( ! -lactam) Antibiotic precursors

Barton et al, 867 oo S /@
e >
; - MnO,, NaCN, MeOH - mCPBA then
Starting material: 20 iC, 75% MeO s tol. reflux, 80%
J. Chem. Soc., Perkin Trans. 1, 1990, 3211-3212 N/ - -
N/
20% CHO
MeO, ~=
MeQ +
S
S N /> 1. TFA AIBN, HSnBuj TBAF then  MeO ;/OMG
0 s— 2.TESCI, pyr., 90 iC PhBICO, /_/
DMAP =y N uS
(e} > 0
o 70% 85% o
40% CHO
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Synthesis of deglycobleomycin A, Boger et al, 273 NHBoc
NH,! HCI NHBoc N, o  Sn(OTf); (2 equiv)
CO,Et \)\2 COEL 1 NaBH, 70%  cHO . % N conn, , THE 0 iC
MeZ S n, Xy 2Mno,83% L 28N CONH, oMo 12h, 85%
v O Sl O =Tl O MK, e
- 0 M S 7:1
)I\ /)\ DMF, 100 iC HZNykcozEt H N%CO Et98 100% - _ 0 e 87:13 d.r.
EtO,C™ "N "COEt 72h, 80% Me 2 i 2 2 2 equiv \—-/
.____________________________________________________________________'e Me OEt Me‘ ’Ph
+ Synthesis ofA Boger etal, J. Org. Chem."1992, 57, 4331-4333 :
' ' Ph
; ! = Me
' OH HyN 1. EDCI, HOBt, 72% : /~
: I\If 2. LiOH, 91% : NHBoc ) N o
' BocHN : CONH )]’ . NHBoc
1 1 2 O T
: : MeS Nconn
' ' 1. BugSnH, AIBN 2
1 N 3 y
: MeS\/\/ : NTSN § -
: 1. EDCI, HOB, 52% N ont | HaN WO 2. NH3-EtOH oo
: 2. Mel, MeOH, 97% S S + ; 3. LiOH J_ o
: A _3.HCI, 99% o : Me OH HoN
] - NH, ,\; \\ BocHN ™ “MeHO : Me OEt
E K/ks :
Me H 0
/§\/\/ ‘Q’ H,N_ O Nt y W g
Me S H = & N
H,>N O N ;.
O 2 \/\COZNH /%\/\/

NHBoc s
SR aals et s SN SY W=
v N I ?
HO\ A\ N 0 k/k Z
LY NN

O HO N
Me HO”:>Me H,N 0 NH N
\
NCPh; Ao : Me HN o K/“\
H,N 0 A : s
H

> > H
Me HN .
1. EDCI, HOBt OH 1. A, DCC, HOBY, 64% HO™ N\> ..................
2. LiOH Ly 2. TFA, 60% | ideglycobleomycin A,;
HO* N NH N i .___.<
| Y
NCPh; Total synthesis of bleomycin A, (with disaccharide unit):

Boger, D., J. Am. Chem. Soc."1994, 116, 5647-5656
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ChemBio, etc. in ACIEE 693

-Review on Vitamin B;, biosynthesis, Scott 1223 : : Neutral Anion Receptors, Complexation Studies

->10 articles on porphyrin syntheses
->10 articles on self-assembling structures

(\N/\I
NH HN
(@) R

SFM Images of DNA

H
_or_

Super Coiling
Samori et al, 1461

NH,

: —
' HZN\/\N/\/NH2

Y

Cl R R

Reinhoudt et al, 900 Association
Constant
Compound R H,PO, HSO, cCI-
o Al CH,CI 4700 36 96
\( A2 (CH»),CH; 870 65 63
R B3 CH,CI 6100 170 1740
/\ B4 (CH,)4CH3 280 31 290
B5 Ph 870 56 100
HN\(O B6 4-MeOPh 510 73 190
R B7 4-MePh 3500 79 540
B8 naphth 14200 38 1600

Selected Oddities Difluorodioxirane DesMarteau et al, 905

CIF, CsF(s)

—_— F
E oF flow system =
up to 50% +

ON

H
F\|/O

o

F
I . E
nea H
Pl o5

-196 to 22 {C over 4h

X
_2> DFDO collected at -196 iC
OF ET G~ bp: -85 iC
C Gas stable at >12h 22 {C
DBN and DBU as nucleophiles ® o
Bertrand et al, 399 @/j Cl
N (R,N),PCI N
\N — P(NR;),
DBN DCM, RT (delocalized charge,
o ] based on XRD) 2 cl©
N (RoN)PCI, 2®
~ L »| N N
N —p—
DBU DCM, RT € N FI> N )

R

Structure of BrN 5
Hargittai et al, 759: )
-multiple explosions reportedE

Brz + NaN3 —— BrN3

1. solids combined at -196 iC
2. Warm to -10 jC, load into ED
3. Recool to -196 iC
then warm to 0 iC, 1h

109.7§

O 1.231-
1129«
1.899
170.7;

Structure of IN 5
Klapotke et al, 275

0iC, 1h
|2 + AgN3 —— |N3
Isolated as a solid, kept at 4 |C
-crystals coated with OKel-FO
polymer for XRPD
-explosion reported for ED

analysis at RT_ 1;5,,

O 18-
1.167 -
2133«
171.4i

Two New Solid Forms of NaOH at High Pressure

Beck et al, 271

BNoC-D) -~

T("NiAs")

wo acse @ o oo

0
0 100 200 300 400 500
plGPa}—=

Phosphane in the Biosphere

Table 2. PH, content of the feces of man.

-High pressure apparatus
in XRD allowed for
identification of two new
crystalline forms, ONacCl
110 and ONiAsO

Gassmann et al, 761

Entry Origin PH, [ngkg™']
1 baby (4.5 months old; milk diet} not detectable
2 toddler (8.5 months old; mixed diet) 162.1 +11.7

3 vegetarian 127 £1.7

4 married couple (husband; mixed diet) 81.0 £17.3

S married couple (wife; mixed diet) 81.2 +16.4




