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Tiffeneau-Demjanov type rearrangements of cyclopropanol system
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working hypothesis: spirocyclopropaneisoxazoline

rearrangement

S,

Alberto Brandi — Dept. of Organic Chemistry “U. Schiff”, UNIFI -;,Aj-

Chameleon reactivity of spirocyclopropaneisoxazolines
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rearrangement of strained isoxazolidines: 1,3-dipolar cycloadditions to methylenecyclopropane
chemoselective synthesis of assorted azaheterocycles
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E Synthesis of spirocyclopropaneisoxazolidines O

Synthesis and reactivity of tetrahydropyrid-4-ones 1,3-Dipolar

Cycloadditions

Synthesis of 2,3-dihydropyrid-4-ones

Synthesis and reactivity of b-lactams and b-amino acids
No R—C=N-0O

Synlett 1993, 1
Top. Curr. Chem. 1996, 178, 1-97
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Syntheses of methylene- and alkylidenecyclopropanes
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Regioselectivity of the cycloaddition

regioselectivity of cyclobutylidenecyclopropane
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cyclopropane effect:

intramolecular cycloadditions
electrophilic attack of the nitrone on alkylidenecyclopropanes?
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intramolecular cycloadditions intramolecular cycloadditions

Pd(dba),
D<§ dppe
a) nBuLi, THF a) PCC, CH,Cl,
OTs 0 °C, 1h 25°C, 3h
—_— —_
77-92%
b) I OTHP ( b) RNHOH
A " 2565 °C,
78-20 °C 4h-48h
¢) H,S0,, MeOH n=149% HO
- H n=2 60%
A/\ 1) Red.
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A2 2) MeNHOH f
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A:B - H
O—N + R
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Me Ts 81 4555 R R=Me 58%
iPr Ts 62 39:61 Bn  52%
Bn Ts 74 3862
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CHyind  Ts 63 61:39
CH,CH,CH,- 95 >99:1
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first rearrangement observed (Brandi-Guarna Rearrangement) ]
COMPUTATIONAL S’I"UDIES A Combined Density Functionl};:::d;ll;!ir;i::?“guantnm ‘Chemical Study of the

Prof. Jiirgen Fabian Estael Ochoa™ Matthias Mann,™ Dirk Sperling,*! and Jiirgen Fabian*!
Technische Universitat Dresden, Germany
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» By refluxing in an appropriate solvent between 80-180 °C, or by 'I" 'l?'
heating at the same temperatures in a closed vial in an oven. R=R’=H 36.5 311 20.4 -58.4
» Flash Vacuum Thermolysis (FVT) at 400-600 °C. R=Me; R'=H - 34.8 20.6 -58.7
» Isoxazolines require generally higher temperatures than R=H; R'=Me 328 282 16.5 618
isoxazolidines (U)DFT/B3LYP/6-31G*

Energies in kcal/mol
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(U)DFT/B3LYP/6-31G*
Energies in kcal/mol Ph
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The cyclic nitrone route to aza-bridgehead heterocycles
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after 24h time
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¢ complete control of regioselectivity
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90% 25% 30% Chem. Rev. 2003, 103, 1213-1269
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Bicyclopropylidene: an unique olefin
Bicyclopropylidene:
an highly energetic material

Air Force Office of Scientific Research 2000
‘Star Team'

) “ BCP
l s n n n O
ERC research scientists at the Air Force Research 7 —_— —_—
Laboratory Propulsion Directorate at Edwards Air @N N~ N
Force Base received the Air Force Office of Scientific N 1 O
Research Star Team designation for research 5 o= O

W 20—C 2‘1
excellence in the areas of Combustion and Plumes, r \ @ |
ngh Energy Density Matter, and Hybnd Polymer
D This award r gnized outstanding
basic research accomplishments in support of Air
Force technology needs in the rocket propulsion
technology area. Research accomplishments included
advances in chemical synthesis of new more energetic
rocket propellants and propellant ingredients;
advances in the development, synthesis, and
characterization of new inorganic/organic monomers
and polymers; and accomplishments in the
understanding of the chemical kinetics of gases found
in rocket engines during combustion.
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putative alkylating activity against DNA: like illudines

structure/activity investigation

Synlett 2001, 433
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( ) Synlett 1997, 25 J. Org. Chem. 1999, 64, 7846
Alberto Brandi — Dept. of Organic Chemistry “U. Schiff”, UNIFI S:i; Alberto Brandi — Dept. of Organic Chemistry “U. Schiff”, UNIFI 5;&
cyclopentenylation reactions synthesis of dienes
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e s ELallal
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Sml, opening of the spirocyclopropane ring new chemoselective Pd catalysed rearrangement of reduced isoxazolidines
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—_— +
N THF/DMPU N N working hypothesis:
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unpublished results

Sml, (yield 70-90%)  Tetrahedron Lett. 2004, 45, 8375
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2,3-dihydropyrid-4-ones

(0]
0 Q/\A - N TO%
NH  OH !
Pd(OAc); 10 mol%, ) - Pd(OAc), 10 mol%,
Py, toluene, 80°C I g)i(,'da"t 65% DMSO, 100°C, 3h Q Pd(")
—_— ° i -
gt l}] 0,(5 atm) 85% oxidant: Cu(OAc),
_NH OH _—
N 62%
NH OH
~
N7 o
t-BuQ H
) (0] 0 o
Z N~ Ts ~NH OH l
Pd(dbay), 10 mol%, (0]
oxidant oxidant oxidant CHsCN,ZSO"C, 20 Pd(0)
air 40% air 87% (1.5:1) air 35%
O,(5 atm) 70% O(5 atm) 90% (5:1) Oy(5 atm) 65% [
N 75%
NH  OH
J. Org. Chem. 2005, 70, 5636
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proposed mechanism for formation of 2,3-dihydropyrid-4-ones

R O—PdXLp R 0] -HPdXL, R /O""PngLn
T K L it
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spirocyclopropane pyridin-4-ones
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OMe
MeO.
R-R2 = —_— 87%
N (1:1)
—" ] O H H o
RI.R2= o~<‘: — 92%
N (1:1)
BnQ BnQ BnQ
) 3 H o
R Rz=5”0~<: 95%
N (1:1)
BnO—"

BnO— BnO—'

t-BuQ tBuQ t BuO
j i3 o] H o]
RI-R2= <: - . i : :51%
Nz N 0

a-cyclopropane-b-aminocyclopropanols
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—_—
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. EIBr Br
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-
Alberto Brandi — Dept. of Organic Chemistry “U. Schiff”, UNIFI & A 3

domino rearrangement/fragmentation process:
new general synthesis of b-lactams

/N\ > + H2C=CH2

F. M. Cordero, F. Pisaneschi, A. Goti, J. Ollivier, J. Salalin, A. Brandi, J. Am. Chem. Soc. 2000, 122, 8075
F. M. Cordero, F. Pisaneschi, M. Salvati, V. Paschetta, J. Ollivier, J. Salaiin, A. Brandi J. Org. Chem. 2003, 68, 3271

reaction conditions:
» Protic acid: HCI, TFA or p-

TSOH, 1 + 1.2 eq.
» Solvent: toluene, EtOH or
CH4CN

» Temperature 70°C =110 °C
> Reaction time: 30 min = 1 h
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proposed mechanism for formation of b-lactams
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support to the proposed mechanism

N/\Ph toluene, TFA

_—

110 °C, 2h

toluene, TFA

—_—

110 °C, 2h

42%

N"Ph 4
H
 —
deuteromethylene
insertion in the
tetrahydropyridone ring
J. Org. Chem. 2003, 68, 3271
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support to the proposed diradical mechanism
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three component synthesis of spirocyclopropane-b-lactams

i -He o EIOH, NaOAc 2
Ne + + —
Ry” TOH Ry” “H 80-100 °C (MW
o) o AN
Ry =Bn R,=H 49-78%
=PMB = CO,Me
=Ph,CH = CO,Et
=tBu
= Me

A. Zanobini, A. Brandi, A. de Meijere, Eur. J. Org. Chem. 2006, 1251

other acid and Lewis acid induced rearrangement

EtO,C
EtO,C
CH4CN
Bn—N —_—
\O 80 °C, /N
Mw Bn o]

LA (2equiv) M yigigo,

NH,OHHCI 25 43
BF3.Et,0 15 67

TMSCI 10 80
MgCl, 20 41
Ticl, 5 67

Sc(OTf); 10 61

unpublished results
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EtOH, NaOAc
R'NHOH +CH,0 + —— :
. 80-100 °C, . ield%
Hel 30-60 min R o) _Ryeld%
Bn 68
PMB 53
BnH 49
t-Bu 73
R20,C,
] ) EtOH, NaOAc
R'NHOH +R20,CCHO + alibisted
“HCl 0°C, N R'" R? vyield%
15-120 min R! o)
Bn Et 72
t-Bu Et 53
PMB Me 78
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changing the character of the N-protecting group

synthesis of dipeptides
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H
KMnO, MeO,C |
teCe % tBu0,C “NH, Bu0,C. N
o N
AcOH/MeQCO N (o] DMF, 152 °C, oM fo)
28% 20h 51%
MeO,C. r0n ACOH MeO,C, R1 o] 10
105 AOH Bu0,C” NH, . HCI L R
60 °C, 3d o N - 5 R? N/XI\N/\H/OIBu
44% T o DMF, 152 °C, 12 h H H o
R
R'" R?  yield%
Ph  Ph 61
Rl Boc,0 R! CN tBuO 84
Ce(NHA)z(NOS)E DMAP, MeCN
— Bn
HZO/MeCN N 82% £BUO N
-Bu
Meo H © © NC Bu0,C” NH, . HCI O CN O Bn
- > JL OtBu
R? yield% N—\ tBuO N N
. DMF, 60 °C, 12h
H 33 t8OC o o
CcN 77 (2S, 2/R) and (28, 2'S) 1:1 81%
CO,Me 90
Eur. J. Org. Chem. 2004, 4158
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poly(b-peptide): poly-1-aminomethyl-cyclopropanecarboxylic acid b-proline type compounds
Bu” T CO,Me
0 0 0 CO;Me ‘TO'Fli\e"ev CO;Me CO;Me
21034 QCOZMe _.l CI/M 10°g ! — (T con
S.Abele, P. Seiler, D. Seebach Q@7 &g © 1t foluene, No 72% ° cF,
Helv. Chim. Acta 1999, 82, 1559 P ¢} 42°C, 67% Ve
s 0
P
< 72%
Q - / o}
C
RHf
N
Rd pho)c” o ] Bu0 toluene BuO BuQ
activator H H H g 2 s uQ 2
L o M%b‘l D= O  y
| DMAA or DMF, 1 COoH
H O L, Buok o R ot R 0Olhrt 0 R e B”m -— tBuO—G‘:L —> BuO N
| oluene, ~0
R'=H, CN O-  42°C,75% Q Sr-cFs
H 76% ©
BNHz  ph N \X( \X“/NHBn
N
0 R R'" Oln R
A. Zanobini, 2005, PhD thesis, Géttingen, Germany Eur. J. Org. Chem. 2004, 2205
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cyclopropanated b-proline type compounds

antiviral synthetic targets

Inhibitors of HIV aspartic proteases
F. Benedetti, et al.
Bioorg. Med. Chem. 2003, 11, 4719

Inhibitors of HCV serine proteases
J. Rancourt, et al.

J. Med. Chem. 2004, 47, 2511

J. Med. Chem. 2004, 47, 6584
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synthesis of tripeptide Phe-Xxx-Val

Bi L-BocPhe-OH
nQ, ;\OBH o BnQ, SOBn COMT,
23 NMM
BnO COH —» BnO_,. COH 5
MeOH/H,0 N CH.Cl,
949, H MW, 60 °C,
° 30 min
BnQ BnQ  OBn L-Val-OMe,
o S HOB,EDCI,
NMM
BnO v o NHBOC [ —— BNO_ . COH 5
70% N CH,Cly, rt
Ph pMo 47%
NHBoc
ICs, = 36.7 MM

E——> ICy\=645mM

recombinant HIV-1 protease
F. Benedetti, University of Trieste

unpublished results

BnQ, \\OBn
\ D - :] TFA, toluene
B“O\“.‘--z /> — — » B
l}l+ 60°C,2d N 110 °C, 10 min
o- 73% BnO— 94%
OtBu
TFA, toluene \
_— CO,H
110°C, 1h N
70%
° O)\CF3
unpublished results
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synthesis of tripeptide Val-Xxx-Phe
L-Phe-OMe,
PyBrop, BnQ ;\OBn Ph NaBH,,
COH _DIPEA /( MeOH
—_— —_—
CH,Cl, ” CO,Me
O)\CFa 79%
BnQ, an
BnO__ /(
L-FmocVal
60% or
L:/‘;S")V a: R = CH(CHa),; Pg = Fmoc
DIPEA’ b: R=H,H; Pg = Boc
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