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Dioxiranes: a New Class of Powerful O-atom Transfer Agents

From gas phase MW Spectra
Suenram, Lovas JACS 1878,5117
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Theor. Calens
Cremer, Schindler, Chem.Phys.Lett. 1987, 293

Cf., 0-O bond common peroxides 1.44-1.50 A

Isol nth

Sander et al., JACS 1997, 7265
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arbonyl Oxides and Dioxiranes from nation of nes in Argon Matrice
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Sander et al., JACS 1997, 7265

Peroxymonosulfuric Acid Potassium Peroxymonosuffate
(Caro's Acid) (Potassium Caroate)

OXONE®(DuPont); CAROAT®(Degussa); CUROX®(Peroxide Chemie)

(n-Bu4N’)(Oxone)J soluble inCH,Cl, Trost, Braslau JOC 1988, 532.




- . g
2HSO5™ —— 280,27 + 2H* +: Ozsl

Stoich:
Rate law: R = k) [HSO5 ]1[SOs>]  overall second order
in peroxide
Mechanism
T A~ 1
'o-ﬁ-o-o‘+ ®-0-5-0" — SO4* + HSO, + 0,°!{e-0)
o] H (o) 50% of original
180 Jabel

Edwards, /norg.Chim.Acta.Rev. 1968, 53 and refs.

Ketone-catalysed Caroate Decomposition

pHS., at25°C

be recovered unchanged

Montgomery JACS 1974, 7820
* Newly introduced by Denmark etal.: JOC 1998, 2810




Oxidation of Donor Substrates by Dioxirane in situ

Edwards, Curci et al. Photochem. Photobiol. 1979 , 63.
Curci In Advances in Oxygenated Processes ; JAI Press: 1990; Vol. 2, Chapter 1.

Curci In Advances in

Oxygenated Processes ;
Baumstark, Ed.; JAl : 1990; Vél.
2, Chapter 1.




Epoxidations by Dimethyidioxirane /n Situ (from Acetone and Caroate)
in Water or Water (pH 7. -7.5) / CH.Cl, Biphasic System Bus;N*HSO,™ (PTC),
at 2-10°C

Curci etal. JOC 1980, 4758; 1982, 2670

Example of Optimization of Alkene Epoxidation by Dioxirane /n Situ.
Oxidation for (£)-6-(Phenylmethoxy)-2-hexene.
Oxone excess {10 equiv) added during 8 h, at 0° C.

katone, OXONE®

BN pTC ammonium sat (0.1 equiv) Bn
™ C H,Cly/Buffer (pH 7.8)
H3 H3

. epoxide/ reaction
ketone equiv olefin ratio time

Denmark etal. JOC 1995, 1391; JOC 1998, 2810.




The lIsolation of Dioxiranes

N2 (or He) stream
HiC_ . H;C.__ O
/c-_—o + K*0S0,00H " el |
HsC Condensation at -80 HyC (o]
aqueous buffer pH 7-7.5 20-30 min
ca. 0.1 M in acetone
ﬁl,,; 333 pm (€ ca. 13) ‘
Wurray et al., JOC 1985, 2847. ! THNMR: 51.65()

; 13C NMR: §22.72 (CH3)

/0
= 5102 (9\|)
[+]

[ urci et al., JOC 1987, 698.
170 NMR:3 302. (s)

Apparatus for Isolation of Dioxiranes

silanizedr
glass wool

Caroate\
Vacuumn
Ny — \_1 ( ca. 150-100 Torr )
: m
CH3COCH3, H20, !
NaHCO3 N— | .
pH7.-7.5 ;
4
The isolation of Methyl(triﬂuoromethyl)dioxirane
HAC N, (or He) stream HaC
3! 3 (o]
T Nc=0 + K'“0S0,00H el
e c/!’ Condensation at-80° - E c/ (¢]
~ 73”1 aqueous buffer pH 7-7.5 §-6min 3 !
([ upto1.5 MinTFP 1]
e M7 nm (€ ca.9) S
. I NMR: 5197

Curci et al. JOC 1988, 3890. | 13 NMR: 314.51 (CHy), 1222 (CFy)
: o
7
5973 (g\ 1 )

170 NMR: 5 297. (s)




Qutline of Dioxirane RQ&QIi!in R=CHg or CF;

.0/
R-NO,~R'!-N=0

2
R1 R cis-stereo-

@ R'-OH ! WA  specific
2
H’: , etc
pr! HO 0
o - 2
=(R2 HO R R
HO-Si—-R?

o 9 R

Most refs., see: (a) Curci et al., Pure Appl. Chem. 1995, 811;
(b)Adam, Hadijiarapoglu, Curci, Mello in Organic Peroxides, Wiley: New York, 1982; Chapter 4.




Energy Diagram for the Interconversion of Dioxirane to Ester via Bisoxymethylene

(Relative Energies are in kcal mol™)

u

—30.0
HsC,, O
; 0.0
H3c’<6

* QCISD(T)/6-311+G(3df,2p)//QCISD/6-SlG' . Bach et al., in press; see also JACS 1992, 7207.

¥ B3LYP/6-31G(d,p) : Cremer et al. Chem. Phys. Lett. 1998, 97.




me Transformation

0o

4 O\\
Mn_
g

C
1
Ar

Cr(CO);
OCH3 4
S—R

O’/

(@ curci etal. JOC 1993, 3600.
@) curci etal. TeLe 1996, 115.

@) Curci st al. JOC 1993, 7289
@ Curci et.al. TeLe 1998, 115,

@ Saba Synth. Comm. 1994, 695.

R =CHg3 or CF3

ing Dioxiran

ee 98%
* “C=EN

@ Prato, Scotrano, et.al. TeLe 1991, 6215,

(D Messeguer etal. TeLe 1992, 3021.

Thomas et al. Chem. Comm. 1993, 1059.

@ Curci, Sweigart et.al. Organomet Chem. 1995, 1545.
Curci et.al. TelLe 1992, 7929.

Other examples., see: Adam, Hadjiarapoglu in Topics Curr. Chem. 1993, 164, 45.




Most Refs., in: Adam, Hadjiarapoglu, Curci, Mello in Organic Peroxides ; Wiley: New York, 1992; Chapter 4.

@ TFD : Curci, Messeguer et al., Tetrahedron 1993, 6299
DMD: Zhang, Foote, JACS 1993, 8867; Adam et al., JOC 1994, 2733.
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acetone, 20 °C
1 h, conv. > 95%

EE
al

H,C Ph
Ph

Qe

yieid > 95%

no reamangement
products observed

Adam, Curdi, etal.,

Euwr. J. Chem. 1997, 99.

reairangement products
expected

Cis- Spiro

Curci et al., Pure Appl. Chem. 1995, 811.
Recent calculations:
Bach et al., J. Phys. Chem. 1997, 6092.
Houk et al., JACS 1997, 10147.
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HSO,

1 3
HSO:~ (i' Me W up toe.e. 24%
5 Hg ¢ \H

Ph CF; R?

Curcietal. TeLo 1995, 5831.

Facial Selectivity and Competing Approaches of an Olefin
to Diastereotopic Peroxide Oxygens of Chiral Dioxirane

* The o electron-withdrawing groups enhance dioxirane reactivity

12




Some examples of Enantioselective Epoxidation
of trans-Stilbene with in situ dioxiranes from Ketone and Caroate
in water/organic cosolvent at 20 °C

Chiral ket
P'recu?s 8Pe Cosolvent PH o, ge Note

@ vYangetal, JACS 1996, 11311, @ Shietal, JACS 1997, 11224,
® Amstrong and Hayter, Chem. Comm 1998, 621.
See also: Adam, Zhao, Tetrahedron Asymm.1997, 3995.

Steric control of competing approaches of olefin
achieved by C2 or pseudo-C2-symmetric elements

. : ( 13

-




Efficient and highly selective oxyfunctionalization of saturated hydrocarbons

o |Ea=14 kcal mol™
Klkp = 2.6
OH
18 min CH;,
HO OH -20°C HsC \H\\
H 4

CH,
OH
CH,

(98%)

excess, 20 equiv
-20°,3h

Ph

Me*
Et

(98%)

Curcietal. JACS 1989, 6749; TeLe 1990, 3067; JOC 1996, 8681; Pure
Appl. Chem. 1995, 811. And refs therein

)L-OH

[ee72% ]
(>95%)
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(] -

Curcietal. JACS 1989, 6749
JACS 1991, 2205

acetone, 0 °C
1 h, conv. ~10%
- . >98%
Ha .
He 0 % | Guri, Fusco, D'Accolt, et al., in pnessJ
]

o Krearr. =24%10° 51
. * A *

Ingold et al., JACS 1989, 1927.

,is, R




FMO for O -Insertion b

ioxiranes into C-H bonds

*
Mo %o
& %
O
% HR TI'C HR An electrophilic "..encid" reagent E capable of insertion
into C-H bonds must have an glectron deficient orbital to
I the description of an hydrolmrbon in tetrahedral interact with the doubly occupied hydrocarbon fragment orbital
array - and one or more efecton pairs that serve as migration terminus
Bach etal, JACS 1992 for a 1,2-H shift
R i i - f
ol H
HC o
_ 7\ _— ~pp * ~
Ph acetone, 20 °C Ph Ph
2h
yield > 97%
Newcomb et al., TeLe 1998, in press.
Cft:
I
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Oxidation of 2.4-Didehydroadamantane by Dioxiranes

.o 0
"»-‘E;;Xé , 1.2 equiv
> +
CH,Cl, 0°C v :
Ell\Hzéconv 80% Lt
Gurcietal, unpublished .o (9o%) . e
HiC O . (o]
|
Hscxo ,2.2 equiv
» +
cefone, r OH
iz;. , conv 82%
(29%) (21%)

Teager, Murray JOC 1993, 5548

Oxvfunctionalization of Binor S by TFD

He P ) 1 e, [
o Rl ‘,\-’@ . ‘\-’@

CHCl, /t-BuOH -0
15 min, conv> 99% OH » OH
33% * i 39%
+ [ o
Curdi, Fusco, D'Accoltifo be published v
: HO OH
* Eirst fsolated by Eaton et al. {OC 1990, 6105). ) Csp




OQ@Q@ Curi, Mincione et al..JOC 1982, 2182; JOC 1992, 5052
@ Curci, Detomaso et al. JACS 1994, 8112

ol
Fs 0 3 equiv

CH.Cl/ 0°C
——————

3 h, conv.78%

85% isol. yield Ac

staric hindrance to optimum
stergoalignment at tert- €-H




Foote etal., Angew. Chem., Int. Ed. Engl. 1992, 351.

H
H3°><? +Ar  — & =0 + ArO

F3C 0 I':3

. BET

. .
| et | B | o

Ar = Pyrene, Rubrene Pyrenet detected by low-temp ESR

Curci et al., TeLe 1990, 6097.

F,¢” No- F,c” o° cryocH, *

Dioxirane Decomposition During Oxidation of Arenes Having Low Oxidation Potential

Ar




OMunctionalization of Buckminsterfullerene by TED

30 %

L8
HC O
5 equiv

JEEN—

o-DCB, 0°C
rs min, conv. > 90

————

HPLC yields

24%\*

Curci, Fusco, et al., unpublished +

§ For designation of Cg,O5 isomers, see:
Balch et al., JACS 1995, 8926.

11 %

_
i

* By MS (MALDJ) and '°C NMR L‘k
!
|
|
|
{
|
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|
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