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1,2,4-trioxepanes, readily prepared and easily handled derivatives of aldehydes and ketones, are stable to a variety of synthetic conditions and
yet easily deblocked with Zn/HOAc or Mg/MeOH to regenerate the parent carbonyl. Trioxepanes may provide an alternative to 1,3-dithianes for
acid-stable protection of carbonyl groups.

In the course of efforts directed toward synthesis of peroxide 3-methyl-3-buten-1-ol (Table 1). The use of a tertiary
natural products, we recently investigated acetalization of peroxide was expected to facilitate reagent synthesis and also
1,3-hydroperoxyalcohols. Although this known conversion

proceeded readilythe resulting 1,2,4-trioxepanes proved to _

be so acid-stable as to preclude deprotection under conditions_l_ ble 1. P ion of R
compatible with the preservation of the peroxide group. This able 1. Preparation of Reagent

stability, while frustrating from the perspective of peroxide OH catalyst OOSiEt
synthesis, was intriguing in the context of a new strategy )L) Et;SiH, O, OR
for carbonyl protection. We now demonstrate the efficient

conversion of aldehydes and ketones to 3,3-dialkyl-1,2,4- catalyst solvent 1(R=H) 2 (R = SiEts)
trioxepanes, the stability of these cyclic peroxyacetals toward CH,Cl, 27% 25%
a variety of synthetic conditions, and the regeneration of cCo(acac). EtOH 30—-35% 5%
carbonyl compounds under mild reductive conditiéns. EtOH/CH.CI, 30% 5%
Our initial choice of a protection reagent was based upon CICH2CHCI 50% 5%
Co(thd), EtOH 40% 1-2%

a known reagent, 3-triethylsilylperoxy-3-methyl-1-butahol

. i . ) . H.Cl 20% 18%
available via cobalt-mediated reductive oxygenatiaf CHCl, 0% 8%

(1) Oh, C. H.; Kang, J. HTetrahedron Lett1998,39, 2771. Dussault, . .
P. H.; Trullinger, T. K.; Noor-e-Ain, FOrg. Lett. 2002,4, 4591. Adam, to enhance the stability of both the reagent and the derived
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(2) We also briefly investigated the known reaction of carbonyls with trioxepanes towa d base pro oted agment he de

2-hydroperoxy-1-alkanols (Kerr, B.; McCullough, K.J.Chem. Soc., Chem.  Sired reagentl) was accompanied by variable amounts of
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em. Soc., Chem. Commu976, . O'Neill, P. M.; Pugh, M.; Davies, . :
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resulting 1,2,4-trioxanes were formed in lower yield and were less stable of 1 are available via chromatography, the crude reaction
compared with the corresponding 1,2,4-trioxepanes.
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mixtures were used for subsequent carbony! protections (vid=jj GG

infra) after filtration through a plug of silica gel.

Table 2 illustrates application of the peroxyalkanol for
protection of carbonyls. Protection is achieved using only a

Table 2. Synthesis of Trioxepanes

-0
o 12 R, O
1 eq TsOH-H,O 1>{
R{” "R Ch,, . R0
Ry R2 product (yield, %)
4-MeO,CPh— H 3(90)
4-EtO,CPh— Me 4 (91)
Bu Bu 5 (>95)
9-decenyl H 6 (86)
MeO,C(CHy),— hexyl 7 (>90)
4-tert-butylcyclohexyl 8(89)
MOMO(CH)4CC— (CH2)sCHCH, 9(82)
PhCHCH H 10 (83)
aSee Table 1.

slight excess of reageiitand without any need for drying
agents or azeotropic distillation. The resulting trioxepanes
are robust compounds completely stable to purification and
handling. Trioxepan®, for example, could be refluxed in
common solvents without decomposition; DSC revealed an
exotherm from 184 to 208C. Several of the compounds
displayed broadened or doubl#d or 13C signals for atoms

on or near the trioxepane ring; in the case of prodact
coalescence ofH NMR signals was observed at ap-
proximately 50°C.

Table 3. Stability of Trioxepanes

Ry 0-C 6: Ry =H Ry =9-decenyl
Rz/g 5. Ry = R, = butyl

conditions ti2, 6 conditions ti2, 6
toluene, 110° >24h  Me;NH (5 equiv), CH,Cl,  >24h
PhsP (2 equiv) >24h  Et3N, CuCl, hexyne >24 h
Pd(PPh3), >24h NaH, DMSO, 0°C >24 h
NaBH,(xs) >24h  n-BuLi (3 equiv), =78 °C 0.25h
H2CrOg4 (xs) >24h  10% aq HCI/THF (1:1) >24 h
DDQ (xs) >24h  10% NaOH/MeOH (1:1) >24 h
EtsN, THF >24h  TsOH, MeOH >24 h

conditions ti2, 5 conditions ti2, 5
KOt-Bu (xs) >24 h n-BuLi (3 equiv), =78 °C >0.5h
(THF or t-BuOH) NaH (5 equiv) DMSO,0°C >24h

10% aq HCI/THF (1:1) 4-6h

aUnless indicated, stoichometric reagent was used at room temperature.
Estimated half-lives based upon recovered trioxepane.

stable toward alkyllithium but considerably less stable toward
a strong acid.

Deprotection of the trioxepanes is achieved with either
Mg/MeOH or Zn/HOACc® The former is the more powerful
reagent; the latter proved to be superior in avoiding over-
reduction during deprotection to aldehydes or benzylic
ketones (Table 4). Attempted deprotection of styrenyl
trioxepan€el0 (not shown) resulted in products derived from
saturation of the alkene side chain.

The trioxepanes proved to be quite stable toward reductionTapje 4. Regeneration of Carbonyl

of other functional groups in the same molecule (Scheme
1).

Scheme 1. Stability toward Reductive Transformations
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trioxepane conditions carbonyl alcohol

Zn
Zn
Mg
Mg
Zn
Mg
Zn
Mg
Mg

85%
86%
quant

85%?2

85%

82%

50%

40—45%

80%

oo ~NO U~ D

a|solated yield of volatile product. GC yield 95%.

Table 3 illustrates the stability of trioxepanes toward
typical synthetic reagents. Trioxepafievas stable toward
all investigated conditions except for alkyllithium. Compared
with 6, ketone-derived trioxepang was somewhat more

(5) O'Neill, P. M.; Hindley, S.; Pugh, M. D.; Davies, J.; Bray, P. G;
Park, B. K.; Kapu, D. S.; Ward, S. A.; Stocks, P. Retrahedron Lett.
2003,44, 8135. thd= tetramethylheptadionate.
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Trioxepane8 was surprisingly stable; reduction with Zn/
HOAC required heating to 70C and addition of a trace of
concentrated HCI. This trioxepane also failed to react with
Me,CuLi, Smk, or sodium thiolates, while use of Na/NH
or Li/NH3 resulted in over-reduction. Reaction with ferrous

(6) Dai, P.; Dussault, P. H.; Trullinger, T., K. Org. Chem2004,69,
2851.
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Scheme 2. Protection with a Terpene-Derived
1,3-Peroxyalkanol
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salts resulted in rapid decomposition to furnish mixtures in
which the desired ketone was a minor component.

ate nonanone in high yield. The ease of preparation and
handling may render reagedt superior tol for some
applications.

Finally, we compared deprotection of a 1,2,4-trioxepane
with a similarly substituted 2,2-dioxolane (Scheme 3).
Trioxepanes was almost completely recovered under condi-
tions leading to complete deprotection of 2,2-dibutyl-1,3-
dioxolane.

In summary, we have demonstrated that 1,2,4-trioxepanes,
readily available derivatives of carbonyl compounds, are
stable toward a number of common conditions and yet easily
deblocked with Zn/HOAc or similar conditions. Protection

Scheme 2 illustrates the use of a 3-peroxyalkanol based®f carbonyls as 1,2,4-trioxepanes may offer a strategically

upon a chiral, cyclic, backbone. Reductive dioxygenation o

¢ similar but tactically complementary alternative to the use

isopulegol proceeds efficiently in the presence of either ©f 1,3-dithianes.

Co(acacy or Co(thd) to furnish peroxidel5 (Scheme 3).

Scheme 3. Selective Deprotection of 1,3-Dioxolane
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Supporting Information Available: Experimental pro-
cedures and characterization data foand 3—16 and *H
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This reagent undergoes reaction with 5-nonanone to furnishis available free of charge via the Internet at http://pubs.acs.org.

trioxepanel6, which displayed no evidence for conforma-
tional isomerism. Reduction df6 occurs readily to regener-
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