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The annulation reactions of alkenes with peroxycarbenium ions enable the synthesis of a variety of functionalizable 1,2-dioxolanes. Triethysilyl
protected peroxycarbenium ions proved to be optimal for the annulation reaction. Using this method, plakinic acid analogues can be synthesized
in three steps from the corresponding ketone and alkene.

The peroxide moiety is present in over 200 marine and introduce the peroxide moiety, current methodology relies
terrestrial natural products, many of which possess potenton reactions of ozone, singlet oxygen, and radical transfor-
biological activityl=8 For example, plakinic acid E and four mations involving molecular oxygéi-2°

of its isomers have been isolated frétakortissp, and they Peroxycarbenium ions have emerged as useful reactive
are cytotoxic against a range of cancer cell lines (Figufe 1). intermediates for the synthesis of peroxide$5 For ex-
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ample, Dussault and Zope reported that reactions of per-larger the silyl group, the greater the stability of the
oxycarbenium iond with allyltrimethylsilane provide 1,2-  peroxyketal, but the increased size resulted in lower product
dioxolanes (Figure 2¢ In this paper, we demonstrate an yields. In general, the smaller the silyl group, the better the
annulation yield. Protection with the triethylsilyl group was
found to be optimal for peroxycarbenium ion generation and
trapping®® In this case, cyclic peroxid&0 was obtained in
80% vyield as a single diastereoniégrising from equatorial
attack to the peroxycarbenium ion intermedi&te.

The utility of silyl peroxyketals was expanded by synthe-
sizing several substrates from the corresponding ketones
(Table 2). Attempting to synthesize peroxyketals according

Table 2. Synthesis of Silyl Peroxyketals
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Figure 2. Synthesis of cyclic peroxides.

effici(_ant generation of peroxycar_benium ipns and t_heir 1)HCORH, Hi02,CHCh  Esio OsiEty
reactions with alkenes that permit the rapid synthesis of )OL 2) Et;SiX, Et;N, DMAP o><o
plakinic acid analogues. R R R Ry
We considered that some of the difficulties in the genera- enyy substrate? product yield (%)°
tion and reactivity of peroxycarbenium ions centered on the o-OSiEt
terminal oxygen atom. The success of the reaction shown in 0 /@O /OLO,OSEBB
Figure 2 requires the terminal oxygen to be protected, but £Bu B 7
upon reaching intermedia the oxygen must be nucleo- " ?
ili 1 I i Me Me .
philic. Angle_, in the course of developing annulations for ) B0l no_LO~OSESs
the synthesis of tetrahydrofurans and tetrahydropyrans, @ o 0-OSiEts 53
encountered a similar challenge. He satisfied these require- 12 1 o-OSiEls
. L o
ments by protection of hydroxy aldehydes as their silyl o-OSiEts N
ethers?’-2° ®
The use of silyl-protected peroxyketals provided an ideal Me Me
balance between stability and reactivity. Various peroxyketals “ 15
were investigated in the annulation reaction with 1,1- () /OEO J:><O—OSiEt3 o
disubstituted alkené (Table 1). No annulation products were Me Me O-OSikts
16 17
Me Me
) ph/\/go ph/\/k Oosiets 48
Table 1. Investigation of Silyl Protecting Groups in 18 o OSiEt
Peroxycarbenium lon Formation
RO OR Me OBn aTypical reaction conditions: (1) HC® (30 equiv), BO (30 equiv,
o_0 OR 50 wt % in H,0), 25°C, 10 min; (2) E4SiCl or E&SIOTf (2.5—4.5 equiv),
SnCly L0® 4 £72 EtN (2.5—4.5 equiv), 0—25C, 4—18 h.P Typical reaction conditions:
weu L7 - w (1) CRCOM (12 equiv), HO, (3 equiv, 50 Wt % in HO), 25°C, 5 min;
-Bu e OBn (2) E&SIOTT (3.2 equiv), BN (3.0 equiv), 25°C, 16 h. Yields based on
t-Bu one diastereomer® purified products.
R H  SiMe; SiEty SiMeytBu  Sii-Pry
substrate? | 5 6 7 s 9 to literature procedures resulted primarily in the formation
) ) of dimers and trimer&-26The formation of oligomers was
yield (%) 0 80 80 30 0

aTypical reaction conditions: Sng&(2.0 equiv) and olefin (3.0 equiv)
in CH,Clp, —78 to —3 °C, 4—24 h.PYields based on purified products.
¢ Determined by*H NMR spectroscopy.
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minimized using chlorinated solvents and strongly acidic || | N NG

conditions. Tr_e_atment of keton]a;l. under the optimized. Table 4. Alkene Scope: Investigating the Effect of Alkene
reaction conditions followed by silyl protection resulted in - Nycleophilicity
74% yield of the stable and easily handled silyl peroxyketal o-OSiEts

7, requiring only one purification. /OLO/OSiE‘s alkene ,Og}rez
The success of the annulation reaction is sensitive to the (g, SnCl, T tBu R
7

structure of the silyl peroxyketal (Table 3). Cyclohexanone-

entry alkene? product yield (%)°

b
M WSEM93
t+Bu

SiMe:
Table 3. Synthesis of 1,2-Dioxolanes from Silyl Peroxyketals: /;/ e - 250
Substrate Scope

Me OBn
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X » R /M\/\OB” OSiEty t-Bu M
R R 1 27 M€
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entry substrate? product d.r? yield (%)¢ 0-0

o-OSEts oo (3~ SMexCHPhy) t.BUMSiMez(CHth) 72
[ jL _OSiEt, 28 >
! o OBn one
v +-Bu t-Buw diastereomer 80

Me
7 10 Me Me 070 Me
i . 48
o-OSiEts oo ) M\QSIMez(CHPhﬂ t_Bu%&Mez(CHth)
; 30
(2) o—OSIEtg ¥ OBn 11 72 00
o -
Me
Ve we ® RS 7
OH tBu Me
15 32 27
Me 0-Q o8 M 0-0 o
@) Oupsi PRNAN OB 1 57 e -
o~ o e © MOE‘ ’U\NOE,( 9y
. 21 tB
0 OSiEty 3 u 34 Me
0-0
Me _ Me
O-OSiEt BnO. OBn 0-0
(4) Bi 3 \/I/\X\/
"O\/ko—osnzg Mé T Me N/A 0 ) /\O 5 2
-Bu H
13 22 35 Me 16
0-OSiEts 6-0 ) ) ” ) .
(5) D< OBn  N/A 0 aTypical reaction conditions: Sng(2.0 equiv), alkene (3.0 equiv); 78
O-OSiEt; Me to —3°C, 3—24 h.P Typical reaction conditions: Sng{10 equiv), alkene
Me ! yp . y q
17 Mé 23 (4.0 equiv),—78 to +25 °C, 24 h.¢ Typical reaction conditions: Sngl

(1.0 equiv), alkene (3.0 equiv};78 to —5 °C, 22 h.d Stereochemistry
aTypical reaction conditions: Sng(2.0 equiv) and alkene (3.0 equiv) determined by analysis of DPFGSE-NOE dé&t¥ields based on purified

in CH,Cl,, —78 to—3 °C, 2—4.5 h.? Determined byH NMR spectroscopy. products.
¢Yields based on purified products.

tuted alkenes as nucleophiles. Allylsilanes, which are com-

derived structures are favorable for the annulation reaction parably nucleophilic to 1,1-disubstituted alkerigalso serve
(entries 1 and 2). Annulation of silyl peroxykete provided as potent nucleophiles to trap peroxycarbenium ions. Al-
1,2-dioxolane21, which posseses the core structure of the though p-methylstyrene35 is as nucleophilic as allyltri-
Plakortisnatural products (entry 3)Entries 4 and 5 represent  methylsilane’? an annulation using this alkene provided 1,2-
examples in which the driving force for BaeyeYilliger dioxolane36 and polymeric material.
oxidatior?”~#?is greater than that of annulation, even under A variety of monocyclic peroxides can be obtained
optimized conditions. employing silyl peroxyketal 9 (Table 5). Entry 1 shows the

Various alkenes can be employed as nucleophiles in theideal system for establishing not only the cyclic peroxide
annulation reaction with silyl peroxyketal (Table 4). moiety but also installating the acetic acid side chain common
Optimum results were obtained by employing 1,1-disubsti- to peroxide natural products (vide infrej.
The use of a readily oxidized silyl group for the annulation

(35) Hamann, H. J.; Liebscher, J. Org. Chem2000,65, 1873—1876. reaction allowed us to obtain synthetically useful peroxides.
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(37) Renz, M.; Meunier, BEur. J. Org. Chem1999, 737—750. but the labile benzhydryldimethylsilyl group proved to be

L) Chida, N.; Tobe, T.; Ogawa, Setrahedron Lett1994,35, 7249 useful for the synthesis of 1,2-dioxolandéldnder relatively
(39) Reyes, L.; Castro, M.; Cruz, J.; Rubio, W.Phys. Chem. 2005,

109, 3383—3390. (43) Mayr, H.; Kempf, B.; Ofial, A. RAcc. Chem. Re2003,36, 66—
(40) Noyori, R.; Kobayashi, H.; Sato, Tetrahedron Lett1980, 21, 77.

2573—2576. (44) Tamao, K. InAdvances in Silicon Chemistry; Larson, G. L., Ed.;
(41) Chandrasekhar, S.; Deo Roy, Tetrahedron Lett1987, 28, 6371~ JAI Press: Greenwich, CT, 1996; Vol. 3, pp-62.

6372. (45) Fleming, I.Chemtracts: Org. Chen1996, +-64.
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Table 5. Synthesis of Monocyclic 1,2-Dioxolanes

o OSEts
Ph ;
_OSiEts alkene 0-0
\/\Mto — Ph Ry
19 el Me Ry
entry alkene? product dr®  yield (%)°
Me 0-0
@ /I\/\osna Ph OH 1 7
26 s Me Me 37
Me _
0-0
2 NOBn Ph OBn 1:1 57
4 Me Me 21
. O_ "
3) /\/S[Mez(CHth) Ph SiMex(CHPhy) 9.4 57
28 Me H 38¢

aTypical reaction conditions: Sng(1.0—2.0 equiv), alkene (1-63.0
equiv), —78 to —3 °C, 2—3 h.b Determined by'!H NMR spectroscopy.
¢Yields based on purified productsMeasured by HPLC analysis of the
unpurified reaction mixture® The major diastereomer was isolated, and its
stereochemistry was determined by analysis of DPFGSE-NOE data.

mild conditions, oxidation of the carbersilicon bond
occurred without significant destruction of the peroxide
linkage (Scheme 1).

Scheme 1

0-0 1-BugNF/THF, MeOH, 00
,Ok/\\/SlMez(CHPhZ) NaHCO3, H,0, ’Ok/\\/OH
tBu H 52% tBu H
29 39
-BugNF/THF, MeOH, Me
0-0 Me me NaHCOs, Hy05 o 0-0 Me
52%
t-BuW SiMe,(CHPh) ° £Bu Me  OH
31 40

X-ray structure

n-BuyNF/THF, MeOH,

0-0 )
P\ A\ A~ SMERCTP) R0 B2 Ph/\/KE\/OH
o
Me H 60% ngt)

38

The reactions of peroxycarbenium ions with protected
butenol 26 allows for the rapid synthesis of plakinic acid

required to introduce the acetic acid side chain common to
many peroxide natual products (Schemé-2pioxolanes

Scheme 2
0-0 1) RuCls, HslOg o0 @
on 2) TMSCHN, _ woMe
t-Bu Me 83% ™ tBu Me
27 42
0-0 1) RuCls, HslOg o0 O
Ph OH  2) TMSCHN, Ph OMe
Me Me 81% Me Me

37 43

27and37, prepared in one step from the corresponding silyl
peroxyketals, were converted to structures resembling the
plakinic acids by oxidation of the primary alcoH8ISub-
sequent methylation of the carboxylic acid afforded 1,2-
dioxolane methyl carboxylate$2 and 43 in good yield*®

In conclusion, the annulation reactions of alkenes with
peroxycarbenium ions enables the synthesis of a variety of
functionalizable 1,2-dioxolanes. The silyl protecting group
used in the generation of peroxycarbenium ions governs the
success of the annulation reaction. With the appropriate
choice of ketones and alkenes, plakinic acid analogues can
be synthesized in three steps.
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