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Abstract: Molecules containing a hydroxy or aldehyde group tethered with a tri-

substituted ozonide moicty were prepared. We have demonstrated that the ozonide group

is stable under certain Lewis acidic, free radical, and organometallic conditions.
Therefore, chemoselective elaboration of the hydroxy or aldehyde group is possible

under these conditions. These functional group transformations followed by the
decomposition of the ozonide moiety provided an extremely convenient and versatile way
to prepare terminally differentiated compounds from symmetric cyclohexene. © 1998 Elscvier
Science Ltd. All rights reserved.

INTRODUCTION
Ozonides (1,2,4-trioxolane) have long been considered as unstable functional groups and are reduced or
oxidized directly right after ozonolysis.] Although several ozonides have been isolated in pure form, studies on
their stability and reactivity under different reaction conditions are rare.2 The antimalarial activity of the plant
extract artemisinin (Qinghaosu) is associated with the presence of 1,2,4-trioxane ring and a substantial effort has
been devoted to develop new synthetic routes to these cyclic peroxides.3 Reduction of the lactone on the
artemisinin with NaBHj4 to give dihydroartemisinin (a lactol)4 , with NaBHy in the presence of BF3#Et20 in

Fig. 1: The tri-substituted ozonides (1-2) contain four reactive sitcs.
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dry THF to give (+)-deoxoartemisinind without affecting the peroxide bond. Recently, we reported that the
in the presence of methvl pyruvate \m-hbﬂ the terminallv differentiated
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compounds with an aldehyde at one end and the ozonide at the other end. The tri-substituted ozonide possessing

i.e. the ozonide ring proion, peroxide, and CG3Me) could be

ihfee reaciive céniers as shown in Fig. 1
converted to different functional groups (i.e. aidehyde, carboxylic acid or enai) specificaily by empioying
different reagents.® We also found that the aldedyde could be reduced to the alcohol, oxidized to carboxylic
acid, and protected as a dimethyl acetal without affecting the ozonide moiety under mild conditions.6 In our
preliminary report, we have shown that the ozonides are also stable under some Lewis acidic, free radical and
organometallic conditions where aldehyde reacted cfficiently.”? The structure shown in Fig. 1 possessed the
fourth functional group (i.e. alcohol, aldehyde, or carboxylic acid). We are interested in investigating the scope
of elaboration the fourth functional group chemoselectively in the presence of the ozonide. The decompasition
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of the ozonide after elahoration of the will make our methodoloov more useful  In other

ation of the fourth functional group will make our methodology more

TP ne'l 1ty nf e rmathndAlnee: im sesanmacins tha
L uuilL l.y Ul Ui l!lWlWU 5’ iR picpﬁuug Wi

terminally differentiatcd bifunctional compounds from symmetric cycloalkenes. In this report, we summarize
the resuits of our work in this direction.
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RESULTS AND DISCUSSION
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ozonide 1 obtained above was dlrcctly treated with a solution of LiBH4 in THF to give the hydroxy-ozonide 2
in 56% yield. Their detailed preparation procedures were described in our previous reports.®

I. Chemoselective Elaboration of Aldehyde Tethered with Ozonide
Compound 1 reacted with trimethylsilyl cyanide in the presence of a catalytic amount of Zal, to afford a
mixture of trimethylsilyl cyanohydrin 1a and cyanohydrin 1a' within 0.2 h in excellent yields. The reaction

xtures should be submitted to column chmmamoranhv on silic nel rhrerﬂv to afford the pure nmdm‘lq 1a and

1a'. If the reaction mixture was concentrated by rotary evaporator before column chromatography, the yields
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iCig or SnCly, chemoseieciive aliylation of ihc aldehyde moiety with aiiyitrimeihyisiiane® or
auyimbutylsmnmmc’ proceeded smoothly to give the homoallylic aicohol 1b in high yieids (Scheme 1). These
results also indicated that the ozonide moiety is compatible with the stoichiometric amount of Lewis acids, such
as TiCly and SnCly at -78 °C.

Ozonides were reported to react with the Grignard reagents to give carbinols.10 However, when aldehyde-
ozonide 1 was treated with an excess amount of a less reactive organozinc reagent such as allylzinc bromide at
room temperature, the homoallylic alcohol-ozonide 1b was formed chemoselectively in 70% yield. On the other

hand, one mol equiv, of the BFgcphﬂll was requ uired to promote the addition of F'h7n to aldphvdﬂ-nvnndp 1
at 7R O ta oiva tha carnndary aloanhal_nznnida 1a in RUNOL viald A rnn ntluy tha nzanids maistv wace
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compatible with organozinc reagents (Scheme 1).
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Since the ozonide moiety is compatible with stoichiometric amount of Lewis acids at -78 °C, the
Mukmvama—tvne aldol condensation between aldehyde 1 and 1 mmethv] siloxvcyclohexene to form a mixture of

Scheme 1
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compounds 1d and 1d' is a logical extension.12 B-Hydroxyketone 1d was the predominant product as

determined by TLC before workup. However, dehydration occurred rapidly during the aqueous workup. The
double bond configuration of compound 1d' was assumed to be the one shown in the Scheme 1 but was not
assigned unambiguously. The BF3*EtpO-catalyzed self-aldol condensation of aldehyde 1 occurred
chemoselectively at room temperature to give the corresponding conjugated enal 1e in 50% vield. The proton of
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the aldehyde moiety in compound 1e absorbed at § 9.37 as a singlet and the vmyhc proton absorbed at & 6.48 as
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NOSY NMR technique (Scheme 1).

Dimethyl acetal-ozonide 1f could be prepared from aldehyde 1 and methanol in 80% yield at room
temperature without a catalyst. Aldehyde 1 reacted with 1,3-propanedithiol in the presence of 1 mol equiv. of
BF3¢Et20 to give 1,3-dithiane-ozonide 1g, which could be isolated as a spectroscopically pure compound in
79% yield, however, it decomposed slowly on storage even in the freezer. Since methyl sulfide is a reducing
agent to the ozonide,! the decomposition of compound 1g on storage might be due to the the reduction of the
ozonide by 1,3-dithiane moiety intra- or intermolecularly, Aldehyde 1 was treated with ethylene glycol in
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acetone in -toln, npculfnnalp {PP'T‘Q\ to oive 1 3 dinxolane 1
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presence of AIBN at 60 °C for 4 h,13 the bromoethyl ester 1i was formed in 61% yield. Under this reaction
condition, Ha was much more iabiie than Hy on the 1,2,4-trioxolane of compound ih. iIn other words, it is
possible to functionalize the cyclic acetal via a free radical process without breaking the ozonide ring in good
yield (Scheme 2). To the best of our knowledge, this is the first example to demonstrate the stability of the
ozonide moiety under free radical conditions.
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We have reported that mono-substituted ozonides could react with stable phosphonium ylides to form trans-
o, B-unsaturated carbonyl compounds in high yields.14 The first step of the mechanism probably involved the
deprotonation of the ozonide ring protons by the stable phosphonium ylides.14¢.15 In other words, the
phosphonium ylide could react with ozonide and aldehyde. It is interesting to compare the reactivity between
aldehyde and ozonide in the same molecule, such as aldehyde-ozonide 1, toward the phosphonium ylides. A

re of CBrs (1 mol eguiv.) and PhsP (2 mol equiv,) in CHaCly was gtirred at room temperature for 30 min.
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To the resulted mixture was added aldehyde-ozonide 1 to give the dibromomethylene 1j in 20% yield. The
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Ph3PeBr, 1% formed in the reaction mixture might decompose the ozonide moiety. The aidehyde-ozonide 1 couid
be transformed to o,3-unsaturated ester-ozonide 1k via either Wittig or Wittig-Homer-Wadsworth reaction in
71% and 76% yields, respectively. When aldehyde-ozonide 1 reacted with 1.1 mol equiv. of Ph3P=CHCOPh
in CHyCly at room temperature, besides the desired enone-ozonide 1m (60% yield), we also isolated 21% yield
of the enone-acid 1n, and 20% yield of enone 10 (Scheme 4). The formation of compounds 1n and 10 was
speculated as follows. The ozonide ring proton of the Wittig reaction product 1m was deprotonated by
PhaP=CHCOPh followed by ring fragmentation to give both enone-acid 1n and methyl pyruvate, which could
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ylide occurred before Wittig reaction. The attempt to use the arsonium ylidel? (i.e. Ph3As=CHCOPh) in the
same reaction in order to avoid the side products formation failed. When aldehyde-ozonide 1 reacted with 1.1
mol equiv. of PhaP=CHCOMe in CHCl; at room temperature for 6 h, the starting material cannot be consumed
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completely and another 1.2 mol equiv. of the ylide were needed to complete the reaction. Under this condition,
we obtained 22% vield of enone-ozonide 1m’', 22% yield of the enone-acid 1m'; and 57% vield of enone lo'
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literature reports. It is not clear why Ph3P=CHCOR (R = Ph and Me) had greater tendency to decompose the

|)\

ozonide ring of compound i than PhaP=CHCO,Me (cf. Schemes 3 and 4).

II. Chemoselective Functionalization of the Hydroxy Group Tethered with Ozonides

The reaction of hydroxy-ozonide 2 with AcO in the presence of a catalytic amount of DMAP20 afforded
the corresponding acetate-ozonide 2a in excellent yield. Compound 2 can also be protected as a rert-
butyldimethylsilyl ether 2b, and O-tetrahydropyran 2c¢ chemoselectively in good yields. It was possible to
oxidize the hydroxy group in aldehyde 1 by pyridinium dichromate (PDC) albeit in modest yield (Scheme §).

Scheme §
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ozonide was possible under a variety of reaction conditions. We have also demonstrated in our previous reports
that the trisubstituted ozonide moiety with triple reactive sites are useful synthons of the carboxylic acid,
aldehyde and enal.® In order to extend the usefulness of our methodology, we then used homoallylic alcohol-
ozonide 1b as an example and decomposed its ozonide ring by different reagents. Compound 1b was treated
with Ph3P to give an aldehyde 1p in 80% yield. Compound 1b was reacted with Et3N and the crude product
was further treated with CH2N> to give the corresponding methyl ester 1q in 83% yield. The reaction of the
ozonide 1b with aqueous sodium hydroxide in THF produced the o, 3-unsaturated aldehyde 1r in 92% yield as

Scheme 6
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mixture of two diastereomers (Scheme 6). The E configuration of tt
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ozonide moiety after elaboration of the fourth group (Fig. 1) provided an extremely expedient entry to prepare

ihe ierminally differentiaied compounds (L. e. ip, 1q and ir) in only three sieps from cyciohexene.

CONCLUSIONS
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group after the fourth group elaboration pmvided an extremely convenient and versatile way to prepare
terminaily differentiated compounds from symmetric cyciohexene. These products (1p, 1q and 1r) possessed
three to six different functional groups in the same molecule. Since the preparation of the aldehyde and hydroxy
tethered with ozonides from the other cycloalkenes are possible,P the application of the present chemistry to
them should be a logical extension.
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EXPERIMENTAL

All reactions were carried out under nitrogen. Unless otherwise noted, materials were obtained from
commercial suppliers and used without further purification. Ozone was prepared with a Fisher ozone generator
(Model 501). Melting points were determined by using a Yanaco micro melting point apparatus and were

uncorrected, The 1H and 13C-NMR spectra were
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ecorded on a Bruker AC 200 snectrometer and chemical
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882 specirophoiomeier and only noieworthy absoipiions weic lisicd. Mass specira were measured on a vG 70-
2508 mass spectrometer by electronic impact at 70 eV (unlcss otherwise indicated). The general workup
procedure was described as follows. The extracts were washed with water and brinc. The organic layer was
dried (Na;SO0y), filtered, concentrated, and chromatographed on a silica gel column by elution with

EtOAc/hexane to give the desired product.

5-(5-Methyl-5-methoxycarbonyl-[1,2,4]1trioxolan-3-yl)pentanal (1): A two-necked flask was fitted

with a glass tube to admit ozone, a CaCly drying tube and a magnetic stirring bar and was charged with
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cyclohexene (160.1 mg, 1.95 mmol), methyl pyruvate (299.0 mg, 2.93 mmol) and CHCl, (10 mL). The
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addition was siopped. Nitrogen was passed through the solution uniil the biue coior was discharged. Removal
of solvent afforded the crude product. The silica gel column chromatography by elution with EtOAc/hexane to
give the tri-substituted ozonide 1 (335.1 mg, 2.93 mmol; 74% yield) as a 1 : 1 mixture of two diastereomers.
TLC (EtOAc/Hexane = 1/1) Ry = 0.40; Colorless oil; IH-NMR (CDCI3) & 1.66 (s, 3H, -CH3), 1.42-1.81 (m,
6H), 2.48 (1, J = 6.9 Hz, 2H, -CH>-CHO), 3.80 (s, 3H, -COCH3), 5.24 (t, J = 4.8 Hz, 0.5H, -OCHRO-),
5.44 (t, J = 5.1 Hz, 0.5H, -OCHRO-), 9.76 (s, 1H, HC=0); 13C-NMR (CDCI3) 5 18.1 (CH3), 18.8, 21.1
(2°), 22.7 (2%, 29.0 (RCH2(CH?2)3CHO), 32.1 (HCOCH»), 52.3 (-CO2CH3), 52.4, 103.7 (-OCCH3RO-),
104 8 (-OCHRO-), 168.0 (COOCHa3), 168.5, 201.6 (HCOR); IR (CH2CI2) (v, cm -1y: 2958 (C-H), 1753
(C=0), 1433, 1374, 1282, 1250.
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1-(5-Methyl-5-methoxycarhonyl-[1,2.41trioxolan-3-yl)-5-cyano-S-trimethylsiloxvpentane
(1a) and 1.(§_Mat vie& _maoathnvvecarhanvl_ [1 2 Altrinvaloan. 2 vl € nvamn_ € hudranwwmamtéana
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trimethylsilyl cyanide (140.8 mg, 1.42 mmol) and zinc iodide (22.0 mg, 0.07 mmol) at room temperature. The
coior of solution turned red gradually and the reaction completed in 20 min. The reaction mixture was poured on
silica gel column chromatography and eluted with EtOAc/hexane to give trimethylsilyl cyanohydrin 1a (89.4
mg, 0.35 mmol; 51% yield) and cyanohydrin 1a' (98.0 mg, 0.20 mmol; 46% yield). Compound 1a: TLC
(EtOAc/Hexane = 1/3) Rf = 0.49; Colorless oil: 1H-NMR (CDCl3) & 0.21 (s, 9H, -OSi(CH3)3), 1.49-1.81
(m, 8H), 1.68 (s, 3H, -CH3), 3.81 (s, 3H, -CO>CH3), 4.40 (t, J = 6.7 Hz, 1H, -OCHCNO-), 5.24 (1, J = 4.8
Hz, 0.5H, -OCHRO-), 5.45 (t, J = 5.1 Hz, 0.5H, ORCHO-); 13C-NMR (CDCI3) & -0.48 (-Si(CHa)1), 18.6

(CH3), 19.3, 23.0 (2°), 24.2, 29.5 (2°), 32.6 (2°), 35.9 (2°), 52.9 (-CO2CH3), 61.2 (HC-CN), 104.2 (-
OCCH3CO2CH3), 119.8 (-CN), 169.1 (-CO2CH3): IR (CH2C1) (v, cm -1): 2087 (C-H), 1753 (C=0), |
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1 (2), 201 (2), 196 (6), 169 (42), 147 (80), 129 (i4), 113 (2), 103 (i9), 84
Compound 1a': Colorless oil; 1H-NMR (CDCl3) § 1.49-2.01 (m, 8H), 1.68 (s, 3H, -CH3), 3.37 (br, IH,
-OH), 3.82 (s, 3H, -CO2CH3), 4.50 (t, J = 6.1 Hz, 1H, -OCHCNO-), 5.25 (t, J = 4.7 Hz, 0.6H, -OCHRO-),
5.46 (1, J = 5.1 Hz, 0.4H, ORCHO-); 13C.NMR (CDCI3) 6 18.6 (CH3), 19.2, 229 (2°), 24.1, 242, 293
(2°), 32.6 (2), 34.7 (2°), 53.0 (-COCH3), 60.8 (HC-CN), 104.2 (-OCCH3COOCH3), 105.2 (O-CHR-0),
119.9 (-CN), 168.6 (-COOCH3), 169.4; IR (CH2CI12) (v, cm ‘1): 3550 (-OH), 2956 (C-H), 1754 (C=0),
1444 1375, 1283, 1191.

1-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-5-hydoxy-7-octene (1b): There are
several different condiiions (A-E) to prepare compound ib as a mixiure of diasiereomers.

(A) Reaction with Allyitrimethylsilane Catalyzed by TiCls4: To a solution of aidehyde-ozonide 1
(201.6 mg, 0.87 mmol) in 5 mL of CH>Cl» was added TiClg (1.0 M in CH2Cl32, 0.5 mL, 0.5 mmol) and
allyltrimethylsilane (108.9 mg, 0.96 mmol) subscquently at -78 °C. The reaction was quenched with water at
-78 °C after 20 min and extracted with CH>Cly. The organic layer was dried (NapS0y), filtered, concentrated,
and chromatographed on a silica gel column by elution with EtOAc/hexane (1 : 4) to give the desired product 1b
(210.1 mg, 0.77 mmol, 88%)

i-i o)
e
¥
¢

‘ AT
f

PR ) [Hh YUUS SUDRpIS Tos DS PUVONY A T Ko I § RECOWUEES IV AT 4 RNURNTIRS L AT T Pee S SRN
culyiuum:my»umn: 11 1 2.7 Hig, 1 GG uuuuu buuacqucuhy at-/0 .

-78 °C after 15 min and extracted with CH2Clp. The organic layer was dried (NaS0O4), filtered, concentrated,
and chromatographed on a silica gel column by elution with EtOAc/hexane to give the desired product 1b (201.7
mg, 0.74 mmol, 81%).

(C) Reaction with Allyltributyltin Catalyzed by TiCls: To a solution of aldehyde-ozonide 1
(211.9 mg, 0.91 mmol) in 5 mL of CH2Cl was added TiCl4 (1.0 M in CH2Cl, 0.5 mL, 0.5 mmol) and
allyltributyltin (332.5 mg, 1.00 mmol) subsequently at -78 °C. The reaction was quenched with water at -78 °C
after 30 min and extracted with CHpClp. The organic layer was dried (NapSQOg), filtered, concentrated, and
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chromatographed on a silica gel column by elution with EtOAc/hexanc to give the desired product 1b (217.5

e o 777N
I g l7 !lllllUl, I F70).
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(201.6 mg, 0.87 mmol) in 5 mL of CH,Cly was added SnCla (1.0 M in CHaClp, 09 mI, 0.

== =~ v Gt Qs NS AG AV AT SRX NORRZNALY Ves

(D) Reaction with Allyltributyltin Catalyzed by SnCls: To a solution of aldehyde-ozoni
Q

§§
£
S
>
1
B -
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after 30 min and extracted with CHCly. The organic layer was dried (Na3SQy), filtered, concentrated, an
chromatographed on a silica gei coiumn by elution with EtOAc/hexane to give the desired product 1b (184.0
mg, 0.67 mmol, 77%).

(E) Reaction with Allylzinc Bromide: To a solution of allyl bromide (223.3 mg, 1.85 mmol) in 4
mL of THF was added zinc powder (120 mg, 1.85 mmol) at room temperature and stirred for 30 min to form
the the solution of allylzinc bromide in THF. To a solution of aldehyde-ozonide 1 (206.1 mg, 0.89 mmol) in 5
mL of THF was added allylzinc bromide in THF at room temperature. The reaction was quenched with water
after 20 min and extracted with CHCly. The organic layer was dried (Na3$0Qy), filtered, concentrated, and

rhrnmatnmnhpd eilica onl column hv slntinn with Et)Ar/havana tn aivae the dacirad neaduct 1h (174 0
- w l AT EAR S A bvl W AJANAEARLRL UJ AARACIV/EL VY ALLL A J/UNS L AW LAV RUESEW WA b‘v‘\r‘ AW WRAPAL W ylww‘. r 34 \l F Y.\

Q0
cx C%

e o o la w27 o WP, & SR 19\ D 1oy araan /. 1 0% 7 £EIN
LUIUW‘I.IHU lll. 1L \ Ununc:)muc——u:)} nf= U .LJ \,muucaa uu, *rI-iNIVIR \LIJ'L,l_j} 0 l ‘il 1.62 (M, O11)},

1.67 (s, 3H, -CHa3), 2.11-2.23 (m, 4H, RCH,C(OH)HCH2CH=CH3), 3.65 (brs, CH2C(OH)HCH3?), 3.81 (s,
3H, -CO2CH3), 5.10-5.20 (m, 2H, -C=CH»), 5.24 (t, J = 4.4 Hz, 0.5H, -OCHRO-), 5.44 (1, J = 4.8 Hz,
0.5H, -OCHRO-), 5.70-5.90 (m, 1H, -CH=CH»); 13C-NMR (CDCl3) § 18.5 (CH3), 19.3, 23.5 (2°), 25.1
(2°), 29.5 (2°), 32.5 (2°), 36.2 (2°), 41.7 (2°), 52.7 (-CO2CH3), 70.2 (CH2CH(OH)CH3), 103.9 (-
OCCH3C02CH3), 105.3 (O-CHR-0), 117.7 (RCH=CH3), 134.6 (R-CH=CH>), 168.4 (-CO2CH3), 169.0;
IR (CH2Cl12) (v, cm - 1): 3650-3200 (-OH), 2936 (C-H), 1752 (C=0), 1638, 1433, 1372, 1242.

1-(5-Methyl-S-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-5-hydroxyheptane (le): To a solution of

. P Py S J smm e 2am PN SR A & I o) EENNRDINYS P PN I LU R PR S B AT 7 G- ey
Aaiuci U[:UIHUU 1 \JUU l lllg, 1 JL 1L 1) 1 6 lllL Ul k,ﬂz'vlz wad auucu uwmyu.uu. \l U M lﬂ m:mmt., L U'

mL, 2.0 mmoi) and BF3°Etp0 (281.0 mg, 1.98 mmol) at -78 °C. After 2 h, the reaction mixture was quenched
with saturated aqueous NH4Cl at -78 °C and extracted with CH2Clz. The organic layer was dried (Na2SO4),
filtered, concentrated, and chromatographed on a silica gel column by elution with EtOAc/hexane to give the
desired product 1c as a mixture of diastereomers (276.5 mg, 1.06 mmol, 80%). TLC (EtOAc/Hexane = 1/3) R¢
=0.15; Colorless oil; 1H-NMR (CDCI3) 8 0.94 (t, J = 7.3 Hz, 3H, RCHOHCH;CH3), 1.26-1.80 (m, 10H),
1.68 (s, 3H, -CH3), 3.52 (br, RCHOHCH,CH3), 3.81 (s, 3H, -CO2CH3), 5.24 (t, J = 4.9 Hz, 0.6H,
-OCHRO-), 5.4 (1, J = 5.3 Hz, 0.4H, ROCHO-); 13C-NMR (CDCI3) § 9.79 (CH3), 18.7 (-CH3), 19.5,

23.8 (29, 25.3 (2°), 25.4, 29.7 (2%, 30.1, 32.7 (2%, 36.5 (2°), 52.8 (-CO2CH3), 52.9, 73.0 (R'CHOHR),
INA 1 (WO HACNDACH N IS S (O CHR O INRA 1AA 1 (.CNDARTHA) (CHACIAY (v em '1\ ’lﬂﬁn-
. V"WV RIS SN LRy Sy AV T \TAM R RRINTR Ty S UJWUy AU L TRV LN RSy AR \WrAgRa L) Ty Vel

3200 (-OH), 2936 (C-H), 1754 (C=0), 1434, 1374, 1254, 1190

5-[5-Hydroxy-5-(2-oxocyclohexyl)pentyl]-3-methyl-3-methoxycarbonyl-[1,2,4]trioxolane
(1d) and 5-[5-(2-Oxocyclohexylidene)pentyl]-3-methyl-3-methoxycarbonyl{1,2,4]trioxolane
(1d"): To a mixture of aldehyde-ozonide 1 (204.5 mg, 0.88 mmol) and 1-trimethylsiloxy-1-cyclohexene
(164.8 mg, 0.97 mmol) in 5 mL of CHCl, was added TiCl4 (1M in CHClp, 1.32 mL) at -78 °C. After 1 h,
the reaction mixture was quenched with H>O at -78 °C and extracted with CHpCly. The organic layer was dried
(NazS0y), filtered, concentrated, and chromatographed on a silica gel column by elution with EtOAc/hexane to
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(m, 14H), 1.71 (s, 3H, -CH3), 1.72, 2.31-2.37 (m, 3H, -CH,COCHR) 173 (hr IH .OH) 180 (3 34
\ 5 73 3 SRR Sy Rl by LT ATLT T \RLy JRRy TRRNANINLREEN Ty T T F \UL, kXK, TAARL), J.OVU (3, JII,
OCHA) 523 JT=46H7 0SHy .OCHRND.) §42(1t 71—=8 1 He N & _OWLIDMN Y- 130 anam romeian
AN RRI ]y 7 de \Yy & TV KBy Ve KRLy SNAAANNIS ], JFT (L, J = J01 KX VL.JERy AL ], TATINIVARG (ALY )
3 18.4 (CH3), 19.2, 23.4, 23.5, 24.6 (2°), 24.7, 25.7 (2°), 26.3 (2°), 27.4 (29), 27.5 (2°), 29.5 (29), 30.3 (29,

32.5 (2°), 33.0, 33.1, 42.3 (-CH2CO), 42.5, 52.5 (-CO2CH3), 52.6, 54.8, 55.6, 68.6 (RCH-OH), 71.0,
103.9 (-OCCH3CO,CH3), 105.2 (O-CHR-0), 105.3, 168.3 (-CO2CH3), 168.9, 214.3 (C=0), 215.2; IR
(CH2CI2) (v, cm ‘1): 3650-3590 (-OH), 2946 (C-H), 1754 (C=0), 1432, 1375, 1285, 1191. Compound 1d":
TLC (EtOAc/Hexane = 1/3) Rf = 0.37; Colorless oil; !H-NMR (CDC13) 6 1.29-1.88 (m, 10H), 1.77 (s, 3H,
-CH3), 2.10 (1, J = 7.0 Hz, 2H, -CH2COR), 2.40-2.51 (m, 4H), 3.81 (s, 3H, -OCH3), 3.82,5.23 (1, J = 4.8
Hz, 0.4 Hz, -OCHRO-), 5.44 (1, J = 4.6 Hz, 0.6H, -OCHRO-), 6.59 (t, J = 7.5 Hz, 1H, C=CHR); 13C-
NMR (CDC13) 8 18.8 (CH3), 19.4, 23.3 (2°), 23.5 (29), 26.7 (2°), 27.4 (2°), 28.1 (2°), 28.2, 29.6 (2°), 32.6

(2 AD 1 (LCHACON AT 6 §) R ICOACHLA 8§20 1040 (.M O A NACLIL INK A (N CLID Ny 12L&
Jr TR \TRgAR NS Sy TAUy JLU ATV ARG ), JIWY, LUTLL (TVULCLINCI RIS f LU \WUTALINTY), LOULD T
—~HY 110 &K (O—LI Y 169 & (ONACLTI-Y 1£0 1 ANT N (O TD 0EEaf A\ f2: men =11 AOED 70 TTy
2 NERT Sy RJOLU \TUR K1), 1UOLT (N WLTLS ), 10T, LULU U=V, IR LTI )V, LIl 7 ) LY04 \(L-1),
-~ sy e sz~ tAmmA tAAg ~ 1
Li&9 (U=U), 140D, 1572, 1238, 1191

1,9-Bis-(5-methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-4-formyl-4(E)-nonane (le): To
a mixtwre of aldehyde-ozonide 1 (210.9 mg, 0.88 mmol) in 5 mL of CH2Cl, was added BF3*Et20 (0.25 mL,
2.03 mmol) at room temperature and stirred at this temperature for 1 h. The reaction mixture was submitted to
column chromatography on silica gel and eluted with EtOAc/hexane to give the desired product 1e (201.6 mg,
0.44 mmol; 50% yield). TLC (EtOAc/Hexane = 1/3) R¢=0.21; Colorless oil; 1H-NMR (CDCI3) § 1.26-2.13
(m, 10H), 1.67 (s, 3H, -CH3), 1.68 (s, 3H, -CH3), 2.24-2.43 (br, 4H, -CH>CH=C(CHO)HCH3-), 3.78 (s

2VUR3 \Sy Jiiy TRedsd)y 2.UU O, JAL, TRNALy ), LeLTT LT o Uiy TR, AN\ RANSJRANRR 7 1IR3 13y

3H, -OCH3), 3.81 (s, 3H, -OCH3), 5.23 (t, J = 4.9 Hz, 0.5 Hz, -OCHRO-), 5.26 (1, J = 4.8 Hz, 0.5H,

NUITNS v\ £ A4 s ¥ £ 1 XYY N LCTY faYals s 2 Yo NN . Vo n Fa¥ai s s s 7a T
AU OARU-), 0.44 (L, J = J.1 11Z, u.0on, ~UC, U-), 2.40 (1, J= :)Ul‘lz UDn -UL}]KU‘),D‘HS (l,.l" ianz
11'1 Fal 6§ 170 & 723 Vo N o AV 4 ATT o NTT AN 12~ wvrars sy ~n A

H, -CH=C(CHO)R), 9.37 (s, 1H, CHO); *’C-NMR (CDCIi3) 8 18.6 (CH3), 19.3, 22.7 (2°), 23.4, 28.2

(2°), 28.7, 29.6 (2°), 32.5 (2°), 52.9 (-CO2CH3), 104.1 (-OCCH3CO2CH3), 105.2 (O-CHR-0), 143.1
(CH=CRCHO), 154.8 (HC=CRCHO), 168.5 (-CO2CH3), 194.8 (C=0); IR (CH2ClI2) (v, cm -1): 2939 (C-
H), 1751 (C=0), 1433, 1373, 1252, 1188.

5-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)pentanal dimethyl acetal (lf)' To a
mixture of aldehvde-ozonide 1 (210.9 mg, 0.88 mmol) in 3 mL of CH2Cl> was added 3 mL of MeQOH at room

w2 L lN WS QL2 O 1. w2

temperature am.; stirred at this temperature for 10 h. The reaction mixtu as concentrated,

chromatographed on a silica gel column by elution with EtOAc/hexane to give the desired product 1 (195.7 mg,
0.70 mmol; 80% yield). TLC (EtOAc/Hexane = 1/1) R¢ = 0.66; Colorless oil; 1H-NMR (CDC13) 6 1.38-1.83
(m, 8H), 1.67 (s, 3H, -CH3), 3.31 (s, 6H, RCH(OCH3)2), 3.81 (s, 3H, -CO2CH3), 4.35 (1, J= 5.5 Hz, 1H,
-RCH(OCH3)7-), 5.24 (1, J = 4.9 Hz, 0.6H, -OCHRO-), 5.44 (t, J = 5.2 Hz, 0.4H, -OCHRO-); 13C-NMR

(CDC13) & 18.7 (CHj), 23.6 (2°), 24.3 (2°), 27.9 (2°), 32.2 (2°), 52.7 (-CO2CH3), 52.8, 104.3 (-
OCCH3(C0O2CH3)0-), 104.3 (RCH(OCH3)2), 105.4 (-O-CHR-0), 169.1 (CO2CH3); IR (CH2C12) (v, cm
-1): 2954 (C-H), 1753 (C=0), 1435, 1374, 1287, 1192, 1137.
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product 1g (206.1 mg, 0.64 mmol; 74% vield). TLC (EtQAc/Hexane = 1/1) Rs = 0.56: Colorless oil: 1H.

N fo3 y J ] S \ALSs LAV A A Gaaay A7 Ay ANy FeaiXZy  NAASEVIRENO \TRX, ik

NMR (CDCI2Y8 143-1 87 (m 8H)Y 173 (¢ 3H _CHa) 2 77.280 (m KH Q.("H~.C)\ 181 (¢ 20T

\ARIRARTF Y LTI ROT M, OlA), 40D Oy JhRy TRAA )y L) ITLGF My URLy, DU\ GRT )30 ), J.01 O, JI1,

-CO2CH3), 4.04 (t, J = 6.5 Hz, 1H, -SCHS-), 5.24 (t, J = 4.9 Hz, 0.5H, -OCHRO-), 544 (i, J = 5.1 Hz,
n £xxy AASVETTE M IQr\ ‘I.Y‘ n ’Zata¥all -~ ~ON P S Y O o . -

0.5H, -OCHRO-); ‘“C-NMR (CDCI3) 6 18.4 (CHj3), 19.1, 23.0 (2%), 25.7 (2°), 25.9 (2 °, -SCH>-), 26.0,

29.3 (2°), 30.1 (2°), 32.3 (2°), 34.8 (2°), 46.9 (-SCHS-), 52.6 (-COCH3), 103.8 (RCH(OCH3)3), 105.0 (-
OCCH3(C0O,CH3)O-), 105.1, 168.2 (CO2CH3), 168.8; IR (CH2Cl3) (v, cm -1): 2954 (C-H), 1753 (C=0),
1422, 1374, 1254, 1132; MS (m/z) (60 eV, rel. intensity): 264 (M*-59, 11), 234 (6), 204 (M*-119), 145 (7),
129 (3), 121 (17), 119 (100), 106 (17), 98 (12), 91 (5), 85 (15), 74 (19), 67 (8), 59 (6).
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reaction mixiure was submitted to column chromatography on silica gel and eluted with EtOAc/hexane to give
the desired product 1h (104.6 mg, 0.40 mmol; 57% yield). TLC (EtOAc/Hexane = 1/3) R¢ = 0.33; Colorless
oil; 1H-NMR (CDCI3) § 1.43-1.82 (m, 8H), 1.65 (s, 3H, -CHz), 3.81 (s, 3H, -CO,CHs), 3.83-4.00 (m, 4H,
-OCH2CH20-), 4.84 (t, J = 4.5 Hz, lH, -OCHRO-), 5.24 (t, J = 4.9 Hz, 0.7TH, -OCHRO-), 524 (1, J = 5.2
Hz, 0.3H, -OCHRO-); 13C-NMR (CDCI3) & 18.7 (CH3), 19.4, 23.6 (2°), 23.7, 32.7 (2°), 33.5 (2°), 52.8 (-
CO2CH3), 64.8 (-OCH2CH,0-), 104.3 (-OCHROO-), 105.4 (-OCCH3(C0O2CH3)0Q-), 169.1 (CO,CH3),
168.8; IR (CH2Cl12) (v, cm -1): 2956 (C-H), 1754 (C=0), 1434, 1397, 1374, 1254, 1189; MS (m/z) (60 eV,
rel. intensity): 276 (M*, §), 275 (M*-1, 34), 217 (M+-59, 4), 200 (8), 191 (5), 157 (78), 141 (6), 114 (8), 99

4), 87 (28), 73 (100), 59 (6), 43 (17).

Z-Bromoethyi 5-(5-methyl-5-methoxycarbonyi-[1,2,4]irioxoian-3-yi)pentanocate (1i): A
solution of 1,3-dioxolane-ozonide 1 (286.3 mg, 1.0 mmol) and 2,2'-azobisisobutyronitrile (AIBN) (16.4 mg,
0.1 mmol) in 5 mL of THF was heated up to 60 °C for 3 h. The reaction mixture was concentrated, and
chromatographed on a silica gel column by elution with EtOAc/hexane to give the desired product 1i as a
mixture of diastereomers (216.7 mg, 0.61 mmol; 61% yield); Colorless oil; IH-NMR (CDCl13) & 1.43-1.89
(m, 7H), 2.40 (t, J = 3.4 Hz, 2H, -CH»COO-), 3.52 (t, J = 6.1 Hz, 2H, -COOCH,CH>Br), 3.81 (s, 3H,

-CO,CHa), 4.39 (1, J = 6.1 Hz, 2H, -COOCH,CH>Br), 5.24 (t, / = 4.9 Hz, 0.8H, -OCHRO-), 542 (1, / =
49 Hz, 0.2H, -OCHRO-); 1’-"('T-NMR (CDClg) 8 18.6 (CH»1), 19 3, 23.13, 24.46, 25.06, 28.68, 29.38,
32.46, 33.64, 52.80 (-COCH3), 63.60, 104.15 (-OCHROO-), 105.17 (-OCCH3(COCH3)0-), 169.03
£ _ VLY 1717 £77. e & YV al VRN I-. -.M —‘\. ANCO 76 TIN 177277 /M 1420 1277 1L 1 A foun fen)
{{05CH3), 172,67, IR (CHClg) (v, cim ~2): 2959 (C-H), 1737 (C=0), 1438, 1375, 1255, 1188; MS (m/z)

(60 eV, rel. intensity): 356 (M*, 7, containing 81Br), 354 (M+, 8, containing 7®Br), 195 (6), 193 (7), 181 (M*-
(CH?2)2C02(CH3)281Br, 10), 179 (M+-(CH»,)2CO2(CH3)279Br, 11), 109 (M*-(CH3)281Br, 94), 107 (M+-
CHCH,79Br, 100), 83 (50), 67 (52). The underline means those peaks from minor diastereomer.

6-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-1,1-dibromo-1-hexene (1j): A solution
of Ph3P (340.4 mg, 1.30 mmol) and CBry (215.0 mg, 0.65 mmol) in 4 mL of CH)Cl) was stirred at room

temperature for 0.5 h. To the resulted solution was added aldehyde-ozonide 1 (150.7 mg, 0.65 mmol) in 2 mL
of CH2Cl2 at room temperature and stirred at this temperature for 0.5 h. The reaction mixture was concentrated,
and chromatographed on a silica gel column by elution with EtOAc/hexanc to give the desired product 1j (50.7
o ~ ™ 1A\ M e Tey AR am s Twrviay & 1 A0
mg, 0.13 mmol; 20% yield). TLC (EtOAc/Hexane = 1/3) Ry =0.59; Colorless oil; *H-NMR (CDCl3) 6 1.48-
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1.83 (m, 6H). 1.71 (s, 3H, -CH»1), 1.68 (s. 3H. -CH2). 2.12 (a. J = 6.9 Hz. 2H. RraC=CH-CH1-). 3 80 (s

N ’ \ 3 A5 22373 \1y Y W2 DL, &35, Ol TR IR AAl Sy 2.0 (S,
AH -COLCH2Y 282 (¢ .CONCHAY 87244t T = AR Hz NEAHT .NCHBRNY €A (+ T - €1 > N ALY
~aa SN AR )y dadidx \Dy TNNSASALERY Yy LT AL O = F.0 114, ULULE, SNAAUERINNI T Jy 0TI Ly F = U1 3L, UL,
WIID MY £1Q (r T 71T, 1L AL LID AN 13ANIMD /AT 1Ay £ 10 2 /7°0T.) 10 4 D1 72 /M0y A2 1
NSACRRINTNIJ FJO &y T — F.J KD ARE, "\ AR\ 11121/ ), MTINIVEIN \L /AR W 10,0 \Z\ 14, LT7.% £1.D0 \4 ), &0.1

z, 2
(2°), 27.3 (2°), 27.5, 29.5 (2°), 32.5 (2°), 32.7, 53.0 (-CO2CH3), 89.1 (BrzC=CHR), 104.2 (-
U!,,,LH;(LUzLHg)U—), 105.3 (-OCHRO-), 138.1 (-g,_HzLBrz), 169.1 (mLUZ(.,ng, IK (LHlez) (V, cm - ).
2930 (C-H), 1754 (C=0), 1429, 1373, 1285, 1190, 1130; MS (m/z) (60 eV, rel. intensity): 230 (M*+-58, 13),
328 (10), 326 (7), 314 (10), 269 (25), 227 (1), 199 (20), 173 (30), 119 (100), 109 (20), 91 (35), 81 (50), 77
(30), 71 (30), 65 (20), 59 (50).

Methyl 7-(5-mthyl-S-megh()xygarhonyl-[1 ,41trioxolan-3-y1)-2{E Yheptenoate (1k):

two different conditions (A and B) to prepare compound 1k as a mixture of two diastereomers.

(A} Danatinm with D . D MNIIONNNRAA TA
IR ] ERGELSRURR Wll.ll K RJE = U RALUFLV7LVIC. 1L

hord
=
[
]
mw

1t AF aldahsrda_ ~rrnmida 1 Ii 22 Q mg N &Q eunonn
J ULIVII Ul AlUCHYULTULUIINL L \100.0 W 5, u. JU u.uuux;
Fal & 7aVaVal s

in 5 mi Ul LI’IZ'LJZ was dUUCU l"ﬂ3l"‘\,ﬂLUUlVIC (<

temperature for 3 h. The reaction mixture was concentrated and chromatographed on a silica gei coiumn by
elution with EtOAc/hexane to give the desired product 1k (117.5 mg, 0.41 mmol, 71% yield).

(B) Reaction with (Et0);POCHNaCO;Me: To a solution of methyl diethylphosphonoacetate
((EtO»POCH2CO2Me) (1 g, 476 mmol) in 10 mL of THF was added NaH (118.4 mg, 4.9 mmol) at 0 °C for
10 min. An aliquot of the resulted solution (0.72 mmol) was used in the following reaction. To a solution of
aldehyde-ozonide 1 (150.7 mg, 0.65 mmol) in 5 mL of CHpCl, was added the THF solution of
(EtOWPOCHNaCOy)Me (0.72 mmol) at 0 °C and stirred at this temperature for 1 h, The reaction mixture was

A1l > il APl ot

qupnr‘hﬁd with annenne NH . r‘] extracted with CHACla Tha groanic laver wae dried (NasSQ4) concentrated

oy
CASWAIWAE TV ALEE A UL UUG ISR RgN-ly WAL Aviurs (3290 2 YA YN LEGULV BMFRa V@A VLIV \LVRZ TGSy VUSRIl Gves

and chromatographed on a silica gel column by elution with EtOAc/hexane to give the desired product 1k
(132.7 mg, 0.46 mmoi; 71% yieid).
Compound ik: TLC (EtOAc/Hexane = 1/3) Ry = 0.45; Coloriess oii; 'H-NMR (CDCi3) 6 1.43-1.83 (m,
6H), 1.67 (s, 3H, -CHj3), 2.23 (dt, J = 12.5 and 5.7 Hz, 2H, -CH=CH-CH3-), 3.74 (s, 3H, -CO2CH3), 3.83
(s, 3H, OCHj3), 5.23 (t, / = 4.8 Hz, 0.5H, -OCHRO-), 5.44 (t, J = 5.1 Hz, 0.5H,-OCHRO-), 5.82 (dt, J =
15.5 and 1.5 Hz, -CH=CHCO2CH3), 6.95 (dt, J = 15.7 and 6.9 Hz, 1H, -CH=CHCO2CHj3); 13C-NMR
(CDCl13) & 18.5 (CH3), 19.2, 23.1 (2°), 27.4 (2°), 27.6, 29.4 (2°), 31.7 (2°), 32.4 (2°), 51.2 (-COoCH3), 52.7
(-OCH3), 52.8, 104.0 (-OCCH3(CO,CH3)0-), 105.2 (-OCHRO-), 121.1 (CH302CCH=CHR), 148.6
(CH20-,CCH=CHR). 166.8 (CO>CH»1). 168.3 (CO>CHa), 168.9; 1R (CH2Cl2) (v.cm ‘1) 2953 (C-H), 1753

MYy 171K () 142712 feml2\ (AN AV ol intancitu) 220 MA+41 1Y 287 (1Y QN M1 (1Y
ANy LT AU\ )y LT, sy AVAD \MWW L) \UV UV, ICL IIWAIOLILY J. &7 \3VE T iy 4)y &of ] \AJy dubns \dujy bodos \;;,
MY MON SN TN 1A /717N 100 /NN 1A /AL 112 /M0 1NN /11N DY /AN 07 10N OF 0N T4 SN L7
171 (28), 170 (31}, 152 (1J), 1236 (JU), 127 (20), 11D {20}, 1UU (11}, ¥3 {33), 67 {1V}, 01 (47), i% (U), U/
(18), 59 (32), 55 (23), 43 (100)

7-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-1-phenyl-1-0x0-2(E)-heptene (1m):
There are two different conditions (A and B) to prepare compound 1m as a mixture of two diastereomers.

(A) Reaction with PhaP=CHCOPh: To a solution of aldehyde-ozonide 1 (160.4 mg, 0.69 mmol) in
6 mL of CH2Cly was added PhaP=CHCOPh (289.3 mg, 0.76 mmol) at room temperature and stirred at this
temperature for 6 h. The reaction mixture was concentrated and chromatographed on a silica gel column by

elution with EtOAc/hexane to give the desired product 1m (138.4 mg, 0.41 mmol; 60% yield) and compounds

1 O 1_
Inx 19,
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(B) Reaction with PhiAs=CHCOPh:
6 ml. of (‘Hw("h wag ad

Sams U2 RS2 NR

CD-\

temperature for 1 h. tion mixture was concentrated and chromatographed on a silica gel column by
clution with EiGAu’hexan 0 give the desired product im (148.4 mg, .44 mmoi; 62% yieid) and compounds
in & io.

Compound im: TLC (EtOAc/Hexane = 1/3) Rg = 0.5; Pale yellow oil; IH-NMR (CDCI13) & 1.26-1.90 (m,
6H), 1.72 (s, 3H, -CH3), 2.34 (dt, J = 13.2 and 6.6 Hz, 2H, -CH=CH-CH3>-), 3.82 (s, 3H, -CO2CH3). 5.25
(t, J = 4.8 Hz, 0.7H, -OCHRO-), 5.46 (1, J = 5.1 Hz, 0.3H,-OCHRO-), 6.84-7.12 (m, 2H, -CH=CH-); 13C-
NMR (CDCl3) 8 18.7 (CH3), 19.4, 23.3 (2°), 27.8 (2°), 29.5 (2°), 32.4 (2°), 52.8 (-CO2CH3), 1042 (-
OCCH3(C0O2CH3)0-), 105.3 (-OCHRO-), 126.2, 132.6, 139.8, 149.0 (PhCOCH=CH-), 190.7 (C=0); IR
(CH2C12) (v, cm -1): 2956 (C-H), 2936, 1753 (C=0), 1444, 1374, 1286, 1191.

~ - - ~ e = e =tz TTW Y Tad YA PN e ™. . _ 1 . | "'
8-Oxo-8-phenyl-oct-6(E)-enoic acid (In): TLC (EtOAc/Hexane = i/3) R Rf=0.17; Pale yellow oii; ‘H-

NMR (CDCl13) 8 1.55-1.77 (m, 4H), 2.32-2.42 (m, 4H, -CH=CH-CH2-(CH2)2-CH>CO2H), 6.89 (dt, J =
15.4 and 6.7 Hz, 1H, PhCOCH=CH-), 7.00 (dt, J = 15.4 and 6.7 Hz, 1H, PhRCOCH=CHR), 7.44-7.93 (m,
5H, Ph-H); 13C-NMR (CDCI3) § 24.2 (2°), 27.5 (2°), 32.4 (2°), 33.7 (2°), 126.3, 128.5, 132.6, 137.9, 149.0
(PhCOCH=CH-), 178.8 (-COzH), 190.9 (C=0); IR (CH2CI2) (v, cm -1): 2500-3500 (-OH), 2937 (C-H),
1707 (C=0), 1551, 1406, 1284, 1216, 1096; MS (m/z) (60 eV, rcl. intensity): 232 (M+, 23), 214 (4), 159
(35), 145 (11), 131 (10), 120 (10), 105 (100), 97 (11), 77 (50), 69 (15); HRMS calcd for C14H1503 (M*),
232.1099, found 232.1106.

5% .
14.6 (-CH3), 52.4 (- COZQ_H3) 128.4, 128.6 (-C=CHCOPh), 131.8, 133.4, 137.3, 140.3 (Q—CHCOPh)
167.7 (-CO2CH3), 192.2 (C=0); IR (CH2C12) (v, cm -1): 2954 (C-H), 1715 (C=0), 1661, 1433, 1354,
1304, 1229, 1177, 1118. These data are in agreement with that reported in the literature. 18

2-Methyl-4-oxo0-4-phenyl-but-2(Z)-enocic acid methyl ester (10-Z): TLC (EtOAc/Hexane = 1/3) Ry
= 0.66; Pale yellow oil; 1H-NMR (CDCI3) 6 2.15 (d, J = 1.6 Hz, 3H, -CHa), 3.64 (s, 3H, -CO,CHa), 6.76
(d, J = 1.6 Hz, 1H, =CHCQPh), 7.89-7.94 (m, 5H, PhH): 13C-NMR (CDCl3) § 20.1 (-CH3), 52.0 (-

W3y 4 2.0 TRL, 2R3, a2 S NAT Jil, SAVARR ANl 5er 5 &rs. A B F Ay

CO2CHj3y), 128.5, 128.6 (- C—C_HCOPh) 130.4, 133.2, 136.6, 140.4 (-C=CHCOPh), 168.5 (-C0O2CH3),
191.6 (C=0); IR (CH2Cl12) (v, cm ~1): 2954 (C-H), 1715 (C=0), 1661, 1433, 1354, 1304, 1229, 1177, 1118;
MS (m/z) (60 eV, rel. intensity): 204 (M*, 33), 189 (8), 172 (16), 145 (23), 127 (30), 117 (11), 105 (100), 77
(50); HRMS calcd for C12H1203 (M), 204.0786, found 204.0780. These data are in agreement with that

reported in the literature. 18

3-Methyl-5-(7-0x0-oct-5-enyl)-[1,2,4]trioxolane-3-carboxylic acid methyl ester (Im'): To a
solution of aldehyde-ozonide 1 (140.6 mg, 0.61 mmol) in 6 mL of CH2C12 was added 2.1 mol equiv. of
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Compound Im': TLC (EtOAc/Hexane = 1/3) R = 0.31; Pale yellow oil; 1H-NMR (CDCl13) & 1.48-1.85 (m,

6H), 1.68 (s, 3H, -CH3), 2.25 (dt, J = 3.4 and 2.9 Hz, 2H, -CH=CH-CH2R), 3.81 (s, 3H, -CO2CH3), 5.24
(t, J=4.9 Hz, 1H, -OCHRO-), 6.07 (dt, J = 15.9 and 1.5 Hz, 1H,CH=CHCOCH3), 6.76 (dq, J = 9.0 and 6.9
Hz, 1H, -CH=CHCOMe); I3C-NMR (CDCI3) § 18.7 (CH3), 23.3 (2°), 26.9 (2°), 27.8 (2°),29.5 (2°), 32.1
(RCOCH3), 52.8 (-CO2CH3), 104.2 (-OCCH3(CO2CH3)0-), 105.3 (-OCHRO-), 131.5 (COCH=CHR),
147.5 (COCH=CHR), 169.9 (COOCH3), 198.5 (COCH3); IR (CH2CI12) (v, cm -1): 2934 (C-H), 1754
(C=0), 1433, 1358, 1285, 1189. MS (m/z) (60 ¢V, rel. intensity): 229 (M+-43, 1), 213 (M*-59, 8), 207 (4),

203 (M*+-69, 1), 196 (27), 168 (62), 154 (33), 137 (30), 126 (11), 121 (18), 111 (63), 97 (39), 93 (28), 83

ll’h 71 “ﬂ\ 67 (20), 59 (23), 55 (23), 43 (1000

AV Sy \ ~ )y S \&J/; WS \L\JU,.

€ Nen_ moam £IE) amnin antd meathel acénm (122N TT M TN AATT e nonis = 1IN D N AA. Tt 18 %

OFRJAUTIIMTUNLY J"CHUIL aliu IITuUly! ©3t1 (1 ), LU (DIVAUTICAAMIC = 1/1) Rf = U494, raitc yclow Oll,
II.I WIRAD (TN 1A\ S 1 A 1 71D (e ATIN A AA 7 ATT NHIT. Y\ AN A A0 7 Avy Fa ¢t W e o i 0§ '7al» PR
-INIVER (VU3 ) 0 1.40-1. /4 (DL, 4n), £.24 (§, 0N, LN3), £.4/-24.598 (M, 41, -Ln=_n-Up-(Cing)jo-

3 d

CH2CO2Me), 3.68 (s, 3H, COOCH3), 6 08 (dt, J = 15.9 and 1.5 Hz, 1H, CH=CHCOMe), 6.79 (dq, J = 9.1
and 6.8 Hz, 1H, CH3COCH=CHR); ! 3C-NMR (CDCI3) 6 24.3 (2°), 26.7 (2°), 27.4 (2°), 51.4 (OCH3),
131.4 (CH=CHCOCH3), 147.4 (CH3COCH=CHCOCH3), 173.6 (-CO2Me), 198.4 (CH3C=0); IR (CH2Cl2)
{(v,cm 'I)Z 2500-3500 (-OH), 2937 (C-H), 1707 (C=0), 1551, 1406, 1284, 1216, 1096; MS (m/z) (60 eV,
rel. intensity): 232 (M*, 23), 214 (4), 159 (35), 145 (11), 131 (10), 120 (10), 105 (100), 97 (11), 77 (50), 69
(15); HRMS calcd for C14H1603 (M*), 232.1099, found 232.1106.

2-Methyl-4-0x0-pent-2(E)-enoic acid methyl ester (10'-E): TLC (EtOAc/Hexane = 1/1) R = 0.8;

AL L= 3% AL 2RALRRY \Md s s Rl A ERSrnRsaRNS T AT A J

Pale yellow oil; IH—NMR (CDCI3) 8 2.21 (d, J = 1.5 Hz, 3H, -CH=CRCH3), 2.32 (s, 3H, -CH3COR), 3.8
I 2
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(CO Q ), 132.3 (CO;‘H L(Ll‘lq) OOMe), 139.
CO0yCHg), 198.8 (C=0); IR (CH2CI2) (v, cm -1): 2054 (C-H), 1728 (C=0), 1427, 1358, 1229, 1127. These
data are in agreement with that reported in the literature, 19

2-Methyl-4-oxo0-4-pent-2(Z)-enoic acid methyl ester (lo'-Z): TLC (EtQAc/Hexane = 1/1) R¢ = 0.7,
Pale yellow oil; !H-NMR (CDCI3) § 2.03 (d, J = 1.6 Hz, 3H, -CH=CRCH3), 2.24 (s, 3H, -CH3COR), 3.81

(s 3H, COOCH3), 6.20 (g, J = 1.7 Hz, -CH=C(CH3)R); 13C-NMR (CDCI3) § 20.0 (C=CHCH3), 29.9

¥s
(‘)
s-z
Y]
N

-’ L -7 i -
CO-CHa), 1977 {(‘ =) MS (m/7) (60 eV rel intengitv): 142 (M+ 5) 127 (22} 110 (100) Q0 {16) R2 (1)
COrCH2), 19 V), Mo (myz) (6L eV, rel. mtensity): 142 (M™, J), 127 (£4), 110 (100), 2 (10), 82 (O1),
AQ (12 HDPAMC falnd foar O-IT.Aa (MEY 14D NEAN Fannd 14D NA22? Thaoa Aota nra i;m aseaseant wmith that
07 (13) G 10T U7njQgus (i), 142.0650, 10UNa 142.06355. 11 Gata arc in agreement witn tnat

5-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)pentanol (2): A mixture of cyclohexene (1)
(1.00 g, 12.21 mmol), methyl pyruvate (1.87 g, 18.31 mmol) in 60 mL of CH2Cl, was subjected to the general
ozonolytic procedure. When the solution turned blue, ozone addition was stopped. Nitrogen is passed through
the solution until the blue color was discharged. Removal of solvent afforded the crude products which were
redissolved in 60 mL of THF. To this THF solution was added LiBH4 (201.4 mg, 9.15 mmol; 0.75 mol
equiv.) at 0 °C and the solution was stirred for 1 h. The reaction mixture was quenched by saturated aqueous

ammonium chloride and extracted with Fuﬁf‘lﬁ The oreanic laver was dried (Na»SQ,) filtered concentrated
nr Oriae and extracied with C22C 100 0rganic iayCer was QricG (INazoaly), 1uiereg, ceniraled,

PR T TP, S S LY T, sl T Py . ' S R | g0

anda Cnromatograpnea on a suica gel D7 B

UM by M A S
olumn 0y elution with E VAL ICXall
di

6.81 mmol; 56% yield) as a mixture of two diastereomers in a ratio of 70:
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0.43; Colorless oil; 1H-NMR (C

nr‘u-.nu\ 381 {o AH COAC ( =
SRRy NNSY w;, . 1t -

-OCHRO-); 13C-NMR (CDCI13) § 18.6 (CH3), 19.4, 2

52.8 (-CO2CH3), 62.5 (RCsz’)H), 104.1 (-OCCH3(COy

-~ wew  coew e oy ~ . JER— < = o

'Hj
169.2; IR (CH2CIi?) (v, cm'l) 3618 (-OH), 2939 (C-H), 1753 (C=0), 1438, 1374, 1285, 1193; MS (m/z)
(60 eV, rel. intensity): 219 (M+-15, 8), 174 (M*-60, 1), 161 (31), 144 (2), 128 (4), 119 (19), 115 (11), 99
(82), 81 (50), 55 (19), 43 (100).

L1 8 Y 1 8
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)O-), 103.4 (-O-CHK-0O), 168.6 (CO,CHj3),

\_,

1-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-5-acetoxypentane (2a): A solution of

hydroxy-ozonide 2 (205.1 mg, 0.88 mmol), acetic anhydride (0.11 mL, 1.14 mmol), pyridine (90.2 mg, 1.14
mmol) and NN-mmmhv]ammnnvndmp (DMAP) (10.7 mg, 0.09 mmol) in § mL. of (‘Ho("h was stirred at this
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elution with EtOAc/hexane to give the desired product 2a (227.8 mg, 0.83 mmol; 94% yieid). TL
(EtOAc/Hexane = 1/3) R¢ = 0.41; Colorless oil; IH-NMR (CDCI3) & 1.38-1.84 (m, 8H), 1.67 (s, 3H, -CH3),
2.04 (s, 3H, CH3CO9R), 2.06, 3.81 (s, 3H, -CO2CHa3), 3.82, 4.05 (t, J = 6.5 Hz, 2H, RCHyOCOCH3), 5.24
(t, J = 49 Hz, 0.9H, -OCHRO-), 5.4 (t, J = 5.2 Hz, 0.1H, -OCHRO-); 13C-NMR (CDCI3) & 18.4 (CH3),
19.2, 20.6 (2°), 23.1 (2°), 25.5 (2°), 28.1 (2°), 29.4 (2°), 32.4 (2°), 52.5 (-CO2CH3), 63.9 (CH3CO2CH>-),
103.9 (-OCCH3(CO2CH3)0-), 105.1 (-O-CHR-0), 168.6 (CO2CHj3), 170.7 (CH3CO2R); IR (CH2CI2) (v,
cm -1): 2956 (C-H), 1729 (C=0), 1435, 1365, 1282, 1235, 1192; MS (m/z) (60 eV, rel. intensity): 301
(M*+1, 2), 253 (1), 233 (M+-43, 2), 217 (1), 206 (25), 201 (48), 191 (11), 174 (19), 159 (15), 119 (22), 115

(00233 90[')0\ {1 {’)Q\ 43 (H\(\\

\&tij,

)

i-(5-Methyi-5-methoxycarbonyi-j1,2,4jtrioxoian-3-yi)-5-feri-butyitrimethyisiioxyipentane

(2b): A solution of hydroxy-ozonide 2 (213.5 mg, 0.92 mmol), tert-butyldimethylsilyl chloride (151.8 mg,
1.01 mmol) and imidazole (68.8 mg, 1.01 mmol) in 5 mL of CH2Cl2 was stirred at room temperature for 6 h.
The reaction mixture was concentrated, and chromatographed on a silica gel column by elution with
EtOAc/hexane to give the desired product 2b (197.8 mg, 0.59 mmol; 64% yield). TLC (EtOAc¢/Hexane = 1/3)
R¢ = 0.78; Colorless oil; 1H-NMR (CDCI3) 3 0.04 (s, 6H, r-BuSi(CH3)20-), 0.89 (s, 9H,
(CH1)1CSi(CH3)20-), 1.33-1.80 (m, 8H), 1.67 (s, 3H, -CH3), 3.60 (1, J = 6.1 Hz, 2H, -OCH2R), 3.81 (s,

3H, -CO,CH3), 5.24 (1, J = 4.7 Hz, 0.7H, -OCHRO-), 5.43 (1, J = 5.2 Hz, 0.3H, -OCHROQ-); 13C-NMR

JER, S mn ISy ey Aaiiy AN A AN o AREy NWIXEy TRISpams ST

(CDC13) 8 -5.5 (-Si(CH3)32-), 18.2 (QH;;) 18.6, 19.4, 23.3 (2°), 23.5, 25.4 (2°), 25.5, 25.8, 29.7 (2°), 323
CH2R), 104.0 (-OCCH3(CO3CH3)0-), 105.4 (-0-CHR-0), 169.0
(CO2CH3); IR (CH2Ci2) (v, cm ~*): 2" 6 (C-H), 1753 (C=0), 1434, 1374, 1255, 1150, 834; MS (m/z) (60
eV, rel. intensity): 289 (M+*-59, 30), 273 (50), 231 (67), 215 (8), 173 (100), 131 (70), 117 (23), 99 (24), 8

(32), 75 (71), 43 (42).

FOVAraraYy el i Y
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7,526 (-CO2CH3), 62.7
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1-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)-5-(tetrahydropyran-2-yloxy)pentane
(2c): A solution of hydroxy-ozonide 2 (205.1 mg, 0.88 mmol), 3,4-dihydro 2-H-pyran (83.1 mg, 0.99
mmol), PPTS (22.6 mg, 0.09 mmol) in 5 mL of CH2Cl2 was stirred at room temperature for 6 h. The rcaction

mixture was rnncantratad and chramatnoranhad nn a cilica aal calimn hy ahitinn with FtnArlharnm to oive the
QD VULIVLAIu A, dAdiu Vi Ulllul\}éla})llw VLl & Jiiiva EUA WAJAWRAALL l VJ AWANELIVLIA FY RLAR AN i BT A/ FLARAE W A ¥ W LA
desired product 2¢ (276.6 mg, 0.87 mmol; 96% yield) =1 ) 52 Pale yello oil;

Tey nrnam 1 1 3 ™

‘H-NMR (CDCi3) 6 1.44-1.82 (m, 12H
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(s, 3H, -CO2CH3), 4.57 (1, J = 3.3 Hz, 0.6H, -OCHRO-), 4.82 (t, J = 5.3 Hz, 0.4H, -OCHRO-), 5.24 (t, J =
5.2 Hz, 0.6H, -OCHRO-), 5.44 (1, J = 5.3 Hz, 0.4H, -OCHRO-); 13C-NMR (CDCl2) § 13,9 _3), 20.0,

23.9 (2°), 25.7 (2°), 26.3 (2°), 29.7 (2°), 30.0 (2°), 31.0 (2°), 53.0 (-COCH3), 62.5 (- OQ_HQR) 7.5 (-

nr‘u..n\ m 1T (NI EY D V) Y

s Wa d:: Wa\ 1 £

TNA A 7 - - AN 1 o . T
0-), 104.4 (-OCCH3(CO2CH3)0-), 105.8 (-O-CHR-0), 169.4 ( uzung;, iR

-

{ 3
intensity): 318 (M+, 2), 317 (8), 243 (4), 212 (6), 199 (70), 183 (35), 175 (70),
101 (56), 99 (74), 85 (100).

5-(5-Methyl-5-methoxycarbonyl-[1,2,4]trioxolan-3-yl)pentanal (1): To a solution of hydroxy-
ozonide 2 (210.5 mg, 0.90 mmol) in 5 mL of CH2Cly was added pyridinium dichromate (PDC) (372.4 mg,
0.99 mmol) at 0 °C and stirred at this temperature for 5 h. Dilution of the reaction mixtures with 10 mL of ether,
removal of the eagsily filterable

e a ctlira oal ~Anla
WA VELIG! WBIW'W Ull ‘1 SJLuva 551 U

0.37 mmol; 41%). Itss ta is identical to the
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6-Hydroxy-non-8-enal (ip): To the 8 mL of CH2CI2 solution of ozonide 1b (447.0 mg, 1.63 mmol) was
added triphenylphosphine (470.29 mg, 1.79 mmol) at room temperature and stirred at this temperature for 4 h.

The reaction mixture was concentrated, and chromatographed on a silica gel column by elution with
EtOAc/hexane to give compound 1p (203.7 mg, 1.30 mmol; 80% yield). Colorless oil; IH-NMR (CDCI3) §

1.25-1.70 (m, 6H), 1.75-1.85 (br, IH, -OH), 2.08-2.37 (m, 2H), 2.46 (td, J = 7.0 and 1.7 Hz, 2H,
-CH2CHO), 3.61-3.68 (m, 1H, HOCHRR"), 5.01-5.19 (m, 2H, =CH2), 5.72-5.93 (m, RCH=CHy), 9.77 (1,
5

J=17Hz, 1H, -CHO); 13C.NMR (CD 95 (2°), 25.17 (2°), 36.35 (2°), 41.94 (2°), 43.76 (2°), 70.26
(HOMCHDRRY 119 12 (plafinic) 1234 82 (nlafinic) 200 S0 (=0 TR (O HACIAY (v om *1\ AR ILSN (hr
(ERUVALNRA J, 116,15 (01811INIC), 154.05 (OI1C1INIC), 2U2.0F (L=U), 1R (Lri2i2) YV, Cm J I IOIV UL,
rasSsi -~y EWaY fave ) nt o Ve a 1 4 1L i B

OH), 1720 (C=0), 1637, 1386, 1248, 1096, 994, 918, 861; MS (m/z) (i6 eV, rel. intensity): 157 (M+1+, 3),
156 (M+, 2), 115 (M*+-C3Hs, 10), 97 (50), 86 (63), 84 (100), 79 (38), 69 (30); HRMS calcd for CgH 507
(Mt), 156.1151, found 156.1153. Anal. Calcd for C9H1602 : C, 69.19; H, 10.32. Found: C, 69.23, H,
10.61.

Methyl 6-hydroxy-non-8-enoate (1q): To the 8 mL of CH2Cl2 solution of ozonide 1b (438.1 mg, 1.60
mmol) was added triethylamine (175.0 mg, 1.73 mmol) at room temperature. The reaction mixture was
quenched by IN hydrogen chloride at 0 °C after 1 h and extracted with CH2C12. The organic layer was dried
(Na3S0y), filtered, concentrated. The crude product was dissolved in CH2Cly and treated with CH2Nj in ether

solution to give the corresponding methyl ester. The reaction mixiure was concentrated and unmuaiﬁgrapr“"

a silica gel column by elution with EtOAc/hexane to give the desired product iq (228.7 mg, 1.33 mmol; 83%
yield). Colorless oil; IH.NMR (CDCI3) & IH-NMR (CDCI3) & 1.39-1.68 (m, 6H), 2.14-2.36 (m, 4H), 3.60-
3.65 (m, 1H, HOCHRR?), 3.66 (s, 3H, OMe), 5.06-5.17 (m, 2H, =CHp), 5.73-5.94 (m, RCH=CHp); 13C-
NMR (CDCI3) d 24.68, 24.99, 33.79, 36.13, 41.79, 51.26 (OCH3), 70.22 (HOCHRR"), 117.58, 134.72,
174.00 (C=0); IR (CH2Cl12) (v, cm -1): 3250-3650 (br, OH), 1729 (C=0), 1640, 1433, 1198, 1172, 1095,
997, 909, 856; MS (m/z) (32 eV, rel. intensity)' 186 (M+, 2), 185 (M-1+, 4), 145 (M*-C3Hs, 20), 113 (100),

95 (16), 85 (22), 67 (54); HRMS ¢ (M*), 186.1256, found 186.1259. Anal. Calcd for

%5 14
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4,14-Dihydroxy-8-form
(438.1 mg, 1.60 mmol) w

..... RS 223233902

The reaction mivrturs wac che

1D/
A 35w AV VRS IIALALMEL TV GO Y ULIRvLE

avtrantad with s ™MAa Tha
ar N G VAU GLALAL WIML AR/, I

PN P Y

with EtOAc/hexane to give the desired product ir (210 7 mg, 0.73 mmol; 92% yleiﬂ) Colorless oil; 1H-NMR
(CDCI3) 8 1H-NMR (CDC13) & 1.33-1.62 (m, 10H), 1.70-2.00 (br, 2H, -OH), 2.16-2.40 (m, 8H), 3.62-3.68
(m, 2H, HOCHRR"), 5.07-5.19 (m, 4H, =CH3), 5.72-5.89 (m, RCH=CH3), 6.47 (1, J = 7.4 Hz, 1H,
RCH=CR'CHO), 9.36 (s, 1H, -CHO); 13C-NMR (CDCI3) § 23.77, 24.80, 25.47, 28.63, 28.89, 36.45,
42.03, 70.39 (HOCHRR"), 118.06, 118.23, 134.66, 134.76, 143.59, 155.28, 195.27 (C=0); IR (CH2Cl2)
(v, cm -1): 3250-3650 (br, OH), 1680 (C=0), 1640, 1605, 1250, 1102; MS (m/z) (32 eV, rel. intensity): 186
(M*, 2), 185 (M-1+, 4), 145 (M+-C3Hs, 20), 113 (100), 95 (16), 85 (22), 67 (54); HRMS calcd for

CioHanla (M+) 18K 178546 fonnd 1846 1250 Anal Caled for CioHanfa - 7202 - W QA Eound: O
ORI 1 A Jy LUOU.L1LJIUy RUVUMLIIU X0V L LT T, R1QL, NQIVU LUL N JBLA3UN S - Ny T I 7y By F.UJ. LUTUARE. Wy
MANL 1LY O 71
F*.\, I1l, F. /1.
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