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Abstract

Artemisinin and its analogs have shown potent antier activity in primary cancer cultures and
cell lines by inhibiting cancer proliferation, mstasis, and angiogenesis. Despite its apparent
compatibility to normal cells and low g values in comparison to the commonly used
anticancer drugs, the underlying mechanisms bettied cytotoxic effects are not yet fully
understood. Surprisingly, the efficacy of synthetij@,4-trioxanes against cancer has not been
explored yet. Given the high antitumor activity atemisinin dimers in comparison to their
monomers, we report here the synthesis of sim@g-riazole conjugated 1,2,4-trioxanes and
their potential antitumor activity by studying theanhibitory effect on osteopontin (OPN)
expression in MDA-MB-435 breast cancer cells. Ityntee noted that despite being a strong
marker to identify human tumor metastasis, no stoyeffect of artemisinin and its synthetic
and semisynthetic derivatives on OPN expressionevas been studied. Although our initial
studies did not notice any straight-line relatiapshetween the number of trioxane units in a
molecule to the extent of inhibition of OPN protexpression, we could observe better results in
some cases in comparison to artemisinin. Althcaigémisinin did not show appreciable OPN
downregulation in MDA-MB-435 cancer cells, dihydramnisinin (DHA) and some synthetic
1,2,4-trioxane monomers and dimers showed dowraéigal of OPN expression. Therefore,

these compounds may act as an anti-metastatic egeotrolling breast cancer cells metastasis.
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Introduction

Osteopontin (OPN) is a non-collagenous and siabad-ach extra cellular glycosylated
phosphoprotein that can be used as a biomarkeztayrdine the oncogenic potential of various
cancers [1,2]. OPN plays crucial roles in cancdt oetastasis and upregulation of OPN
expression can be correlated with enhanced tumagression and metastasis in a variety of
cancers [3-5]. Since OPN regulates various cefladigg pathways leading to tumor progression
by interacting with its receptor site, its inhibiti can block downstream cell signaling pathways
to interrupt tumor cell progression and metastasis.

Since the discovery of anticancer properties oéraiginin by Woerdenberg and coworkers in
1993 [6], various artemisinin derivatives have destated decreased proliferation, increased
level of oxidative stress, induction of apoptosiad angiogenesis in cancer cells. Given the
dose-dependent toxicity is one of the major core@nncurrent anticancer therapy, artemisinin
may have benefits as an anticancer agent due toem$igible toxicity even after prolong
exposure till one year [7]. Among the semisynthatiemisinin derived antitumor compounds
such as arteether, artemether, artesurigieaid artemisone?], the last one has shown better
pharmacokinetic profiles including a longer hatéliand lower toxicity [8]. It is believed that
replacement of oxygen at C-10 by nitrogen mighteheamoved the possibility of formation of
DHA during metabolic process and hence toxicityeduced further. Artemether and artesunate
showed very low side effects in pituitary macroasten, malignant skin cancer, laryngeal
squamous cell carcinoma, and advanced non-smallucgj [9-11]. They substantially reduced
the tumor size and cancer metastasis with combimathemotherapy [9]. A host of
semisynthetic artemisinin derivatives, both monarerd dimers, were synthesized to observe
that majority of them showed better anticancervégtithan the corresponding monomers. Since
various theory on anticancer property of artemrsiderivatives suggest that the endoperoxide
ring is crucial to its activity [12], it is natur&b correlate the enhanced activity of the dimers t
the presence of two endoperoxide ring in the sawlecule. Although there are many reports on
synthesis of synthetic 1,2,4-trioxanes to evaltla¢gr antimalarial activity, to our surprise, their
anticancer activities have not been explored yieceSartemisinin as a drug is not cost-effective
due to poor natural abundance and its derivatisatiakes it even dearer, we planned to
synthesize some synthetic 1,2,4-trioxanes fromileatailable starting material by following

simple synthetic protocols and study their plawsdottitumor properties.



1,2,3-triazoles show diverse pharmacological aisisuch as antiretroviral, antimicrobial, anti-
inflammatory, anticonvulsant, antiproliferativecefl13,14]. Since 1,2,3-triazole moiety acts as
H-bond acceptors of biomolecular targets, theyf@auad in many interesting drugs [15-19]. Due
to their stability against metabolic degradatiomlema wide pH range [20] and redox conditions
under physiological conditions, they have found emse importance as a linker in the synthesis
of bioconjugates [16,21]. It is already establishea various proof of concepts that if two
pharmacophores are linked through appropriate spdcedevelop a new drug candidate, both
pharmacophores may interact synergistically toldisigher activity [22]. Such concept was
proven in artemisinin and quinine hybrid to achiewdanced antimalarial effect in comparison
to that of the stoichiometric mixture of artemisir@ind quinine [23]. Benoit-Vical and coworkers
[24] also observed better antimalarial activitytiloxaquine, a trioxane-chloroquine hybrid than
the individual precursors. Similar observationsaeverade in the case of artemisinin-primaquine
phosphate and stilbene-chalcone hybrids as well2§5 The fact that inhibition of tumor
metastasis in cancer cells by artemisinin and tHenivatives has not been tested for OPN
protein expression inspired us to study the symhef some 1,2,3-traizole tethered 1,2,4-
trioxanes (Scheme 1) and their effect on OPN pnaggpression. Only in 2018, the first example
of effect of 1,2,4-trioxanes on OPN expression easied out by Bai et al. where they observed
decreased OPN level upon treatment of osteoacthatiwith artesunatd) [27]. Since synthetic
1,2,4-trioxanes have never been studied for thaicancer activity and 1,2,3-triazoles possess
antiproliferative properties besides being a biopatible linker, we assumed that both 1,2,3-
triazole and 1,2,4-trioxane cores may act synecgity in a 1,2,3-triazole tethered 1,2,4-

trioxanes to show antitumor activity.

o

0”0
Artemisinin Arteether Artemether Artesunate (1) Artemisone (2)

Given the fact that osteopontin (OPN) can act aseker for identification of metastatic cancer

cells, we synthesized a series of synthetic 1/2p4anes monomers and two series of 1,2,4-
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dimers (Figure 1) starting from readily availabigranellol with 1,2 3-triazoles as linkers to
study their effect on down regulation of OPN expr@s in MDA-MB-435 breast cancer cell

lines.
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Figure 1.1,2,4-Trioxane for downregulation of OPN expressiobreast cancer cell

Results and Discussion

Chemistry

For the synthesis of 1,2,4-trioxanes, we choserliol because the diversity points, viz. the
double bond and the hydroxy group are separatefivbycarbon aliphatic chain (Fig. 1). We
proposed to introduce the 1,2,3-triazole linkeplace of the hydroxy group because of its easy
accessibility, physiological stability and the eadetethering suitable moieties to study their
effect on biological activity. For that purpose, w®posed to convert the trisubstituted double
bond of citronellol to a 1,2,4-trioxane core haviagliversity point and the primary hydroxy
group to an azide for the synthesis of 1,2,3-tliakoker (Figure 2).

HO/M . \(N:"/‘ (')

o}
= Diversity point R R!

Figure 2. Proposed 1,2,4-trioxane core

To achieve our objective, citronelloB)( was converted to its tosylated derivative usmg
toluenesulfonyl chloride in pyridine at 0°& to get desired 3;@imethyl-6-octenyl tosylated]
[28] in 81% isolated yield (Scheme 1). Then the-divethyl-6-octenyl tosylate4f was
converted to its azide derivativ®) [29] in 78% isolated yield by stirring with twaeivalents of
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NaNs at 40°C overnight in dry DMF. Subsequently, the trisufos¢éid double bond of 8-azido-
2,6-dimethyloct-2-ene5j was dihydroxylated with 1.2 equiv of NMO and 1®If% OsQ in
acetone/water (8/2) mixture at room temperaturgdba diastereomeric pair of 8-azido-2,6-
dimethyloctane-2,3-diol6) [30] in 87% isolated yields. To achieve the aztdthered 1,2,4-
trioxane compound7@), we optimized the method (refer to Table S1 ippdementary data)
reported by Yadav and Coworkers [31] by treatingz&lo-2,6-dimethyloctane-2,3-didb)(with
50% HO, (8 equiv.), conc. FBO; (0.25 equiv.) in dry CBCl, to form azido tethered
hydroperoxide which upon treatment wighnitrobenzaldehyde in the presence psOH
yielded the 1,2,4-trioxane derivatiVa as an inseparable diastereomeric mixture in 68&btadlv

yield.

The ratio ofdiastereomeric mixture of azido tethdeie2,4-trioxane (Figure 3) was determined
from '"HNMR data where the protons at C8 .04 ppm and 5.88 ppm) of 1,2 4-trioxane
nucleus have shown 1:3 ratio in favor of the nitrpyl group in the equatorial position. While
the p-nitrophenyl group at the equatorial position isald of 1,3-diaxial interaction to form the
major diastereomer, its presence in the axial poséxperiences 1,3-diaxial interaction with the
axial hydrogen at C5 to form the minor diastereoniére axial orientation of the nitrophenyl
group in the minor diastereomer was also confirfpgdiownfield shift of the protons[3.77-
3.73 ppm (minor) and 3.61-3.57 ppm (major)] at C5 due to diamagne®tdfiof the phenyl
ring.

Scheme 1Synthesis of 1,2,4-trioxanes with azide terminal
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7e: R=H, R'= m-BrCgH,; 65% 7f: R=H, R'= m.p-(CH,0,)C¢Hj; 55%
7g: R=H.R'= p-OHCGH,; 85% 7h: R=H, R'= C¢Hs; 61%
7i: R=H, R'= p-MeOC4H,; 59% 7j: R=H, R'= p-MeC¢H,; 60%
7k: R=H, R'= m-NO,C4Hy; 83% 71: R=H, R'= CyoHy; 77%
7m: R=H,R'= C,H;0: 76% 7n: R, R'= CsHy(: 53%

70 R=CHs, R'= p-CICgH,; 44%



Reaction conditions a) dry pyridinep-TsCl, 0-5°C, 12 h; b) dry DMF, Nap 40°C, overnight;
c) NMO.H,0, OsQ (10 mol%), acetone/water(8/2), RT, 24 h; @Dkl H,SOy, dichloromethane,
0-5°C, 4 h; e)p-nitrobenzaldehydey-TsOH, dry dichloromethane, 0°&-r.t, 12-18 h.
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Figure 3. Plausible diastereoselective preference

The optimized reaction conditions were applied yotlsesize various azido tethered 1,2,4-
trioxanes by varying the carbonyl counterpart (8okel). The aromatic benzaldehydes bearing
both electron-releasing and electron withdrawingugs on the phenyl ring gave similar yields
under the optimized reaction condition&{m). In contrast, cyclohexanon&n) and p-chloro
acetophenoné&/) required 1.5 equiv. gi-TsOH to give the optimum yields.

Having synthesized a library of 1,2,4-trioxane datives with azide terminal, we proposed to
conjugate the trioxane with acetonide protecteftuctose derived carbohydrate in order to
manipulate the solubility of the trioxane by shatlbetween protected and unprotected hydroxy
groups. For that purpose;Fructose derived acetonide derivatig [32] was subjected to
propargylation with propargyl bromide in the preseralkaline solution in the presence of a
phase transfer catalyst, tetrabutylammonium hydragafate (TBAHS) to get the propargylated
derivative @), as shown in Scheme 2.

Scheme 2Propargylation ob-Fructose acetonide

© oy /O TBASH, NaOH/H,0 (1/1) ogJ o
, . B toluene, RT, 48h
3 OH = O/\



Scheme 3Synthesis of 1,2,4-trioxanes bearing carbohydratiety

Cul, L-proline
glycerol. rt.
10a: R= H, R'= p-NO,C¢H,; 10 h, 67% 10b: R=H, R'= 0-BrCH,; 11 h, 69%
10¢: R=H, R'= p-FC4H,; 12 h, 68% 10d: R=H, R'= p-CICHy; 10 h, 65%
10e: R=H, R'= m-BrCgH,; 12 h, 65% 10f: R=H, R'= m,p-(CH,0,)C¢Hs; 12 h, 69%
10g: R=H, R'= p-MeOC4H,; 10 h, 70% 10h: R=H, R'= p-MeC4H,; 12 h, 70%
10i: R=H, R'= m-NO,C4H,; 12 h, 68% 10j: R=H,R'= C,oHy; 12 h, 65%
10k: R=H, R!= C,H;0; 11 h, 68% 101 R, R'= CsHyq; 12 h, 67%

Then the compoun@l was subjected to Cul catalyzed CuAAC reaction \aitldo-1,2,4-trioxane
derivative,7n in the presence of L-proline/glycerol [33] to okieia carbohydrate bearing 1,2,4-
trioxane tethered 1,2,3-triazol@pl (Scheme 3) The *C-NMR spectra showed characteristic
signals at’] 145.30 (=C=CH-Mazoe) and s 122.10 ppm (—C=CH-M.0¢ indicating the
formation of 1,4-substituted 1,2,3-triazole. Thesexice of any peak at ~133 ppm‘f&-NMR
spectra confirmed that 1,5-disubstituted 1,2,3zti@ regisoisomer is absent. The reaction was

extended to other azido-tethered 1,2,4-trioxansymthesize a libraryOal in good yields.

It is known that many artemesinin dimers have shdvetter antimalarial and anticancer
properties than the parent artemesinin. For exantpdeartemisinin ether dimer (Figure 4) was
22 times more cytotoxic than artemesinin and 6@sirmore than dihydroartemesinin, DHA. It
may be due to the presence of two reactive perocéseers in the dimer that can behave as
better radical generaterahomolytic cleavage of ether bridges linking to tmenomeric units
[34].

Artemisinin dimer

Figure 4 Artemisinin dimer



With an aim to synthesize 1,2,4-trioxane dimet2&fl), the reaction between azido tethered
1,2,4-trioxanes with diethynylbenzenewas carrietl following our method [33] (Scheme 4).
For example, the productiZe exhibited a singlet aé 7.88 ppm integrating four protons
representing the symmetrical benzene ring between 1,2,3-triazole rings ifTHNMR. A
doublet at 7.79 ppm with] value 4.4 Hz integrating two protons represeniedprotons in the
1,2,3-triazole rings; a muliplet &t4.48-4.41 ppm represented the methylene protdashatd to
triazole ring. The'*C-NMR spectra also showed the characteristic sigaabl47.3 ppm (-
C=CH-Nyiazold andd119.5 ppm (—~C=CH-Naz0le) to prove the formation of 1,4-substituted 1,2,3-
triazole. The absence of any peak at ~133 ppnmt®@NMR spectra confirmed that 1,5-
disubstituted 1,2,3-triazole regisoisomer is ahsietertheless, the HRMS also showed a peak
at m/z 945.23 equivalent to (M+Na)f the compound 2e The structures of other compounds

were also confirmed by IRH-NMR, and**CNMR spectral data shown in experimental section.

Scheme 41,2,4-Trioxane dimers with 1,4-bis(triazolyl)benadmker

R, O-
1w /1,
R \g 0
= = O
N O—w, 4
/ N R R
Cul, L-Proline, N
Glycerol, RT. N
N=N 12a-1

12a: R= H, R'= p-NO,C¢Hy; 14 h, 67% 12b: R=H, R'= 0-BrC¢H,; 14 h, 64%

12¢: R=H, R'= p-FC¢H,; 15h,66%  12d: R=H, R'= p-CIC¢H,; 15 h, 65%

12¢: R=H, R'= m-BrC¢H,; 14 h, 61% 12f: R=H, R'= m,p-(CH,0,)C¢Hs: 14 h, 69%
12g: R= H, R'= p-MeOC¢H,: 16 h, 64% 12h: R=H, R'= p-MeCcH,; 16 h, 62%

12i: R=H,R'= C;jHy: 16 h, 65% 12j: R=H, R'= C,H;0; 14 h, 68%

12k: R, R'= CsH,o; 14 h, 67% 121: R= CH;, R'= p-CIC¢H,, 16 h, 61%.

Given the structural rigidity of 1,4-bis(1,2,3-z@yl)benzene system, we synthesized another
series of 1,2,4-trioxane dimer&3gai) starting from bispropargylated diethanolamindefreo

the supplementary materials) by reacting with aredioered 1,2,4-trioxanes under the same click

conditions (Scheme 5).



Scheme 51,2,4-Trioxane dimers with bis(triazolyl)ethylamileker

N
\\ 1 0-O 0-0
R >< ><R
O\/\N/\/O R" o o R
Cul, L-Proline, H
Glycerol, RT.
13a-h
13a: R=H, R'= p-NO,C¢Hy; 15 h, 60% 13b: R=H, R'= p-FC¢H,; 14 h, 57%
13c: R=H, R'= p-CIC¢H,; 15 h, 61% 13d: R=H, R'= m-BrC¢Hy; 16 h, 59%
13e: R=H, R'= m,p-(CH,0,)C¢Hj; 14 h, 64% 13f: R=H, R'= C¢Hs, 16 h, 61%.
13g: R=H, R'= p-MeOC4Hy; 16 h, 56% 13h: R=H, R'= p-MeC¢Hy; 16 h, 64%

13i: R, R'= CsHyy; 15 h, 62%

Biological Studies

OPN plays a functional role in progression and gmency of breast cancer [35] and high
expression of OPN is observed in the highly invasawd metastatic human breast cancer cell
lines [36]. To study the effect of 1,2,4-trioxanedomomers and dimers on OPN expression,
MDA- MB-435 cells (Fig. 5) were maintained using Dula®scmodified Eagle medium
(DMEM) supplemented with 10% fetal bovine serum $B1x antibiotic mix (penicillin and
streptomycin) at 37 °C in a humidified atmospheir®&¥% CG; (Fig. 1A). 1x16 MDA-MB-435
cells were seeded in a 6 cm plate and incubated4dr. The cells were then serum starved for
24 h and treated with 50 uM of the 1,2,4-trioxaee\dtives for 24 h except fd3ai (10 uM)

and OPN protein levels were analyzed by western blo

Figure 5. MDA-MB-435 breast cancer cells maintermaneder 40x magnification
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Upon treatment with 1,2,4-trioxane monomer, a desen OPN expression were observed in
case compound$0g (~ 0.2fold), 10k (~ 0.12 fold),10d (~ 0.15 fold), andLOe (~ 0.15 fold)
while the rest did not show appreciable changékair respective OPN expressions as compared
to the control (Fig. 6A-F). Interestingly, the reface compounds artemisinin showed no effect
on OPN expression while DHA and 1,2,3-triazole bepDHA ether 11) decreased OPN
expression by ~ 0.45 and ~ 0.3fold respectivelyg.(FA and 7B).

50 uM 0 uM
C 10h 10j 10i 10g 10k E
p-actin |~m| p-acti
A B

c 1.6+
1.44
o 124
g5
g 1.0-
g 0.8+
> 0.6
5
0.4
0.2-
0,022 4
C

Figure 6. Effect of 1,2,4-trioxane monomer&0gl) on OPN protein level in MDA-MB-435
breast cancer cells (A, B, C). Effect of monom&® |{M) on OPN protein level treated for 24 h

and its corresponding densitometric analyses () E,
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OPN/ Total protein

0.2 1 %

Artemisinin DHA 11
B

0.0+

- A
0.6 / L 7

Figure 7. Effect of artemisinin, DHA and1 (50 uM) on OPN protein level in MDA-MB-435
breast cancer cells after 24 h treatment and it@gponding densitometric analyses (B).
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Figure 8. Effect of 1,2,4-trioxane dimerd2al) on OPN protein level in MDA-MB-435 breast
cancer cells (A, B, E). Effect of dimers (50 uM) G#N protein level treated for 24 h and its
corresponding densitometric analyses (C, D, G).

The 1,2,4-trioxane dimetal showed no alterations in OPN expression lelvig.(8) at 50uM
level despite having two 1,2,4-trioxane units imdd compounds. Surprisingly, treatment of
MDA-MB-435 cells with 1,2,4-trioxane&3ai bearing bis(triazolyl)ethylamine linker showed
significant decrease in OPN expression aplDlevel, e.g.13i (~ 0.27 fold),13d (~ 0.26 fold),
13h (~ 0.15 fold),13b (~ 0.17 fold),13e(~ 0.33 fold),13f (~ 0.11 fold),13g (~ 0.43 fold),13c

(~ 0.45 fold) andl3a (~ 0.28 fold) (Figs. 9). The fact that OPN playduactional role in
progression and malignancy of breast cancer [38]hagh expression of OPN is observed in the
highly invasive and metastatic human breast cacektines [36], the compounds such g

12



11, 13a 13¢ 13d, 13e 13g 13i, and DHA may act as an anti-metastatic agent itrobing

MDA-MB-435 breast cancer cells metastasis. We adertaking further studies to understand

the mechanism and functional sequel involved is #vient.

C

10 pM

13i 13d

13h

13b

13e

13f

13g

13¢ 13a

p-actin “—.----———d

1.2-

1.04%

0.8+

0.6

OPN/ Total protein

0.4-

0.2 -

0.0 //‘-

HLLMOMON
AMOM©qDIiiY

DO

%

2

A

MO

i I

2

ALMOMIMOW

ALMMUIMIYY-

C

13i

13d

13h

13b

13e

B

13f

13g

13¢

13a

Figure 9. Effect of 1,2,4-trioxane dimers with bis(triazgthylamine linkers {3ai) on OPN
protein level in MDA-MB-435 breast cancer cells (Effect of dimers (10 uM) on OPN protein

level treated for 24 h and its corresponding densgtric analyses (B).

Conclusion

In summary, we have synthesized three series frj@yanes starting from citranellol. These

trioxanes were used for a preliminary study on degualation of OPN expression in MDA-MB-

435 breast cancer cells where most of the synthef¢4-trioxanes were effective against

metastatic cancer. Interestingly, artemisinin hastiowed OPN downregulation in MDA-MB-

435 cells, while dihydroartemisinin and its etheridative 11 showed promising results. We

found no direct correlation between 1,2,4-trioxanenomers and dimers in affecting OPN

13



downregulation, but more flexible 1,2,4-trioxanendrs (3ai) showed better activity. The

results suggest that synthetic 1,2,4-trioxanes banemployed against cancer metastasis.
Although artemisinin derived 1,2,4-trioxanes aréenfjeused for anticancer studies, we report
here the first study on anticancer properties aftisstic 1,2,4-trioxanes. More studies are

required to understand the mechanism behind dowtaton of OPN expression in cancer cell.

Experimental section

Chemistry

Metarials and Methods

Chemicals purchased from the commercial source wsed without further purification unless
otherwise mentionedH-NMR, and**C NMR spectra of the compounds were obtained uaing
Brucker Avance 400 MHz machine at 400 MHz and 1Q8zMrespectively. Multiplicity of the
peaks is reported as s = singlet, d = doublet,ttiptet, m = multiplet, b = broad. Coupling
constants are presented in the hertz (Hz). LRM& wate recorded by using the ESI method.

3,7-Dimethyl-6-octenyltosylate (4)To a solution of citronellol (10 g, 64.1 mmol),ydoyridine
(61 mL, 769 mmol) was added and stirred for 30 riiilmen the temperature was brought down
to 0 °C andp-toluenesulfonyl chloride (18.26 g, 96.15 mmol) vealed. Upon completion of
the reaction, the solution was poured into a mitaf ice cold water and HCI (50 mL) and
extracted with ethyl acetate (2 x 50 mL). The orgghase was washed with dilute HCI (50
mL), water (50 mL), saturated aqueous NaHJB60 mL) and brine (50 mL) and dried in
Na&SOy, concentrated in vacuo to give an oil which wasfd by column chromatography
(SiO,, Hexane: EtOAc , 9.5: 0.5) to give as an oil if6Yield (12.2 g). IR (KBr, crf): v1599,
1362, 1177, 815, 664HNMR (400 MHz, CDC4):  7.80 (d,J = 8.8 Hz, 2H), 7.35 (d) = 8.8
Hz, 2H), 5.02 (tJ = 8.4 Hz, 1H), 4.09-4.03 (m, 2H), 2.45 @= 2.8 Hz, 3H), 1.98-1.84 (m,
2H), 1.71-1.65 (m, 6H), 1.54-1.40 (m, 2H), 1.262L(th, 1H), 1.13-1.03 (m, 2H), 0.85-0.79 (m,
3H) ppm.**CNMR (100 MHz, CDCJ): $144.6, 133.1, 131.4, 129.8, 127.8, 124.3, 69.16,36.
35.6, 28.8, 25.7, 25.2, 21.6, 19.0, 17.6 ppm. ESI{ki/z): 328 (M+ NH,").

8-Azido-2,6-dimethyloct-2-ene (5):To a solution of 3,7-dimethyl-6-octenyl tosylate? (3,
38.70 mmol) in dry DMF was added NgMnd stirred at 48C. After completion of reaction, the

reaction solution was kept round-bottom flask irrigerator overnight. The reaction was
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guenched by adding 50 mL of ice cold water andaex&d with ethyl acetate (3 x 50 mL) and
the combined organic layer was concentrated inwacgive the crude product as oil. The crude
was purified by column chromatography with hexaseslent to get the product in 78% vyield
(5.5 g). IR (KBr, crit): v 2097, 1457, 1379, 1216, 76BINMR (400 MHz, CDCY): 15.09 (t,J

= 7.6 Hz, 1H), 3.30-3.24 (m, 2H), 2.03-1.96 (m, 2H}{8 (s, 3H), 1.60 (s, 3H), 1.56-1.53 (m,
1H), 1.43-1.30 (m, 2H), 1.23-1.11 (m, 2H), 0.91J& 7.2 Hz, 3H) ppm**CNMR (100 MHz,
CDCly): 8131.4, 124.4, 49.4, 36.8, 35.6, 29.9, 25.7, 25932,117.6 ppm. ESI-MS (m/z): 181
(M.

8-Azido-2,6-dimethyloctane-2,3-diol(6)To a solution of 8-azido-2,6-dimethyloct-2-ene (§,4
29.83 mmol) in mixture of acetone : water (8:2), 8MLO (4.8 g, 35.80 mmol) was added and
stirred at room temperature until NMQ® was dissolved. Osd10 mol %) mixture was added
to the solution and stirred at room temperaturdl wtarting material got consumed. After
completion of the reaction, a saturated solutiolNafS;0Os (50 mL) was added and extracted
with ethyl acetate (3 x 75 mL), washed with brirg® (mL) and water (3 x 50 mL), and
concentrated in vacuo to get an oily crude whiclks warified by column chromatography
employing 40% ethyl acetate in hexane. Yield: 8196 g). IR (KBr, cni): v 3420, 2097,
1463, 1382, 1262, 1072, 9THNMR (400 MHz, CDC}): 1 3.36-3.24 (m, 3H), 2.46 (d,= 4.4
Hz, 1H), 2.17 (s, 0.8H), 1.92 (s, 0.2H), 1.69-1(88 7H), 1.22 (s, 3H), 1.16 (s, 3H), 0.94-0.91
(m, 3H) ppmX*CNMR (100 MHz, CDCJ): 87 8.8, 78.5, 73.2, 73.2, 49.4, 49.4, 35.8, 35.4),34
33.6, 30.4, 30.2, 29.0, 28.7, 26.5, 26.5, 23.14,1W.1 ppm. ESI-MS (m/z): 215 ()

8-Azido-2-hydroperoxy-2,6-dimethyloctan-3-ol (6a):To an ice-cooled (0-8C) solution of 8-
azido-2,6-dimethyloctane-2,3-diol (5.5 g, 25.58 nimwas added 50% 1D, (5.8 mL, 204.65
mmol) followed by HSO, (0.34 mL, 6.3 mmol). After 4 h, the reaction wached by adding
ice cold water and extracted with CHEB x 50 mL). The organic layer was washed with
saturated solution of NaHQ@0 mL) and water (50 mL), and concentrated in wvaimiget an

oily crude product which was used directly for tiext reaction.

Typical procedure for synthesis of azido tethered,2,4-trioxane monomers:A solution of 4-
nitro benzaldehyde (0.218 g, 1.449 mmol) in drjhiti;omethane was stirred at 6 for 15
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min. Thenp-TsOH (0.274 g, 1.449 mmol) and 8-azido-2-hydroges®,6-dimethyloctan-3-ol
crude (0.5 g, 2.17 mmol) were added to the solusequentially. After completion of reaction,
solvent was evaporated at low temperature and igdriby column chromatography (SIO
hexane: ethyl acetate, 9:1).

5-(5-Azido-3-methylpentyl)-6,6-dimethyl-3-(4-nitroghenyl)-1,2,4-trioxane(7a)Qil, 86%
yields. IR (KBr, cn'): v 2096, 1637, 1533, 1460, 1351, 1262, 1098, 906, 84MMR (400
MHz, CDCl; diastereomeric pairs as major/minar)8.24-821 (m, 2H), 7.68-761 (m, 2H), 6.04
(s, 0.9H), 5.88 (s, 0.2H), 3.77-3.74 (m, 0.3H),083%658 (m, 1.1H), 3.38-3.26 (m, 2H), 1.70-1.38
(m, 6H), 1.36 (s, 3H), 1.25 (s, 3H), 1.21-1.18 (hl), 0.95-0.93 (m, 3H) ppnt>CNMR (100
MHz, CDCk; diastereomeric pairs as major/minar):148.3, 148.1, 147.1, 145.4, 127.5, 127.1,
123.5, 123.5, 100.0, 99.67, 86.3, 86.1, 84.3, &1119, 80.97, 49.3, 35.5, 35.4, 34.0, 33.8, 30.4,
30.2, 26.9, 26.7, 25.4, 25.0, 23.3, 20.3, 19.11 ppm. ESI-MS (m/z): 387.15 (M+Na)

5-(5-Azido-3-methylpentyl)-3-(2-bromophenyl)-6,6-dinethyl-1,2,4-trioxane(7b): Oil; IR
(KBr, cmY): v 2931, 2095, 1699, 1464, 1264, 1210, 1159, 1128910041, 757*HNMR (400
MHz, CDCk. diasteromeric pairs as major/minor): 7.67-7.57 (m, 1H), 7.55-7.52 (m, 1H),
7.35-7.31 (m, 1H), 7.22-7.17 (m, 1H), 6.25(s, 0.46{10 (s, 1.1H), 3.76-3.66 (m, 1H), 3.36-3.23
(m, 2H), 1.69-1.38 (s, 10H), 1.27-1.23 (m, 3H),40092 (m, 3H) ppm**CNMR (100 MHz,
CDClg; diastereomeric pairs as major/minar):138.2, 136.9, 132.9, 132.7, 130.4, 130.2, 128.1,
127.8, 127.5, 127.3, 123.2, 122.9, 100.1, 100.01,8%86.9, 84.1, 84.0, 81.6, 80.4, 49.4, 49.4,
35.6, 35.5, 33.9, 33.7, 30.4, 30.3, 27.1, 26.96,285.1, 23.4, 20.2, 19.2, 19.2 ppm. ESI-MS
(m/z): 421.23 (M+Na).

5-(5-Azido-3-methylpentyl)-3-(4-fluorophenyl)-6,6-dmethyl-1,2,4-trioxane(7c): Oil; IR
(KBr, cmi): v 2968, 2096, 1607, 1464, 1226, 1155, 1101, 1085, 83INMR (400 MHz,
CDClg; diasteromeric pairs as major/minor): 7.48-7.41 (m, 2H), 7.07-7.03 (m, 2H), 5.96 (s,
0.3H), 5.78 (s, 0.9H), 3.72-3.62 (m, 1H), 3.35-3(28 2H), 1.69-1.22 (s, 13H), 0.94-0.92 (m,
3H) ppm.**CNMR (100 MHz, CDGJ; diastereomeric pairs as major/minar):164.3, 161.9 (d,
J= 23 Hz), 135.9, 134.0, 128.7, 128.0, 115.3, 118010, 100.5, 86.2, 86.0, 84.2, 84.0, 81.4,
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80.3, 49.3, 35.5, 35.5, 34.0, 33.8, 30.4, 30.31,276.9, 25.6, 25.2, 23.5, 20.2, 19.1, 19.1 ppm.
ESI-MS (m/z): 360.22 (M+N4)

5-(5-Azido-3-methylpentyl)-3-(4-chlorophenyl)-6,6-dnethyl-1,2 4-trioxane(7d): Oil; IR
(KBr, cm): v 2932, 2098, 1600, 1492, 1262, 1217, 1161, 108151NMR (400 MHz,
CDCls; diasteromeric pairs as major/minor): 7.41-7.38 (m, 2H), 7.35-7.33 (m, 2H), 5.96 (s,
0.9H), 5.78 (s, 0.5H), 3.72-3.60 (m, 1H), 3.35-3(&§ 2H), 1.69-1.18 (m, 13H), 0.94-0.92 (m,
3H) ppm.*CNMR (100 MHz, CDC{; diastereomeric pairs as major/minor):134.9, 134.5,
130.9, 129.4, 128.5, 128.5, 128.1, 127.6, 100.9,4,(86.2, 86.0, 84.1, 84.0, 81.5, 80.4, 49.3,
35.6, 35.5, 34.0, 33.9, 30.5, 30.3, 27.0, 26.95,285.1, 23.5, 20.3, 19.2, 19.1 ppm. ESI-MS
(m/z): 376.23 (M+Na)

5-(5-Azido-3-methylpentyl)-3-(3-bromophenyl)-6,6-dinethyl-1,2,4-trioxane(7e): Oil; IR
(KBr, cm™): v2931, 2095, 1703, 1464, 1371, 1257, 1210, 11619,10966, 786:HNMR (400
MHz, CDCL; diasteromeric pairs as major/minor)7.63-7.21 (m, 4H), 5.93 (s, 0.8H), 5.76 (s,
0.3H), 3.71-3.60 (m, 1H), 3.37-3.23 (m, 2H), 1.703L (m, 13H), 0.95-0.93 (m, 3H) ppm.
3CNMR (100 MHz, CDGCJ; diastereomeric pairs as major/minar)l42.4, 140.5, 132.1, 131.7,
129.9, 129.7, 129.3, 125.4, 124.9, 124.9, 122.2,412100.6, 100.1, 86.2, 86.0, 84.2, 84.0, 81.6,
80.5, 49.3, 35.5, 35.5, 34.0, 33.7, 30.5, 30.3),276.8, 25.5, 25.1, 23.4, 20.2, 19.2, 19.1 ppm.
ESI-MS (m/z): 420.19 (M+N4&)

5-(5-(5-Azido-3-methylpentyl)-6,6-dimethyl-1,2,4-ttoxan-3-yl)benzo[d][1,3]dioxole(7f)QOil;

IR (KBr, cnmi): v 2971, 2870, 2096, 1688, 1489,1449, 1123, 1038, BASMR (400 MHz,
CDCls; diastereomeric pairs)i 6.94-6.91 (m, 2H), 6.78 (d,= 8 Hz, 1H), 5.95 (s, 2H), 5.90 (s,
1.2H), 5.72 (s, 0.1H), 3.68-3.64 (m, 1H), 3.35-3(8% 2H), 1.69-1.37 (m, 10H), 1.22 (s, 3H),
0.93 (d,J = 6.8 Hz, 3H) ppm*CNMR (100 MHz, CDC{; diastereomeric pairs): 148.0,
147.7, 134.0, 120.2, 107.9, 106.6, 101.1, 100.9,884.0, 81.3, 49.3, 35.5, 33.9, 30.4, 27.0,
25.2,20.1, 19.1 ppm. ESI-MS (m/z): 386.56 (M+Na)

4-(5-(5-Azido-3-methylpentyl)-6,6-dimethyl-1,2,4-tioxan-3-yl)phenol (79):0il; IR (KBr, cm’
): v 3442, 2932, 2098, 1600, 1492, 1262, 1217, 11687,10015.*HNMR (400 MHz, CDC};
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diasteromeric pairs as major/minor):7.32-7.27 (m, 2H), 6.71 (m, 2H), 6.05 (br s, 113,94 (s,
0.7H), 5.75 (s, 0.4H), 3.71-3.24 (m, 3H), 1.67-1(86 10H), 1.24 (s, 3H), 0.91 (d,= 6.4 Hz,
3H) ppm.**CNMR (100 MHz, CDC; diastereomeric pairs as major/minor):157.76, 156.4,
131.5, 129.5, 128.4, 127.9, 115.3, 115.2, 101.6,11(86.1, 85.9, 84.2, 84.1, 81.4, 80.2, 49.3,
35.5, 35.5, 34.0, 33.8, 30.5, 30.3, 27.1, 27.06,285.2, 23.5, 20.1, 19.2, 19.1 ppm. ESI-MS
(m/z): 358.45 (M+Na)

5-(5-Azido-3-methylpentyl)-6,6-dimethyl-3-phenyl-12,4-trioxane(7h): Oil; IR (KBr, cm): v
2930, 2097, 1641, 1463, 1382, 1262, 1162, 1072,'86IMR (400 MHz, CDC4; diasteromeric
pairs as major/minor):l 7.49-7.44 (m, 2H), 7.38-7.33 (m, 3H), 5.99 (s,H),45.81 (s, 0.6H),
3.73-3.64 (m, 1H), 3.36-3.22 (m, 2H), 1.69-1.23 (BH), 0.94-0.89 (m, 3H) ppnt’CNMR
(100 MHz, CDC4; diastereomeric pairs as major/minor):138.1, 134.4, 129.1, 128.7, 128.3,
128.3, 126.7, 126.2, 101.7, 101.1, 86.1, 86.0,,8410, 81.3, 80.2, 49.3, 35.5, 35.5, 34.1, 33.8,
30.4, 30.3, 27.1, 27.0, 25.6, 25.2, 23.5, 20.3,1W.1 ppm. ESI-MS (m/z): 342.34 (M+Na)

5-(5-Azido-3-methylpentyl)-3-(4-methoxyphenyl)-6,@&imethyl-1,2,4-trioxane(7i): Oil; IR
(KBr, cm™): v 2932, 2873, 2096, 1616, 1518, 1458, 1371, 12620,12086, 1068, 833HNMR
(400 MHz, CDC}; diasteromeric pairs as major/minar):7.42-7.36 (m, 2H), 6.90-6.87 (m, 2H),
5.95 (s, 0.8H), 5.76 (s, 0.4H), 3.79 (s, 3H), 3376 (m, 1H), 3.58-3.22 (m, 2H), 1.82-1.23 (m,
13H), 0.93-0.91 (m, 3H) ppm™CNMR (100 MHz, CDC}; diastereomeric pairs as
major/minor):[1 160.3, 160.0, 132.2, 130.2, 128.2, 127.6, 11313,7,, 101.5, 101.0, 86.0, 85.9,
84.1, 83.9, 81.1, 80.0, 55.3, 55.2, 49.3, 35.5%,383.9, 33.6, 30.5, 30.4, 27.1, 27.0, 25.6, 25.3,
23.6, 20.1, 19.2, 18.8 ppm. ESI-MS (m/z): 372.65-Kd)"

5-(5-Azido-3-methylpentyl)-6,6-dimethyl-3-(p-tolyl)}1,2,4-trioxane(7j): Oil; IR (KBr, cm™): v
2969, 2931, 2872, 2095, 1617, 1460, 1370, 12639,1835. 'HNMR (400 MHz, CDC};
diasteromeric pairs as major/minor): 7.38-7.33 (m, 2H), 7.17 (d) = 8.0 Hz, 2H), 5.96 (s,
0.3H), 5.78 (s, 0.8H), 3.71-3.63 (m, 1H), 3.36-3(&% 2H), 2.34 (s, 3H), 1.69-1.23 (m, 13H),
0.94-0.88 (m, 3H) ppm:CNMR (100 MHz, CDCJ; diastereomeric pairs as major/minor):
138.9, 138.5, 137.1, 135.1, 129.0, 128.9, 126.8,11201.7, 101.1, 86.0, 85.9, 84.0, 83.9, 81.20,
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80.1, 49.3, 35.5, 35.5, 34.0, 33.8, 30.4, 30.31,277.0, 25.6, 25.2, 23.5, 21.2, 20.2, 19.1, 18.3
ppm. ESI-MS (m/z): 356.23 (M+N&)

5-(5-Azido-3-methylpentyl)-6,6-dimethyl-3-(3-nitrophenyl)-1,2,4-trioxane(7k): Oil; IR (KBr,
cm): v 2932, 2096, 1637, 1533, 1460, 1351, 1262, 1098, 807."HNMR (400 MHz, CDC};
diasteromeric pairs as major/minor):8.36-8.31 (m, 1H), 8.23-8.18 (m, 1H), 7.83-7.78 1),
7.57-7.55 (m, 1H), 6.04 (s, 0.3H), 5.88 (s, 1HY,733.73 (m, 1H), 3.65-3.62 (m, 0.4H), 3.37-
3.26 (m, 2H), 1.71-1.29 (m, 10H), 1.22 (s, 3H),590093 (m, 3H) ppm**CNMR (100 MHz,
CDCls; diastereomeric pairs as major/minor):148.2, 142.4, 140.7, 132.8, 132.4, 129.3, 123.9,
123.6, 121.8, 121.3, 100.0, 99.6, 86.3, 86.1, 8432, 82.0, 80.9, 49.3, 35.5, 35.5, 33.9, 33.7,
30.4, 30.2, 27.0, 26.9, 25.4, 25.1, 23.4 and 2@B1, 19.1 ppm. ESI-MS (m/z): 387.53
(M+Na)".

5-(5-Azido-3-methyl)-6,6-dimethyl-3-(napthalen-1-y-1,2,4-trioxane(71): Oil; IR (KBr, cm'*):

v 2932, 2098, 1610, 1601, 1492, 1475, 1262, 1218111087, 1015'HNMR (400 MHz,
CDCls; diasteromeric pairs as major/minor):8.22-8.18 (m, 1H), 7.85-7.74 (m, 3H), 7.53-7.43
(m, 3H), 6.67 (s, 0.3H), 6.50 (s, 0.6H), 3.85-3(80 0.5H), 3.69-3.66 (m, 0.4H), 3.55-3.20 (m,
2H), 1.82-1.22 (m, 13H), 0.91-0.89 (m, 3H) ppHCNMR (100 MHz, CDC}; diastereomeric
pairs as major/minor):] 135.1, 133.9, 133.8, 133.7, 131.1, 131.0, 12923,11 128.5, 126.2,
126.1, 125.6, 125.2, 125.1, 124.2 123.9, 123.2,8129.1, 86.1, 85.9, 83.9, 83.7, 81.4, 80.3,
49.4, 35.6, 35.5, 34.1, 33.8, 30.5, 30.3, 27.10,275.7, 25.2, 23.4, 20.6, 19.2, 18.9 ppm. ESI-
MS (m/z): 392.49 (M+N4d)

5-(5-Azido-3-methylpentyl)-3-(furan-2-yl)-6,6-dimetyl-1,2,4-trioxane(7m): Oil; IR (KBr,
cm?): v 2971, 2870, 2096, 1688, 1489,1449, 1123, 1038, 668\MR (400 MHz, CDC};
diastereomeric pairs as major/minor):7.42-7.40 (m, 1H), 6.46-6.31 (m, 2H), 5.99 (s,H),5
5.86 (s, 0.9H), 3.75-3.72 (m, 0.5H), 3.66-3.63 {M), 3.35-3.21 (m, 2H), 1.71-1.33 (m, 10H),
1.25 (s, 3H), 0.93-0.91 (m, 3H) pprfCNMR (100 MHz, CDC{; diastereomeric pairs as
major/minor): 1 152.6, 151.1, 143.2, 142.9, 110.1, 110.0, 10908,2, 95.6, 95.3, 85.8, 85.6,
83.6, 83.5, 81.1, 80.4, 49.3, 35.5, 35.5, 33.97,330.4, 30.3, 26.9, 26.8, 25.0, 24.8, 22.8, 20.4,
19.1, 19.1 ppm. ESI-MS (m/z): 332.15 (M+Ka)

19



4-(5-Azido-3-methylpentyl)-3,3-dimethyl-1,2,5-trioxaspiro[5.5]lundecane(7n):Oil; IR (KBr,
cm'): v 2935, 2862, 2096, 1449, 1365, 1259, 1100, $80IMR (400 MHz, CDC}): (1 3.63-
3.59 (m, 1H), 3.35-3.25 (m, 2H), 1.66-1.24 (m, 20HP8 (s, 3H), 0.94-0.90 (m, 3HFCNMR
(100 MHz, CDCY¥): [1 106.3, 82.5, 82.3, 78.9, 48.8, 37.7, 35.5, 353U18, 33.5, 33.3, 29.8,
29.7, 26.3, 26.1, 25.7, 24.6, 23.4, 23.2, 22.6{,18.5 ppm. ESI-MS (m/z): 334.47 (M+Na)

5-(5-Azido-3-methylpentyl)-3-(4-chlorophenyl)-3,6,&rimethyl-1,2 4-trioxane(70): Oil; IR
(KBr, cm™): v 2974, 2928, 2871, 2096, 1598, 1488, 1462, 13748,12091, 830"HNMR (400
MHz, CDCk; diastereomeric pairs as major/minor): 7.45-7.40 (m, 2H), 7.30-7.26 (m, 2H),
3.79-3.75 (m, 0.5H), 3.37-3.23 (m, 2.5H), 1.68-0(8i 19H) ppm**CNMR (100 MHz, CDC};
diastereomeric pairs as major/minar):144.6, 144.3, 133.1, 133.0, 128.1, 127.9, 12&6,2,
106.4, 106.1, 84.5, 84.3, 83.8, 83.5, 81.2, 81913,835.6, 35.4, 34.0, 33.7, 30.4, 30.2, 26.7,,26.5
26.3, 25.9, 25.4, 23.4, 22.0, 19.8, 19.1 ppm. ESI{k1/z): 390.75 (M+N4)

Synthesis of 2,2,22'-tetramethyl-7-(prop-2-yn-1-yloxy)tetrahydrospiro[[ 1,3]-dioxolo[4,5-c]
pyran-6,4"-[1,3]dioxolane] (9): A 50% NaOH (ag) solution was made by dissolving NaO
(0.83 g) in HO (0.8 mL). The compound (1.5 g, 5.76 mmol) was dissolved in toluene (5 mL)
and slowly poured over the aqueous solution. Tatsgdmmonium hydrogen bisulphate (0.002
g, 0.0069 mmol) and propargyl bromide (1.2 mL, Bln2Znol) were added and the stirred gently
for 48 h. After completion of the reaction, the quund was extracted with ethyl acetate and
evaporated under reduced pressure to get the gmadieict as a yellow oil. Purification using
column chromatography with silica gel and EtOAckrex (1:1) as eluent gave p@€0.98 g,
52%) as a pale yellow viscous oil. IR (KBr, §nv 3291, 2988, 2936, 2115, 1632, 1456, 1383,
1220, 1116, 1084, 1018, 886HINMR (400MHz, CDC}): [1 4.54 (ddJ = 16.0 Hz, 2.4 Hz, 1H),
4.44 (dd,J = 16.0 Hz, 2.4 Hz, 1H), 4.31 (dd= 7.6 Hz, 5.4 Hz, 1H), 4.25 (d,= 8.6 Hz, 1H),
4.20-4.10 (m, 2H), 4.16 (m, 2H), 3.95 (= 8.6 Hz, 1H), 3.76 (d] = 7.6 Hz, 1H), 2.44 (1) =

2.3 Hz, 0.6H), 2.35 (s, 0.3H), 1.58 (s, 3H), 1.493H), 1.41 (s, 3H), 1.36 (s, 3H) ppHiCNMR
(100 MHz, CDCY¥): 6 111.5, 108.6, 103.7, 79.0, 77.1, 74.4, 73.5, 78142, 59.5, 57.8, 27.6,
26.2, 25.8, 25.4 ppm. ESI-MS (m/z): 299.17 (M¥H)
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Typical procedure for 1,2,3-triazole linked 1,2,44tioxane monomers: A mixture of Cul (2

mg, 1 mol%) and L-proline (1.2 mg, 1 mol%) takenaim oven-dried two-neck round bottom
flask was mixed with glycerol (4 mL) in a bath smator for 30 min. Then azido tethered 1,2,4-
trioxane derivative{a) (0.364 g, 1 mmol) and compou®d(0.3 g,1 mmol) were added to the
solution and stirred at room temperature. The msgof the reaction was monitored by TLC
and found completed within 5 h. The reaction waenghed by adding water (5 mL) to the
suspension and extracted with ethyl acetate (3 mlLp The combined organic layer was dried
over anhydrous N&O, and concentrated the organic layer to afford thele product. The

crude was purified by column chromatography emplgyi5% ethyl acetate in hexane as eluent.

1-(5-(6,6-Dimethyl-3-(4-nitrophenyl)-1,2,4-trioxan5-yl)-3-methylpentyl)-4-((((3aS,4'R, 7aS)
-2,2,2',2'-tetramethyl tetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-yl)oxy)
methyl)-1H-1,2,3-triazolg10a): Yield 67%, gum. IR (KBr, cm): v 3291, 3123, 2988, 2936,
1383, 1220, 1116, 1084, 1018, 88aNMR (400 MHz, CDC}): *"HNMR (400 MHz, CDC)): [
8.23 (d,J = 8.2 Hz, 2H), 7.68-7.62 (m, 2H), 7.55 (s, 1HPH(s, 0.5H), 5.88 (d] = 12.4 Hz,
0.5H), 5.06 (dJ = 12.4 Hz, 1H), 4.82 (d] = 12.4 Hz, 1H), 4.42-4.34 (m, 2H), 4.22 (&= 6.4
Hz, 1H), 4.13 (d,J = 13.6 Hz, 1H), 4.05-4.03 (m, 3H), 3.89 (ds 8.4 Hz, 1H), 3.75-3.65 (m,
1H), 3.59 (dJ = 7.6 Hz, 1H), 2.01-1.98 (m, 1H), 1.78-1.71 (m,)1H57 (s, 3H), 1.48 (s, 3H),
1.36 (s, 12H), 1.25-1.19 (m, 5H), 1.01-0.98 (m, 3Hm. *CNMR (100 MHz, CDG)): &
148.26, 148.07, 147.09, 145.30, 145.06, 127.59,182723.57, 123.53, 122.18, 112.05, 109.13,
104.28, 100.04, 99.64, 86.30, 86.03, 84.25, 8481399, 81.96, 80.96, 80.92, 77.46, 76.52,
73.81, 71.73, 65.19, 60.14, 48.31, 37.24, 37.1863B3.25, 30.27, 30.11, 28.20, 26.86, 26.78,
26.51, 26.25, 26.00, 25.81, 25.41, 25.00, 23.993&320.38, 19.03 ppm.Anal. Calcd for
(Cs2H46N4O11): C 57.99, H 7.00, N 8.45. Found: C 57.95, H 6/98B.50.

1-(5-(3-(2-Bromophenyl)-6,6-dimethyl-1,2,4-trioxans-yl)-3-methylpentyl)-4-
((((3aS,4'R,7aS)-2,2,2',2'-tetramethyltetrahydrospp[[1,3]dioxolo[4,5-c]pyran-6,4'-
[1,3]dioxolan]-7-yl)oxy)methyl)-1H-1,2,3-triazole (10b): Gum; IR (KBr, cm'): v 3296, 2981,
2932, 2875, 1713, 1642, 1572, 1461, 1246, 12178,10822."HNMR (400 MHz, CDC}):
17.66 (d,J = 7.8 Hz, 1H), 7.59-7.51 (m, 2H), 7.33Jtz 7.6 Hz, 1H), 7.19 (1) = 7.8 Hz, 1H),
6.24 (s, 0.4H), 6.09 (s, 0.6H), 5.04 {ds 12.4 Hz, 1H), 4.81 (dl = 12.4 Hz, 1H), 4.43-4.30 (m,
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2H), 4.20 (dJ = 6.4 Hz, 1H), 4.11 (d] = 12.8 Hz, 1H), 4.05-3.98 (m, 3H), 3.87 {d 8.4 Hz,
1H), 3.74-3.62 (m, 1H), 3.59 (d,= 7.4 Hz, 1H), 2.02-1.92 (m, 1H), 1.74-1.65 (m)1H56 (s,
3H), 1.47 (s, 3H), 1.36 (s, 12H), 1.26-1.22 (m, 56497 (d,J = 6.4 Hz, 3H) ppm**CNMR (100
MHz, CDCk): & 145.10, 144.84, 138.14, 136.84, 132.85, 132.6%.463 130.21, 128.12,
127.48, 123.08, 122.74, 122.25, 111.94, 109.00,2404100.05, 99.96, 85.95, 85.70, 83.99,
83.80, 81.54, 81.53, 80.37, 80.32, 77.40, 76.3%,5/3F1.64, 64.99, 60.08, 48.23, 37.17, 37.04,
33.82, 33.53, 30.25, 30.02, 28.15, 26.93, 26.7A&&6.22, 25.95, 25.55, 25.00, 23.97, 23.41,
20.20, 18.96 ppm. Anal. Calcd for {£146BrN3Og): C 55.17, H 6.66, N 6.03. Found: C 55.10, H
6.60, N 6.10.

1-(5-(3-(4-Fluorophenyl)-6,6-dimethyl-1,2,4-trioxar5-yl)-3-methylpentyl)-4-((((3aS,4'R,
7aS)-2,2,2',2'-tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-
yl)oxy)methyl)-1H-1,2,3-triazole (109):Gum; IR (KBr, cmt): v 3210, 2976, 2912, 2871, 1642,
1421, 1121, 1011*HNMR (400 MHz, CDC§): 11 7.52 (d,J = 4.8 Hz, 1H), 7.48-7.45 (m, 2H),
7.05 (t,J = 8.4 Hz, 2H), 5.96 (s, 0.2H), 5.78 @= 3.8 Hz, 0.8H), 5.05 (d] = 12.4 Hz, 1H),
4.83-4.78 (m, 1H), 4.43-4.34 (m, 2H), 4.22 Jd&; 6.0 Hz, 1H), 4.13 (d] = 13.6 Hz, 1H), 4.05-
3.99 (m, 3H), 3.89 (d] = 8.8 Hz, 1H), 3.75-3.65 (m, 1H), 3.59 (s 7.4 Hz, 1H), 1.99-1.90 (m,
1H), 1.77-1.63 (m, 1H), 1.57 (s, 3H), 1.48 (s, 3HR9-1.33 (m, 12H), 1.26-1.23 (m, 5H), 1.00-
0.97 (m, 3H) ppm*®CNMR (100 MHz, CDCJ): & 164.49, 162.04, 145.31, 145.07, 133.94,
128.74, 128.65, 128.18, 128.09, 122.33, 122.14,361915.15, 112.07, 109.15, 101.00, 86.13,
85.88, 84.17, 84.03, 81.44, 81.42, 80.31, 80.2816{7/6.56, 73.83, 71.77, 65.22, 60.17, 48.34,
37.26, 37.22, 33.99, 33.73, 30.38, 30.17, 28.20/R&6.52, 26.26, 26.01, 25.83, 25.57, 25.30,
24.01, 23.56, 20.19, 19.02 ppm. Anal. Calcd fopldasFN3Og): C 60.46, H 7.29, N 6.61. Found:
C 60.40, H 7.20, N 6.56.

1-(5-(3-(4-Chlorophenyl)-6,6-dimethyl-1,2,4-trioxar5-yl)-3-methylpentyl)-4-((((3aS,4'R,
7aS)-2,2,2',2'-tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-
yl)oxy)methyl)-1H-1,2,3-triazole (10d): Gum; IR (KBr, cm): v 3211, 2989, 2851, 1600, 1492,
1262, 1217, 1161, 1087, 1015INMR (400 MHz, CDCY): [ 7.52 (s, 1H), 7.42 (d] = 8.0 Hz,
2H), 7.34 (dJ = 8.0 Hz, 2H), 5.95 (s, 0.2H), 5.79 @z 4.2 Hz, 0.8H), 5.05 (d]l = 12.4 Hz,
1H), 4.83-4.79 (m, 1H), 4.41-4.34 (m, 2H), 4.22J¢; 6.4 Hz, 1H), 4.13 (d] = 13.6 Hz, 1H),
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4.05-3.99 (m, 3H), 3.89 (d, = 8.6 Hz, 1H), 3.75-3.62 (m, 1H), 3.59 M= 7.4 Hz, 1H), 1.98-
1.91 (m, 1H), 1.77-1.64 (m, 1H), 1.57 (s, 3H), 1(483H), 1.39-1.33 (m, 12H), 1.26-1.20 (m,
5H), 0.99-0.97 (m, 3H) ppn3CNMR (100 MHz, CDGJ): 5 145.29, 138.56, 136.73, 134.90,
128.51, 128.17, 127.68, 122.19, 112.05, 109.13,3D04100.86, 100.36, 86.13, 85.87, 84.11,
83.96, 81.51, 81.49, 80.42, 80.39, 77.11, 76.582Z[¥1.75, 65.19, 60.16, 48.33, 37.24, 37.20,
33.96, 33.70, 30.34, 30.13, 28.20, 26.97, 26.8(563&6.26, 26.01, 25.83, 25.54, 24.01, 23.50,
20.26, 19.02 ppm. Anal. Calcd for 4f146CIN3Og): C 58.93, H 7.11, N 6.44. Found: C 58.88, H
7.05, N 6.52.

1-(5-(3-(3-Bromophenyl)-6,6-dimethyl-1,2,4-trioxans-yl)-3-methylpentyl)-4-((((3aS,4'R,
7aS)-2,2,2',2'-tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-
yl)oxy)methyl)-1H-1,2,3-triazole (108: Gum; IR (KBr, cni): v 3296, 2981, 2932, 2875, 1713,
1642, 1572, 1461, 1246, 1217, 1038, 1&82RMR (400 MHz, CDC)): (1 7.63-7.40 (m, 4H),
7.21-7.23 (m, 1H), 5.93 (s, 0.2H), 5.76 J& 4.0 Hz, 0.8H), 5.06 (d,= 12.6 Hz, 1H), 4.83-4.79
(m, 1H), 4.41-4.34 (m, 2H), 4.22 (d,= 6.4 Hz, 1H), 4.13 (d] = 13.8 Hz, 1H), 4.05-4.00 (m,
3H),3.89 (d,J = 8.6 Hz, 1H), 3.76-3.65 (m, 1H), 3.59 M= 7.2 Hz, 1H), 1.98-1.89 (m, 1H),
1.76-1.65 (m, 1H), 1.57 (s, 3H), 1.48 (s, 3H), 11483 (m, 12H), 1.25-1.08 (m, 5H), 1.00-0.94
(m, 3H) ppm."*CNMR (100 MHz, CDGJ): § 145.23, 140.46, 140.45, 132.20, 131.83, 129.96,
129.76, 129.29, 125.47, 124.98, 122.43, 122.35,172212.08, 109.16, 104.29, 100.64, 100.17,
86.14, 85.89, 84.17, 84.01, 81.61, 80.57, 80.5477773.82, 71.74, 65.18, 60.15, 48.29, 37.54,
37.27, 33.97, 33.70, 29.95, 29.83, 28.21, 26.85366.27, 25.99, 25.83, 25.52, 25.31, 24.01,
23.48, 19.06, 18.31 ppm. Anal. Calcd forfd4sBrN3Og): C 55.17, H 6.66, N 6.03. Found: C
55.11, H 6.60, N 6.10.

1-(5-(3-(Benzol[d][1,3]dioxol-5-yl)-6,6-dimethyl-1,24-trioxan-5-yl)-3-methylpentyl)-4-
((((3aS,4'R,7aS)-2,2,2',2'-tetramethyltetrahydrospp[[1,3]dioxolo[4,5-c]pyran-6,4'-
[1,3]dioxolan]-7-yl)oxy)methyl)-1H-1,2,3-triazole (10f): Gum; IR (KBr, cni): v 3289, 2986,
2921, 2861, 1643, 1541, 1453, 1248, 1219, 10819 19RMR (400 MHz, CDCY): [1 7.51 (s,
1H), 6.94-6.87 (m, 2H), 6.74 (d,= 8.0 Hz, 1H), 5.91 (s, 2H), 5.85 (s, 0.6H), 5(68] = 4.6 Hz,
0.6H), 5.01 (dJ = 12.4 Hz, 1H), 4.78 (d] = 12.4 Hz, 1H), 4.37-4.30 (m, 2H), 4.18 (5 6.6
Hz, 1H), 4.10-4.05 (m, 1H), 4.01-3.95 (m, 3H), 3(84J = 8.6 Hz, 1H), 3.63-3.60 (m, 1H), 3.55

23



(d,J =7.4 Hz, 1H), 1.96-1.87 (m, 1H), 1.73-1.60 (m,)LH53 (s, 3H), 1.44 (s, 3H), 1.36-1.29
(m, 12H), 1.23-1.21 (m, 5H), 0.95 (d,= 6.8 Hz, 3H) ppm>*CNMR (100 MHz, CDGJ): &
148.29, 148.00, 147.66, 145.16, 133.90, 131.93,222420.94, 120.20, 111.99, 109.06, 107.86,
106.91, 106.53, 104.25, 101.40, 101.06, 85.92,6888.11, 83.95, 81.22, 81.20, 80.06, 80.03,
77.54, 76.43, 73.76, 71.67, 65.05, 60.10, 48.27,8737.15, 33.93, 33.66, 30.29, 30.21, 28.14,
26.83, 26.75, 26.21, 25.94, 25.57, 25.55, 25.10&33.55, 20.98, 20.10, 19.01, 18.98 ppm.
Anal. Calcd for (GsH47N3011): C 59.90, H 7.16, N 6.35. Found: C 59.95, H 7TN®.41.

1-(5-(3-(4-Methoxyphenyl)-6,6-dimethyl-1,2,4-trioxa-5-yl)-3-methylpentyl)-4-((((3aS,4'R,
7aS)-2,2,2',2'-tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-
yl)oxy)methyl)-1H-1,2,3-triazole (10¢: Gum:; IR (KBr, cm'): v 3289, 2976, 2924, 1642, 1572,
1461, 1246, 1217, 1038, 109aNMR (400 MHz, CDCY): ] 7.55-7.51 (m, 1H), 7.42-7.36 (m,
2H), 6.89 (d,J = 8.4 Hz, 2H), 5.95 (s, 0.5H), 5.77 @z 3.4 Hz, 0.5H), 5.05 (d]l = 12.4 Hz,
1H), 4.82 (dJ = 12.4 Hz, 1H), 4.41-4.34 (m, 2H), 4.22 {d5 8.4 Hz, 1H), 4.13 (d] = 13.4 Hz,
1H), 4.05-3.99 (m, 3H), 3.88 (d,= 8.6 Hz, 1H), 3.80 (s, 3H), 3.69-3.65 (m, 1HEB(d,J=7.6

Hz, 1H), 1.99-1.87 (m, 1H), 1.76-1.64 (m, 1H), 1(873H), 1.48 (s, 3H), 1.37-1.35 (m, 12H),
1.16-1.08 (m, 5H), 1.00-0.94 (m, 3H) ppMCNMR (100 MHz, CDCJ): 8 160.34, 160.05,
145.33, 132.11, 130.17, 128.17, 127.65, 122.29,122213.73, 113.70, 112.06, 109.14, 104.31,
101.57, 101.02, 86.02, 85.76, 84.09, 83.93, 8181614, 80.01, 79.98, 77.48, 76.56, 73.83,
71.78, 65.24, 60.18, 55.28, 48.36, 37.53, 37.2023483.76, 30.43, 30.32, 29.98, 29.68, 28.20,
27.05, 26.93, 26.82, 26.26, 26.01, 25.64, 25.281220.18, 19.06, 18.30 ppm. Anal. Calcd for
(C33H49N30,0): C 61.19, H 7.62, N 6.49. Found: C 61.11, H 71$&.55.

1-(5-(6,6-Dimethyl-3-p-tolyl)-1,2,4-trioxan-5-yl)-3-methylpentyl)-4-((((32S,4'R, 7aS)-
2,2,2',2'-tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-yl)oxy)
methyl)-1H-1,2,3-triazole (10h): Gum; IR (KBr, cni): v 3276, 2954, 2927, 1635, 1577, 1465,
1238, 1210, 1029HNMR (400 MHz, CDC}): = 7.55-7.51 (m, 1H), 7.38-7.33 (m, 2H), 7.17 (d,
J=8.0 Hz, 2H), 5.96 (s, 0.5H), 5.78 (®+ 3.4 Hz, 0.5H), 5.05 (dl = 12.4 Hz, 1H), 4.81 (d =
12.4 Hz, 1H), 4.41-4.34 (m, 2H), 4.22 (07 8.4 Hz, 1H), 4.13 (d] = 13.4 Hz, 1H), 4.05-3.99
(m, 3H), 3.89 (dJ = 8.4 Hz, 1H), 3.69-3.64 (m, 1H), 3.59 (& 7.2 Hz, 1H), 2.35 (s, 3H), 1.98-
1.88 (m, 1H), 1.76-1.65 (m, 1H), 1.57 (s, 3H), 1(883H), 1.37-1.33 (m, 6H), 1.26-1.07 (m,

24



12H), 0.99-0.83 (m, 3H) ppnt>CNMR (100 MHz, CDGJ): & 145.30, 139.05, 138.62, 137.00,
135.09, 129.01, 126.70, 126.19, 122.15, 112.08,1809.04.30, 101.70, 101.16, 86.05, 85.78,
84.04, 83.87, 81.22, 80.11, 80.08, 77.48, 76.583(¥1.77, 65.23, 60.17, 48.38, 37.54, 37.24,
34.01, 33.74, 29.85, 29.69, 28.21, 27.04, 26.82&&6.00, 25.59, 25.34, 25.18, 23.55, 22.69,
21.29, 19.06, 18.30 ppm. Anal. Calcd forsfd49gN3Og): C 62.74, H 7.82, N 6.65. Found: C
62.81, H 7.76, N 6.60.

1-(5-(6,6-Dimethyl-3-(3-nitrophenyl)-1,2,4-trioxanb-yl)-3-methylpentyl)-4-((((3aS,4'R, 7aS)-
2,2,2',2'-tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-yI)
oxy)methyl)-1H-1,2,3-triazole (10i): Gum; IR (KBr, cni): v 3291, 2966, 2920, 1652, 1580,
1525, 1475, 1370, 1233, 1211, 102ANMR (400 MHz, CDC¥): (] 8.36-8.32 (m, 1H), 8.24-
8.20 (m, 1H), 7.83-7.77 (m, 1H), 7.58-7.52 (m, 261p4 (s, 0.6H), 5.89 (d, = 3.6 Hz, 0.4H),
5.06 (d,J = 12.4 Hz, 1H), 4.82 (dl = 12.4 Hz, 1H), 4.40-4.34 (m, 2H), 4.22 {d; 8.4 Hz, 1H),
4.13 (d,J = 13.4 Hz, 1H), 4.05-4.00 (m, 3H), 3.89 (d+ 8.4 Hz, 1H), 3.76-3.61 (m, 1H), 3.59
(d,J = 7.6 Hz, 1H), 2.00-1.95 (m, 1H), 1.76-1.67 (m,)LH57 (s, 3H), 1.48 (s, 3H), 1.38-1.36
(m, 12H), 1.25-1.08 (m, 5H), 1.01-0.94 (m, 3H) ppACNMR (100 MHz, CDGJ): & 145.38,
142.34, 140.61, 132.48, 129.41, 124.00, 123.69,142221.88, 121.38, 112.08, 109.17, 104.31,
100.11, 99.68, 86.30, 86.08, 84.37, 84.19, 82.088 77.49, 76.58, 73.84, 71.78, 65.27, 60.18,
48.37, 37.55, 37.29, 33.97, 33.84, 30.48, 30.3@&6.96, 26.81, 26.28, 26.03, 25.48, 25.06,
23.45, 20.32, 19.02, 18.31 ppm. Anal. Calcd fopktzsN4O;;): C 57.99, H 7.00, N 8.45. Found:
C 57.91, H 6.95, N 8.50.

1-(5-(6,6-dimethyl-3-(napthalen-1-yl)-1,2,4-trioxarb-yl)3-methylpentyl)-4-(((2,2,2,2'-
tetramethyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4-[1,3]dioxolan]-7-yl)oxy)methyl)-
1H-1,2,3-triazole (10j): Gum; IR (KBr, cn): v 3291, 3123, 2988, 2936, 1632, 1614, 1456,
1414, 1383, 1220, 1116, 1084, 1018, 886NMR (400 MHz, CDC})): - 8.22-8.17 (m, 1H),
7.86-7.73 (m, 3H), 7.53-7.44 (m, 4H), 6.66 (s, 0,5451 (d,J = 3.2 Hz, 0.5H), 5.04 (d,=12.4
Hz, 1H), 4.80 (dJ = 12.4 Hz, 1H), 4.36-4.31 (m, 2H), 4.20 {ds 8.2 Hz, 1H), 4.12 (d] = 13.6
Hz, 1H), 4.04-3.98 (m, 3H), 3.88 (d,= 8.4 Hz, 1H), 3.85-3.65 (m, 1H), 3.58 @M= 7.4 Hz,
1H), 1.98-1.91 (m, 1H), 1.75-1.69 (m, 1H), 1.563#l), 1.48 (s, 3H), 1.44-1.31 (s, 12H), 1.25-
1.19 (m, 5H), 1.00-0.96 (m, 3H) ppMCNMR (100 MHz, CDCJ): & 145.3, 135.0, 133.9, 133.8,
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133.6, 131.0, 130.9, 129.2, 129.1, 128.5, 126.8,112125.6, 125.2, 125.0, 124.1, 123.8, 123.1,
122.8, 122.1, 112.0, 109.1, 104.3, 99.0, 86.0,,8838, 83.6, 81.4, 81.3, 80.3, 80.2, 77.4, 76.5,
73.8, 71.8, 65.2, 60.2, 48.3, 37.3, 37.1, 34.07,330.4, 30.2, 28.2, 27.0, 27.0, 26.8, 26.2, 26.0,
25.6, 25.1, 23.3, 20.5, 19.1, 19.0 ppm. Anal. Céted CsgHagN3Og): C 64.75, H 7.40, N 6.29.
Found: C 64.80, H 7.35, N 6.25.

1-(5-(3-(furan-2-yl)-6,6-dimethyl-1,2,4-trioxan-5-¥)-3-methylpentyl)-4-(((2,2,2,2'-tetra
methyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-yl)oxy)methyl)-1H-
1,2,3-triazole (10B: Gum; IR (KBr, cni): v 3291, 3123, 2971, 2870, 2096, 1688, 1489,1449,
1123, 1038, 603HNMR (400 MHz, CDCY): [0 7.52 (s, 1H), 7.42 (d} = 5.4 Hz, 1H), 6.47-6.18
(m, 2H), 5.99 (dJ = 2.0 Hz, 0.5H), 5.86 (d, = 3.6 Hz, 0.5H), 5.05 (dl = 12.4 Hz, 1H), 4.81
(d,J = 12.4 Hz, 1H), 4.41-4.35 (m, 2H), 4.22 = 8.4 Hz, 1H), 4.13 (d) = 13.4 Hz, 1H),
4.05-3.99 (m, 3H), 3.89 (d, = 8.4 Hz, 1H), 3.74-3.61 (m, 1H), 3.58 (d, J = AZ 1H), 1.99-
1.91 (m, 1H), 1.75-1.69 (m, 1H), 1.56 (s, 3H), 1(483H), 1.39-1.33 (m, 12H), 1.27-1.18 (m,
5H), 1.00-0.97 (m, 3H) ppnt>CNMR (100 MHz, CDGJ): & 152.1, 151.4, 144.7, 142.7, 142.5,
121.7, 111.5, 109.6, 109.5, 108.6, 108.6, 107.3,8,105.1, 94.8, 85.2, 85.0, 83.2, 83.0, 80.7,
79.9, 76.9, 76.2, 73.3, 71.3, 64.6, 59.7, 47.97,386.6, 33.3, 33.2, 30.0, 29.7, 27.6, 26.2, 26.2,
25.9, 25.7, 25.5, 24.5, 24.3, 22.2, 20.0, 18.% ppm. Anal. Calcd for (§H4sN3010): C 59.29,

H 7.46, N 6.91. Found: C 59.25, H 7.40, N 6.99.
1-(5-(3,3-Dimethyl-1,2,5-trioxaspiro[5.5]undecan-44)-3-methyl pentyl)-4-(((2,2,2,2'-tetra-
methyltetrahydrospiro[[1,3]dioxolo[4,5-c]pyran-6,4'-[1,3]dioxolan]-7-yl)oxy)methyl)-1H-
1,2,3-triazole (10): Gum, IR (KBr, cn): v 3291, 3123, 2988, 2936, 1383, 1220, 1116, 1084,
1018, 886'HNMR (400 MHz, CDC}): (1 7.54 (s, 1H), 5.06 (d] = 12.4 Hz, 1H), 4.82 (d] =
12.4 Hz, 1H), 4.41-4.34 (m, 2H), 4.22 @z 8.4Hz, 1H), 4.13 (dJ)= 13.4 Hz, 1H), 4.06-4.00
(m, 3H), 3.89 (dJ = 8.4 Hz, 1H), 3.65-3.58 (m, 2H), 2.01-1.93 (m,)1H.76-1.71 (m, 1H),
1.64-1.55 (m, 10H), 1.49 (s, 3H), 1.38 (s, 10H241(s, 7H), 1.07 (s, 3H), 0.99 (d~= 6.4 Hz,
3H) ppm.**CNMR (100 MHz, CDCJ): § 145.3, 122.1, 112.0, 109.1, 106.9, 104.2, 83.(8,82
79.5,77.4,77.4,73.8, 71.7, 65.2, 60.1, 48.43,38/.3, 36.1, 36.0, 34.08, 33.8, 30.4, 30.2, 29.6,
28.1, 26.8, 26.5, 26.2, 25.9, 25.1, 24.0, 23.72,2323.1, 19.1, 19.0 ppm. Anal. Calcd for
(C31Hs51N30g): C 61.06, H 8.43, N 6.89. Found: C 61.00, H 818%.96.
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Typical procedure for synthesis of 1,2,3-triazole dthered 1,2,4-trioxane with 1,4-
disubstituted benzene coreA mixture of Cul (2 mg, 1 mol%) and L-proline (In2y, 1 mol%)
taken in an oven-dried two-neck round bottom flagls mixed with glycerol (4 mL) in a bath
sonicator for 30 min. Then azido-1,2,4-trioxaneiddive of compound@a) (0.364 g, 1 mmol)
and 1,4-diethylene benzene (0.126 g, 1 mmol) wddea to the solution and stirred at room
temperature. The progress of the reaction was mauitby TLC and found completed within 6
h. The reaction was quenched by adding water (5tmthe suspension and extracted with ethyl
acetate (3 x 15 mL). The combined organic layer waed over anhydrous N8O, and
concentrated the organic layer to afford the crpomluct. The crude was purified by column
chromatography employing 15% ethyl acetate in hexamneluent.

1,4-bis(1-(5-(6,6-dimethyl-3-(4-nitrophenyl)-1,2,4rioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4-yl)benzene (12a):Yield 67%, gum. IR (KBr, cm): v 3312, 3134, 2972, 2871, 1619,
1461, 1531, 1384, 1350, 1192, 11EMNMR (400MHz, CDC}): [ 8.22-8.18 (m, 4H), 7.87 (s,
4H), 7.80 (s, 2H), 7.65-7.58 (m, 4H), 6.02 (s, 0.55186 (s, 1.5H), 4.51-4.43 (m, 4H), 3.74-3.55
(m, 2H), 2.06-2.01 (m, 2H), 1.83-1.67 (m, 4H), 260 (m, 4H), 1.36-1.32 (m, 6H), 1.04-1.01
(m, 4H), 0.88-0.80 (m, 6H) ppnt>*CNMR (100 MHz, CDGJ): & 148.3, 148.1, 147.3, 147.1,
145.3, 130.3, 127.5, 127.5, 127.1, 126.0, 123.9,5.1100.0, 99.6, 86.3, 86.0, 84.2, 84.1, 81.9,
80.9, 48.4, 37.2, 37.1, 33.9, 33.6, 30.2, 30.09,286.7, 25.4, 25.0, 23.3, 20.3, 19.1, 19.1 ppm.
Anal. Calcd for (GsHs4NgO10): C 61.81, H 6.37, N 13.11. Found: C 61.75, H 6184.3.20.

1,4-Bis(1-(5-(3-(2-bromophenyl)-6,6-dimethyl-1,2, &ioxan-5-yl)-3-methylpentyl) -1H-
1,2,3-triazol-5-yl)benzene (12b)White solid; Mp: 119-126C, IR (KBR, cn'): v 3051, 3025,
2956, 2926, 2866, 1634, 1492, 1443, 1070, 7BBIMR (400 MHz, CDC}): 17.88 (s, 4H),
7.78-7.64(m, 4H), 7.58-7.16 (m, 6H), 6.24 (s, 16110 (d,J = 4.4 Hz, 1H), 4.47-4.43 (m, 4H),
3.76-3.63 (m, 2H), 2.04-1.99 (m, 2H), 1.83-1.37 118H), 1.26-1.20 (m, 6H), 1.03-1.00 (m, 6H)
ppm. *CNMR (100 MHz, CDGCJ): & 147.3, 138.1, 136.9, 132.9, 132.7, 130.5, 13038,2,
128.1, 127.8, 127.5, 127.3, 126.0, 123.2, 122.8,511100.1, 100.1, 86.0, 85.7, 84.0, 83.8, 81.6,
80.4, 48.5, 37.3, 37.1, 33.9, 33.6, 30.5, 30.19,286.8, 25.6, 25.1, 23.4, 20.2, 19.2, 19.1 ppm.
Anal. Calcd for (G4Hs4BroNgOg): C 57.27, H 5.90, N 9.11. Found: C 57.21, H 519%,06.
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1,4-Bis(1-(5-(3-(4-fluorophenyl)-6,6-dimethyl-1,2 4rioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4-yl)benzene (12c):White solid; Mp: 110-113C, IR (KBr, cmi®): v 3315, 3129, 2974,
2935, 2870, 1609, 1460, 1192, 116ANMR (400 MHz, CDCY): (1 7.81 (s, 4H), 7.71 (d] =

4.4 Hz, 2H), 7.40-7.33 (m, 4H), 7.00-6.94 (m, 45188 (s, 1H), 5.70 (s, 1H), 4.41-4.35 (m, 4H),
3.63-3.61 (m, 1H), 3.59-3.54 (m, 1H), 1.98-1.93 2id), 1.51-1.27 (m, 8H), 1.25-1.14 (m, 13H),
0.98-0.94 (m, 3H), 0.82-0.75 (m, 6H) ppMCNMR (100 MHz, CDGJ): & 163.3 (d,J = 22.9
Hz), 160.9 (dJ = 21.6 Hz), 146.3, 134.7, 132.9, 129.3, 127.7,1,2¥25.0, 118.4, 114.3, 114.0,
100.0, 99.5, 85.1, 84.8, 83.1, 83.0, 80.4, 79.24,436.2, 36.2, 33.0, 32.8, 29.1, 28.6, 26.0, 25.8,
245, 24.2, 22.5, 21.6, 19.1, 18.0 ppm. Anal. Cdtd(CssHs4F2NeOg): C 65.98, H 6.80, N
10.49. Found: C 64.92, H 6.75, N 1056.

1,4-Bis(1-(5-(3-(4-chlorophenyl)-6,6-dimethyl-1,2 &ioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4-yl)benzene (12d):White solid; Mp: 146-148C, IR (KBr, cni®): v 3051, 3025, 2956,
2926, 2866, 1634, 1492, 1443, 109ANMR (400 MHz, CDCY): [I 7.81 (s, 4H), 7.70 (d] =

4.8 Hz, 2H), 7.34-7.19 (m, 8H), 5.87 (s, 1H), 5(891H), 4.42-4.34 (m, 4H), 3.63-3.51 (m, 2H),
1.98-1.91 (m, 2H), 1.48-1.21 (m, 24H), 0.95 Jd= 6.0 Hz, 6H) ppm>“CNMR (100 MHz,
CDCly): 6 146.3, 137.5, 135.7, 133.9, 133.5, 129.3, 1274,4, 127.1, 126.6, 125.0, 118.4,
99.8, 99.3, 85.1, 84.8, 83.1, 82.9, 80.5, 79.34,436.2, 36.2, 32.9, 32.6, 29.3, 29.2, 26.0, 25.8,
25.7, 24.5, 24.1, 22.4, 19.2, 18.0 ppm. Anal. Cdtod(C4sHs4CloNeOg): C 63.38, H 6.53, N
10.08. Found: C 63.32, H 6.48, N 10.15.

1,4-Bis(1-(5-(3-(3-bromophenyl)-6,6-dimethyl-1,2 #ioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4-yl)benzene (12e)White solid; M.p: 103-105C, IR (KBr, cni): v 3315, 3127, 3090,
2970, 2871, 1595, 1441, 1193, 112ANMR (400 MHz, CDCY): [I 7.88 (s, 4H), 7.79 (d] =
4.4 Hz, 2H), 7.62-7.58 (m, 2H), 7.47-7.35 (m, 4HR5-7.20 (m, 2H), 5.92 (s, 1H), 5.75 (s, 1H),
4.48-4.39 (m, 4H), 3.71-3.59 (m, 2H), 2.05-1.20 @6H), 1.02 (d,J = 6.4 Hz, 6H) ppm.
3CNMR (100 MHz, CDCJ): & 147.3, 142.3, 140.5, 132.2, 131.8, 130.2, 1299,7, 129.3,
126.0, 125.4, 124.9, 122.4, 119.5, 100.6, 100.11,886.8, 84.1, 84.0, 81.6, 80.5, 48.5, 37.3,
37.2, 33.9, 33.6, 30.4, 30.1, 27.0, 26.7, 25.51,283.4, 20.2, 19.1, 19.1 ppm. Anal. Calcd for
(C44Hs54BroNeOg): C 57.27, H 5.90, N 9.11. Found: C 57.22, H 518%,.19.
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1,4-Bis(1-(5-(3-(benzo[d][1,3]dioxol-5-yl)-6,6-dimdyl-1,2 4-trioxan-5-yl)-3-methylpentyl)-
1H-1,2,3-triazol-4-yl)benzene (12f)White solid; M.p: 127.5-128.8C; IR (KBr, cm): v 3133,
2969, 2931, 2875, 1633, 1503, 1441, 1193, 11ARIMR (400 MHz, CDC}): 17.88 (s, 4H),
7.78 (d,J = 4.0 Hz, 2H), 6.98-6.92 (m, 4H), 6.78 (U= 8.0 Hz, 2H), 5.94 (d] = 1.2 Hz, 4H),
5.89 (d,J = 1.6 Hz, 1H), 5.71 (d] = 2.0 Hz, 1H), 4.50-4.43 (m, 4H), 3.69-3.64 (m,)2R106-
1.97 (m, 2H), 1.83-1.21 (m, 24H), 1.03-1.01 (m, @igin."**CNMR (100 MHz, CDGJ): § 148.3,
148.3, 148.0, 147.7, 147.3, 133.9, 132.0, 130.8,0.2121.0, 120.2, 119.5, 107.9, 106.9, 106.6,
101.4, 101.1, 101.0, 86.0, 85.7, 84.2, 84.0, 83021, 48.5, 37.3, 37.2, 34.0, 33.9, 30.5, 30.3,
27.1, 26.8, 25.6, 25.2, 23.6, 20.1, 19.1, 19.1 ppnal. Calcd for (GeHseNgO1g): C 64.77, H
6.62, N 9.85. Found: C 64.71, H 6.56, N 9.95.

1,4-Bis(1-(5-(3-(4-methoxyphenyl)-6,6-dimethyl-1,2;trioxan-5-yl)-3-methylpent-yl)-1H-1,
2,3-triazol-4-yl)benzene (12g)Gum; IR (KBr, cm'): v 3133, 2969, 2931, 2875, 1616, 1518,
1458, 1371, 1264, 1220, 1086, 1068, 83MMR (400 MHz, CDC}): 1] 8.03-7.91 (m, 4H),
7.81-7.78 (m, 2H), 7.42-7.36 (m, 4H), 6.90-6.87 4H), 5.95 (dJ = 2.0 Hz, 1H), 5.77 (d] =

2.6 Hz, 1H), 4.50-4.43 (m, 4H), 3.79 (s, 6H), 3% &5 (m, 2H), 2.07-1.97 (m, 2H), 1.84-1.23
(m, 24H), 1.10-1.00 (m, 6H) ppmM’CNMR (100 MHz, CDGJ): & 160.3, 160.0, 147.3, 130.7,
130.2, 129.9, 128.1, 127.8, 125.7, 119.6, 113.3,711101.5, 101.0, 86.0, 85.9, 84.1, 83.9, 81.1,
80.0, 55.3, 49.2, 48.5, 37.3, 36.6, 34.0, 33.74,380.1, 27.1, 26.8, 25.6, 25.3, 23.6, 20.2, 19.2,
18.3 ppm. Anal. Calcd for (EgHsoNsOg): C 66.97, H 7.33, N 10.19. Found: C 66.90, H 71
10.25.

1,4-Bis(1-(5-(6,6-dimethyl-3-(p-tolyl)-1,2,4-trioxa-5-yl)-3-methylpentyl)-1H-1,2,3-triazol-4-
yl)benzene (12h):Gum; IR (KBr, cn): v 3133, 2969, 2931, 2875, 1633, 1503, 1441, 1193,
1122.*HNMR (400 MHz, CDC}): [0 7.90 (d,J = 2.6 Hz, 4H), 7.78 (d] = 4.4 Hz, 2H), 7.37-
7.32 (m, 4H), 7.18-7.15 (m, 4H), 5.96 (&5 2.0 Hz, 1H), 5.78 (d] = 2.8 Hz, 1H), 4.48-4.42 (m,
4H), 3.70-3.63 (m, 2H), 2.33 (s, 6H), 2.00-1.92 @gH), 1.85-1.41 (m, 12H), 1.26-1.21 (m, 6H),
1.09-1.07 (m, 6H), 1.03-0.95 (m, 6H) ppHCNMR (100 MHz, CDGJ): § 147.3, 139.0, 130.3,
129.0, 126.6, 126.1, 126.0, 119., 119.4, 101.7,11086.0, 85.7, 84.0, 83.8, 81.2, 80.1, 48.3,
37.5, 37.3, 34.0, 33.8, 30.2, 29.8, 27.1, 26.8,285.1, 23.5, 21.8, 20.2, 19.1, 18.3 ppm. Anal.
Calcd for (GeHesoNgOs): C 69.67, H 7.63, N 10.60. Found: C 66.61, H 71%8.0.69.
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1,4-Bis(1-(5-(6,6-dimethyl-3-(naphthalen-1-yl)-1,2-trioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4-yl)benzene(12i): Gum, IR (KBr, cm'): v 2932, 2098, 1610, 1601, 1492, 1475, 1192,
1107."HNMR (400 MHz, CDC}): (I 8.23-8.18 (m, 2H), 7.86-7.61 (m, 12H), 7.61-7.45 €H),
6.67 (s, 1H), 6.51 (d] = 3.6 Hz, 1H), 4.46-4.31 (m, 4H), 3.87-3.65 (m, 2B1P4-1.94 (m, 2H),
1.82-0.83 (m, 30H) ppm**CNMR (100 MHz, CDCJ): & 147.35, 135.01, 133.96, 133.80,
133.67, 131.03, 130.97, 130.30, 129.30, 129.13,582826.24, 126.14, 126.04, 125.66, 125.63,
125.25, 125.22, 125.09, 124.12, 123.88, 123.85,1723122.83, 119.51, 99.10, 99.07, 86.08,
85.80, 83.89, 83.62, 81.42, 81.41, 80.37, 80.2%33#&B7.32, 37.07, 33.99, 33.69, 30.48, 30.23,
27.15, 26.72, 25.66, 25.10, 23.35, 22.71, 20.54719pm. Anal. Calcd for §HeoNsOs): C
72.20, H 6.99, N 9.71. Found: C 72.15, H 6.91, R99.

1,4-Bis(1-(5-(3-(furan-2-yl)-6,6-dimethyl-1,2,4-troxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4-yl)benzene(12j): White Solid, M.p.: 110-112C, IR (KBr, cm): v 3196, 2932, 2098,
1610, 1601, 1492, 1475, 1192, 118MNMR (400 MHz, CDC}): [ 7.89 (s, 4H), 7.80 (s, 2H),
7.42-7.40 (m, 2H), 6.47-6.33 (m, 4H), 5.99 (s, 15186 (s, 1H), 4.48-4.39 (m, 4H), 3.75-3.62
(m, 2H), 2.06-1.97 (m, 2H), 1.83-1.18 (m, 24H),3MI8 (M, 6H) ppm=>CNMR (100 MHz,
CDCl): 61 52.58, 151.07, 147.34, 143.27, 143.02, 130.38,08 119.56, 110.21, 110.05,
109.18, 108.30, 95.62, 95.33, 85.77, 85.46, 838849, 81.21, 81.19, 80.50, 80.45, 48.50,
37.27, 37.24, 33.88, 33.70, 30.48, 30.21, 26.7549&5.05, 24.86, 22.81, 22.69, 20.52, 19.12
ppm. Anal. Calcd for (Hs2NeOg): C 64.50, H 7.04, N 11.28. Found: C 64.45, H 7N.111.35.

1,4-Bis(1-(5-(3,3-dimethyl-1,2,5-trioxaspiro[5,5]udecan-4-yl)-3-methylpentyl)-H-1,2,3-
triazol-4-yl)benzene (12k):Gum:; IR (KBr, cm'): v 3133, 2969, 2931, 2875, 1633, 1503, 1441,
1193, 1122'HNMR (400 MHz, CDC}): 18.02-7.80 (m, 5H), 4.53-4.45 (m, 4H), 3.62-3.58 (m,
2H), 2.11-1.95 (m, 2H), 1.79-1.42 (m, 32H), 1.323L(m, 6H), 1.07-1.01 (m, 12H) ppm.
3CNMR (100 MHz, CDCJ): & 149.1, 147.4, 130.3, 129.9, 127.8, 127.4, 12628,7, 119.5,
119.4,107.0, 83.0, 82.8, 79.5, 49.2, 48.5, 383,36.8, 36.1, 34.0, 33.8, 30.5, 30.4, 26.8,,26.6
26.3, 25.1, 24.0, 23.8, 23.2, 19.2, 18.3 ppm. AGalcd for (G2HesaNeOg): C 67.35, H 8.61, N
11.22. Found: C 67.28, H 8.52, N 11.30.

30



1,4-Bis(1-(5-(3-(4-chlorophenyl)-3,6,6-trimethyl-2,4-trioxan-5-yl)-3-methyl-pentyl)-1H-
1,2,3-triazol-4-yl)benzene (12))Gum:; IR (KBr, cn): v 3133, 2969, 2931, 2875, 1633, 1503,
1441, 1193, 1122*HNMR (400 MHz, CDC}): [0 7.90-7.87 (m, 4H),7.81-7.79 (m, 2H), 7.44-
7.25 (m, 8H), 4.48-4.39 (m, 4H), 3.77-3.26 (m, 2B6-1.99 (m, 2H), 1.82-1.67 (m, 6H), 1.56-
1.49 (m, 6H), 1.48-1.30 (m, 6H), 1.23-1.07 (m, 12H)2-0.84 (m, 6H) ppn>CNMR (100
MHz, CDCk): 6 147.3, 144.2, 133.1, 130.3, 128.1, 127.9, 12626.2, 126.0, 119.4, 106.4,
106.1, 84.4, 84.2, 83.7, 83.5, 81.1, 81.1, 48.54,337.2, 33.9, 33.7, 30.3, 30.0, 26.8, 26.2, 25.9,
25.4, 23.4, 22.1, 22.0, 19.1, 19.0 ppm. Anal. Cdtrd(CseHssCIoNgOg): C 64.10, H 6.78, N
9.75. Found: C 64.05, H 6.70, N 9.83.

Typical procedure for synthesis of 1,2,3-triazolegethered 1,2,4-trioxane dimers with
diethanolamine core:A mixture of Cul (1 mg, 1 mol%) and L-proline (On6g, 1 mol%) taken
in an oven-dried two-neck round bottom flask waxedi with glycerol (4 mL) in a bath
sonicator for 30 min. Then 5-(5-Azido-3-methylpdiy,6-dimethyl-3-(4-nitrophenyl)-1,2,4-
trioxane derivative of compound (0.154 g, 0.5 mnawiyl (0.90 g, 0.5 mmol) were added to the
solution and stirred at room temperature. The msgof the reaction was monitored by TLC
and found completed within 18 h. The reaction wasnghed by adding water (5 mL) to the
suspension and extracted with ethyl acetate (3 mlLp The combined organic layer was dried
over anhydrous N&O; and concentrated the organic layer to afford thele product. The
crude was purified by column chromatography empigyp% methanol in chloroform as eluent
to achieve bis(2-((1-(5-(6,6-dimethyl-3-(4-nitropiyd)-1,2,4-trioxan-5-yl)-3-methylpentyl)H-
1,2,3-triazol-4-yl)methoxy)ethyl)amine in

Bis(2-((1-(5-(6,6-dimethyl-3-(4-nitrophenyl)-1,2,4fxioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4yl)methoxy)ethyl)amine (13a): Yield 60%, gum. IR (KBr, ci): v 3246, 2957, 2925,
2855, 2388, 1638, 1525, 1461, 1380, 1193, 1107, "F62MR (400 MHz, CDC}): [ 8.24 (d,J

= 8.4 Hz, 4H), 7.68-7.62 (m, 4H), 7.52-7.49 (m, 26ip4 (s, 1H), 5.83 (dl = 2.4 Hz, 1H), 4.59
(s, 4H), 4.44-4.37 (m, 4H), 4.21 (s, 1H), 3.76-3(66 8H), 3.40 (tJ = 5.2 Hz, 2H), 2.02-1.3 (m,
2H), 1.80-1.73 (m, 2H), 1.56-1.49 (m, 5H), 1.439(fn, 5H), 1.25-1.19 (m, 12H), 1.02-0.99 (m,
5H), 0.88-0.86 (m, 1H) ppnt*C NMR (100 MHz, CDGCJ): & 148.34, 148.15, 147.15, 145.42,
144.68, 127.57, 127.13, 123.59, 123.54, 122.32,080@9.71, 86.33, 86.09, 84.29, 84.08, 82.00,
80.99, 68.33, 67.64, 64.74, 64.34, 59.89, 48.471476.22, 37.23, 37.13, 33.92, 33.68, 30.45,
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30.31, 26.98, 26.81, 25.45, 25.05, 23.35, 22.57,42019.07 ppm. Anal. Calcd for
(CaaHeaNgO12): C 58.07, H 6.98, N 13.85. Found: C 58.00, H 6M91.3.95.

Bis(2-((1-(5-(3-(4-fuorophenyl)-6,6-dimethyl-1,2,4rioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4yl)methoxy)ethyl)amine (13b): Gum, IR (KBr, cn1): v 3239, 2934, 2857, 2363, 1645,
1516, 1382, 1193, 1107, 7624NMR (400 MHz, CDC}): (1 7.51-740 (m 6H), 7.05 (i = 8.6
Hz, 4H), 5.95 (s, 1H), 5.78 (s, 1H), 4.63-4.57 4H), 4.41-4.34 (m, 4H), 4.20 (s, 1H), 3.80-3.36
(m, 10H), 2.01-1.92 (m, 2H), 1.76-1.35 (m, 18HR51.22 (m, 6H), 1.00-0.82 (m, 6H) ppm.
3C NMR (100 MHz, CDGJ):  164.51, 164.28, 162.05, 161.82, 144.52, 136.53,943 128.74,
128.65, 128.19, 128.10, 122.39, 115.38, 115.17,0101100.51, 86.16, 85.89, 84.19, 84.00,
81.45, 80.31, 68.35, 67.58, 64.63, 64.28, 59.84H817.11, 46.19, 37.21, 37.11, 33.99, 33.74,
30.48, 29.70, 27.02, 26.82, 25.60, 25.22, 23.56672220.19, 19.07 ppm. Anal. Calcd for
(CaaHe3F2N7Og): C 61.74, H 7.42, N 11.45. Found: C 61.65, H 7M91.40.

Bis(2-((1-(5-(3-(4-chlorophenyl)-6,6-dimethyl-1,2 4rioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4yl)methoxy)ethyl)amine (130): Gum, IR (KBr, cni): v 3246, 2926, 2859, 1640, 1462,
1381, 1268, 1107, 1068, 76HNMR (400 MHz, CDC}): [17.49-7.46 (m, 2H), 7.42-7.39 (m,
4H), 7.37-7.32 (m, 4H), 5.94 (s, 1H), 5.77 Jds 2.6 Hz, 1H), 4.57 (s, 4H), 4.44-4.34 (m, 4H),
4.20 (s, 1H), 3.70-3.56 (m, 8H), 3.38Jt= 5.2 Hz, 2H), 2.01-1.92 (m, 2H), 1.78-1.35 (mH]8
1.26-1.20 (m, 6H), 1.00-0.85 (m, 6H) ppMC NMR (100 MHz, CDGJ): § 144.65, 138.66,
136.86, 128.85, 128.52, 128.15, 127.67, 122.23,8000100.43, 86.18, 85.93, 84.15, 83.94,
81.51, 80.45, 68.36, 67.64, 64.72, 64.36, 59.90144817.14, 46.27, 37.23, 37.13, 34.02, 33.96,
30.58, 30.51, 27.04, 26.87, 25.57, 25.19, 23.4855220.32, 19.09 ppm. Anal. Calcd for
(C44He3CIN7Og): C 59.45, H 7.14, N 11.03. Found: C 59.40, H 70@.1.15.

Bis(2-((1-(5-(3-(3-bromophenyl)-6,6-dimethyl-1,2,4rioxan-5-yl)-3-methylpentyl)-1H-1,2,3-
triazol-4yl)methoxy)ethyl)amine (13d): Gum, IR (KBr, cnit): v 3239, 2925, 2857, 1641, 1462,
1380, 1259, 1102, 762HNMR (400 MHz, CDCY): [1 7.62 (m, 8H), 7.24-7.22 (m, 2H), 5.93 (s,
1H), 5.76 (s, 1H), 4.57 (s, 4H), 4.45-4.35 (m, 48Q1 (s, 1H), 3.73-3.37 (m, 10H), 2.01-1.92
(m, 2H), 1.78-1.71 (m, 8H), 1.53-1.49 (m, 4H), 1(366H), 1.25-1.21 (m, 6H), 1.00-0.85 (m,
6H) ppm. *CNMR (100 MHz, CDCJ): 5 144.54, 142.33, 140.55, 132.20, 131.83, 129.98,
129.77, 129.31, 129.20, 125.47, 124.98, 122.45,312222.30, 100.65, 100.17, 86.17, 85.89,
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84.18, 84.04, 81.62, 80.55, 68.37, 67.59, 64.6631649.88, 48.50, 47.12, 46.21, 37.28, 37.14,
34.01, 33.85, 30.49, 30.26, 29.71, 25.54, 25.11472320.30, 19.08 ppm. Anal. Calcd for
(CaaH63BraN7Og): C 54.05, H 6.49, N 10.03. Found: C 55.10, H 6M1.0.15.

Bis(2-((1-(5-(3-(benzold][1,3]dioxol-5-yl)-6,6-dim#ayl-1,2,4-trioxan-5-yl)-3-methylpentyl)-
1H-1,2,3-triazol-4-yl)methoxy)ethyl)amine(138: Gum, IR (KBr, cni): v 3236, 2925, 2855,
1643, 1541, 1378, 1248, 1117, 1081, 1031, $89MR (400 MHz, CDC}): (17.50-7.48 (m,
2H), 6.98-6.90 (m, 4H), 7.98 (d,= 8.0 Hz, 2H), 5.95 (s, 4H), 5.89 (s, 1H), 5.7,11d), 4.64-
4.57 (m, 4H), 4.41-4.34 (m, 4H), 4.21 (s, 1H), 3337 (m, 10H), 1.98-1.94 (m, 2H), 1.74-1.34
(m, 18H), 1.22 (s, 6H), 1.00-0.85 (s, 6H) ppHCNMR (100 MHz, CDCY): §148.23, 147.94,
147.74, 147.58, 144.57, 133.83, 133.76, 122.21,872020.15, 107.82, 107.80, 106.84, 106.47,
101.35, 100.98, 85.90, 85.65, 84.07, 83.93, 8171698, 68.24, 67.43, 64.51, 64.18, 59.73,
48.36, 47.32, 46.97, 37.16, 37.01, 33.85, 33.68253(0.11, 26.96, 26.75, 25.50, 25.08, 23.46,
21.47, 19.98, 18.94 ppm. Anal. Calcd forddssN-O12): C 60.84, H 7.22, N 10.80. Found: C
60.75, H 7.29, N 10.75.

Bis(2-((1-(5-(6,6-dimethyl-3-phenyl-1,2,4-trioxan-5/1)-3-methylpentyl)-1H-1,2,3-triazol-4-
yl)methoxy)ethyl)amine (13j: Gum, IR (KBr, cn): v 3239, 2926, 2856, 1645, 1541, 1456,
1379, 1266, 1094, 746HNMR (400 MHz, CDC)Y): [J 7.51-7.45 (m, 8H), 7.40-7.33 (m, 4H),
6.90 (s, 1H), 5.82 (d] = 2.8 Hz, 1H), 4.65-4.59 (m, 4H), 4.42-4.33 (m,)4#22 (s, 1H), 3.80-
3.38 (m, 10H), 2.06-1.98 (m, 2H), 1.78-1.44 (m, )2H38 (s, 6H), 1.29-1.21 (m, 6H), 1.02-
0.95 (m, 6H) ppm®CNMR (100 MHz, CDCJ): & 144.52, 140.00, 138.12, 129.69, 129.21,
128.82, 128.34, 126.79, 126.28, 122.34, 101.69,18086.15, 85.91, 84.17, 83.86, 81.32, 80.22,
68.39, 67.91, 64.36, 63.86, 59.90, 48.52, 47.132467.30, 37.14, 33.99, 33.85, 30.54, 29.70,
27.07, 26.78, 25.64, 25.23, 23.54, 22.57, 20.3010.%pm. Anal. Calcd for (GHesN;Os): C
64.45, H 7.99, N 11.96. Found: C 64.39, H 8.051N01.

Bis(2-((1-(5-(3-(4-methoxyphenyl)-6,6-dimethyl-1,2;trioxan-5-yl)-3-methylpentyl)-1H-
1,2,3-triazol-4-yl)methoxy)ethyl)amine(13g): Gum, IR (KBr, cni): v 3236, 2925, 2855, 1632,
1515, 1462, 1381, 1249, 1106, 73INMR (400 MHz, CDC}): 1] 7.43-7.38 (m, 6H, ), 6.91 (d,
J=8.4 Hz, 4H), 5.95 (d] = 2.6 Hz, 1H), 5.77 (d] = 2.6 Hz, 1H), 4.65-4.59 (m, 4H), 4.40-4.38
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(m, 4H), 4.23 (s, 1H), 3.82 (s, 6H), 3.70-3.40 (rfAH), 2.03-1.96 (m, 2H), 1.78-1.38 (m, 12H),
1.27-1.24 (m, 6H), 1.11-1.09 (m, 6H), 1.02-0.87 @H) ppm.”*CNMR (100 MHz, CDCJ): &
144.56, 133.96, 131.74, 128.19, 127.66, 113.76,7413101.57, 101.05, 86.06, 85.83, 84.11,
83.90, 81.16, 80.03, 68.41, 67.62, 64.38, 64.18(1(%H5.31, 48.56, 47.14, 46.27, 37.30, 37.27,
34.06, 34.01, 30.90, 29.69, 27.91, 27.73, 25.68534.52, 23.61, 22.67, 20.19, 20.19, 19.15
ppm. Anal. Calcd for (4HedN7O1g): C 62.78, H 7.90, N 11.14. Found: C 62.71, H 7R5
11.19.

Bis(2-((1-(5-(6,6-dimethyl-3-p-tolyl)-1,2,4-trioxan-5-yl)-3-methylpentyl)-1H-1,2,3-triazol-4-
yl)methoxy)ethyl)amine (13h): Gum, IR (KBr, cn1): v 3233, 2927, 2851, 1641, 1461, 1382,
1189, 1118, 762*HNMR (400 MHz, CDC}): [I 7.51-7.47 (m, 2H), 7.37-7.32 (m, 4H), 7.17 (d,
J=7.8 Hz, 4H), 5.96 (s, 1H), 5.78 (s, 1H), 4.6874(m, 4H), 4.40-4.32 (m, 4H), 4.21 (s, 1H),
3.78-3.25 (m, 10H), 2.34 (s, 6H), 1.99-1.95 (m, 2HP3-1.35 (m, 12H), 1.27-1.22 (m, 12H),
1.00-0.85 (m, 6H) ppm*CNMR (100 MHz, CDGJ): § 144.39, 138.91, 134.99, 129.58, 128.87,
126.55, 126.05, 101.56, 101.00, 85.96, 85.78, 838920, 81.07, 79.95, 68.24, 67.42, 64.43,
64.16, 49.24, 48.37, 48.00, 37.18, 36.71, 33.9Z®B30.33, 30.21, 26.99, 26.87, 25.48, 25.06,
23.42, 21.16, 20.08, 19.02 ppm. Anal. Calcd faglsoN-Os): C 65.15, H 8.20, N 11.56. Found:
C 65.10, H 8.25, N 11.50.

Bis(2-((1-(5-(3,3-dimethyl-1,2,5-trioxaspiro[5.5]udecan-4-yl)-3-methylpentyl)-H-1,2,3-
triazol-4-yl)methoxy)ethyl)amine (13): Gum, IR (KBr, cni'): v 3239, 2928, 2856, 1643, 1462,
1365, 1285, 1143, 1098, 796INMR (400 MHz, CDC}): [ 7.52 (d,J = 9.4 Hz, 2H), 4.59 (s,
4H), 4.46-4.35 (m, 4H), 4.23 (s, 1H), 3.69-3.55 @H)), 3.40 (t,J =5.4 Hz, 2H), 2.02-1.94 (m,
2H), 1.77-1.53 (m, 24H), 1.24 (s, 12H), 1.07-0.86 {6H) ppm>CNMR (100 MHz, CDCJ): &
144.59, 122.34, 107.04, 83.07, 82.85, 79.60, 77/34&2, 77.02, 76.70, 68.39, 67.58, 64.68,
64.34, 59.89, 48.57, 47.12, 46.21, 38.33, 36.15,13634.09, 33.84, 30.57, 30.37, 26.87, 26.85,
26.32, 25.14, 24.05, 23.82, 23.24, 23.20, 19.2005.ppm. Anal. Calcd for (fgHeoN;Og): C
62.74, H 9.15, N 12.19. Found: C 62.68, H 9.08 2\&.
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Biology

Maintenance of MDA-MB-435 cells

MDA-MB-435 breast cancer cells were procured froatidhal Centre for Cell Science (NCCS), Pune,
and maintained using Dulbecco’s modified Eagle med{DMEM) supplemented with 10 % fetal bovine
serum (FBS), 1x antibiotic mix (penicillin and gittemycin) at 37C in a humidified atmosphere of 5 %

CO..

Treatment of MDA-MB-435 cancer cells with 1,2,4-troxane monomers and dimers

Analysis of OPN expression under the influencehef $ynthesised 1,2,4-trioxanes was studied.
In brief, 1 x 16 MDA-MB-435 cells were seeded in a 6 cm plate cioitg 4 mL DMEM
supplemented with 10 % FBS and 1x antibiotic mign(pillin and streptomycin), and cultured
at 37°C in an incubator with 5 % GQor 24 h. The cells were then serum starved foh 2hd
divided into control (DMSO treated) and treatedfé@lent compounds) groups. The cells were
then treated with 10 or 50 pM concentration of etééiht compounds and incubated for 24 h.
After treatment, culture medium and cells wereem#d and processed for western blot analysis

of OPN and3-actin, respectively.

Western blot analyses

For the analysis of secreted OPN, serum-free célliie supernatants were collected from the
control and each treated group. 25 pL of superhgtansample was electrophoresed on 10 %
SDS—polyacrylamide mini-gels with non-reducing serpuffer. Forp-actin analysis, the cells
were lysed in RIPA buffer containing 1x proteaskibitor cocktail and equal volumes of the
total protein extract (~10 pl) were resolved on %0SDS-PAGE and electroblotted onto a
polyvinylidene difluoride membrane (PVDF) by usiagsemi dry transfer cell (Bio-Rad). The
PVDF membrane was blocked for 1 h at room tempe¥aitu 1x Tris-buffered saline with
Tween-20 (TBST) containing 5 % (w/v) non-fat driedlk, and then incubated overnight with
monoclonal anti-OPN antibody (1:500 dilution) andtig-actin (1:1000 dilution) (Cell
Signaling Technology) primary antibody at°@. After washing 3 times in TBST, the PVDF
membrane was then incubated with horseradish paegiconjugated secondary antibody in 5
% (w/v) skim milk/TBST for 2 h at room temperatufrotein bands were developed using a
chemiluminescence western blotting detection reag@ioRad) and visualized using

ImageQuant LAS 500 imaging system (GE Healthcaféle OPN expression levels were
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normalized to their respective total cellular pnotand also subsequently checked by loading

equal volume of the total protein extract and aonéid byp-actin quantification.
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1,2,3-triazole linked 1,2,4-trioxanes. Studies on their synthesis and effect on
osteopontin expression in MDA-MB-435 breast cancer cells

Highlights

= For the first time, synthetic 1,2,4-trioxanes are employed in anticancer studies

= First report on the effect of 1,2,4-trioxanes on OPN expression in cancer cells

= Synthetic 1,2,4-trioxanes have shown OPN downregulation in MDA-MB-435 breast
cancer cell lines

= 1,2,4-Trioxane dimers with structurally flexible linker shows better OPN

downregulation
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