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cyclitols starting from cycloocta-1,3-diene
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Department of Chemistry, Faculty of Sciences, Akdtlniversity, 25240 Erzurum, Turkey

ABSTRACT

Cyclooctane-1,2,3,4-tetraols, aminocyclooctanetraohd chlorocyclooctanetriol were
synthesized starting fromis,cis1,3-cyclooctadiene by a concise and efficient méth
Cyclooctene endoperoxide and cyclooctene epoxidi@ires by photooxygenation and
epoxidation, respectively, ofcis,cisl,3-cyclooctadiene were used as the key
intermediates. The other oxygen, nitrogen, androhfanctionalities were introduced
via epoxidation of the remaining double bond, riogening of epoxide, andis-
hydroxylation reactions.
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1. Introduction

Cyclitols containing eight-membered rings are pgtrioxycyclooctanes and
their derivatives. The cyclitol class of compouhds attracted considerable interest due
to the fact that many biologically important moleEsuand natural products contain a
polyhydroxylated carbocycfe® The most prominent cyclitols, such as inositdlsgnd
their derivatives 4), have been synthesized and evaluated in pantidola their
biological activities, especially glycosidase irtidn.*®

Glycosidases are enzymes that catalyze the cleaviagl/cosidic bonds and
play critical roles in a number of biological preses. Inhibitors of these enzymes have
garnered a great deal of attention and are cuyreisttd for the treatment of diabetes
and HIV infection, and as antifungal agents. Thanef they are expected to arouse
increasing interest as therapeutic agents as alerstanding of the role of glycosidases
in recognition processes improveSome natural products or their analogues include
1,6-diepicastanosperming)(and gallic acid 4) (Figure 1), which have glycosidase
inhibitory activities and thus have potential tjilas antiviral, anticancer, antidiabetic,
and antiobesity druds’
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Fig. 1. Structures of some cyclitols.

Recently, interest in seven-, eight-, and nine-menedb ring systenis® has been
increasing in order to study the effect of the ewea flexibility and of the new spatial
distribution displayed by these structures. Thefigamation of the hydroxyl groups has

been reported to play an important role in thevacsite of the enzym@& °- ¢

Synthetic methods have been previously reported foyclitol motif on six-
seven+? eight-269¢"13 and nine-memberéY rings, but only a few approaches are
available for the synthesis of eight-membé&fétiaminocyclitols. More recently, we
stereospecifically synthesized two stereoisomersyolfooctane-1,2,3,4-tetraols starting
from cis,cis1,3-cyclooctadien&® The synthesis of isomeric cyclooctanetet®lwas
accomplished by three different methd8&®™" but synthesis of 3-
aminocyclooctanetriol 6, which is an analogue of cyclooctanetetraol, and 3

chlorocyclooctanetriof has not been reported in the literature (Figure 1)



Our aim in the present work was to design a censimthetic route to new
cyclooctanoic carbasugar analogbe6, and7, using simple starting materials.

2. Results and Discussion

For the synthesis of the key compound, cyclooctepexide8, used in the
synthesis of 3-aminocyclooctanetriol and cyclooetatraolscis,cis1,3-cyclooctadiene
was reacted withm-CPBA to form epoxide8™ (Scheme 1). Our initial approach to
synthesize the 3-aminocyclooctanetriol was basedazidolysis of epoxide8 with
sodium azide. As reported in the literatift@jcinal azidohydrins have been extensively
utilized as precursors of 1,2-aminoalcohols in ohsfrate chemistry or in the
chemistry of carbocyclic nucleosides. For this s treatment of epoxidg with
sodium azide in the presence of ) produced azidoalcoh®a'’ The acetylation of
azidoalcohoBa with an excess of acetyl chloride in methyleneodte resulted in the
formation of azidoaceta®@b in 96% yield (Scheme 1). Cyclooctene azidoacéibtis a
unique substrate for the synthesis of aminocychlwattiol. For that reason, the double
bond in azidoacetat8b was submitted to ais-dihydroxylation reaction with Os@
NMO®® followed by acetylation to give triacetat®b in 97% vyield. The spectroscopic
data confirmed the formation of a single isomere HExact configuration afOb was
confirmed by bothitH NMR and 2D NMR spectroscopic data (COSY, NOESM)e
acetoxyl proton H-2 irlOb resonates as a doublet of doublets with couplowgs@nts
of J=7.6 and 2.6 Hz, clearly indicating that the héigring protons H-2 and H-3 with
a large coupling constanl,(; = 7.6 Hz) are in th&rans position. The azido proton H-3
also resonates as a doublet of doublets with cogonstants of = 9.8 and 7.6 Hz.
Furthermore, the second large coupling betweeprtbtns H-3 and H-2J¢ 3= 7.6 Hz)
shows thdransrelation between those protons. The fact thaptéon H-4 appears as
a doublet of doublet of doublets with coupling danss ofJ = 9.8, 5.3, and 2.9 Hz also
supports thdrans relation of the protons H-3 and H-4. The resonasigeal of H-1
appears as a triplet of doublets with coupling tams ofJ = 7.7 and 2.6 Hz, which
clearly supports theis relation of the protons H-1 and H-2 with a smalupling
constant 1> = 2.6 Hz). On the basis of these findings, we gresi atranstrans

relation to the azido group itOb.
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Scheme 1 Synthesis of (1R(S),2S(R),3R(S),4S(R))-3-Aminoogcitane-1,2,4-triol
(12).

The acetyl groups in (1R(S),2S(R),3R(S),4S(R))-8lazyclooctane-1,2,4-triyl
triacetate 10b) were removed using N-MeOH to give (1R(S),2S(R),3R(S),4S(R))-3-
azidocyclooctane-1,2,4-triol 10) (93% yield). Hydrogenation of 11 gave
(1R(S),25(R),3R(S),4S(R))-3-aminocyclooctane-1{Aa@l-(12) in 91% yield (Scheme
1). *H and *C NMR spectroscopic data of the molecule are ireamgent with the
proposed structure.

The formation ofl0a from 9b as the sole product can be explained by
considering the steric effects. Since in relationthte azido group theis-face of the

cyclooctene double bond is blocked by hindrancthefazido group, OsCapproaches
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the double bond @b preferentially from the sterically less crowdedtdaof the
molecule (Scheme 1).
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Scheme ZReaction of Epoxy-diol3 with H,SO, in Water.

For the synthesis of other polyhydroxylated cyctaoes, epoxid8 was reacted
with OsQ-NMO to give 13 as the sole isomer (Scheme 2). The exact configaraf
13 was confirmed by bottH NMR and 2D NMR spectroscopic data (COSY, NOESY).
The epoxide protons (H-1 and H-8) resonate as arsydiem ab 3.19 and 3.05 and
gave the most useful information for the configimatof 13. The A part of the AB
system (low field resonance, H-1) is split intocaublet of doublets) , = 8.5 and) g =
4.7 Hz). The large couplingy(, = 8.5 Hz) between the protons H-1 and H-2 shows th
transrelation between those protons. The small coudling= 4.7 Hz) also indicates a
relation between the neighboring epoxide protont &hkd H-8. The high-field part of
the AB system resonates as a triplet of doubléts 0.6 andJ; s = 4.7 Hz). Acid-
catalyzed ring opening df3 followed by acetylation with acetic anhydride iprigine
and 4-(dimethylamino)pyridine (DMAP) resulted inrrfmation of the rearranged product
14 as the main product besides hydrolysis prodLs@nd16. The reaction mixture was
chromatographed on a silica gel column with ethgétaten-hexane (30:70) as the
eluent to give the rearrangement prodittin 49% yield and the two isomerk5 and
16, in 39% and 12% yields, respectively. The strieguwofl4, 15, and16 were assigned

on the basis ofH NMR spectra. The exact configurationlefwas determined with the
6



help of the corresponding coupling constants batviee relevant protons and 2D NMR
spectroscopic data (COSY, NOESY). The acetoxy préteB resonates as a doublet of
doublets with coupling constants &&= 4.6 and 2.6 Hz. The large coupliniy {= 4.6
Hz) between protons H-8 and H-7 shows titams relation between those protons. In
addition to this, Dreiding modéfsindicate that the dihedral angle between protosis H
and H-8 is approximately 12Qvhereas the dihedral angle between H-6 and Hi¥is
Consequently the high coupling constant valige< 7.8 Hz) is uniquely accommodated
by exo orientation of protongndoorientation of acetoxy group) at C-7 atom, whereas
the small value J &=2.6 Hz) indicate endoorientation of protongxo orientation of
acetoxy group) at C-8 atom. This also indicates tfams configuration of the

neighboring protons.

The structural assignment was made by comparisaheoNMR spectra with
those of (1R(S),2S(R),3R(S),4S(R))-cyclooctane3sl{tetraacetate 16 and
(AR(S),2R(S),3R(S),4S(R))-cyclooctane-1,2,3,4-tatedate 16). We have recently
reported®® the synthesis of tetraacetatd® and 16 starting from cis,cis1,3-
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cyclooctadiene.
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Scheme 3Synthesis of Diol7, and Tetraold8 and19.



The acetyl groups in (AR(S),25(R),3R(S),4S(R))- and
(AR(S),2R(S),3R(S),4S(R))-cyclooctane-1,2,3,4-tetit@traacetate 16 and 16) were
removed using 10% HCI in THF and MMeOH to give (1R(S),2S(R),3R(S),4S(R))-
and (1R(S),2R(S),3R(S),4S(R))-cyclooctane-1,2,8t¢abl>® (18 and 19) (98% vield),
respectively. Dioll7 itself was readily obtained in 92% yield by ammigss of
diacetatel4 in methanol. The NMR spectroscopic data of theemde are in agreement
with the proposed structure (Scheme 3).

The formation of isomer$7 and18"*¢ is reasonably understood in terms of the
mechanism outlined in Scheme 4. Tetrat85® and21 were the expected products in
this reaction because epoxitiéis an unsymmetrical structure. The formation trfaie
18"¢ arises from the attack of water to the protonapoxide ring (intermediat20).
However, the other hydrolysis produ@t], was not formed (b attack), which can be
explained by considering steric effects. The forarabf diol 17 arises from by an SN2
attack of the hydroxyl grodf to the protonated epoxide ring (c attack). We mssu
that the hydroxyl group prefers an attack to thetqrated epoxide ring from the less

crowded side to produce furandid.
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Scheme 4Formation Mechanism of Didl7 and TetraollL8 from 13.



We also assume that the symmetrical tetd®f® is formed by the bottom hydroxyl
group attacks the more hindered epoxide carboriveoan oxetane intermediate, which
is then opened by an SN2 attack of water on thivotarbon (Scheme 5).

HO ()19
Scheme Jormation Mechanism of Tetrad9 from 13.

For the synthesis of further cyclooctanetetraatsioperoxide23° was reacted
with mCPBA to give the corresponding epoxy perox&fe The reaction was carried
out both in the presence of a NaH{Giffer and in the absence of the buffer, although
we were not able to isolate the epoxy pero@deAlthough the formation of the epoxy
peroxide 24 was observed byH NMR spectroscopy, during the purification of the
reaction mixture, the rearrangement prod2{in 53% vyield) was obtained instead of
the desired epoxy peroxid&4. Probably, such as a Kornblum-DeLaMare
rearrangemefit*® the initial breaking of the peroxide linkage B¥ forms the
hydroxyketone intermedia®6 and the subsequent cyclization to give the epoidey
intramolecular cyclization (Scheme 6). When thectiea was carried out in neutral or
basic medium under concentrated reaction conditi@moxide 25 was observed.
However, when the reaction concentration was deeckan the absence of a buffer, the
epoxy peroxide?4 did not rearrange t85. HerZ? showed that "endo" endoperoxide-

epoxides are particularly susceptible to fragmésmnain six-membered rings.
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The structure of compoun@5 was assigned by bothtH NMR and 2D NMR
spectroscopic data (COSY, NOESY, and HMQC). Thexglgoprotons (H-7 and H-9)
of 25 resonating aé 3.51 (d,Jas = 2.9 Hz) and 3.49 (dlag = 2.9 Hz) as an AB system
show no coupling with the adjacent proton H-6. Bhé& no measurable coupling
between the alkoxy proton H-6 and the epoxide prokd7 in 25 The exact
configuration of the epoxide ring Bb was established by measuring the corresponding
coupling constants between the relevant protons.alkkoxy proton H-6 ir25 resonates
as a doublet of doublets with two coupling congtaiitlss = 7.1 Hz andlk s = 1.3 Hz.
For theexoorientation of the epoxide ring, inspection of idneg models indicates that
the dihedral angle between related protons is appately 90, and the coupling
constant between these protons is expected to bkesrthan 1.0 Hz. In the case of an
endo orientation of the epoxy group, the dihedral ang&tween related protons is
approximately 0, and a larger coupling constant (8-10 Hz) is etgmecThe geometry
of 25 shows thesynconfiguration of the neighboring protons H-6 and@ H

Next, for the isolation of epoxy peroxid24, endoperoxide23 was also

submitted to reaction with dimethyldioxir&i€DMDO). The reaction was carried out
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both in the presence of ,RO; and without KCOs; in neutral conditions. From this
reaction, formation of the mixture a4 and 25 in a 1:1 ratio (from*H NMR

spectroscopy) was observed, but all attempts tates@4 failed (Scheme 6). We
observed that, during the chromatography, compo#dwas fully rearranged to

compound5.

HQ
(%) 23 24 (%) 25
HQ HQ
m-CPBA, NaHCO4
» CH,Cl,, 66%
o)
or
) 27 DMD, 97% ) 25

Scheme 7Synthesis of Epoxide5.

Independently, unsaturated oxabicyc®7-*2°%2* \was submitted to an
epoxidation reaction both with DMDO ana+-CPBA to confirm the structure of
compound?25. The formed epoxid&5 was identical to those obtained from the
epoxidation of endoperoxid23. We assume that the oxidant prefers to approaeh th
double bond ir27 from the sterically less crowded side to prod2s@s a single isomer
(Scheme 7).

In the second part of this work, we turned ouergion to the synthesis of
cyclooctanetetraol8 starting from endoperoxid23. Endoperoxide23?° was reacted
with m-CPBA to give the corresponding epoxy peroxX2de The crude reaction mixture
without purification was subjected to hydrogenatiomprovide the corresponding epoxy
diol 28. Surprisingly, hydrogenation @4 in absolute ethanol and in the presence of Pd-
C resulted in the formation of chlorotri@P as a single product, instead of the desired
epoxy diol 28 For further structural proof, chlorotridd9 was converted into the
corresponding aceta®0 with an excess of acetic anhydride in pyridine &dAP

(Scheme 8).
11
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Scheme 8Synthesis of Chlorotrid9.

The *H and**C NMR spectra of the acetylation prod@@ revealed that only three
acetate groups i80 instead of the tetraacetate groups expected weneefl in a total
yield of 66%.

In order to confirm the assigned structure anédtablish the conformation of
the molecule, X-ray diffraction analysis 80 was undertaken (Figure 2jis andtrans
stereochemistry of the substituted units can ba s&plicitly in Figure 2. As shown in
Figure 2b, the molecules are ordered verticallyngldhe b-axis in the unit cell.
Furthermore, there are closer Cl...Cl (3.355 A) cotstdn a certain direction. Short
intermolecular contact corresponds to a Cl...Cl sam of less than 3.52 A. The
occurrence of CI-Cl intermolecular contact, whishshorter than would be expected
from the conventional isotropic van der Waals radia shown to be most common in

the crystal structures of fully or highly chloriedt hydrocarbons, and is therefore a

12



consequence of close packing of anisotropic atsatker than evidence of a specific
attractive force?>

% o
c10 ,c11
ciz

o~ \o

Fig. 2. a) The molecular structure of compound chloro&tate30 showing the atom
numbering schem@&hermal ellipsoids are drawn at the 40% probabiétxel.

Fig. 2.b) The molecular packing &0.

13



We assume th&9 is formed by the HCl-catalyzed ring-opening reactdf epoxy diol,
which is the hydrogenation product 24. It is clear that HCI comes from methylene
chloride which is epoxidation solvent. Similar ritsthave also been observed more
recently by Balci et al in the synthesis of somelityls containing six-membered
rings2® Hydrolysis of30 with acetyl chloride in MeOH resulted in the fotioa of
chlorotriol 29 in 92% yield (Scheme 8).

3. Conclusion

We have described here the synthesis of certaslit@yg and derivatives
containing eight-membered ringks2, 18, 19, and29, starting from the easily available
cis,cis1,3-cyclooctadiene, concisely and efficiently. Viee currently carrying out

further studies to synthesize new aminocyclitoistigh9a.

4. Experimental

4.1. General experimental

Melting points are uncorrected. Infrared spectraewabtained from solution in
0.1 mm cells or KBr pellets on an FT-IR Mattson QdAstrument. ThéH and*C
NMR spectra were recorded on 400 (100) MHz Variard@0 (100) MHz Bruker
spectrometer and are reported in d units with id&einternal standard. HRMS spectra
were obtained on a Bruker microTOF-Q instrumenentigntal analyses were carried
out on a Carlo Erba 1108 model CHNS-O analyzer.u@al chromatography was
performed on silica gel (60 mesh, Merck). TLC wagied out on Merck 0.2 mm silica

gel 60 ks4 analytical aluminium plates.

4.2. 7,8-Dioxabicyclo[4.2.2]dec-9-ene (23Jompound3 was prepared as described in
the literature->

4.3. (2)-9-Oxabicyclo[6.1.0]non-2-ene (8)Compound8 was prepared as described in
the literature?

4.4. (1R(S),2S5(R),3R(S),4S(R))-Cyclooctane-1,2,34raol (meso-19).Compoundl9
was prepared as described in the literattfre.

14



IH-NMR (400 MHz, BO): & 3.72-3.63 (m, 4H), 1.77-1.66 (m, 2H), 1.53-1.38 @H).
13C-NMR (100 MHz, DO): & 76.0, 72.5, 31.7, 23.8: IR (KBr, ¢t 3417, 2927, 2529,
2393, 1441, 1403, 1344, 1277, 1160, 1069, 1042, B4, 626. HRMS (ESI): calcd for
CgH160sNa (M +Na): 199.0941, found: 199.0932.

4.5. (AR(S),2R(S),3R(S),4S(R))-Cyclooctane-1,2,34raol (rac-18). Compound18
was prepared as described in the literattfre.

'H-NMR (400 MHz, DO) & 3.92-3.82 (m, 1H), 3.64-3.48 (m, 3H), 1.80-1.3@is of

m, 8H); *C-NMR (100 MHz, BO) & 73.4, 72.9, 72.8, 70.9, 30.8, 29.3, 22.6, 20.7; IR
(KBr, Cm'l): 3398, 2918, 2854, 1639, 1441, 1357, 1217, 11869, 968, 893, 758,
626. HRMS (ESI): calcd for §81:60:sNa (M™ +Na): 199.0946, found: 199.0952.

4.6. (1S(R),2S(R),Z)-2-Azidocyclooct-3-enol (9aJo a stirred solution of epoxidg
(3.00 g, 24.16 mmol) in EtOHAD (45/30 mL) was added Ngip.42 g, 144.96 mmol)
and NH,CI 3.14 g (58.69 mmol). The reaction mixture waltuseed for 12 h and then
the solvent was rotoevaporated (40 °C, 20 mmHg)th&aresidue was added water (70
mL) and the mixture was filtered through a pad 6f01g of silica gel in a 50 mL
sintered glass funnel with ethyl acetate. The me&twas extracted with ethyl acetate
(4x30 mL). The combined ethyl acetate layers weledd Na&SO,) and concentrated in
vacua Evaporation of the solvent ga9a in 88% vyield (3.60 g) as a colorless oil ffit.
60%).'H-NMR (400 MHz, CDC}) 8 5.82 (q,J= 9.0 Hz, 1H, H-4), 5.50 (dd}= 10.6,
8.1 Hz, 1H, H-3), 4.35-4.24 (m, 1H, H-2), 3.60-3#3, 1H, H-1), 2.46 (bs, 1H, OH),
2.21-2.14 (m, 2H), 1.82-1.24 (m, 6H)y)C-NMR (100 MHz, CDGJ) & 133.8, 127.5,
74.7,66.0, 32.4, 28.2, 27.2, 21.3.

4.7. Acetylation of (1S(R),2S(R),Z)-2-azidocycloo@&-enol (9a).To a magnetically
stirred solution of azido®a (1.60 g, 9.58 mmol) in CiCl, (10 mL) cooled to @,
acetyl chloride (1.50 g, 19.16 mmol) was added tredmixture was stirred at room
temperature for 12 h. Evaporation of the solveatgegoure azidoaceta®b (1.90 g, 96
%); as a colorless oil. (1S(R),2S(R),Z)-2-azidoogck-3-enyl acetatedb): *H-NMR
(400 MHz, CDC}) & 5.80-5.55 (m, 1H, H-4), 5.32 (dd:10.6, 8.1 Hz, 1H, H-3), 4.83
(dt, J= 10.3, 4.2 Hz, 1H, H-1), 4.47 (ddds 9.7, 8.1, 1.5 Hz, 1H, H-2), 2.22-2.07 (m,
15



2H), 2.06 (s, 3H, Cl), 1.80-1.40 (m, 6H):*C-NMR (100 MHz, CDCJ) 5 170.4, 133.9,

126.9, 77.3, 62.2, 30.3, 28.4, 27.5, 22.0, 21.4(KBr, cmi’) 2933, 2860, 2101, 1742,
1373, 1234, 1024, 964, 768nal. Calcd for GoH1sNsOz: C, 57.40; H, 7.23; N, 20.08.
Found: C, 57.41; H, 7.29; N, 19.57.

4.8. (1R(S),2(S)R,3R(S),4S(R))-3-Azidocyclooctang2 Y-triyl triacetate (10b). A 50
mL three necked, round-bottomed flask, equippeti witnagnetic stirrer and a nitrogen
inlet, was charged with NMO (0.88 g, 6.52 mmol)tevg11.5 mL), and acetone (11.5
mL). To this solution were added Os(@a. 22.00 mg, 0.089 mmol) and azidoace®ate
(1.24 g, 5.93 mmol) at 0 °C. The resulting mixtwras stirred vigorously under
nitrogen at room temperature and after 2 days, rédaetion was stopped. Sodium
hydrosulfite (0.14 g) and Florisil (10.00 g) slediin water (25 mL) were added, stirred
for 15 min, and then filtered through a pad of @®e{#.50 g) in a 50 mL sintered glass
funnel. The Celite cake was washed with acetoneb(3mL). The filtrate was
neutralized to pH 7 with $$0,. The organic layer was removedvacuo The pH of
the resulting aqueous solution was adjusted to p¥itld sulfuric acid, and the solvents
were then removed imacua Chromatography of the residue on a silica gealimol (80

g) eluting with ethyl acetate/hexane (15:85) gaxeaacetoxy diollOa (1.37 g, 95%)
as the sole product. The azidoacetoxy diad was submitted to acetylation with AcCl
following the method described above for the aegityh of 9a to give 10b: 1.78 g,
97%; colorless solid; mp 114-116 °C, from &My n-hexane.!H-NMR (400 MHz,
CDCl) 85.20 (dtJy &= 7.7,J1.= 2.6 Hz, 1H, H-1), 5.04 (ddp= 7.7,J, = 2.6 Hz, 1H,
H-2), 4.94 (dddJs s~ 9.9,J45= 5.5 Hz,J4 5= 2.9 Hz, 1H, H-4), 4.06 (dd3 = 9.9, ==
7.7 Hz, 1H, H-3), 2.05 (s, 3H, GH 2.08 (s, 3H, Ch), 2.10 (s, 3H, Ch), 2.00-1.42 (m,
8H); **C-NMR (100 MHz, CDGJ) & 170.1, 170.0, 169.9, 73.9, 71.7, 71.6, 62.9, 28.5,
28.4, 21.9, 21.6, 21.3, 20.8; IR (KBr, &jr2946, 2108, 1744, 1434, 1371, 1230, 1023,
760, 746. Anal. Calcd for 4H2:N3Os: C, 51.37; H, 6.47; N, 12.84. Found: C, 51.14; H,
6.27; N, 12.75.

4.9. (AR(S),2S(R),3R(S),4S(R))-3-Aminocyclooctang2-triol (12).
(AR(S),2(S)R,3R(S),4S(R))-3-Azidocyclooctane-1,2id- triacetate (10b) (600 mg,

1.83 mmol) was dissolved in absolute methanol (25. MW/hile dry NHg) was passed
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through the solution, the mixture was stirred fOrt8 Evaporation of solvent and the
formed acetamide gave azidotril (340 mg, 93 %). Into a 50-mL flask were placed
palladium on charcoal (40 mg, 10%) ahtl(340 mg, 1.69 mmol) in dry methanol (30
mL). The reaction mixture was hydrogenated for 2 h ahréemperaturender normal
pressure. The catalyst was removedfiltsation. Evaporation of the solvent gai,
which was crystallized from absolute methanol/die#ther to give colorlessrystals
(270 mg, 91%). Mp 118.5-119.5 °H-NMR (400 MHz, CROD) & 3.91 (dt,J = 8.6,
2.8 Hz, 1H, H-1), 3.50-3.43 (m, 2H, H-2 and H-4)®(dd,J = 8.2, 1.2 Hz, 1H, H-3),
2.00-1.30 (series of m, 8H}’*C-NMR (100 MHz, CROD) & 73.2, 73.1, 71.7, 54.6,
32.5, 30.1, 23.5, 21.1; IR (KBr, ¢h3380, 2900, 2610, 1550, 1460, 1320, 1100, 1010,
970, 798, 690, 601. Anal. Calcd fogHi/NOs: C, 54.84; H, 9.78; N, 7.99. Found: C,
54.52; H, 9.74; N, 7.96.

4.10. (1R(S),2S(R),3S(R),8S(R))-9-Oxabicyclo[6.1n@hane-2,3-diol (13).The same
procedure as described above fob 1as applied for the oxidation of azidoacetaie
(98%, colorless crystals, mp 88-89 °C, recrystatlifrom CHCl,/n-hexane!H-NMR
(400 MHz, CDC}) & 4.20-3.60 (m, 2H, H-3 and OH), 3.53-3.51 (m, 1H2)}13.50-
3.28 (m, 1H, OH), 3.19 (dd= 8.8, 4.7 Hz, 1H, H-1), 3.05 (di= 10.2, 4.7 Hz, 1H, H-
8); 2.25 (dm,J= 14.3 Hz, 1H), 1.97-1.08 (series of m, 7HJC-NMR (100 MHz,
CDCly) 8 73.2, 72.6, 57.2, 55.8, 32.2, 28.5, 25.4, 21.0KBr, cm*) 3386, 2931, 2868,
2336, 1636, 1460, 1239, 1053, 979, 836, 752. HRES)( calcd for GH140sNa (M
+Na): 181.0841, found: 181.0847.

4.11. Acetolysis and hydrolysis of (1R(S),25(R),IB(8S(R))-9-

oxabicyclo[6.1.0]nonane-2,3-diol (13)To a stirred solution df3 (1.67 g, 10.57 mmol)
in dioxane (4 mL) and water (1 mL) was added algitaamount of concentrated
H.SO, (ca. 300 mg). The reaction mixture was stirred5dr at 110 °C. The mixture
was cooled to at room temperature and was newdhtz pH 7 with BaC¢(0.7 g). The

residue was filtrated and after removal of the nigdayer invacuq the aqueous layer
was frozen and lyophilized to give the product mmgt(1.28 g, total yield 69%). The
mixture (1.28 g, 7.27 mmol) was dissolved in anbwdr pyridine (8 mL) and the
solution was cooled to 0 °C. M@ (593 g, 58.16 mmol) and 4-
(Dimethylamino)pyridine (DMAP) (10 mg) were addeadathe solution was stirred at
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room temperature for 24 h. The mixture was coote® C and 2 N HCI (150 mL)
solution was added. The mixture was extracted witter (4x50 mL). The combined
organic extracts were washed with NaHC®0Iution (2x20 mL) and water (15 mL) and
then dried (Ng&5Qy). Removal of the solvent under reduced pressuve ga product
mixture (1.65 g, total yield 66 %). Chromatograpbiythe mixture on a silica gel
column (100 g) eluting with EtOAc/n-hexane (30:@@ye the first fraction as diacetate
14 (0.81 g, 49%), the second as tetraacel®&® (0.200 g, 12%). and the third as

5136

tetraacetat@é5 " (0.64 g, 39%). Diacetatel was recrystallized from absolute ethanol at

0 °C as a colorless solid; mp 47-48 °C.

Data for (1R(S),6S(R),7S(R),8S(R))-9-Oxabicyclo[4ZPnonane-7,8-diyl diacetate
(14).'H-NMR (400 MHz, CDC}) 8 5.27 (ddJs = 7.8,J;6= 4.7 Hz, 1H, H-7), 5.10 (dd,
Jr= 4.6,J1 6 2.6 Hz, 1H, H-8), 4.69 (= 6.7 Hz, 1H, H-6), 4.18-4.11 (m, 1H, H-1),
2.09 (s, 3H, Ch), 2.08 (s, 3H, Ch), 1.99-1.90 (m, 2H), 1.80-1.40 (m, 6HJC-NMR
(100 MHz, CDC}) 6 171.3, 170.4, 84.5, 82.9, 79.0, 78.1, 33.2, 28455, 24.4, 21.2,
21.0;IR (KBr, Cm'l) 2936, 2857, 1741, 1444, 1372, 1228, 1064, 1023, Anal. Calcd
for C12H180s: C, 59.49; H, 7.49. Found: C, 59.38; H, 7.52.

4.12. (1R(S),6S(R),7R(S),8R(S))-9-Oxabicyclo[4.2nbhane-7,8-diol (17). The
diacetatel4 was submitted to ammonolysis with ki MeOH following the method
described above for the ammonolysislob to give12 0.12 g, 92 %; colorless solid;
mp 83-85 °C, from CbLCly/n-hexane!H-NMR (400 MHz, CDC}) & 4.61-4.56 (m, 1H,
OH), 4.44-4.34 (m, 2H, OCH and OH), 4.30-4.23 (ii),14.16-4.10 (m, 1H), 4.07-4.02
(m, 1H), 1.98-1.42 (series of m, 8HYC-NMR (100 MHz, CDCJ) & 84.6, 83.7, 80.6,
79.6, 33.0, 28.8, 24.9, 24.4; IR (KBr, ¢in3366, 2929, 1443, 1261, 1079, 1014, 752.
Anal. Calcd for GH1405: C, 60.74; H, 8.92. Found: C, 60.89; H, 9.09.

4.13. (1R(S),2R(S),3R(S),4S(R))-3-Chlorocyclooctane?,4-triyl triacetate (30). To
endoperoxide23 (1.0 g, 7.14 mmol) in C¥l, (150 mL) was addedm-
chloroperbenzoic acid (4.81 g, 27.81 mmol, 77%) Tdsulting mixture was stirred for
15 h at room temperature, the solvent was remaveddua A solution of the residue
in absolute ethanol (40 mL) was hydrogenated ainlpgiessure in the presence of 10%

palladium on charcoal (40 mg) at room temperat@feer 5 h, the catalyst was filtered
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and the subsequent solvent was removesglaicuo The residue was acetylated with
pyridine-acetic anhydride and DMAP as describedvalio give30. The crude product
30 was dissolved in ethyl acetate (100 mL) and cotte@ °C, and then 0.5% NaOH
(100 mL) solution was added. The mixture was gifiir 5 min and then the mixture
was extracted with ethyl acetate (3x20 mL). The looed organic extracts were
washed with water (15 mL) and then dried £8&). Removing of the solvent under
reduced pressure gave pud® (1.50 g, total yield 66 %) as a colorless solid,
recrystallized from methylene chloridefiexane, mp 94-94.5 °GH-NMR (400 MHz,
CDCl;) 8 5.35-5.26 (m, 2H), 5.22 (ddd,= 8.8, 5.9 and 2.7 Hz, 1H), 4.34 (dts 8.8
and 7.7 Hz, 1H), 2.11 (s, 3H), 2.08 (s, 3H), 2.823H), 2.00-1.50 (series of m, 8H);
13C-NMR (100 MHz, CDGJ) 6 170.0, 169.9, 169.8, 74.6, 73.1, 71.9, 61.0, 28839,
22.9,22.4, 21.2, 20.9; IR (KBr, 61712941, 1744, 1443, 1370, 1231, 1025. Anal. Calcd
for C14H21ClOg: C, 52.42; H, 6.60. Found: C, 52.56; H, 6.76.

4.14. (AR(S),2R(S),3R(S),4S(R))-3-Chlorocyclooctaie?,4-triol (29).
(AR(S),2R(S),3R(S),4S(R))-3-Chlorocyclooctane- 112y triacetate(30) (0.50 g, 1.56
mmol) was dissolved in absolute methanol (9 ml) emaled to 0 °C. AcCl (3 mL) was
added and the mixture was stirred at 0 °C for 10 amd then at room temperature for
24 h. Removal of the solvents under reduced presgave29 colorless oil (0.28 g, 92
%).

'H-NMR (400 MHz, DO) & 4.13-4.06 (m, 1H, H-3), 3.99-3.94 (m, 1H, H-18B3.73
(m, 2H, H-2 and H-4), 1.80-1.30 (series of m, 8HE-NMR (100 MHz, BO) § 73.8,
72.5, 71.2, 68.8, 32.2, 30.2, 23.3, 20.7; IR (K8n") 3292, 2934, 2875, 1459, 1402,
1322, 1295, 1256, 1234, 1215, 1144, 1040, 975. .Abalcd for GH;1sClOs: C, 49.36;
H, 7.77. Found: C, C, 49.41; H, 7.74.

4.15. Epoxidation of Endoperoxide 23 with dimethyltbxirane (DMDO).
Dimethyldioxirane was prepared from acetone usiogsium monoperoxysulfate as
described by Adarf® To a magnetically stirred solution of dimethyldi@ne (ca.3.7
mmol) in 200 mL of acetone was added 50 mg (0.3®Mof endoperoxid3in 3 mL

of CH,Cl, and stirred for 2h at -5 °C, then for 24 h at rammperature. After filtering

of the precipitate, evaporation of the solvent iaféal the mixture of epoxidesl and25
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in a ratio of 1:1 determined byH-NMR integration (54 mg, combined vyield: 97%).
Purification of the residue on silica gel columr® (§) eluting with ethyl acetate and
hexane (10:90) afforded epoxidB (52 mg, 93%).

4.16. (1R(S),6S(R),7S(R),9S(R))-8,10-Dioxatricyctbp.1.0°|decane-1-ol (25). A.
From (23). To endoperoxid23 (1.0 g, 7.14 mmol) in C¥Cl, (100 mL) was addenr
chloroperbenzoic acid (1.76 g, 10.2 mmol, 77%) BatiCQ; (0.60 g, 7.14 mmol). The
resulting mixture was stirred 5 days at room terapee, then cooled to 0 °C. To the
mixture, 1% NaOH (100 mL) solution was added amdest for 15 min until it reached
-5 °C. The mixture was extracted with &b (4x25 mL). The combined organic
extracts were washed with saturated aqueous Na@l taen dried (Nz5Qy).
Evaporation of solvent gavegs (0.58 g, 53%) as pure white crystals from JCH/n-
hexane, mp 86.5-88 °GH-NMR (400 MHz, CDC}) 6 4.38 (dd,Js5 = 7.1 andls s =
1.3 Hz, 1H, H-6), 3.51 (d, A-part of AB-systetag = 2.9 Hz, 1H, H-7 or H-9), 3.49 (d,
B-part of AB-systemJag = 2.9 Hz, 1H, H-7 or H-9), 3.47 (bs, -OH, 1H), 2-0.32
(series of m, 8H)**C-NMR (100 MHz, CDCJ) § 104.3, 74.8, 59.0, 58.5, 37.0, 31.8,
23.6, 23.3; IR (KBr, cil) 3416, 2930, 2860, 1448, 1407, 1338, 1211, 114451
1076, 946, 879, 794, 636. HRMS (ESI): calcd fgHGCOsNa (M™ +Na): 179.0684,
found: 179.0689.

B. From (27).with m-CPBA. Unsaturated oxabicyct&7 (1.10 g, 7.90 mmol) was
dissolved in 13 ml of ChCl,, mCPBA (1.80 g, 10.30 mmol, 77%) and NaH{(0.66
g, 7.90 mmol) were added, and then the reactionstwaied at reflux temperature for 16
days. The reaction mixture was cooled to -5 °C &% NaOH (30 mL) solution was
added, and then stirred for 15 min. The mixture essacted with ChLCl, (4x25 mL).
The combined organic extracts were washed withratid NaCl solution (20 mL) and
water (20 mL) and then dried (p&0,). Evaporation of solvent gaas (0.80 g, 66%).

with DMDO .2® Unsaturated oxabicycl27 (50 mg, 0.35 mmol) was submitted to
epoxidation with DMDO as in the method describedvabfor the epoxidation 13 to
give 25: 54 mg, 97%.
4.17. Crystal structure determination
For the crystal structure determination, the siuglestal of compoun®0 was used for

data collection on a four-circle Rigaku R-AXIS RARS diffractometer (equipped with
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a two-dimensional area IP detector). The graphibe&asshromatized Mo Kradiation
(4=0.71073 A) and oscillation scans technique wits=5° for one image were used for
data collection. The lattice parameters were detexthby the least-squares methods on
the basis of all reflections with®>25(F?). Integration of the intensities, correction for
Lorentz and polarization effects and cell refineme&as performed using CrystalClear
(Rigaku/MSC Inc., 2005) softwafé’ The structures were solved by direct methods
using SHELXS-97° and refined by a full-matrix least-squares procedusing the
program SHELXL-97°° H atoms were positioned geometrically and refinsithg a
riding model. The final difference Fourier maps wbd no peaks of chemical
significance Crystal data for30: Ci4H2:06Cl, crystal system, space group: triclini,

1; (no:2); unit cell dimensionsa= 7.5308(2), b= 10.5140(3),c= 11.0554(4) A,
a=79.43(2) f=70.50(2), )=74.87(2)": volume: 792.08(5A z=2; calculated density:
1.34 mg/ni; absorption coefficient: 0.264 mm F(000): 340; 6-range for data
collection 2.7-26.4°; refinement method: full-matri least-square on F
data/parameters: 2165/193; goodness-of-fifan1.028; finalR indices [>25(1)]: Ri=
0.055,wR,=0.115; R indices (all data)R;=0.087,wR,=0.131; largest diff. peak and
hole: 0.170 and -0.237 € A

Crystallographic data (excluding structure factdi®) the structures reported in this
article have been deposited with the Cambridge t@llggraphic Data Centre with
supplementary publication number CCDC 787346. Gopiethe data can be obtained
free of charge on application to CCDC, 12 Union &Rd@ambridge CB2 1EZ, UK (fax:
+44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk)
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Supplementary data
'H and™*C NMR spectra for all new compounds, as well ascietl 2D NMR spectra
and crystallographic data foompound30 areprovided. Supplementary data associated

with this articlecan be found in the online version, at http:/Aet.......
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NOESY spectrum fot3
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COSY spectrum fot3
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NOESY and COSY spectra fabb
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'H-NMR double resonance spectrum 16b
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NOESY and COSY spectra f@b
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X-Ray Crystal Sructure Analysis of Chlorotriacetate 30
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Figure 2. a) The molecular structure of compounidrofriacetate30 showing the atom
numbering schemd&hermal ellipsoids are drawn at the 40% probabiétxel.

Figure 2. b) The molecular packing 3.
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Table 1. Crystal data and structure refinement30r

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

@range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t@= 27.50°
Max. and min. transmission

Refinement method

esalamci-3oac (CCDC 787346)
G4H2106ClI
320.76
293(2) K
0.71073 A
triclinic
P-1
a=7.5308(2) A a = 79.434(6)°
b =10.5140(3) A B=70.502(4)°
c=11.0554(4) A y =74.870(5)°
792.08(5) A
2
1.345 Mg /*m
0.264 mith
340k
Block; opaque
0.2& 0.12x 0.11 mnt
2:726.4°
-9<h<9,-13<k<13,-13<1<13
17053
216B,; = 0.071]
99.8 %
0.974 and 0.939

Full-matrix least-square$=dn
23



Data / restraints / parameters 2165/0/193

Goodness-of-fit offF? 1.028

Final Rindices F? > 20(F?)] R1=0.055wR2=0.115
Rindices (all data) R1=0.087wR2=0.131
Extinction coefficient 0.00

Largest diff. peak and hole 0.398 ar@l255 e A3

Structure solution: SHELXS97(G. M. Sheldrick, Acta Cryst.1090) A46 467%473).
Structure refinement: SHELXL97(G. M. Sheldrick 1997), University of Goéttingen,
Germany)Graphics: PLATON (A.L. Spek, J. Appl. Crystallog2003, 36, 7).
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Table 2. Fractional atomic coordinates and isotropic terapee factors (Angstrom
squared), with standard deviations in the leashifsognt digits in parentheses. For
anisotropic atoms, the equivalent isotropic temjpeeafactors are shown.

x/a y/b zlc 4

CL 0.23179(10) 0.41977(7) 0.46892(1).06787

O(1) 0.3776(3) 0.1796(2) 0.8749(2) 0.05537
O(2) 0.2655(2) 0.4046(2) 0.7253(2) 0.05638
O(4) 05735(3) 0.2620(2) 0.3097(2) 0.05663
O(3) 0.2471(3) 0.0242(2) 0.8432(2)0.07587
O(6) 0.3597(3) 0.1736(2) 0.2693(2)0.07732
O(5) -0.0206(3) 0.3514(2)  0.8319(2) 0.09090
C(8) 0.3403(3) 0.2799(2)  0.6692(2)0.04900
H@®) 0.23380  0.23659  0.68239 0.05879
C(7) 0.4276(3) 0.3173(2) 0.5252(2)0.04921
H(7) 052173  0.37085  0.51430 0.05906
C(11) 0.2652(4) 0.0887(3) 0.9151(3)0.05828
C(l) 0.4818(3) 0.1922(3) 0.7378(2) 0.04895
H(l) 052453  0.10436  0.70686 0.05874
C(6) 0.5258(4) 0.2028(2) 0.4423(2) 0.05006
H6) 043501  0.14608  0.45541 0.06007
C(9) 0.0797(4) 0.4312(3) 0.7985(3)0.06488
C(3) 0.8433(4) 0.1776(3) 0.6279(3)0.06300
H(3A) 0.86816  0.08434  0.65939 0.07559
H(3B) 0.94854  0.21293  0.63072 0.07559
C(2) 0.6582(4) 0.2464(3) 0.7221(3)0.05517
H(2A) 0.67809  0.23740  0.80586 0.06620
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H(2B)
C(5)
H(5A)
H(5B)
C(13)
C(4)
H(4A)
H(4B)
C(12)
H(17C)
H(17B)
H(17A)
C(10)
H(10A)
H(10B)
H(10C)
C(14)
H(14A)
H(14C)

H(14B)

0.63255
0.7146(4)
0.78451
0.68315
0.4776(4)
0.8508(4)
0.98180
0.82000
0.1713(5)
0.05885
0.26018
0.13431
0.0193(5)
-0.02613
0.12744
-0.08225
0.5412(5)
0.48159
0.67892

0.50408

0.34017
0.1175(3)
0.07203
0.05031
0.2403(3)
0.1881(3)
0.15175
0.28114
0.0823(3)
0.15285
0.09135
-0.00129
0.5713(3)
0.62816
0.59807
0.57738
0.3120(4)
0.28985
0.28649

0.40578

0.69251 0.06620
0.4611(3) 0.05725
0.38454 0.06871
0.53279 0.06871
0.2338(3) 0.06107
0.4865(3) 0.06051
0.43664 0.07261
0.45517 0.07261
1.0574(3) 0.07950
1.07654 0.11924
1.09888 0.11924
1.08837 0.11924
0.8310(3) 0.08261
0.76415 0.12391
0.83835 0.12391
0.91154 0.12391
0.1025(3) 0.09124
0.04713 0.13686
0.06777 0.13686

0.10829 0.13686
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Table 3. Vibration parameters (Angstrom squared) in theesgon: -2(pi
squared)(U11((h.a*)squared) + U22((k.b*)squaret)38((l.c*)squared) +
2.U12.h.k.a*.b* + 2.U13.h.l.a*.c* +2.U23.k.l.b*.c*)

Ull u22 U33 Uiz Ul3 u23

CL  0.0654(5) 0.0660(5) 0.0677(5) 0.0008(8281(4) -.0025(3)
O(1)  0.058(1) 0.065(1) 0.046(1)-0.024(1PIRH(1) -0.003(1)
0O(2) 0.051(1) 0.056(1) 0.060(1)-0.008(1PI(1) -0.016(1)
O(4)  0.059(1) 0.068(1) 0.046(1) -0.021(1PAT(1) -0.004(1)
O(3) 0.082(1) 0.076(1) 0.074(1) -0.039(1PAF(1) -0.016(1)
0(6) 0.072(1) 0.099(2) 0.075(1) -0.032(1PAB(1) -0.014(1)
O(5) 0.062(1) 0.105(2) 0.098(2) -0.027(1PAB(1) -0.032(1)
C(8) 0.044(1) 0.053(1) 0.052(1)-0.012(1pA2(1) -0.011(1)
C(7) 0.046(1) 0.050(1) 0.053(2) -0.011(1PAB(1) -0.002(1)
C(11) 0.055(2) 0.061(2) 0.057(2) -0.020(1P4a (1) -0.002(1)
C(1) 0.048(1) 0.053(1) 0.046(1) -0.015(1pA(1) -0.005(1)
C(6) 0.051(1) 0.053(2) 0.047(1)-0.017(1PR(1) -0.005(1)
C(9) 0.056(2) 0.079(2) 0.055(2) -0.003(2PAB(1) -0.015(2)
C(3) 0.048(2) 0.079(2) 0.065(2) -0.019(1PA®(1) -0.007(1)
C(2) 0.052(2) 0.066(2) 0.054(2) -0.020(1PI®(1) -0.006(1)
C(5) 0.061(2) 0.052(2) 0.055(2) -0.004(1PB(1) -0.011(1)
C(13) 0.059(2) 0.072(2) 0.054(2) -0.008(1PAL(1) -0.012(1)
C(4) 0.045(1) 0.068(2) 0.061(2) -0.009(1PAM(1) -0.007(1)
C(12) 0.081(2) 0.098(2) 0.059(2) -0.038(2PAB(2) 0.002(2)
C(10) 0.080(2) 0.076(2) 0.075(2) 0.006(2PAR(2) -0.022(2)

C(14) 0.099(3) 0.125(3) 0.056(2) -0.035(2paW(2) 0.003(2)




Table 4. Complete listing of torsion angles

H(8) -
H(8) -
H(8) -
H(8) -
C(1) -
C(7) -
C(1) -
C(7) -
C(8) -
C(8) -
H(7) -
H(7) -
o(1) -
0(1) -
0(Q1) -
0(@3) -
0(@3) -
O(3) -
C(8) -
C(8) -
C(8) -
H(1) -
H(1) -

H(1) -

C(®) -
C(®) -
C(®) -
C(8) -
Cc(8) -
Cc(®) -
Cc(®) -
C(8) -
c(7) -
c(7) -
C(7) -
C(7) -
C(11)
C(11)
C(11)
C(11)
C(11)
C(11)
c(1) -
c() -
C(1) -
C(1) -
c(1) -

C(1) -

C(7) -
C(7) -
C(1) -
C() -
C(7) -
c(1) -
C(7) -
Cc(1) -
C(6) -
C(6) -
C(6) -
C(6) -

-C(12) -
-C(12) -
- C(12) -
- C(12) -
- C(12) -

- C(12) -

C(2) -
C(2) -
C(2) -
C(2) -
C(2) -

C(2) -

H(7)
C(6)
H(1)
C(2)
H(7)
H(1)
C(6)
C(2)
H(6)
C(5)
H(6)
C(5)
H(17C)
H(17B)
H(17A)
H(17C)
H(17B)
H(17A)
C(@3)
H(2A)
H(2B)
C(3)
H(2A)

H(2B)

172.5
-65.1
55.6
178.5
-63.7
-68.2
58.7
54.7
55.0
-69.5
177.3
52.9
81.6
-38.4
-158.4
-98.3
141.7
21.7
-104.5
134.0
17.0
18.4
-103.2

139.9
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c(7) -
C(7) -
C(7) -
H(6) -
H(6) -
H(6) -
0(2) -
0(2) -
0(2) -
0(5) -
0(5) -
0(5) -

H(3A) -
H(3A) -
H(3A) -
H(3A) -
H(3A) -
H(3A) -
H(3B) -
H(3B) -
H(3B) -
H(3B) -
H(3B) -

H(3B) -

C(6) -
C(6) -
C(6) -
C(6) -
C(6) -
C(6) -
C(9) -
C(9) -
C(9) -
C(9) -
C(9) -
C(9) -
C(3) -
c@)-
C(3) -
C(3) -
c@)-
c@)-
C(3) -
C(3) -
C(3) -
C(3) -
C@3) -

C@) -

C) -

C(5) -
C(5) -
C(5) -
C(5) -
C(5) -

C(10) -
C(10) -
C(10) -
C(10) -
C(10) -
C(10) -
C(2) -
C(2) -
C(2) -
C(4) -
C(4) -
C(4) -
C(2) -
C(2) -
C(2) -
C(4) -
C(4) -

C() -

H(5A)
H(5B)
C(4)
H(5A)
H(5B)
C(4)
H(10A)
H(10B)
H(10C)
H(10A)
H(10B)
H(10C)
C(1)
H(2A)
H(2B)
C(5)
H(4A)
H(4B)
C(1)
H(2A)
H(2B)
C(5)
H(4A)

H(4B)

C4) - CB)- C(2)- C(1)

C@)- C@3)- C(2)- H(2A)

-159.2
85.2
-37.0

76.4

-39.3
-161.5
87.7

-32.3
-152.3
-92.4
147.6

27.6

-59.3
62.2
179.2
55.6
-66.2

177.3

-174.7

-53.2
63.8
170.9
49.2
-67.3

63.0

-175.5
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C(4) -
C(2) -
C(2) -
C(2) -
C(6) -
C(6) -
C(6) -

H(5A) -
H(5A) -
H(5A) -
H(5B) -
H(5B) -

H(5B) -

0(4) -
0(4) -
O(4) -
0(6) -
0(6) -

0(6) -

C(@)-
C@)-
C@)-
C(@)-
C(5) -
C(5) -
C(5) -

C(13)
C(13)
C(13)
C(13)
C(13)

C(13)

C() -
C(5) -
C(5) -
C(5) -
C(5) -
C(5) -

C(2) -
C(4) -
C(4) -
C(4) -
C(4) -
C(4) -
C(4) -

C4) -
C(4) -
C(4) -
C4) -
C4) -
C(4) -
- C(14) -
- C(14) -
- C(14) -
- C(14) -
- C(14) -

- C(14) -

H(2B)
C(5)
H(4A)
H(4B)
C@3)
H(4A)
H(4B)
C@3)
H(4A)
H(4B)
C(3)
H(4A)
H(4B)
H(14A)
H(14C)
H(14B)
H(14A)
H(14C)

H(14B)

-58.5
-66.8
171.5
55.0
100.3
-137.9
-21.4

-137.5

-15.7

100.8
-21.8
99.9

-143.6

174.8
54.8
-65.2
-5.5
-125.5

114.5

30



Table 5. Complete listing of bond distances (Angstroms)

0Q1) -
O(4) -
0(6) -
C(8) -
Cc(®) -
c(7) -
c() -
C(6) -
C() -
C@)-
C(3) -
C(2) -
C(5) -
C(13) -
C(4) -
C(12) -
C(10) -
C(10) -

C(14) -

C(11)
C(13)
C(13)
H(8)
C(1)
C(6)
H(1)
H(6)
C(10)
H(3B)
C(4)
H(2B)
H(5B)
C(14)
H(4B)
H(17B)
H(10A)
H(10C)

H(14C)

1.357(4)
1.356(4)
1.194(4)

0.980(3)

1.527(4)

1.524(4)

0.980(3)

0.980(3)
1.496(5)
0.970(3)

1.530(4)
0.970(3)
0.970(3)
1.492(5)
0.970(3)

0.960(3)
0.960(4)
0.960(4)

0.960(4)

0(2) - C(9) 1.347(4)
0(3) - C(11)1.196(4)
O(5) - C(9) 1.201(4)
C(8) - C(7) 1.526(4)
C(7) - H(7) 0.980(3)
C(11) - C(12) 1.491(5)
C(1) - C(2) 1.525(4)
C(6) - C(5) 1.527(4)
C(3) - H(3A) 0.970(4)
C(3)- C(2) 1.527(4)
C(2) - H(2A) 0.970(3)
C(5) - H(5A) 0.970(3)
C(5) - C(4) 1.532(4)
C(4) - H(4A) 0.970(3)
C(12) - H(17C)0.960(4)
C(12) - H(17A)0.960(4)
C(10) - H(10B)0.960(4)
C(14) - H(14A)0.960(4)

C(14) - H(14B)0.960(4)
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Table 6. Complete listing of bond angles (degrees)

H(8)-C(8)-C(7)
C(7)-C(8)-C(1)
C(8)-C(7)-C(6)
0(1)-C(11)-0(3)
0(3)-C(11)-C(12)
C(8)-C(1)-C(2)
C(7)-C(6)-H(6)
H(6)-C(6)-C(5)
0(2)-C(9)-C(10)
H(3A)-C(3)-H(3B)
H(3A)-C(3)-C(4)
H(3B)-C(3)-C(4)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)
C(6)-C(5)-H(5A)
C(6)-C(5)-C(4)
H(5A)-C(5)-C(4)
0(4)-C(13)-0(6)
0(6)-C(13)-C(14)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)

H(4A)-C(4)-H(4B)

C(11)-C(12)-H(17B)

109.4(3)

115.3(2)
116.3(2)
123.0(3)
126.1(3)
114.9(3)
109.2(3)
109.2(3)
110.8(3)
107.2(3)
107.8(3)
107.8(3)
114.0(3)
108.7(3)
108.7(3)
108.0(3)
117.3(3)
108.0(3)
123.9(3)

126.2(3)
108.5(3)
108.5(3)
107.5(3)

109.5(3)

H(8)-C(8[1)

C(8)-GH{7)
H(7)-C(a}6)
O(1)-C(4ap12)
C(8)-C@f1)
H(1)-C@)2)
C(7)-C{6)5)
O(2)-CO)5)
O(5)-G©}10)
H(3A)-C(3)(&)
H(3B)-Q(8(2)
C(2)-C(3J4)
C(1)-¢42(2A)
C(3)-C{H)2A)
H(2A)-Z)¢H(2B)
C(6)-3{8(5B)
H(5AYE)-H(5B)
H(5B)8)(C(4)
O(4)-BJAC(14)
C(3)-¢@(5)

C(G)4)-H(4B)
C(B)4)-H(4B)
C(11)A2)-H(17C)

C(1104Q)-H(17A)

109.4(3)

108.4(3)
108.4(3)
110.9(3)
109.1(3)
109.1(3)
116.6(3)
123.4(3)
125.8(3)
107.8(3)
107.8(3)
118.0(3)
108.7(3)
108.7(3)
107.6(3)
108.0(3)
107.2(3)
108.0(3)
109.9(3)
115.2(3)
108.5(3)
108.5(3)
109.5(3)

109.5(3)
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H(17C)-C(12)-H(17B)
H(17B)-C(12)-H(17A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
H(10B)-C(10)-H(10C)
C(13)-C(14)-H(14C)
H(14A)-C(14)-H(14C)

H(14C)-C(14)-H(14B)

109.5(4)
109.5(4)
109.5(3)
109.5(4)
109.5(4)
109.5(4)
109.5(4)

109.5(4)

H(17C)aQ]-H(17A)
C(9)-C(HE(10A)
C(9J40)-H(10C)
H(10A)-T)-H(10C)
C(13)-@J4H(14A)
C(13)1@)-H(14B)

H(14A)()-H(14B)

109.5(4)
109.5(3)
109.5(3)

109.5(4)
109.5(4)
109.5(3)

109.5(4)
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'H NMR and *C NMR Spectra

(1R(S),25(R),3R(S),4S(R))-Cyclooctane-1,2,3,4-tatedate (mesd6): CDClg
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(1R(S),2S5(R),3R(S),4S(R))-Cyclooctane-1,2,3,4-tdtfmesel9): D,O
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(AR(S),2R(S),3R(S),4S(R))-Cyclooctane-1,2,3,4-tatediate (radb): CDCh
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(AR(S),2R(S),3R(S),4S(R))-Cyclooctane-1,2,3,4-tétfeac-18): D,O
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(1R(S),2S(R),3S(R),8S(R))-9-oxabicyclo[6.1.0Jnond:@-diol (13): CDCl
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(1R(S),6S(R),7S(R),8S(R))-9-oxabicyclo[4.2.1]nondn@-diyl diacetateld): CDChk
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(AR(S),6S(R),7R(S),8R(S))-9-oxabicyclo[4.2.1]nondn@-diol (17): CDCl
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(1S(R),25(R),2)-2-azidocyclooct-3-en@kl): CDCl;
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(1S(R),2S(R),Z)-2-azidocyclooct-3-enyl acetdis)( CDChk
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(AR(S),2(S)R,3R(S),4S(R))-3-azidocyclooctane-1iéyltriacetate {0b): CDCl
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(1R(S),6S(R),7S(R),9S(R))-8,10-dioxatricyclo[4.8/f]|decane-1-0124): CDCl
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(AR(S),2R(S),3R(S),4S(R))-3-chlorocyclooctane-Lifiyl triacetate 29): CDClg
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(1R(S),2R(S),3R(S),4S(R))-3-chlorocyclooctane-1#idl (28): D,O
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(1R(S),2S5(R),3R(S),4S(R))-3-aminocyclooctane-1t8a@-(12):

CDsOD

HQ
HZN/,.
HO
\ \ HO
3.50 3.00

ppm (t1)
\
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

ppm (t1)
o~ © 0 oA
Mo oMm - < N O ™M «
~N O~ 0 ™ ™M NN

HQ
H2N/,.
HO
HO
\
73.00 72.50 72.00 71.50
ppm
[
[
| | ’ { |
H { | ‘
\
150 100 50
ppm

14



X-Ray Crystal Sructure Analysis of Chlorotriacetate 29
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Figure 2. a) The molecular structure of compounidrofriacetate29 showing the atom
numbering schemd&hermal ellipsoids are drawn at the 40% probabiétxel.

Figure 2. b) The molecular packing24.
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Table 1. Crystal data and structure refinement2er

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

@range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t@= 27.50°
Max. and min. transmission

Refinement method

esalamci-3oac (CCDC 787346)
G4H2106ClI
320.76
293(2) K
0.71073 A
triclinic
P-1
a=7.5308(2) A a = 79.434(6)°
b =10.5140(3) A B=70.502(4)°
c=11.0554(4) A y =74.870(5)°
792.08(5) A
2
1.345 Mg /*m
0.264 mith
340k
Block; opaque
0.2& 0.12x 0.11 mnt
2:726.4°
-9<h<9,-13<k<13,-13<1<13
17053
216B,; = 0.071]
99.8 %
0.974 and 0.939

Full-matrix least-square$=dn
16



Data / restraints / parameters 2165/0/193

Goodness-of-fit offF? 1.028

Final Rindices F? > 20(F?)] R1=0.055wR2=0.115
Rindices (all data) R1=0.087wR2=0.131
Extinction coefficient 0.00

Largest diff. peak and hole 0.398 ar@l255 e A3

Structure solution: SHELXS97(G. M. Sheldrick, Acta Cryst.1090) A46 467%473).
Structure refinement: SHELXL97(G. M. Sheldrick 1997), University of Goéttingen,
Germany)Graphics: PLATON (A.L. Spek, J. Appl. Crystallog2003, 36, 7).

17



Table 2. Fractional atomic coordinates and isotropic terapee factors (Angstrom
squared), with standard deviations in the leashifsognt digits in parentheses. For
anisotropic atoms, the equivalent isotropic temjpeeafactors are shown.

x/a y/b zlc 4

CL 0.23179(10) 0.41977(7) 0.46892(1).06787

O(1) 0.3776(3) 0.1796(2) 0.8749(2) 0.05537
O(2) 0.2655(2) 0.4046(2) 0.7253(2) 0.05638
O(4) 05735(3) 0.2620(2) 0.3097(2) 0.05663
O(3) 0.2471(3) 0.0242(2) 0.8432(2)0.07587
O(6) 0.3597(3) 0.1736(2) 0.2693(2)0.07732
O(5) -0.0206(3) 0.3514(2)  0.8319(2) 0.09090
C(8) 0.3403(3) 0.2799(2)  0.6692(2)0.04900
H@®) 0.23380  0.23659  0.68239 0.05879
C(7) 0.4276(3) 0.3173(2) 0.5252(2)0.04921
H(7) 052173  0.37085  0.51430 0.05906
C(11) 0.2652(4) 0.0887(3) 0.9151(3)0.05828
C(l) 0.4818(3) 0.1922(3) 0.7378(2) 0.04895
H(l) 052453  0.10436  0.70686 0.05874
C(6) 0.5258(4) 0.2028(2) 0.4423(2) 0.05006
H6) 043501  0.14608  0.45541 0.06007
C(9) 0.0797(4) 0.4312(3) 0.7985(3)0.06488
C(3) 0.8433(4) 0.1776(3) 0.6279(3)0.06300
H(3A) 0.86816  0.08434  0.65939 0.07559
H(3B) 0.94854  0.21293  0.63072 0.07559
C(2) 0.6582(4) 0.2464(3) 0.7221(3)0.05517
H(2A) 0.67809  0.23740  0.80586 0.06620
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H(2B)
C(5)
H(5A)
H(5B)
C(13)
C(4)
H(4A)
H(4B)
C(12)
H(17C)
H(17B)
H(17A)
C(10)
H(10A)
H(10B)
H(10C)
C(14)
H(14A)
H(14C)

H(14B)

0.63255
0.7146(4)
0.78451
0.68315
0.4776(4)
0.8508(4)
0.98180
0.82000
0.1713(5)
0.05885
0.26018
0.13431
0.0193(5)
-0.02613
0.12744
-0.08225
0.5412(5)
0.48159
0.67892

0.50408

0.34017
0.1175(3)
0.07203
0.05031
0.2403(3)
0.1881(3)
0.15175
0.28114
0.0823(3)
0.15285
0.09135
-0.00129
0.5713(3)
0.62816
0.59807
0.57738
0.3120(4)
0.28985
0.28649

0.40578

0.69251 0.06620
0.4611(3) 0.05725
0.38454 0.06871
0.53279 0.06871
0.2338(3) 0.06107
0.4865(3) 0.06051
0.43664 0.07261
0.45517 0.07261
1.0574(3) 0.07950
1.07654 0.11924
1.09888 0.11924
1.08837 0.11924
0.8310(3) 0.08261
0.76415 0.12391
0.83835 0.12391
0.91154 0.12391
0.1025(3) 0.09124
0.04713 0.13686
0.06777 0.13686

0.10829 0.13686
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Table 3. Vibration parameters (Angstrom squared) in theesgon: -2(pi
squared)(U11((h.a*)squared) + U22((k.b*)squaret)38((l.c*)squared) +
2.U12.h.k.a*.b* + 2.U13.h.l.a*.c* +2.U23.k.l.b*.c*)

Ull u22 U33 Uiz Ul3 u23

CL  0.0654(5) 0.0660(5) 0.0677(5) 0.0008(8281(4) -.0025(3)
O(1)  0.058(1) 0.065(1) 0.046(1)-0.024(1PIRH(1) -0.003(1)
0O(2) 0.051(1) 0.056(1) 0.060(1)-0.008(1PI(1) -0.016(1)
O(4)  0.059(1) 0.068(1) 0.046(1) -0.021(1PAT(1) -0.004(1)
O(3) 0.082(1) 0.076(1) 0.074(1) -0.039(1PAT(1) -0.016(1)
0(6) 0.072(1) 0.099(2) 0.075(1) -0.032(1PAB(1) -0.014(1)
O(5) 0.062(1) 0.105(2) 0.098(2) -0.027(1PAB(1) -0.032(1)
C(8) 0.044(1) 0.053(1) 0.052(1)-0.012(1pA2(1) -0.011(1)
C(7) 0.046(1) 0.050(1) 0.053(2) -0.011(1PAB(1) -0.002(1)
C(11) 0.055(2) 0.061(2) 0.057(2) -0.020(1P4a (1) -0.002(1)
C(1) 0.048(1) 0.053(1) 0.046(1) -0.015(1pA(1) -0.005(1)
C(6) 0.051(1) 0.053(2) 0.047(1)-0.017(1PR(1) -0.005(1)
C(9) 0.056(2) 0.079(2) 0.055(2) -0.003(2PAB(1) -0.015(2)
C(3) 0.048(2) 0.079(2) 0.065(2) -0.019(1PA®(1) -0.007(1)
C(2) 0.052(2) 0.066(2) 0.054(2) -0.020(1PI®(1) -0.006(1)
C(5) 0.061(2) 0.052(2) 0.055(2) -0.004(1PB(1) -0.011(1)
C(13) 0.059(2) 0.072(2) 0.054(2) -0.008(1PAL(1) -0.012(1)
C(4) 0.045(1) 0.068(2) 0.061(2) -0.009(1PAM(1) -0.007(1)
C(12) 0.081(2) 0.098(2) 0.059(2) -0.038(2PAB(2) 0.002(2)
C(10) 0.080(2) 0.076(2) 0.075(2) 0.006(2PAR(2) -0.022(2)

C(14) 0.099(3) 0.125(3) 0.056(2) -0.035(2paW(2) 0.003(2)




Table 4. Complete listing of torsion angles

H(8) -
H(8) -
H(8) -
H(8) -
C(1) -
C(7) -
C(1) -
C(7) -
C(8) -
C(8) -
H(7) -
H(7) -
o(1) -
0(1) -
0(Q1) -
0(@3) -
0(@3) -
O(3) -
C(8) -
C(8) -
C(8) -
H(1) -
H(1) -

H(1) -

C(®) -
C(®) -
C(®) -
C(8) -
Cc(8) -
Cc(®) -
Cc(®) -
C(8) -
c(7) -
c(7) -
C(7) -
C(7) -
C(11)
C(11)
C(11)
C(11)
C(11)
C(11)
c(1) -
c() -
C(1) -
C(1) -
c(1) -

C(1) -

C(7) -
C(7) -
C(1) -
C() -
C(7) -
c(1) -
C(7) -
Cc(1) -
C(6) -
C(6) -
C(6) -
C(6) -

-C(12) -
-C(12) -
- C(12) -
- C(12) -
- C(12) -

- C(12) -

C(2) -
C(2) -
C(2) -
C(2) -
C(2) -

C(2) -

H(7)
C(6)
H(1)
C(2)
H(7)
H(1)
C(6)
C(2)
H(6)
C(5)
H(6)
C(5)
H(17C)
H(17B)
H(17A)
H(17C)
H(17B)
H(17A)
C(@3)
H(2A)
H(2B)
C(3)
H(2A)

H(2B)

172.5
-65.1
55.6
178.5
-63.7
-68.2
58.7
54.7
55.0
-69.5
177.3
52.9
81.6
-38.4
-158.4
-98.3
141.7
21.7
-104.5
134.0
17.0
18.4
-103.2

139.9
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c(7) -
C(7) -
C(7) -
H(6) -
H(6) -
H(6) -
0(2) -
0(2) -
0(2) -
0(5) -
0(5) -
0(5) -

H(3A) -
H(3A) -
H(3A) -
H(3A) -
H(3A) -
H(3A) -
H(3B) -
H(3B) -
H(3B) -
H(3B) -
H(3B) -

H(3B) -

C(6) -
C(6) -
C(6) -
C(6) -
C(6) -
C(6) -
C(9) -
C(9) -
C(9) -
C(9) -
C(9) -
C(9) -
C(3) -
c@)-
C(3) -
C(3) -
c@)-
c@)-
C(3) -
C(3) -
C(3) -
C(3) -
C@3) -

C@) -

C) -

C(5) -
C(5) -
C(5) -
C(5) -
C(5) -

C(10) -
C(10) -
C(10) -
C(10) -
C(10) -
C(10) -
C(2) -
C(2) -
C(2) -
C(4) -
C(4) -
C(4) -
C(2) -
C(2) -
C(2) -
C(4) -
C(4) -

C() -

H(5A)
H(5B)
C(4)
H(5A)
H(5B)
C(4)
H(10A)
H(10B)
H(10C)
H(10A)
H(10B)
H(10C)
C(1)
H(2A)
H(2B)
C(5)
H(4A)
H(4B)
C(1)
H(2A)
H(2B)
C(5)
H(4A)

H(4B)

C4) - CB)- C(2)- C(1)

C@)- C@3)- C(2)- H(2A)

-159.2
85.2
-37.0

76.4

-39.3
-161.5
87.7

-32.3
-152.3
-92.4
147.6

27.6

-59.3
62.2
179.2
55.6
-66.2

177.3

-174.7

-53.2
63.8
170.9
49.2
-67.3

63.0

-175.5

22



C(4) -
C(2) -
C(2) -
C(2) -
C(6) -
C(6) -
C(6) -

H(5A) -
H(5A) -
H(5A) -
H(5B) -
H(5B) -

H(5B) -

0(4) -
0(4) -
O(4) -
0(6) -
0(6) -

0(6) -

C(@)-
C@)-
C@)-
C(@)-
C(5) -
C(5) -
C(5) -

C(13)
C(13)
C(13)
C(13)
C(13)

C(13)

C() -
C(5) -
C(5) -
C(5) -
C(5) -
C(5) -

C(2) -
C(4) -
C(4) -
C(4) -
C(4) -
C(4) -
C(4) -

C4) -
C(4) -
C(4) -
C4) -
C4) -
C(4) -
- C(14) -
- C(14) -
- C(14) -
- C(14) -
- C(14) -

- C(14) -

H(2B)
C(5)
H(4A)
H(4B)
C@3)
H(4A)
H(4B)
C@3)
H(4A)
H(4B)
C(3)
H(4A)
H(4B)
H(14A)
H(14C)
H(14B)
H(14A)
H(14C)

H(14B)

-58.5
-66.8
171.5
55.0
100.3
-137.9
-21.4

-137.5

-15.7

100.8
-21.8
99.9

-143.6

174.8
54.8
-65.2
-5.5
-125.5

114.5
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Table 5. Complete listing of bond distances (Angstroms)

0Q1) -
O(4) -
0(6) -
C(8) -
Cc(®) -
c(7) -
c() -
C(6) -
C() -
C@)-
C(3) -
C(2) -
C(5) -
C(13) -
C(4) -
C(12) -
C(10) -
C(10) -

C(14) -

C(11)
C(13)
C(13)
H(8)
C(1)
C(6)
H(1)
H(6)
C(10)
H(3B)
C(4)
H(2B)
H(5B)
C(14)
H(4B)
H(17B)
H(10A)
H(10C)

H(14C)

1.357(4)
1.356(4)
1.194(4)

0.980(3)

1.527(4)

1.524(4)

0.980(3)

0.980(3)
1.496(5)
0.970(3)

1.530(4)
0.970(3)
0.970(3)
1.492(5)
0.970(3)

0.960(3)
0.960(4)
0.960(4)

0.960(4)

0(2) - C(9) 1.347(4)
0(3) - C(11)1.196(4)
O(5) - C(9) 1.201(4)
C(8) - C(7) 1.526(4)
C(7) - H(7) 0.980(3)
C(11) - C(12) 1.491(5)
C(1) - C(2) 1.525(4)
C(6) - C(5) 1.527(4)
C(3) - H(3A) 0.970(4)
C(3)- C(2) 1.527(4)
C(2) - H(2A) 0.970(3)
C(5) - H(5A) 0.970(3)
C(5) - C(4) 1.532(4)
C(4) - H(4A) 0.970(3)
C(12) - H(17C)0.960(4)
C(12) - H(17A)0.960(4)
C(10) - H(10B)0.960(4)
C(14) - H(14A)0.960(4)

C(14) - H(14B)0.960(4)
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Table 6. Complete listing of bond angles (degrees)

H(8)-C(8)-C(7)
C(7)-C(8)-C(1)
C(8)-C(7)-C(6)
0(1)-C(11)-0(3)
0(3)-C(11)-C(12)
C(8)-C(1)-C(2)
C(7)-C(6)-H(6)
H(6)-C(6)-C(5)
0(2)-C(9)-C(10)
H(3A)-C(3)-H(3B)
H(3A)-C(3)-C(4)
H(3B)-C(3)-C(4)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)
C(6)-C(5)-H(5A)
C(6)-C(5)-C(4)
H(5A)-C(5)-C(4)
0(4)-C(13)-0(6)
0(6)-C(13)-C(14)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)

H(4A)-C(4)-H(4B)

C(11)-C(12)-H(17B)

109.4(3)

115.3(2)
116.3(2)
123.0(3)
126.1(3)
114.9(3)
109.2(3)
109.2(3)
110.8(3)
107.2(3)
107.8(3)
107.8(3)
114.0(3)
108.7(3)
108.7(3)
108.0(3)
117.3(3)
108.0(3)
123.9(3)

126.2(3)
108.5(3)
108.5(3)
107.5(3)

109.5(3)

H(8)-C(8[1)

C(8)-GH{7)
H(7)-C(a}6)
O(1)-C(4ap12)
C(8)-C@f1)
H(1)-C@)2)
C(7)-C{6)5)
O(2)-CO)5)
O(5)-G©}10)
H(3A)-C(3)(&)
H(3B)-Q(8(2)
C(2)-C(3J4)
C(1)-¢42(2A)
C(3)-C{H)2A)
H(2A)-Z)¢H(2B)
C(6)-3{8(5B)
H(5AYE)-H(5B)
H(5B)8)(C(4)
O(4)-BJAC(14)
C(3)-¢@(5)

C(G)4)-H(4B)
C(B)4)-H(4B)
C(11)A2)-H(17C)

C(1104Q)-H(17A)

109.4(3)

108.4(3)
108.4(3)
110.9(3)
109.1(3)
109.1(3)
116.6(3)
123.4(3)
125.8(3)
107.8(3)
107.8(3)
118.0(3)
108.7(3)
108.7(3)
107.6(3)
108.0(3)
107.2(3)
108.0(3)
109.9(3)
115.2(3)
108.5(3)
108.5(3)
109.5(3)

109.5(3)
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H(17C)-C(12)-H(17B)
H(17B)-C(12)-H(17A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
H(10B)-C(10)-H(10C)
C(13)-C(14)-H(14C)
H(14A)-C(14)-H(14C)

H(14C)-C(14)-H(14B)

109.5(4)
109.5(4)
109.5(3)
109.5(4)
109.5(4)
109.5(4)
109.5(4)

109.5(4)

H(17C)aQ]-H(17A)
C(9)-C(HE(10A)
C(9J40)-H(10C)
H(10A)-T)-H(10C)
C(13)-@J4H(14A)
C(13)1@)-H(14B)

H(14A)()-H(14B)

109.5(4)
109.5(3)
109.5(3)

109.5(4)
109.5(4)
109.5(3)

109.5(4)
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