











































































































































































































Figure 3.2: X-ray crystal structure of bridged adduct 155
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of 2 requires that ring C be aromatized, the formatiion of 154 as a mixture of
diastereomers did not cause much concern, and no further attempts at separation were
made before the next step in the synthesis. Bridged adduct 158, on the other hand, is
isolated as a single diastereomer, presumably because steric hindrance prevents the
formation of the other isomer. It is also noteworthy that 155 arises from spontaneous
dehydration, which takes place despite the fact that reaction conditions are kept neutral

by the presence of NaHCO:; in the reaction mixture.

Scheme 3.16
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Upon reflux in 1,1,2,2-tetrachloroethane, bridged compound 155 undergoes a

Cope rearrangement with subsequent loss of methanol and aromatization of ring C -
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possibly due to radical chlorination followed by dehydrochlorination - to yield pentacycle
126 (Scheme 3.16), which conesponds exactly to the carbon framework of 2. Conversion
of diastereomers 154 to pentacycle 126, however, was not as straightforward. Treatment
of 154 with TFA (Scheme 3.17) caused the elimination of methanol to form dienone 157
as a mixture of diastereomers, but the hydroxyl group remained unaffected. Also,
attempts to dehydrate 157 by reacting it with methanesulfonyl chloride in pyridine®

resulted only in the decomposition of the starting material, which led us to investigate the
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use of TFAA and NEt; as an alternative, since it has been reported to give good results in
systems where MsCl and pyridine failed.'® Once again, our efforts were thwarted by
some unusual chemical behavior, and only the acylated product 158 was isolated,
suggesting to us that the geometry of the molecule does not allow for an E2 elimination
to take place. We therefore set out to reexamine the acid catalyzed dehydration of
dienone 157, and treatment of it with TsOH in hot benzene'®' with exposure to air finally
accomplished not only the desired dehydration, but also the aromatization of ring C,
presumably due to air oxidation. To a certain extent, aromatization of ring E was also
observed, and pentacycle 159 was isolated as a side product, which can, alternatively,
also be generated in 60% yield by refluxing compound 126 with p-chloranil|02 in xylenes.
In subsequent experiments, we demonstrated that 126 could also be prepared directly
from 154, by reacting the diastereomeric mixture with TsOH in benzene. In addition, a
careful control of the reaction temperature considerably minimizes the formation of furan
159, but we have not been able to totally prevent it. It should be pointed out that although
2 exhibits an aromatic ring E, the sensitivity of furan rings to acid and oxidizing reagents
made a dihydrofuran ring more desirable at this point, leaving the aromatization of ring E

for the very end of the synthesis.

3.5. Attempted Modifications of the Route

The success of our synthetic route to the pentacyclic skeleton of 2, with an overall
yield of 19% over just 9 s’(eps,'o3 inspired us to investigate its possible application to
access the other fungal metabolites of the viridin family. A crucial step for that is the

synthesis of BCD benzindanone 166, which exhibits typical steroidal stereochemistry,
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with rings C and D fused in a rans manner, and an angular methyl group attached to
C-3a (C-13 according to standard steroid numbering). Based on the fact that methyl
sulfate'® and also methy! sulfite'®® have both been used as methylating agents, our initial
route to 160 started with the preparation of 161 by treating benzindanone 153 with KH
and subsequently with MeOSOCIL.'% Due to the presumed instability of sulfite 161, it was
not isolated, and a third equivalent of KH was added instead. While we were quite aware
of the possibility of elimination taking place, the geometry of the enolate did not seem to
favor that'®’ and we thus hoped that, once the thermodynamic anion was formed, an
intramolecular alkylation'®® would occur to install the methyl group on the ring junction
with the right relative stereochemistry (Scheme 3.18). Unfortunately our fears were quite
justified, and work up of the reaction mixture only led to the isolation of elimination
product 162 and fully aromatized benzindanone 163, which probably arises from air

1'% was used to form

oxidation of 162. Similar results were observed when MeOSO,C
sulfate 164.
Another approach to the same benzindanone 160 relied on a Mitsunobu

'19 {0 invert the relative stereochemistry of the hydroxyl group, while at the same

reaction
time replacing it by a bulkier substituent that would effectively block one of the faces of
the molecule (Scheme 3.19). Generation of the thermodynamic enolate followed by
methylation would then yield benzindanone 165 with the desired trans CD ring junction.
Our efforts, however, once again met with little success, as compound 163 was the only
product detected, indicating that elimination takes place under the Mitsunobu reaction

conditions, and we believe that such elimination takes place after nitrobenzoate 166 is

formed, as indicated by the favorable geometry of its enolate.'”” However, 166 has not
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been isolated and, as seen for compounds 161 and 164, the possibility that elimination

takes place right after the reaction between benzindanone 153 and DEAD-PPh; complex

cannot be discounted.

Scheme 3.19
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It is important to point out the striking differences in reactivity between

pentacycles 154 and 157 and benzindanone 153. While compounds 154 and 157 proved

to be quite resistant to an array of dehydration methods, the presence of an aromatic B
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ring junction after the pentacyclic carbon skeleton 154 has been assembled. Still, an
adaptation of classical steroidal chemistry''' was also considered as a possible route to
160. Thus, catechol 167 is protected as acetonide 168 (Scheme 3.20), which is then
condensed with aldehyde 169''? to give styrene 170. After hydrogenation, a Friedel-
Crafts reaction would close ring C, forming a new styrene 171. The hydrogenation of
similar compounds is known to give the desired trans ring junction,''' and we hoped to
prepare intermediate 172 in such a way. While the metal-halogen exchange in 168
occurred quite readily, the lithiated species did not react at the carbonyl group of the
aldehyde, with deprotonation of 169 taking place instead.''® Transmetallation to form a
Grignard reagent was also ineffective. The use of organometallic reagents derived from
oxophilic cations such as cerium''* or titanium''"® makes it possible to do nucleophilic
additions onto carbonyls of enolization-prone substrates, and we therefore considered yet
another transmetallation. Our efforts, however, were halted by some discouraging results
obtained in a parallel investigation. As previously discussed, the stereochemical features
of benzindanone 153 have little bearing on the outcome of the IMDA product 154.
Unlike 2, however, relative stereochemistry is of paramount importance in any route
leading to several of the other members of the viridin family of fungal metabolites.’ To
address such issues, we initially attempted the separation of diastereomers 154a and 154b
by preparative HPLC and, although the separation was not complete, pure samples of
both diastereomers could be obtained. We then examined the attachment of a protecting
group to the C-4 hydroxyl group of 153 as a way of increasing the steric hindrance on
one side of the molecule and thereby also increasing the diastereoselectivity of the IMDA

reaction. Our previous experience with the methylation of catechols 117, 132 and 148
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indicated that the phenolic hydroxyl group was too hindered to react, and as expected,
reaction between 153 and TIPSOTf''® generated silyl ether 173 (Scheme 3.21) in
excellent yields, along with minor quantities of bis(silyl ether) 174. Ideally, the presence
of such a bulky group blocking one of the faces would force dienol 91 to attack the
ortho-quinonoid intermediate from the opposite side, thus yielding much higher
diastereomeric excesses of the pentacycle. In reality, however, this lead only to the

almost quantitative recovery of starting material 173, and we believe that the presence of
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the TIPS protecting group causes so much steric crowding that it effectively prevents the

attack of the phenol on the oxidizing agent.

Scheme 3.22
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Based on all those results, we believe that benzindanone 175 would be a more
suitable intermediate in the synthesis of several compounds related to 6, since its adduct
from the reaction with 91 lends itself quite well to methylation from the B face (Scheme
3.22) due to the convex shape of the molecule. Also, further along the synthetic route,

after the formation of the aromatic furan ring E, the molecule acquires a much flatter



geometry, and hydrogenation of the vinyl moiety on ring D would presumably result in
the desired trans ring junction, as was the case in the synthesis of other steroids.''' The
development of an efficient synthetic route to 175, however, will certainly be a fairly
difficult task, since migration of the double bond into conjugation with both the carbonyl
group and aromatic ring might be extremely facile.

Despite the difficulties encountered in the adaptation of our synthetic route to
other members of the viridin family of fungal metabolites (6-9), the successful
preparation of pentacycle 126 is a significant step towards a future synthesis of
compounds 2-5. We therefore set out to investigate the use of the double bond in ring A

as a handle for the oxidative functionalization of the molecule.

65



CHAPTER 4 - STUDIES TOWARDS THE FUNCTIONALISATION OF RING A

4.1. Initial Investigations

Once the pentacyclic carbon skeleton of viridin (2) had been assembled, it was
necessary to investigate the functionalization of ring A in order to complete the synthesis.
After consideration of the structural similarities between 2 and halenaquinone (38) and
also of the simpler substitution pattern present on ring A of the latter, it seemed to us that
a synthesis of 38 would be a suitable prelude to any investigation of a route to the fungal

metabolites.

Using both naphthofuranone 76 and pentacycle 80 as substrates, our initial goal
was to first create some differentiation between carbons 2 and 3 of 80 - or carbons 3 and
4 of 76 - and then selectively convert C-3 into a carbonyl. Thus, 80°% was treated with
PhSeBr in the presence of acetic acid,''” but unfortunately no reaction took place
(Scheme 4.1), and, likewise, only starting material was recovered from the reaction
between 80 and HOI. Our choice of reagents was based on the belief that the expected

diaxial ring opening''® would deliver the oxygenated substituent to the desired position at
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C-3, but our results suggest that in both cases nucleophilic attack onto the cyclic cation at
the a face is precluded by steric hindrance arising from the highly bent shape of the
molecule (for an analogous structure, see Figure 4.1). Although the formation of the
intermediate cyclic cation has not been established by any analytical technique, several
successful attempts at functionalizing the vinyl moiety in ring A (vide infra) clearly
demonstrated that attack of the double bond from the B face does indeed take place. We
therefore believe that the recovery of the starting material arises either from a reversible
electrophilic attack onto the double bond or from the quenching of the cyclic cation by an

undetermined nucleophile, but we have not investigated the matter any further.

Scheme 4.1
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Scheme 4.2
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Based on our previous results, we were not surprised to verify that treatment of 76
with Et;NI(OAc),'" failed to give the desired acetoxy iodide (Scheme 4.2), but addition
of a second equivalent of the reagent led to the formation of a-iodoenone 98 in nearly
quantitative yield, which was quite unexpected, as enones are generally unreactive
towards electrophiles. The fact that Et4NI(OAc), is reactive enough to attack the enone
moiety, combined with the need for a second equivalent of the iodinating reagent for the
observed reaction to take place provides further evidence that the double bond on ring A
is indeed attacked, and that steric hindrance prevents the nucleophile from reacting with

the cationic intermediate.

4.2. The Epoxidation Route
Reaction of 76 with m-CPBA in CH,Cl, gave a 6:1 mixture of isomeric epoxides

176 (Scheme 4.3), with the B epoxide being presumably the major component, since the

68



B face is readily accessible for the epoxidizing reagent. Our strategy was to use a ring
opening reaction to create some differentiation between C-3 and C-4, hopefully cleaving
the epoxide at the C-4-oxygen bond. Due to the relative stereochemistry of the epoxide
ring, we believed that a-176 would undergo ring opening reactions much more easily
than the B isomer, and we therefore tried to optimize the reaction conditions to increase
the a3 ratio. Unfortunately, variations in solvent, temperature, concentration and amount
of reagent all failed to yield a-176 in reasonable yields. In addition, separation of the
isomeric epoxides by chromatography was not a straightforward matter, and we thus
carried on our investigations using 176 as a mixture of both isomers. As expected,
reaction between 176 and NaOMe or NaSPh led only to recovery of most of the starting
material, but, interestingly, such recovered starting material consisted exclusively of B-
176, indicating that the a isomer is indeed more reactive. Still, we were not able to isolate
any ring opening products. Base promoted ring opening of 176 was also attempted
without success. Lithium'?® and magnesiumm dialkylamides derived from 2,2,6,6-
tetramethylpiperidine, diisopropylamine and pyrrolidine, as well as KO'Bu all failed to
react with 176 to give allylic alcohol 177. Attempts to prepare a silyl ether of 177 via
reaction of 176 with TMSOTT in the presence of DBU'? were also fruitless, and thus we
saw it fit to start investigating the use of stronger Lewis acids as catalysts for the epoxide
ring opening. We feared, however, that treatment of epoxide 176 with acid would
jeopardize the subsequent Diels-Alder reaction with isobenzofuran 78 by causing
elimination of methanol to form a dienone. Our experience with related compounds
shows that dienones are much worse dienophiles than the corresponding enones, and we

therefore decided to assemble pentacyclic epoxide 178 (Scheme 4.4) prior to any
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attempts at further functionalizing ring A. In addition, we believed that the use of 178
would make side reactions less likely, since the reactive enone moiety was no longer

present.

Scheme 4.3
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The initial synthetic route to epoxide 178 involved the reaction between
pentacycle 80 and m-CPBA, but the yields obtained were quite low. A much more
successful approach (Scheme 4.4) capitalized on the unreactivity of 176 towards

nucleophilic attack. Thus, 176 is reacted with isobenzofuran 78 to give bridged adduct
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179, which is then converted to 178 by refluxing with NaOMe in MeOH. It is important
to point out that, although the starting epoxide 176 was a mixture of both a and B
isomers, only one isomer of 179 - and consequently also of 178 - has been isolated from
the reaction mixture. Analysis of 178 by x-ray diffraction (Figure 4.1) demonstrated that
the isolated product was indeed the P isomer, indicating that once again o-176 has

reacted via an undetermined alternative pathway.

Scheme 4.4
OMe 0 OMe Q
_ @
@" ' — GO
—_—
o (@)
OMe 5 OMe OMe o OMe
78
176 179
NaOMe
A, MeOH
0o

OMe ‘

OMe
OMe

178

Reactions between epoxides and DMSO in the presence of a catalytic amount of

TFA'® are known to yield a-hydroxyketones, but 178 did not react at all under those
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Figure 4.1: X-ray crystal structure of epoxide 178
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conditions, demonstrating once again the inertness of these epoxides towards
nucleophilic attack from the o face. Equally disappointing were the results of the
treatment of 178 with LiClOj,'** which failed to rearrange the epoxide moiety of 178 into
a ketone, leading only to the recovery of the starting material instead. As we considered
the use of harsher Lewis acids, an analysis of the crystal structure of 178 (Figure 4.1)
suggested that a bulky Lewis acid would favor the epoxide ring opening to occur with the
desired regiochemistry, since cleaving the epoxide at the C-2-oxygen bond not only
places the Lewis acid in a quasi-equatorial position, but also avoids the 1,3 diaxial
interaction with the C-12b methyl group that would arise if the C-3-oxygen bond was
cleaved instead. Unfortunately, both bis[4-bromo-2,6-di-tert-butylphenoxy]methyl

125

aluminum and [4-bromo-2,6-di-tert-butylphenoxy]jdimethylaluminum > did not promote

the opening of the epoxide, but an interesting reaction took place when 178 was treated

26 such

with a solution of Lewis acid 180. According to reports in the literature,'
conditions lead to the formation of B-amino alcohols (Scheme 4.5), but in our case only
starting material and epoxide 181 (Figure 4.2) were isolated from the reaction mixture,
with only about 10% of 178 being converted to 181, regardiess of how much Lewis acid
was used. Compound 180 is generated by mixing Me;Al and pyrrolidine in a 1:1 molar
ratio, but very surprisingly the use of fresh Mes;Al led to a completely unreactive species,
leading us to believe that partially hydrolyzed Me3Al was the species responsible for the
inversion of the epoxide ring. Later investigations showed that the presence of
pyrrolidine is necessary for the reaction to proceed, and based on these results, we

tentatively propose (Scheme 4.6) that compound 182 is the species responsible for

establishing an equilibrium between epoxides 178 and 181. Since addition of water to
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Figure 4.2: X-ray crystal structure of epoxide 181
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MesAl is a poor route to oxygen bridged aluminum species,'?” we were not surprised to
see all our efforts to generate 182 in situ fail, and it seems to us that the actual catalytic
species will have to be identified before such an interesting synthetic transformation can

be put to further use.

Scheme 4.5
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Attempts to open epoxide 178 using strong acids (TFA, BF;) led to substantial
decomposition of the starting material, as weil as to the formation of compound 82.
Careful control of the reaction conditions only allowed us to isolate 183, and we believe
that the process to form 82 (Scheme 4.7) begins with loss of methanol, followed by

epoxide ring opening to form an allylic alcohol, which is then quickly dehydrated to give
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Scheme 4.7
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pentacycle 82. Since 183 could be isolated, its reactivity was also investigated. Thus, no
reaction took place upon treatment with LiClO4,'** and while 183 and TMSOTT did react
in the presence of DBU,'? the epoxide ring opening occurred with undesired

regiochemistry to give silylated allylic alcohol 184a (Scheme 4.8). Similar results were
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obtained when the bulkier TIPSOTf was used, indicating that the regiochemistry of the
ring opening is determined by the relative acidity of the a-hydrogens, rather than by any

steric factors.
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Finally, the reduction of 178 and 183 with metal hydrides was also examined
(Scheme 4.9), and while attempts to open the epoxide rings using LAH'?® caused
decomposition of the starting materials into complex mixtures of unidentified products,
DIBAL,'? Red-Al'*® or Super Hydride'?' reduced only the carbonyl moieties of epoxides
178 and 183 to yield 185 and 186, respectively. Presumably steric hindrance is once
again responsible for the unusual lack of reactivity exhibited by both epoxides, and we

thus focused our efforts to functionalize ring A on other oxidative methods.

4.3. Permanganate Oxidation and the a-Ketol Rearrangement

Allylic oxidation followed by transposition and oxidation to an enone was
investigated as a way of functionalizing ring A (Scheme 4.10), but when both PCC'*? and
SeOz/TBHP133 failed to oxidize 80 we turned our attention to the use of KMnQ4 to
differentiate between C-2 and C-3. Oxidation of alkenes using KMnQOy is widely known
to produce glycols, but reactions conducted in mildly acidic medium result in further

3% Thus reaction

oxidation of the cyclic manganese ester leading to a-hydroxyketones.
between 80 and KMnQ, in acidic acetone-water mixture gave hydroxyketone 187 in
fairly good yields (Scheme 4.11). While the formation of 187 instead of 188 was quite
unfortunate, as the latter could be much more easily converted to 38, the complete
regioselectivity of the reaction was not entirely surprising, since that arrangement relieves
a 1,3 diaxial interaction between the manganese ester and the C-12b methyl group and
also leaves the newly formed hydroxyl group in a quasi-equatorial position. Still, it is

well documented in the literature that a-hydroxyketones can be isomerized in the

presence of acid'*® or base,'*® and it was our hope that conditions could be found to
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convert 187 into 188, or at least to establish an equilibrium between both isomeric
hydroxyketones. Thus 187 was treated with NaOH in methanol, but surprisingly only
diketone 189 was produced (Scheme 4.12), presumably due to air oxidation, since no
measures were taken to exclude oxygen from the reaction. The use of milder reaction
conditions such as KCN in EtOH-water'*® did not overcome the problem, with essentially
the same results being observed. Conducting the base catalyzed rearrangement under
inert atmosphere also failed to produce 188 to any extent. Instead, an intramolecular aldol
reaction affords intermediate 190, which then undergoes an a-ketol rearrangement with
migration of an alkyl group to give compound 191, which had its structure determined by

X-ray crystallography (Figure 4.3).
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Figure 4.3: X-ray crystal structure of compound 191



Scheme 4.11

Since 188 could not be obtained by treatment of 187 with bases, we also

135 While no reaction took

investigated the use of acid to catalyze such rearrangement.
place when dilute acid was used, treatment with neat TFA caused elimination of
methanol to give compound 192 (Scheme 4.13), but the hydroxyketone moiety remained
unchanged. Since the structure of hydroxyketone 192 is much more planar than that of
187, we believed that the former could not undergo the intramolecular aldol reaction, and
we therefore decided to examine the reaction between 192 and KCN in the absence of
oxygen. As expected, no carbonyl condensations took place, with an inseparable mixture

of two compounds being produced instead. One of the products was promptly identified

as the starting material 192, and the other has been proposed to be its OH-epimer, based
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on both 1D and 2D 'H NMR experiments. Although the important C-3 signal of the
newly formed compound is obscured by overlap with the methoxy peaks and C-3a is a
multiplet, the C-1 protons clearly showed no vicinal coupling for either of the protons,
thus supporting our epimerization hypothesis. In a final attempt, we hoped that the
aromatization of ring E could provide some thermodynamic drive to the ketol
rearrangement, but treatment of 192 with p-chloranilloz led only to the decomposition of
the starting material. Although frustrating, such decomposition was not unexpected, as a
similar case was recorded in our investigations towards the synthesis of xestoquinone
(39)."*7 Apparently, conjugation with an additional unsaturated moiety on ring A is

necessary for the aromatization of the furan ring to proceed.

Scheme 4.13
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4.4. The Singlet Oxygen Ene Reaction

The functionalization of ring A of compound 76 using singlet oxygen'® was also
investigated. The pathway envisaged (Scheme 4.14) was that of an ene reaction,'*® and it
seemed to us that hydrogen abstraction was likely to occur at the secondary C-5 to give
the desired allylic alcohol 177 rather than at the tertiary C-2a. Once again our hopes were
foiled, as reactions in MeCN, THF and CH,Cl, all gave allylic alcohol 193 as the only
product, which we assumed to be the B alcohol, as the B face is much more accessibie.
Singlet oxygen reactions are reportedly sensitive to the polarity of the solvent,'?® and we

were thus led to investigate the product distributions in non-polar solvents. Surprisingly

Scheme 4.14
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enough, reaction between singlet oxygen and 76 in CCly produced naphthofurandione
194 as the major product, along with minor quantities of 193. The formation of an enone
in singlet oxygen oxidations requires the presence of a base to quench the intermediate
hydroperoxide 195a,'*® and our results thus indicate that contamination of the solvent
must have occurred. Since the extent of the contamination — and thus of its effects on the
regioselectivity of the reaction — was not known, the experiment was repeated using
freshly distilled CCL;. Unfortunately once again only alcohol 193 was isolated. Allylic
alcohol 177 was finally obtained when 76 was reacted with singlet oxygen in benzene |
using TPP as the sensitizer. The product consisted of a mixture of alcohols 193 and 177,
the latter unfortunately being present only in minor quantities (less than 5% yield).
Coupled with the difficulty encountered in the separation of the isomeric alcohols, such
poor yields effectively made any route based on tricycle 177 impractical.

Our attention then turned to the reactions of alcohol 193. Due to the directive
effect of the hydroxyl group, treatment with m-CPBA gave B epoxide 196 (Scheme 4.15),
which was then reacted with LiClO4,'** in the hope that the epoxide moiety would
rearrange into a ketone. When no reaction took place, we reasoned that a free hydroxyl
group might coordinate the lithium cation and prevent any further reaction. To avoid such
problems, acetate 197 and methyl ether 198 were prepared, and 197 gave crystals suitable
for x-ray analysis (Figure 4.4), which confirmed our assumptions regarding the relative
stereochemistry of compounds 193 and 196-200. Upon treatment with LiClO4, however,
both 197 and 198 were unfortunately as unreactive as parent compound 196. Compound
198 was also subjected to treatment with neat TFA and, surprisingly, no reaction took

place. Even elimination of methanol (from C-8a and C-8b) did not occur, leading us to
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Figure 4.4: X-ray crystal structure of acetate 197
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Scheme 4.15
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believe that the same unfavorable geometry is again responsible for the unusual stability
of epoxides 196, 197 and 198. In light of the previous results, a less subtle approach to

epoxide ring opening was taken by reacting ether 198 with BF; etherate.'*' Such



conditions, however, proved to be too harsh, and the starting material decomposed into a

complex mixture of unidentified products.
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Intermediate 199 was also used in attempts to install the carbonyl at C-3. Initial
studies focused on its oxidation with KMnO, under acidic conditions'** (Scheme 4.16).

Given that the substrate is a trisubstituted olefin, the reaction could only proceed with the

89



desired regiochemistry, and, in addition, the hydroxy! group at C-2a would also
considerably simplify the generation of an aromatic ring E, since treatment with TFA
would cause elimination of methanol and also dehydration to yield a furan ring.
Unfortunately, no reaction took place, presumably because the steric crowding around the
vinyl moiety prevents the formation of the cyclic manganese ester. Alternatively,
dihydroxylation of compound 199 with OsO4'*? was also attempted, as oxidation of the
C-3 hydroxyl group to a ketone was thought to be a straightforward matter. Once again,
however, only starting material was recovered, and we believe that steric crowding can

one more time account for the observed lack of reactivity.

4.5. A New Dienol for the IMDA Reaction

While we were investigating the functionalization of ring A by oxidative methods,
a different approach to the synthesis of halenaquinone (38) was also been pursued in our
laboratory.'*> Our new route was based on the use of a more functionalized dienol,
containing an oxygenated functionality at C-3. Initial studies using dienol 201a had been
unsuccessful,’® but the use of a dienol containing an oxygen equivalent at C-3 eventually
led to the synthesis of 38. Thus, diene 201b'** was used in the IMDA step, and, in this
manner, both bridged adduct 202 and naphthofuranone 203 were obtained (Scheme 4.17).
Initially we attempted to purify compounds 202 and 203 by column chromatography, but
while tricycle 203 could be easily isolated, it was next to impossible to separate adduct
202 from the excess diene present. Thus a crude mixture of 201b, 202 and 203 was
redissolved in 1,2,4-trimethylbenzene and refluxed for 2 days to give exclusively the

desired adduct 203. The steric effects of the thiophenyl substituent in 201b, however,



take their toll on the yields (ca. 36%), which are considerably lower than the 56% usually
obtained when dienol 91 is used.** Nevertheless, we were quite pleased with the
successful preparation of 203, as it represented a major breakthrough in our efforts
towards the synthesis of both 38 and 2. According to the procedure developed for the
synthesis of xestoquinone (39),** we proceeded to react tricycle 203 with isobenzofuran
78 (Scheme 4.18) to obtain bridged pentacycle 204, which upon reflux with NaOMe in
MeOH caused the aromatization of ring C to give the expected naphthalene 20S.
Conversion of 205 into enone 206 was done by the customary treatment with TFA, and
aromatization of ring E by reflux with p-chloranil”’2 in xylenes. Subsequent hydrolysis of
sulfide 207 with moist acetic acid and TiCl, produced Harada’s intermediate 48,38 thus

completing our synthesis of 38.'*
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4.6. Conclusion

The use of the IMDA methodology provided us with a fast and convenient way of
assembling the ABE fragment of viridin (2) and related natural products, thus enabling us
to explore both ABE>ABCDE and BCD—>ABCDE routes to the preparation of the
carbon skeleton of 2. The latter approach delivered a synthesis of the pentacyclic
framework of 2 that is relatively short and high yielding, yet flexible enough to be
adapted to other members of the viridin family of steroidal antibiotics.

Attempts to functionalize ring A of model compounds by oxidative methods
failed to produce the desired substitution pattern, but several new compounds were
isolated and characterized in the process. Many of those compounds can be classified as
xestoquinone (39) derivatives, and, like most of the structurally related marine quinones,
may possess interesting biological activity.

Finally, the use of dienol 201 to create a ketone on ring A not only allowed us to
complete the synthesis of 38, but also constitutes a significant advancement in a future
synthesis of viridin (2) and related fungal metabolites. Also, from the hydrolysis of 207
we learned that furan ring E is considerably more stable than previously thought, and
further functionalization of ring A is now known not to require strictly neutral conditions.
The challenges however remain considerable, as illustrated by our proposed synthesis of
2 (Scheme 4.19). Particularly sensitive steps are the selective introduction of a double
bond on ring A to form enone 208 and the selective methylation of intermediate 209. In
addition, one still needs to be concerned with the opening of furan ring E via 1,4

addition” and also with the facile epimerization of the methoxyl group « to the carbonyl
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on the ring A of 2.7 Still, we believe that the path has already been laid and that success

will ultimately be within reach. These investigations have already commenced.
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CHAPTER S - EXPERIMENTAL PROCEDURES

S.1. General Conditiens

All reactions, unless otherwise stated, were performed under an inert atmosphiere
(Ar or N) using dry solvents. Benzene and toluene were distilled from sodium, THF
from potassium and diethyl ether from Na/K alloy, all using benzophenone ketyl as an
indicator. Dichloromethane, chloroform, hexane, DMF and 1,1,2,2-tetrachloroethane
were distilled from CaH,. Commercially available reagents were used without further
purification.

For TLC analysis, E. Merck 5554 pre-coated silica gel 60 F2s4 aluminum sheets
were used, and the plates were developed with iodine or an oxidizing acidic solution of
NH4Ce(S04), and (NH4)sM07024.H,O. Flash chromatography was carried out using silica
gel 60 (230-400 mesh), and the solvent mixtures used as eluent are indicated in each case.

Melting points were measured with a Gallenkamp melting point apparatus and are
uncorrected. Infrared spectra were recorded on a Perkin-Elmer Spectrum RX I FTIR
spectrometer; liquids and oils as neat films between NaCl plates and solids in KBr discs,
and only the strongest bands are listed. NMR spectra were obtained on Bruker AC-200,
AM-250, AM-300 and AMX-500 instruments, with 'H and '>C chemical shifts
determined relative to the residual solvent signal and '’F chemical shifts determined
relative to CFCl; (8 = 0) as an external standard. All '"H NMR spectra were considered as
first order and coupling constants are therefore reported as measured. 'H and '’C NMR
signals were assigned based on JMOD, COSY and HMQC data, as well as on comparison

with the spectra of similar compounds previously synthesized in our laboratory. Mass
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spectra were run at the McMaster Regional Centre for Mass Spectrometry, McMaster
University, Hamilton, Ontario, and elemental analyses were performed by MHW
Laboratories, Phoenix, Arizona.

Regarding known compounds, only the reference to the reported preparation and
characterization data is given, unless the compound has been prepared via a significantly
modified or previously unreported route, in which case both the experimental procedure

and 'H NMR data have been included.

5.2. Reaction Conditions and Experimental Data
Halenaquinol dimethyl ether (48)*®

To a solution of sulfide 207 (14 mg, 0.031 mmol) in glacial acetic acid (2 mL)
were added neat TiCly (1 mL) and water (50 uL), and the resulting mixture was refluxed
overnight. After being diluted with CH,Cl,, the reaction mixture was washed with
saturated aqueous NaHCO; solution and the organic layer was dried (MgSO,4) and
concentrated under reduced pressure. Flash chromatography of the residue (50% Et;0 in
hexane) gave known pentacycle 48 (7 mg, 0.019 mmol, 63% yield), whose 'H NMR

spectrum was identical with the previously published data for (+) 48.

'H NMR (300 MHz, CDCl;) 5: 1.66 (s, 3H, R-CHs), 2.32 (dt, J = 4.6, 13.1 Hz, 1H, H-

), 2.79-3.07 (m, 3H, H-1, H-2), 3.97 (s, 3H, Ar-OCH3), 3.98 (s, 3H, Ar-OCHs), 6.72,
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6.83 (both d, J = 8.4 Hz, 1H, H-9, H-10), 8.21 (s, 1H, H-4), 8.29 (s, 1H, H-12), 9.29 (s,

1H, H-7).

Synthesis of Diethyl 2-(8a-methoxy-5a-methyl-8-oxo-2a,5,52a,6,7,8,8a,8b-octahydro-
2H-naphtho[1,8-bc]furan-6-yI)-malonate (86)

To a solution of naphthofuranone 76% (130 mg, 0.59 mmol), diethyl malonate
(500 mg, 3.13 mmol) and HMPA (1 mL) in THF (20 mL) was added solid NaH (60% in
mineral oil, 85 mg, 2.13 mmol) and the resulting suspension was stirred at room
temperature for 4 h. The reaction mixture was then diluted with Et,O, quenched with
saturated NH4Cl solution and after separation of the layers the aqueous phase was
extracted with Et;O. The combined organic layers were dried (MgSOy), filtered and the
solvent was removed under reduced pressure. Column chromatography (20% Et;O in
hexane) gave diester 86 as a colorless oil (203 mg, 0.53 mmol, 90% yield).

EtO,C.__CO,Et

7
Tl .
(@]

O OMe

1
IR: 2980, 1732, 1465, 1369, 1303, 1214, 1063 cm™.
'H NMR (300 MHz, CDCl3) &: 0.95 (s, 1H, R-CHs), 1.21 (t, J = 7.4 Hz, 6H,
R-CO,CH,CH3, overlapping the other R-CO,CH,CHj), 1.23 (t, J = 7.4 Hz,

R-CO,;CH,CHs), 1.68 (br d, J = 18.1 Hz, 1H, H-5), 1.97 (br d, J = 18.1 Hz, 1H, H-5),

2.49-2.57 (m, 2H, H-7), 2.70-2.93 (m, 3H, H-2a, H-6, H-8b), 3.135 (s, 3H, R-OCH3), 3.73
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(d, J = 6.3 Hz, 1H, R-CH(COEt),), 3.80 (dd, J = 2.4, 8.3 Hz, 1H, H-2), 3.99 (dd, J = 6.9,
8.3 Hz, 1H, H-2), 4.15 (m, 4H, R-CO,CH,CHj), 5.56 (m, 2H, H-3, H-4).

13C NMR (75 MHz, CDC;) : 13.99, 14.02 (R-CO.CH,CHs), 24.9 (R-CHs), 33.5, 34.4,
37.9 (C-5, C-5a, C-7), 38.0, 40.1 (C-2a, C-6), 50.8, 52.5, 55.7 (C-8b, R-OCHs, R-
CH(CO;Et),), 61.67, 61.72 (R-CO.CH,CHs), 72.6 (C-2), 104.8 (C-8a), 124.6, 127.3 (C-
3, C-4), 168.91, 168.92 (R-CO,CH;CHj), 205.6 (C-8).

Anal. Calc. for C20H2307: C, 63.14; H, 7.42. Found: C, 63.35; H, 7.27.

Synthesis of 7-Carbomethoxy-8a-methoxy-5a-methyl-2a,5,5a,8,8a,8b-hexahydro-2H-
naphtho(1,8-bc}furan-8-one (90)

To a solution of iodide 98 (401 mg, 1.16 mmol) in THF (30 mL) were added
MeOH (250 pL), 2,6-lutidine (300 puL), Pd(OAc). (14 mg, 0.06 mmol) and dppp (25 mg,
0.06 mmol), and the reaction mixture was placed under a CO atmosphere (750 psi) in a
pressure reactor, which was then heated at 60°C for 48 h. The resulting solution was
diluted with Et;O and washed with water. The aqueous layer was extracted with Et,O, the
combined organic phases were dried (Na;SO4) and the solvent was removed under
reduced pressure. Flash chromatography (50% Et;O in hexane) gave 90 as a light yellow

solid (203 mg, 0.73 mmol, 63% yield).

90

mp: 80-82°C.

IR: 2952, 1744, 1722, 1436, 1275, 1131 cm™.
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'H NMR (250 MHz, CDCly) 8: 1.25 (s, 3H, R-CH3), 1.80 (br d, J = 16.7 Hz, 1H, H-5),
2.02 (dd, J = 4.4, 16.7 Hz, 1H, H-5), 2.57 (dd, J = 1.3, 9.0 Hz, 1H, H-8b), 2.98 (m, 1H,
H-2a), 3.25 (s, 3H, R-OCHs), 3.79 (s, 3H, R-CO,CHs), 3.86 (dd, J = 1.8, 8.6 Hz, 1H, H-
2),4.13 (dd, J = 6.6, 8.6 Hz, 1H, H-2), 5.72 (br s, 2H, H-3 and H-4), 7.60 (s, 1H, H-6).
3C NMR (63 MHz, CDCl;) 6: 27.3 (R-CH3), 34.2 (C-5a), 36.4 (C-5), 36.8 (C-2a), 50.4,
52.3, 53.9 ( R-OCH3, R-CO,CHj3, C-8b), 73.3 (C-2), 105.2 (C-8a), 124.8, 128.4 (C-3, C-
4), 131.3 (C-7), 163.6 (R-CO,;Me), 164.4 (C-6), 188.3 (C-8).
HRMS (EI) m/z: Required for C;sH;30s: 278.1154; Found: 278.1150.
Anal. Calc. for C,sH;30s: C, 64.74; H, 6.52. Found: C, 64.60; H, 6.39.
Synthesis of Methyl 2-hydroxy-3-methoxy-5-methylbenzoate (92)'*

To a solution of benzoic acid 129 (308 mg, 1.69 mmol) in MeOH (25 mL) was
added H,SO4 (2 mL) and the resulting solution was stirred at room temperature for 3
days. The reaction mixture was partitioned between a Na;COj3 solution and Et;O, the
aqueous phase was further extracted with Et;O and the combined organic layers were
dried (Na,SO4) and concentrated under reduced pressure. Flash chromatography (20%
EtOAc in hexane) gave benzoate 92 as a white solid {297 mg, 1.51 mmol, 89% yield).

OH

MeO CO,Me
1 92
4 6

mp: 88-90°C (lit. 90-91°C).
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"H NMR (250 MHz, CDCl;) 5: 2.29 (s, 3H, Ar-CHs), 3.89 (s, 3H, Ar-CO,CH;), 3.94 (s,
3H, Ar-OCHj), 6.86 (d, J = 1.4 Hz, 1H, H-4), 7.23 (d, J = 1.4 Hz, 1H, H-6), 10.79 (s, 1H,

Ar-OH).

Attempted Cope Rearrangement of 1-Carbomethoxy-3-methoxy-8-methyl-2-0xo0-10-
vinyl-4-oxatricyclo[4.3.1.0°7]dec-8-ene (93)

A solution of bridged adduct 93 (210 mg, 0.75 mmol) in 1,1,2,2-tetrachloroethane
(5 mL) was heated to reflux for 24 h, after which the solvent was removed under vacuum
and the resulting brown residue purified by column chromatography (20% EtOAc in
hexane) to give, in order of elution, 5a-methyl-5a,6,7,8-tetrahydro-5H-naphthof1,8-
bclfuran-8-one (94) as a light yellow oil (38 mg, 0.20 mmol, 27% yield) and also 7-
carbomethoxy-5a-methyl-5a,8-dihydro-5H-naphtho[1,8-bc}furan-8-one  (95)°*' as a

yellow solid (62 mg, 0.25 mmol, 33% yield).

IR: 2928, 1674, 1425, 1341, 1052, 840 cm™.

"H NMR (300 MHz, CDCl;) &: 1.20 (s, 3H, R-CHa), 2.00 (t, J = 2.5 Hz, 2H, H-6,
overlapping the other H-6), 2.04 (d, J = 3.4 Hz, H-6), 2.14 (brd, J = 16.8 Hz, 1H, H-5),
2.29(dd,J=6.2, 16.8 Hz, 1H, H-5),2.48 (dt,J=3.4,17.6 Hz, 1H, H-7),2.77 (t, ] = 8.8

Hz, 1H, H-7), 5.86 (m, 1H, H-4), 6.40 (dd, J = 3.2, 9.5 Hz, 1H, H-3), 7.33 (s, 1H, H-2).
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3C NMR (75 MHz, CDCly) 8: 22.4 (R-CH3), 30.3 (C-5a), 36.1, 38.1, 38.9 (C-5, C-6, C-
7), 116.7 (C-3), 120.6 (C-2a), 128.6 (C-4), 140.8 (C-2), 143.2, 145.7 (C-8a, C-8b), 184.6
(C-8).

HRMS (EI) m/z: Required for C;2H;20;: 188.0837; Found: 188.0849.

P & __CO,Me

95
\\83 o

o)
1

'H NMR (250 MHz, CDCls) 5: 1.41 (s, 3H, R-CHs), 2.44 (m, 2H, H-5), 3.89 (s, 3H,
RCO,CHs), 5.94 (ddd, J = 2.6, 5.6, 9.7 Hz, 1H, H-4), 6.58 (ddd, J = 1.2, 2.9, 9.7 Hz, 1H,

H-3), 7.52 (s, 1H, H-2), 7.64 (s, 1H, H-6).

Synthesis of 8a-Methoxy-5a-methyl-6-phenylseleno-2a,5,5a,6,7,8,8a,8b-octahydro-
2H-naphtho(1,8-bc]furan-8-cne (96)

To a solution of Ph;Se; (312 mg, 1.00 mmol) in EtOH (8 mL) was added finely
ground NaBHs (70 mg, 1.85 mmol) and, after evolution of gas ceased, a degassed
solution of naphthofuranone 76*° (104 mg, 0.47 mmol) in EtOH (2 mL). After stirring for
30 min at room temperature, the reaction mixture was quenched with AcOH (200 uL)
and partitioned between water and EtOAc. The aqueous phase was further extracted with
EtOAc and the combined organic phases were dried (MgSOy) and concentrated under
reduced pressure. Flash chromatography (20% EtOAc in hexane) gave selenide 96 as a

colorless oil (18 mg, 48 umol, 10% yield).
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SefPh

96
(o}
2—0 OMe

IR: 2939, 1735, 1476, 1438, 1123, 1059 cm”'.

'H NMR (200 MHz, CDCl;) &: 1.13 (s, 3H, R-CHs), 1.75 (dm, J = 17.4 Hz, 1H, H-5),
2.28 (brdd, J =4.2, 17.4 Hz, 1H, H-5), 2.75 (d, J = 9.0 Hz, 2H, H-8b, overlapping H-8b),
2.83 (dd, J = 6.8, 18.7 Hz, H-7,), 3.07 (dd, J = 8.6, 18.7 Hz, 2H, H-7, overlapping H-2a),
3.29 (s, 3H, R-OCHjs), 3.81 (dd, J = 8.4, 11.1 Hz, 2H, H-6, overlapping H-2), 3.85(t, J =
8.0 Hz, H-2), 4.11 (t, ] = 8.0 Hz, 1H, H-2), 5.45-5.64 (m, 2H, H-3, H-4), 7.28 (m, 3H, R-
Se-CsHs), 7.57 (m, 2H, R-Se-CgHs).

'3C NMR (75 MHz, CDCly) 5: 25.9 (R-CH3), 33.9 (C-7), 36.4 (C-5a), 37.7 (C-2a), 44.8
(C-5), 46.9, 50.8, 56.1 (R-OCHs, C-6, C-8b), 73.4 (C-2), 106.9 (C-8a), 124.7, 127.3,
127.5, 129.0, 134.6 (C-3, C-4, C-2°, C-3°, C-4"), 130.0 (C-1°), 204.8 (C-8).

HRMS (EI) mv/z: Required for C;sH;20;Se: 378.0734; Found 378.0732.

Synthesis of 8a-Methoxy-5a-methyl-6-phenylthio-2a,5,5a,6,7,8,8a,8b-octahydro-2H-
naphtho[1,8-bc]furan-8-one (97)

To a suspension of NaH (60% in mineral oil, 100 mg, 2.5 mmol) in THF (10 mL),
were added thiophenol (ImL) and, after the evolution of gas ceased, a solution of
naphthofuranone 76*° (250 mg, 1.14 mmol) in THF (SmL). The reaction mixture was
stirred for 2 h, quenched with NH4Cl solution and extracted with Et;0. The combined

organic layers were dried (Na;SQy), filtered and concentrated under reduced pressure.
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Column chromatography (20% Et,O in hexane) gave sulfide 97 as an off white solid (368

mg, 1.12 mmol, 98% yield).

7
(e ] o7
(o

2—0Q OMe
mp: 60-63°C.
IR: 2925, 1736, 1480, 1438, 1125, 1062 cm™.
'"H NMR (200 MHz, CDCly) &: 1.13 (s, 3H, R-CH3), 1.73 (dm, J = 17.4 Hz, 1H, H-5),
2.36 (brdd, J = 4.5, 17.4 Hz, 1H, H-5), 2.66 (dd, J = 7.2, 18.3 Hz, 2H, H-7, overlapping
H-8b), 2.68 (d, J = 9.0 Hz, H-8b), 3.01 (dd, J = 8.4, 18.3 Hz, 2H, H-7, overlapping H-2a),
3.30 (s, 3H, R-OCHa»), 3.75 (dd, J = 7.2, 8.4 Hz, 1H, H-6), 3.85(dd, J = 3.7, 8.3 Hz, 1H,
H-2), 4.12 (t, J = 8.3 Hz, 1H, H-2), 5.51-5.68 (m, 2H, H-3, H-4), 7.18-7.51 (m, 5H, R-S-
CeHs).
3C NMR (50 MHz, CDCl3) 5: 24.9 (R-CH3), 33.5 (C-7), 36.3 (C-Sa), 37.7 (C-2a), 44.2
(C-5), 49.7 (C-6), 50.8, 56.3 (R-OCHj3;, C-8b), 73.6 .(C-2), 105.5 (C-8a), 124.6, 127.1,
127.6, 129.0, 132.0 (C-3, C-4, C-2’, C-3°, C-4’), 135.5 (C-1"), 204.8 (C-8).

Anal. Calc. for C9H2,0s8: C, 69.06; H, 6.71. Found: C, 69.22; H, 6.93.

Synthesis of 7-Iodo-8a-methoxy-5a-methyl-2a,5,5a,8,8a,8b-hexahydro-2H-
naphtho[1,8-bc]furan-8-one (98)

To a solution of naphthofuranone 76*° (2.20 g, 10.0 mmol) in CH,Cl, (200 mL)
were added solid iodine (5.60 g, 22.0 mmol) and pyridine (4 mL). The reaction mixture

was stirred for two days, after which it was washed with cold HCI (1 M) and then with a
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solution of ascorbic acid. The organic phase was dried (Na;SOj4) and the solvent removed
under reduced pressure to give iodide 98 as a yellow solid (3.44 g, 9.94 mmol, 99%
yield). The '"H NMR spectrum recorded was in complete agreement with the data

previously reported.*

98
(0]
2'—0 OMe
mp: 81-83°C (lit 81-82°C).
'H NMR (250 MHz, CDCls) 8: 1.25 (s, 3H, R-CH3), 1.98 (m, 2H, H-5), 2.64 (d, J = 10.1
Hz, 1H, H-8b), 3.02 (m, 1H, H-2a), 3.27 (s, 3H, R-OCH5), 3.78 (dd, J = 2.9, 8.6 Hz, 1H,

H-2), 4.15 (dd, J = 7.2, 8.6 Hz, 1H, H-2), 5.77 (br s, 2H, H-3, H4), 7.36 (s, 1H, H-6).

Synthesis of 2-Carbomethoxy-4,4-dimethyl-2-cyclohexen-1-one (100a)

Compound 100a was prepared as a colorless oil (124 mg, 0.68 mmol, 68% yield)
from iodide 99%* (250 mg, 1.00 mmol) using MeOH (250 uL), 2,6-lutidine (300 pL),
Pd(OAc), (10 mg, 0.04 mmol) and dppp (18 mg, 0.04 mmol) in THF (30 mL) according
to the procedure described for the synthesis of compound 90. The '"H NMR spectrum

recorded was in complete agreement with the data reported in the literature.’*

O O

OMe 100a

'H NMR (300 MHz, CDCl;) 8: 1.24 (s, 6H, R-CHs), 1.90 (m, 2H, H-5), 2.54 (m, 2H, H-

6), 3.80 (s, 3H, R-CO,CHs), 7.36 (t, J = 1.0 Hz, 1H, H-3).
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Synthesis of 2-Carbobutoxy-4,4-dimethyl-2-cyclohexen-1-one (100b)

Compound 100b was prepared as a yellow oil (172 mg, 0.77 mmol, 62% yield)
from iodide 99%%° (310 mg, 1.24 mmol) using »-BuOH (300 pL), 2,6-lutidine (300 uL),
Pd(OAc); (15 mg, 0.07 mmol) and dppp (29 mg, 0.07 mmol) in THF (25 mL) according

to the procedure described for the synthesis of compound 90.
O O

OBu 100b

IR: 2961, 1741, 1713, 1690, 1467, 1272 cm”™.

'H NMR (300 MHz, CDCl;) 5: 0.93 (t, J = 7.2 Hz, 3H, R-CO»(CH,):CH3), 1.22 (s, 6H,
R-CHs), 1.42 (m, 2H, R-CO5(CH;),CH;Me), 1.63 (m, 2H, R-CO,CH,CH,EY), 1.88 (m,
2H, H-5), 2.52 (m, 2H, H-6), 4.18 (t, J = 6.7 Hz, 2H, R-CO,CH,Pr), 7.27 (t, J = 0.9 Hz,
1H, H-3).

13C NMR (75 MHz, CDCly) &: 13.6 (R-CO2(CH2);CH3), 19.0 (R-CO»(CH),CH;Me),
273 (R-CH3), 30.5, 35.1, 353 (C-5, C-6, R-CO,CH,CH,Et), 33.3 (C-4), 65.0

(R-CO,CH,Pr), 130.3 (C-2), 163.6 (RCO,Bu), 164.9 (C-3), 194.4 (C-1).

Synthesis of 2-Diethylaminocarbonyl-4,4-dimethyl-2-cyclohexen-1-one- (100¢)
Compound 100¢ was prepared as a light brown oil (143 mg, 0.64 mmol, 64%

yield) from iodide 99%%° (250 mg, 1.00 mmol) using HNEt, (300 pL), 2,6-lutidine (300

uL), Pd(OAc), (10 mg, 0.04 mmol) and dppp (16 mg, 0.04 mmol) in THF (30 mL)

according to the procedure described for the synthesis of compound 90.
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IR: 2964, 1683, 1636, 1430, 1362, 1284 cm™.

'"H NMR (300 MHz, CDCl;) : 1.05 (t, J = 7.1 Hz, 3H, R-CON(CH,CHa),), 1.14 (t, J =
7.1 Hz, 3H, R-CON(CH;CHs),), 1.18 (s, 6H, R-CH3), 1.88 (m, 2H, H-5), 2.49 (m, 2H, H-
6), 3.09 (g, J = 7.1 Hz, 2H, R-CON(CH,CHs);), 340 (q, J = 7.1 Hz, 2H,
R-CON(CH,CHjs),), 6.63 (s, 1H, H-3).

BC NMR (75 MHz, CDCL) 5: 12.9, 14.1 (RCON(CH2CH3),), 27.6 (R-CH3), 32.9 (C-4),
34.4, 35.7 (C-5, C-6), 39.2, 43.1 (RCON(CH,CHs)2), 135.9 (C-2), 156.4 (C-3), 166.9 (R-

CONE,), 195.7 (C-1).

Synthesis of 4,4-Dimethyl-2-morpholinocarbonyl-2-cyclohexen-1-one (100d)
Compound 100d was prepared as a yellow oil (753 mg, 3.17 mmol, 77% yield)
from iodide 99%® (1.03 g, 4.12 mmol) using morpholine (1.5 mL), 2,6-lutidine (1.5 mL),
Pd(OAc); (42 mg, 0.19 mmol) and dppp (78 mg, 0.19 mmol) in THF (50 mL) according
to the procedure described for the synthesis of compound 90.
O 0]

N/\ 100d

IR: 2960, 1682, 1634, 1434, 1360, 1114 cm™.
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'H NMR (300 MHz, CDCl3) 5: 1.20 (s, 6H, R-CHs), 1.90 (t, J = 6.8 Hz, 2H, H-5), 2.51
(t, ] = 6.8 Hz, 2H, H-6), 3.20 (t, J = 4.8 Hz, 2H, RN(CH,CH,),0), 3.62 (t, J = 4.8 Hz, 2H,
RN(CH,CH5),0), 3.68 (br s, 4H, RN(CH,CH:),0), 6.76 (s, 1H, H-3).

'3C NMR (75 MHz, CDCls) 8: 27.4 (R-CH), 33.0 (C-4), 34.3 (C-5), 35.5 (C-6), 42.0,
47.4 (RN(CH>CH,),0), 66.6, 66.7 (RN(CH.CH,),0), 134.9 (C-2), 158.4 (C-3), 165.7

(RCON(CH;CH;),0), 195.3 (C-1).

Synthesis of (£)-3-carbomethoxy-4-phenyl-3-buten-2-one (102)

Compound 102 was prepared as a light orange oil (117 mg, 0.57 mmol, 51%
yield) from iodide 101%** (306 mg, 1.12 mmol) using MeOH (300 pL), 2,6-lutidine (300
puL), Pd(OAc); (9 mg, 0.04 mmol) and dppp (17 mg, 0.04 mmol) in THF (20 mL)
according to the procedure described for the synthesis of compound 90. The 'H NMR

spectrum recorded was in complete agreement with the data reported in the literature. 146

102

'H NMR (200 MHz, CDCl;) 8: 2.42 (s, 3H, R-COCH;), 3.84 (s, 3H, R-CO,CH3), 7.42

(m, 5H, R-C¢H5s), 7.58 (s, 1H, H-3).
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Synthesis of 7-Diethylaminocarbonyl-8a-methoxy-5a-methyl-2a,5,5a,8,8a,8b-
hexahydro-2H-naphtho{[1,8-bc]furan-8-one (103a)

Compound 103a was prepared as a light brown solid (293 mg, 0.92 mmol, 62%
yield) from iodide 98 (511 mg, 1.48 mmol) using MeOH (400 pL), 2,6-lutidine (500 puL),
Pd(OAc); (15 mg, 0.07 mmol) and dppp (30 mg, 0.07 mmol) in THF (25 mL) according

to the procedure described for the synthesis of compound 90.

(T LV w
103a
(@ k

mp: 55-58°C.

IR: 2972, 1692, 1635, 1458, 1433, 1049 cm™.

'H NMR (300 MHz, CDCl;) 3: 1.11 (t, J = 7.1 Hz, 3H, R,NCH,CH;), 1.18 (1, J = 7.1
Hz, 3H, R;NCH,CH3), 1.27 (s, 3H, R-CHs), 1.96 (br d, J = 16.5 Hz, 1H, H-5), 2.04 (br d,
J =16.5 Hz, 1H, H-5), 2.65 (dd, J = 0.9, 9.3 Hz, 1H, H-8b), 3.04 (m, 1H, H-2a), 3.20 (q, J
= 7.1 Hz, 2H, R,;NCH,CH3), 3.32 (s, 3H, R-OCHs), 3.45 (m, 2H, R,NCH,CH3), 3.81 (dd,
J=3.0, 8.6 Hz, 1H, H-2), 4.15 (dd, ] = 7.2, 8.6 Hz, 1H, H-2), 5.79 (m, 2H, H-3 and H-4),
6.75 (s, 1H, H-6).

3C NMR (75 MHz, CDCl3) 8: 12.8, 14.2 (R-N(CH,CH;),), 28.1 (R-CH3), 34.9 (C-5a),
37.2, 37.4, 39.2, 42.7 (C-2a, C-5, R-N(CH,CHs),), 50.6, 53.5 ( R-OCHj3, C-8b), 73.3 (C-
2), 103.2 (C-8a), 125.6, 129.7 (C-3, C-4), 136.6 (C-7), 156.0 (C-6), 165.4 (RCONEL,),

188.2 (C-8).
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Synthesis of 7-Butylaminocarbonyl-8a-methoxy-5a-methyl-2a,5,52,8,8a,8b-
hexahydro-2H-naphtho[1,8-bc]furan-8-one (103b)

Compound 103b was prepared as a light yellow solid (120 mg, 0.37 mmol, 43%
yield) from iodide 98 (300 mg, 0.87 mmol) using #-BuNH; (200 uL), 2,6-lutidine (300
puL), Pd(OAc); (6 mg, 0.03 mmol) and dppp (12 mg, 0.03 mmol) in THF (20 mL)

according to the procedure described for the synthesis of compound 90.

O
4 3 N
SO
2—0 OMe
mp: 61-62°C.
IR: 3359, 2959, 1694, 1661, 1532, 1458, 1048 cm™'.
'H NMR (300 MHz, CDCls) 5: 0.90 (1, J = 7.3 Hz, 3H, RNH(CH,);CH:), 1.26 (s, 3H, R-
CHs), 1.34 (m, 2H, RNH(CH,),CH,Me), 1.52 (m, 2H, RNHCH,CH,Et), 1.87 (br d, J =
16.4 Hz, 1H, H-5), 2.03 (br d, J = 16.4 Hz, 1H, H-5), 2.58 (d, J = 8.9 Hz, 1H, H-8b), 2.98
(m, 1H, H-2a), 3.25 (s, 3H, R-OCH3), 3.31 (m, 2H, RNHCH:Pr), 3.76 (dd, J = 3.1, 8.5
Hz, 1H, H-2), 4.12 (dd, J = 7.2, 8.5 Hz, 1H, H-2), 5.74 (m, 2H, H-3 and H-4), 7.85 (s,
1H, H-6), 8.09 (br s, 1H, RNHBu).
13C NMR (75 MHz, CDCl) 5: 13.8 (RNH(CH,):CHs), 20.2 (RNH(CH;),CH,Me), 28.1
(R-CH3), 31.4 (RNHCH,CH:E?), 34.8 (C-5a), 37.2, 37.5, 39.3 (C-2a, C-5, RNHCH,Pr),
50.5, 52.9 ( R-OCH;, C-8b), 73.2 (C-2), 104.4 (C-8a), 125.7, 129.2 (C-3, C-4), 130.0 (C-

7), 162.0 (RCONE,), 166.9 (C-6), 192.2 (C-8).
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Synthesis of 8a-Methoxy-5a-methyl-7-morpholinocarbonyl-2a,5,52a,8,8a,8b-
hexahydro-2H- naphtho[1,8-bc]furan-8-one (103c)

Compound 103¢c was prepared as a light brown oil (266 mg, 0.80 mmol, 55%
yield) from iodide 98 (502 mg, 1.45 mmol) using morpholine (400 pL), 2,6-lutidine (500
uL), Pd(OAc); (15 mg, 0.07 mmol) and dppp (30 mg, 0.07 mmol) in THF (30 mL)

according to the procedure described for the synthesis of compound 90.

o
6
_G O 103c
(@
-0 OMe

IR: 2963, 1692, 1639, 1435, 1275, 1114 cm™.
'H NMR (300 MHz, CDCl) 5: 1.20 (s, 3H, R-CHs), 1.85 (br d, J = 16.5 Hz, 1H, H-5),
2.01 (brd, J = 16.5 Hz, 1H, H-5), 2.58 (d, J = 9.0 Hz, 1H, H-8b), 2.99 (m, 1H, H-2a),
321 (s, S5H, R-OCHs, overlapping RN(CH,CH,»0), 3.49-3.70 (m, 6H,
RCON(CH,CH>);0), 3.75 (dd, J = 2.8, 8.5 Hz, 1H, H-2), 4.05 (dd, J = 7.2, 8.5 Hz, 1H,
H-2), 5.72 (m, 2H, H-3 and H-4), 6.86 (s, 1H, H-6).
3C NMR (75 MHz, CDCl;) &: 27.8 (R-CHs), 35.0 (C-5a), 37.1, 37.3, 42.2, 47.0 (C-2a,
C-5, RCON(CH,CH,),0), 50.6, 53.5 ( R-OCHj3;, C-8b), 66.5, 66.7 (RCON(CH2CH3),0)
73.0 (C-2), 103.3 (C-8a), 1254, 1294 (C-3, C-4), 1354 (C-7), 158.7 (C-6), 1643

(RCONEt,), 187.6 (C-8).

Synthesis of 2-Carboethoxy-2-cyclopenten-1-on¢ (105a)
Compound 105a was prepared as a yellow oil (137 mg, 0.89 mmol, 58% yield)

from iodide 104a%*® (320 mg, 1.54 mmol) using EtOH (300 pL), 2,6-lutidine (500 pL),
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Pd(OAc); (15 mg, 0.07 mmol) and dppp (30 mg, 0.07 mmol) in THF (30 mL) according
to the procedure described for the synthesis of compound 90. The 'H NMR spectrum

recorded was in complete agreement with the data reported in the literature.'*’

O

sd/cozst 105a

3
"H NMR (200 MHz, CDCl) 5: 1.35 (t, J = 6.9 Hz, 3H, R-CH3), 2.56 (m, 2H, H-4), 2.75

(m, 2H, H-5), 4.30 (q, ¥ = 6.9 Hz, 2H, R-CO,CH:Me), 8.40 (t, J = 3.3 Hz, 1H, H-3).

Synthesis of 2-Carbomethoxy-2-cyclopenten-1-one (105b)

Compound 105b was prepared as a light yellow oil (130 mg, 0.93 mmol, 55%
yield) from iodide 104a% (352 mg, 1.69 mmol) using MeOH (300 uL), 2,6-lutidine (500
pL), Pd(OAc); (17 mg, 0.08 mmol) and dppp (31 mg, 0.08 mmol) in THF (30 mL)
according to the procedure described for the synthesis of compound 90. The 'H NMR
spectrum recorded was in complete agreement with the data reported in the literature. "’

O

5é/C02Me 105b

3
'H NMR (200 MHz, CDCl;) 3: 2.50 (m, 2H, H-4), 2.71 (m, 2H, H-5), 3.79 (s, 3H, R-

CO,;CHs), 8.41 (t, J = 3.2 Hz, 1H, H-3).

Synthesis of 2-Carbomethoxy-3-methyl-2-cyclopenten-1-one (105c)
Compound 105c¢ was prepared as a light yellow oil (131 mg, 0.85 mmol, 42%

yield) from iodide 104¢*** (450 mg, 2.03 mmol) using MeOH (300 pL), 2,6-lutidine (600

112



uL), Pd(OAc), (22 mg, 0.10 mmol) and dppp (41 mg, 0.10 mmol) in THF (50 mL)
according to the procedure described for the synthesis of compound 90. The '"H NMR
spectrum recorded was in complete agreement with the data reported in the literature. '*
O

COzM& 105¢

"H NMR (300 MHz, CDCls) 5: 2.39 (s, 3H, R-CH3), 2.52 (m, 2H, H-4), 2.70 (m, 2H, H-

5), 3.85 (s, 3H, R-CO,CHs).

Synthesis of 6a-Carbomethoxy-7-(2-carbomethoxyethyl)-Sa-methoxy-10b-methyl-
3a,4,5a,6,6a,7,10,10a,10b,10c-decahydro-1 H-phenanthro[10,1-bc]furan-6-one (107)
To a solution of naphthofuranone 90 (87 mg, 0.31 mmol) and ester 85 (280 mg,
2.0 mmol) in CH,Cl; (5§ mL) was added anhydrous ZnCl, (30 mg, 0.22 mmol) and the
resulting mixture was stirred at room temperature for 3 days. The reaction was diluted
with CH,Cl>, washed with water and the aqueous phase was extracted with CH,Cl,. The
combined organic phases were dried (MgSQOs) and concentrated under reduced pressure
to give a light brown oil that could not be obtained in pure form, despite repeated
chromatography. The lack of a pure sample, combined with the small amount of material

available (16 mg, 37 pmol, 12% yield), limited the characterization to '"H NMR.
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'H NMR (250 MHz, CDCL) 5: 0.95 (s, 3H, R-CHs), 1.58 (br d, J = 16.9 Hz, 1H, H-1),
2.09-2.56 (m, 9H, H-1, H-10, H-10a, H-10¢c, R-CH,CH,CO,Me), 2.77 (t, J = 7.5 Hz, 1H,
H-7), 3.05 (m, 1H, H-3a), 3.23 (s, 3H, R-OCHs), 3.63 (s, 3H, R-CO,CHa), 3.67 (s, 3H, R-
CO,CHs), 3.80 (dd, J = 3.9, 8.4 Hz, 1H, H-4), 4.05 (t, J = 8.4 Hz, 1H, H-4), 5.55 (dt, J =

2.6, 9.6 Hz, 1H, H-9), 5.67 (m, 2H, H-2, H-3), 5.94 (m, 1H, H-8).

Synthesis of 7-(2-Carboethoxyethyl)-6a-carbomethoxy-5a-methoxy-10b-methyl-
3a,4,5a,6,6a,7,8,9,10,10a,10b,10c-dodecahydro-1H-phenanthro[10,1-bc]furan-6,9-
dione (113)

A mixture of NEt;3 (1 mL) and anhydrous ZnCl; (20 mg, 0.15 mmol) was stirred
for several hours until a homogeneous suspension was formed. A solution of enone 87
(348 mg, 2.04 mmol) in benzene (0.5 mL) was then added, followed by TMSCI (1 mL).
The reaction mixture was stirred at room temperature overnight, after which the solvents
were removed under reduced pressure and the residue was redissolved in CH,Cl, (5 mL),
with analysis by GC/MS showing no starting enone 87 left, and also the appearance of
silyl ether 106, with a molecular peak of m/z 242. A solution of ester 90 (97 mg, 0.35
mmol) in CH;Cl; (2 mL) and more anhydrous ZnCl, (20 mg, 0.15 mmol) were added,
and the reaction was stirred at room temperature for 3 days. The reaction mixture was
treated with excess TBAF (1 mL 1M solution in THF, 1 mmol) for 1 h and washed with
saturated solution of NH4Cl. The aqueous layer was extracted with CH,Cl, and the
combined organic phases were dried (MgSQOs), concentrated under reduced pressure and

purified by column chromatography (30-45% EtOAc in hexane) to give tetracycle 113 as

114



a yellow oil (54 mg, 0.12 mmol, 34% yield). Compound 113 unfortunately underwent

decomposition during storage, thus preventing any further characterization.

113

'H NMR (250 MHz, CDCl;) §: 0.99 (s, 3H, R-CHs), 1.23 (t, J = 7.1 Hz, 3H,
R-CO,CH>CH3), 1.56 (br d, J = 16.1 Hz, 1H, H-1), 1.95 (br d, J = 16.1 Hz, 1H, H-1),
2.07-2.68 (m, 10H, H-7, H-8, H-10, H-10a, H-10c, R-CH,CH,CO:EY), 2.74 (m, 1H, H-
10), 3.07 (m, 1H, H-3a), 3.19 (s, 3H, R-OCHs), 3.68 (s, 3H, R-CO,CH.), 3.78 (dd, J =
3.3, 8.4 Hz, 1H, H4), 403 (1, ] = 8.4 Hz, 1H, H-4), 4.10 (g, J = 7.1 Hz, 2H,

R-CO,CH,CH3), 5.64 (br s, 2H, H-2, H-3).

Synthesis of 7-Carbomethoxy-5a-methyl-2a,5,5a,8-tetrahydro-2H-naphtho[1,8-
bclfuran-8-one (114)

To a solution of ester 90 (770 mg, 2.77 mmol) in CH>Cl, (20 mL) cooled to -40°C
was added TFA (0.5 mL), and after 2.5 hours at that temperature, solid NaHCO;3; (0.5 g)
was also added. The reaction mixture was washed with saturated Na;COs solution and the
aqueous layer was extracted with CH,Cl;. The combined organic phases were dried
(Na;SO,4) and the solvent was removed under reduced pressure to give, after column
chromatography (30% EtOAc¢ in hexane), ester 114 as a light yellow solid in quantitative

yield (681 mg, 2.77 mmol).
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R CO,Me

S o 114
mp: 109-112°C.
IR: 3445, 2956, 1731, 1664, 1435, 1272, 1145, 1008 cm’™.
'H NMR (250 MHz, CDCl;) 8: 1.35 (s, 3H, R-CHs), 2.18 (br d, J = 16.6 Hz, 1H, H-5),
2.47 (dd, J = 3.1, 16.6 Hz, 1H, H-5), 3.86 (s, 3H, R-CO,CH3), 3.93 (br t, J = 10.2 Hz, 1H,
H-2a), 4.08 (dd, J = 8.6, 10.2 Hz, 1H, H-2), 4.13 (dd, J = 8.6, 10.2 Hz, 1H, H-2), 5.75 (br
s, 2H, H-3 and H-4), 7.58 (s, 1H, H-6).
'3C NMR (63 MHz, CDCl) 5: 21.1 (R-CH3), 36.8 (C-5a), 38.8 (C-5), 40.1 (C-2a), 51.9
(R-CO,CH3), 76.2 (C-2), 124.7, 126.2 (C-3, C-4), 131.0, 138.7, 147.1 (C-7, C-8a, C-8b),
164.7 (R-CO,Me), 164.4 (C-6), 172.9 (C-8).

HRMS (EI) m/z: Required for C4H,404: 246.0892; Found: 246.0858.

Synthesis of 7-Carbomethoxy-6-methyl-2a,5-dihydro-2H-naphtho[1,8-bc]furan-8-ol
(11s)

Ester 114 (350 mg, 1.26 mmol) was treated with neat TFA (3 mL) at room
temperature for 5 min., after which the reaction mixture was diluted with CH,Cl, and
washed with saturated Na,CO; solution. The organic layer was dried (Na;SO4) and the
solvent removed under reduced pressure. Column chromatography (40% Et;O in hexane)

gave phenol 118 as a dark yellow oil (127 mg, 0.52 mmol, 41%).
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115

IR: 3430, 1656, 1648, 1438, 1344, 1000, 944 cm™.

'H NMR (200 MHz, CDCl;) 5: 2.37 (s, 3H, Ar-CHs), 3.20 (m, 2H, H-5), 3.95 (s, 4H,
Ar-OCHj3, overlapping H-2a), 4.12 (dd, J = 7.5, 12.8 Hz, 1H, H-2), 4.95 (dd, J = 7.5, 8.3
Hz, 1H, H-2), 5.94 (dm, J = 9.7 Hz, 1H, H-3), 6.07 (dm, J = 9.7 Hz, 1H, H-4), 9.98 (s,
1H, Ar-OH).

3C NMR (63 MHz, CDCl) 3: 17.1 (Ar-CH3), 27.4 (C-5), 39.3 (C-2a), 52.0 (Ar-OCH3),
78.2 (C-2), 113.5 (C-7), 122.8, 125.9, 130.4, 133.7 (C-5a, C-6, C-8, C-8b), 124.3, 129.1
(C-3,C-4), 145.0 (C-8a) 172.2 (Ar-CO;Me).

LRMS (EI) m/z: 246 (M", 25), 215 (24), 214 (100), 185 (14), 171 (13), 158 (13), 129

(25), 128 (26), 127 (13), 115 (30).

Synthesis of 11b-Methyl-1,3a,4,6,7,8,9,11b-octahydrocyclopenta[7,8]phenanthro
[10,1-b¢]furan-6,9-dione (126)

Method 1: A solution of hydroxyketone 157 (159 mg, 0.46 mmol) and p-TsOH (45 mg,
0.26 mmol) in benzene (15 mL) was heated at 50°C for 4 hours, after which the reaction
mixture was diluted with CH,Cl, and washed once with NaHCO3; solution. The aqueous
phase was extracted with CH>Cl, and the combined organic phases were dried (Na;SOy),
filtered and concentrated under reduced pressure. Flash chromatography (20% EtOAc in

hexane) gave pentacycle 126 as a light yellow oil (64 mg, 0.22 mmol, 48% yield).
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Method 2: A solution of bridged adduct 158 (22 mg, 67 umol) in 1,1,2,2-
tetrachloroethane (3 ml.) was heated to reflux for 2 days. The solvent was removed under
high vacuum and the residue was purified by column chromatography (20% EtOAc in

hexane) to give pentacycle 126 as a light yellow oil (12 mg, 0.41 umol, 61% yield).

126

o
5
IR: 2926, 1710, 1659, 1591, 1319, 1188, 725 cm™.

'H NMR (500 MHz, CDCl3) &: 1.51 (s, 3H, R-CH3), 2.18 (dd, J = 3.1, 17.8 Hz, 1H, H-
1), 2.67 (t, J = 5.7 Hz, 2H, H-7), 2.74 (dd, J = 2.3, 17.8 Hz, H-1), 3.67 (t, ] = 5.7, 5.7 Hz,
2H, H-8), 4.00 (dt, J = 2.6, 10.3 Hz, 1H, H-3a), 4.06 (dd, J = 8.1, 10.7 Hz, 1H, H-4), 4.87
(dd, J = 8.1, 9.8 Hz, 1H, H-4), 5.74 (s, 2H, H-2, H-3), 7.55 (d, J = 8.1 Hz, 1H, H-11),
7.89 (d, J = 8.1 Hz, 1H, H-10).

13C NMR (75 MHz, CDCl;) &: 24.8 (R-CH3), 28.3 (C-8), 36.5 (C-7), 37.8 (C-11b), 41.0
(C-3a), 42.4 (C-1), 76.1 (C-4), 125.8, 126.1, 126.4, 126.6 (C-2, C-3, C-10, C-11), 128.1,
129.6 (C-6a, C-9a), 136.9, 138.6 (C-5a, C-11c), 147.1 (C-6b), 157.8 (C-11a), 177.0 (C-
6), 206.6 (C-9).

HRMS (EI) m/z: Required for C19H1603: 292.1099; Found: 292.1104.
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Synthesis of 2,3-Dihydroxy-S-methylbenzoic acid (129)87

To a cooled (-78°C) solution of benzoic acid 131 (13.0 g, 71.4 mmol) in CH,Cl,
(500 mL) was added neat BBr; (53.8 g, 215 mmol) dropwise. After warming up to room
temperature, the solution was stirred overnight and then quenched with MeOH. The
solvent was removed under reduced pressure and the solids were redissolved in MeOH
and rotoevaporated dry three times. Sublimation of the crude product (120°C, high
vacuum) gave acid 129 as a white solid (10.5 g, 62.5 mmol, 87% yield).

OH

HO CO,H
129

'H NMR (200 MHz, CDCl3) &: 2.11 (s, 3H, Ar-CHs), 6.78 (d, J = 1.7 Hz, 1H, C-3),

7.05(d, J = 1.7 Hz, 1H, C-5), 10.49 (br s, R-OH).

Synthesis of 2-Hydroxy-3-methoxy-5-methylbenzoic acid (131)%

Phenol 75 (10.0 g, 72.5 mmol) and solid oven-dried K;CO;5; (30.0 g, 217 mmol)
were mixed and placed in a high pressure vessel under a CO, atmosphere (800 psi). The
reaction vessel was kept at 200°C for 4.5 h and subsequently allowed to cool down to
room temperature. The pressure was released, the contents of the reaction vessel were
dissolved in water (400 mL) and the resulting solution was extracted once with ether,
boiled with activated carbon, filtered and acidified to pH 1 with HCI. The precipitated
acid 131 (13.0 g, 71.4 mmol, 98% yield) was collected by filtration, dried in a vacuum

dessicator over P;0s and used without further purification.
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OH

MeO CO.H
131

"H NMR (200 MHz, CDCl;) &: 2.32 (s, 3H, Ar-CH3), 3.91 (s, 3H, Ar-OCH3), 6.93 (d, J

=1.7 Hz, 1H, C-3), 7.31(d, J = 1.7 Hz, 1H, C-5), 10.35 (br s, R-OH).

Synthesis of 8-(2-Carbomethoxyethyl)-1,2-dihydroxy-4-methyl-4,8-
dihydronaphthalene (132)

To a cooled (0°C) solution of benzoic acid 129 (2.00 g, 11.9 mmol), diene 85 (8.00 g,
57.1 mmol) and BHT (one crystal, approx. 5 mg) in THF (30 mL) was added solid PIFA
(6.14 g, 14.3 mmol) portionwise over a period of 2 minutes. After 30 minutes, the
reaction was removed from the ice bath and stirred another 3.5 hours at room
temperature. The reaction mixture was then concentrated under reduced pressure, diluted
with ether and washed with saturated solution of NaHCO;. The aqueous layer was
extracted with ether and the combined organic layers were dried (Na;SO,), filtered and
concentrated under reduced pressure. Distillation of the excess diene and iodobenzene
gave a red viscous oil, which was purified to a colorless solid (2.75 g, 10.5 mmol, 88%

yield) by column chromatography (20% Et;O in hexane).

OH CO,Me

HO 8
cO o
3

5

mp: 76-79°C.
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IR: 3402, 2951, 1708, 1619, 1439, 1363, 1298 cm™.

'H NMR (300 MHz, CDCl;) 8: 1.78 (m, 1H, R-CH,-CH,-CO;Me), 2.02 (m, iH, R-CH»-
CH,-CO;Me), 2.13 (s, 3H, Ar-CH3), 2.38 (dt, J = 5.3, 17.6 Hz, 1H, R-CH,-CO;Me), 2.53
(ddd, J = 5.1, 10.5, 17.6 Hz, 1H, R-CH>-CO;Me), 3.14 (m, 2H, H-5), 3.59 (m, 1H, H-8),
3.74 (s, 3H, R -CO,-CH3), 5.98 (br s, 2H, H-6, H-7), 6.66 (s, 1H, H-3), 7.18 (br s, Ar-
OH).

3C NMR (75 MHz, CDCl) §: 18.9 (Ar-CH;), 27.5 (R-CH,-CH,-CO,Me), 30.0, 32.0
(R-CH,-CO2Me, C-5), 33.2 (C-8), 52.3 (R-CO,CH3), 114.5 (C-3), 124.3, 124.4, 127.0
(C-4, C-4a, C-8a), 125.6, 126.8 (C-6, C-7), 139.0, 142.1 (C-1, C-2), 176.6 (R-CO,Me).

Anal. Calc. for CsH;304: C, 68.69; H, 6.92. Found: C, 68.48; H, 6.70.

Synthesis of 8-(2-Carbomethoxyethyl)-1-hydroxy-2-methoxy-4-methyl-5,8-
dihydronaphthalene (133)

To a solution of catechol 132 (2.14 g, 8.17 mmol) in CH;Cl; (150 mL) was added
oven dried K,;CO; (11.3 g, 81.8 mmol) and the resulting suspension was stirred for 30
min. The reaction mixture was cooled down (0°C), Me;OBF; (2.42 g, 18.3 mmol) was
added and the flask was purged with N,. The reaction was allowed to warm up to room
temperature, and stirring was continued for 20 h. After quenching with dilute HCIl (0.1
M), the layers were separated and the aqueous phase was extracted with CH>Cl,. The
combined organic layers were dried (Na,;SOy), filtered and concentrated under reduced
pressure. Column chromatography (20% EtOAc in hexane) gave phenol 133 as a light

yellow oil (2.16 g, 7.82 mmol, 96% yield).
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133

IR: 3462, 2946, 1732, 1488, 1436, 1299, 1161 cm™.

'"H NMR (300 MHz, CDC);) 8: 1.93-2.32 (m, 7H, R-(CH),-CO,Me, overlapping Ar-
CHs), 2.17 (s, Ar-CH3s), 3.13 (m, 2H, H-5), 3.58 (s, 3H, R-CO,CHs), 3.83 (m, 4H, H-8,
overlapping Ar-OCHs5), 3.85 (s, Ar-OCH;), 5.63 (s, Ar-OH), 5.87 (dm, J = 10.1 Hz, 1H,
H-6), 5.99 (dm, J = 10.1 Hz, 1H, H-7), 6.60 (s, 1H, H-3).

3C NMR (75.5 MHz, CDCls) 8: 19.2 (Ar-CHs), 27.5 (R-CH,-CH,-CO,Me), 30.1, 30.2
(R-CH>-CO;Me, C-5), 33.5 (C-8), 51.3 (R-CO,CHj3), 56.0 (Ar-OCHj3), 110.6 (C-3),
123.8, 126.0, 126.4 (C-4, C-4a, C-8a), 125.4, 128.2 (C-6, C-7), 140.7 (C-1), 144.0 (C-2),
174.6 (R-CO,Me).

Anal. Calc. for C16H;004: C, 69.55; H, 7.30. Found: C, 69.31; H, 7.05.

Synthesis of 8-(2-Carbomethoxyethyl)-1-hydroxy-2-methoxy-4-methyl-5,6,7,8-
tetrahydronaphthalene (134)

To a cooled (0°C) solution of phenol 133 (429 mg, 1.55 mmol) in CH>Cl; (120
mL) was added AICl; (1.5 g) and the resulting mixture was allowed to warm up to room
temperature and stirred overnight. The reaction mixture was washed with cold HCI (1 M)
and the aqueous phase was extracted with CH,Cl,. The combined organic layers were
dried (MgSO,), concentrated under reduced pressure and purified by column
chromatography (20% ether in hexane) to give tetrahydronaphthalene 134 as a colorless

oil (207 mg, 0.74 mmol, 48% yield).
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OH CO;Me

MeO
134

IR: 3460, 2937, 1738, 1487, 1300, 1250, 833 cm"'.

'"H NMR (300 MHz, CDCl;) 5: 1.58-1.87 (m, 5H, H-6, H-7, R-CH,CH,CO,Me), 2.06
(m, 1H, R-CH,CH,CO,Me), 2.15 (s, 3H, Ar-CHs), 2.36-2.55 (m, 3H, H-5,
R-CH,;CH,CO;Me), 2.64 (br d, J = 16.8 Hz, 1H, H-5), 3.03 (m, 1H, H-8), 3.68 (s, 3H,
R-CO,CHs), 3.84 (s, 3H, Ar-OCHy>), 5.85 (br s, 1H, Ar-OH), 6.59 (s, 1H, H-3).

3C NMR (75.5 MHz, CDCl;) 3: 17.7 (C-6), 19.4 (Ar-CH3), 25.1, 26.3, 28.9, 32.5 (C-5,
C-7, R-CH,CH,CO:;Me), 31.6 (C-8), 51.6 (RCO,CHj3), 56.1 (Ar-OCHj3), 110.7 (C-3),
126.8, 127.3, 127.8 (C-4, C-4a, C-8a), 141.2 (C-1), 143.7 (C-2), 174.8 (R-CO,Me).

HRMS (EI) m/z: Required for CsH2204: 278.1518; Found: 278.1529.

Synthesis of 6-Methoxy-4-methyl-3,9,10,10a-tetrahydro-7-oxacycloheptalde]
naphthalen-8-one (136)

To a degassed solution of phenol 133 (2.11 g, 7.64 mmol) in MeOH (50 mL) was
added a solution of NaOH (6 g) in water (50 mL), also degassed. The resulting solution
was stirred for 30 min, extracted with ether to remove unreacted starting material,
acidified to pH 1 with HCl and finally extracted with EtOAc. The combined EtOAc
phases were dried (Na,SQ,), filtered and the solvents were removed under reduced
pressure to give crude acid 135, which was used without further purification. Compound
135 was then redissolved in CH,Cl, (50 mL), trifluoroacetic anhydride (25 mL) was

added and the resulting solution was stirred overnight. The reaction mixture was
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concentrated under reduced pressure and column chromatography (20% EtOAc in

hexane) gave lactone 136 (1.62 g, 6.63 mmol, 87% yield) as a colorless solid.

135

'H NMR (300 MHz, CDCly/DMSO0-d6) &: 1.91-2.29 (m, 7H, R-(CH,)-COH,
overlapping Ar-CHj), 2.17 (s, Ar-CH3), 3.12 (m 2H, H-5), 3.79 (m, 1H, H-8), 3.84 (s,
3H, Ar-OCHs), 5.89 (br d, J = 10.0 Hz, 1H, H-6), 5.98 (br d, J = 10.0 Hz, 1H, H-7), 6.61
(s, 1H, H-3) |

BC NMR (75.5 MHz, CDClyDMSO-d6) 5: 18.6 (Ar-CHs), 26.9 (C-5), 29.7, 29.8
(R-(CHy),-CO,H), 32.9 (C-8), 55.5 (Ar-OCH3), 110.5 (C-3), 123.9, 125.1, 125.6 (C-4, C-

4a, C-8a), 124.7, 127.7 (C-6, C-7), 140.3 (C-1), 143.8 (C-2), 175.7 (R-COzH).

136

mp: 116-119°C.

IR: 2941, 1761, 1608, 1488, 1455, 1318, 1137 cm™'.

'H NMR (300 MHz, CDCl3) 5: 2.21 (s, 3H, Ar-CH3), 2.36-2.58 (m, 4H, H-9, H-10),
3.17 (brs, 2H, H-3), 3.66 (m, 1H, H-10a), 3.81 (s, 3H, Ar-OCHs), 5.80 (dm, J =10.1 Hz,

1H, H-2), 5.87 (dm, J = 10.1 Hz, 1H, H-1), 6.72 (s, 1H, H-5).
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13C NMR (75 MHz, CDCl;) 8: 19.8 (Ar-CH3), 27.3 (C-10), 30.9 (C-9), 33.2 (C-10a),
34.3 (C-3), 56.4 (Ar-OCHs), 113.4 (C-5), 124.1, 126.7 (C-1, C-2), 124.6, 127.5 (C-4, C-
10b), 134.1 (C-3a), 138.0 (C-6a), 147.5 (C-6), 171.9 (C-8).

Anal. Calc. for C;sH 603: C, 73.75; H, 6.60. Found: C, 73.61; H, 6.49.

Synthesis of 9-Hydroxy-8-methoxy-6-methyl-2,3,3a,9b-tetrahydro-1H-benz[e]inden-
3-one (137)

To a solution of lactone 136 (366 mg, 1.50 mmol) in CH,Cl; (50 mL) was added
AICl; (1 g), and the resulting reaction mixture was stirred for 1 h 45 min. Water was
added, the phases separated and the aqueous layer was extracted with CH,Cl,. The
combined organic layers were dried (Na;SOy), filtered and concentrated under reduced
pressure. Column chromatography (20% Et;O in hexane) gave benzindanone 137 as a

white solid (99 mg, 0.40 mmol, 27% yield).

OoH 1
MeO . O
@
7 4

mp: 112-114°C.

IR: 3500, 2935, 1766, 1604, 1487, 1315, 1134 cm™'.

'H NMR (300 MHz, CDCly) 8: 1.93-2.37 (m, 7H, H-1, H-2, overlapping Ar-CHj), 2.32
(s, Ar-CH3), 2.62 (m, 1H, H-3a), 3.22 (m, 1H, H-9b), 3.84 (s, 3H, Ar-OCHs), 5.79 (m,

1H, H-4), 5.85-5.91, 6.51 (dd, J =3.3, 9.9 Hz, 1H, H-5), 6.65 (s, 1H, H-7).
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13C NMR (75 MHz, CDCl;) 8: 18.9 (Ar-CHs), 26.8 (C-1), 29.4 (C-9b), 31.1 (C-2), 56.0,
56.1 (Ar-OCHs, C-3a), 112.7 (C-7), 122.3, 123.0 (C-4, C-5), 123.3, 127.4, 129.2 (C-5a,
C-6, C-9a), 137.7, 148.1 (C-8, C-9), 212.0 (C-3).

Anal. Cale. for CsH605: C, 73.75; H, 6.60. Found: C, 73.81; H, 6.43.

Synthesis of Methyl 3-(2,2,5-trimethyl-6,9-dihydronaphtho([1,2-4d][1,3]dioxol-9-yl)
propanoate (141)

To a solution of catechol 132 (1.00 g, 3.81 mmol), in MeOH (5 mL) and
dimethoxypropane (15 mL) was added p-TsOH (1 g) and the resulting solution was
stirred at room temperature for 2 days. The reaction mixture was partitioned between
water and EtOAc, and the aqueous phase was extracted with more EtOAc. The combined
organic layers were dried (MgSQy), filtered and concentrated under reduced pressure.
Flash chromatography (20% Et,0O in hexane) gave acetonide 141 as a light yellow solid

(1.07 g, 3.54 mmol, 93% yield).

141

mp: 60-62°C.
IR: 2949, 1739, 1478, 1375, 1244, 1007, 843 cm™'.
'H NMR (300 MHz, CDCl;) 5: 1.64, 1.66 (2 s, 6H, (Ar0),C(CH3),), 1.90-2.29 (m, 7H,

R-(CH:),-CO;Me, overlapping Ar-CH3), 2.14 (s, Ar-CHs), 3.10 (m, 2H, H-6), 3.58 (s,
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3H, R-CO,CHj3), 3.64 (m, 1H, H-9), 5.80 (dm, J = 10.3 Hz, 1H, H-7), 5.99 (dm, J = 10.3
Hz, 1H, H-8), 6.50 (s, 1H, H-4).

C NMR (75 MHz, CDCly) 8: 19.5 (Ar-CH3), 25.8 ((ArO)C(CHs),), 27.5, 30.0, 30.1
(R-(CH,),-CO.Me, C-6), 33.6 (C-9), 514 (R-CO,CH;), 108.4 (C-4), 1173
((Ar0),C(CHs),), 119.3, 125.7, 127.7 (C-5, C-5a, C-9a), 125.9, 127.3 (C-7, C-8), 142.7,
144.8 (C-3a, C-9b), 174.5 (R-CO,CHj3).

Anal. Calc. for C13H2204: C, 71.50; H, 7.33. Found: C, 71.74; H, 7.16.

Synthesis of 3-(2,2,5-Trimethyl-6,9-dihydronaphthe(1,2-d][1,3]dioxol-9-yl)propaneic
acid (142)

To a solution of NaOH (500 mg) in MeOH (30 mL) was added solid ester 141
(230 mg, 0.76 mmol) and the resulting solution was stirred at room temperature for 4
days. The base was neutralized with NH4Cl and the reaction mixture was diluted with
water and subsequently extracted with Et,O. The combined organic layers were dried
(MgS0,), filtered and removal of the solvent under reduced pressure gave acid 142 (203
mg, 0.70 mmol, 92% yield) as a light yellow solid that was used without further

purification.

142

mp: 108-113°C.

IR: 2935, 1709, 1479, 1375, 1245, 1006, 843 cm™'.
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"H NMR (300 MHz, CDCls) 8: 1.64, 1.65 (2 s, 6H, (Ar0),C(CHs),), 1.88-2.32 (m, 7H,
R-(CH;),-CO,Me, overlapping Ar-CH3), 2.14 (s, Ar-CHs), 3.12 (m, 2H, H-6), 3.65 (m,
1H, H-9), 5.79 (dm, J = 10.3 Hz, 1H, H-7), 6.00 (dm, J = 10.3 Hz, 1H, H-8), 6.49 (s, 1H,
H-4), 11.12 (br s, R-CO;H).

3C NMR (75 MHz, CDCly) 8: 19.5 (C-6), 25.8, 25.9 ((ArO),C(CHs),), 27.5, 29.7, 30.0
(R-(CH;),-CO;Me, C-6), 33.5 (C-9), 108.5 (C-4), 117.3 ((ArO),C(CHs3),), 119.1, 125.6,
127.8 (C-5, C-5a, C-9a), 126.1, 127.1 (C-7, C-8), 142.8, 144.8 (C-3a, C-9b), 179.9 (R-
COzH).

Anal. Calc. for Cy7H2004: C, 70.81; H, 6.99. Found: C, 71.06; H, 7.07.

Synthesis of 1-Nitrohepta-4,6-diene (146)°°

To a solution of 1-iodohepta-4,6-diene (2.46 g, 11.1 mmol) in dry ether (15 mL)
was added solid AgNO; (2.18 g, 14.2 mmol) and the resulting suspension was stirred in
the dark at room temperature for three days. The silver salts were then removed by
filtration and evaporation of the solvent under reduced pressure gave a red oil, which was
purified by column chromatography (hexane) to give compound 146 as a slightly yellow

liquid (1.06 g, 7.51 mmol, 68% yield).

B T e NG N
" 5 NO 146

IR: 2932, 1553, 1435, 1382, 1007, 906 cm™".

'H NMR (300 MHz, CDCls) 8: 2.04-2.23 (m, 4H, H-2 and H-3), 4.39 (t, ] = 6.8 Hz, 2H,
H-1), 5.03 (d, J = 10.3 Hz, 1H, H-7) 5.15 (dd, J = 1.7, 17.0 Hz, 1H, H-7), 5.63 (dt, ] =
7.1, 15.0 Hz, 1H, H-4), 6.10 (dd, J = 10.3, 15.0 Hz, 1H, H-5), 6.30 (dt, J = 10.3, 17.0 Hz,

1H, H-6).
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13C NMR (75 MHz, CDCly) 8: 26.7, 28.9 (C-2, C-3), 74.7 (C-1), 116.3 (C-7), 131.4,
133.0, 136.5 (C-4, C-5, C-6).

Anal. Calc. for C;HINO3: C, 59.56; H, 7.85; N, 9.92. Found: C, 59.41; H, 7.77; N, 9.89.

Synthesis of 4-Methyl-8-(3-nitropropyl)-5,8-dihydronaphthalene-1,2-diol (148)

To a cooled (0°C) solution of benzoic acid 129 (828 mg, 4.93 mmol), diene 146
(3.50 g, 24.8 mmol) and BHT (one crystal, approx. 3 mg) in THF (40 mL) was added
solid PIFA (2.50g, 5.81 mmol) portionwise over a period of 2 minutes. After 30 minutes,
the reaction was removed from the ice bath and stirred another 3.5 hours at room
temperature. The reaction mixture was then concentrated under reduced pressure, diluted
with ether and washed with saturated solution of NaHCOj;. The aqueous layer was
extracted with ether and the combined organic layers were dried (Na;SOj,), filtered and
concentrated under reduced pressure. Distillation of the excess diene and iodobenzene
gave a red viscous oil, which was purified to a light yellow oil (1.12 g, 4.27 mmol, 86%

yield) by column chromatography (20% EtOAc in hexane).

148

IR: 3496, 2919, 1620, 1550, 1382, 1295, 1194, 735 cm™.
'H NMR (300 MHz, CDCl,) 8: 1.63-2.09 (m, 4H, R-(CH,),-CH;-NO), 2.12 (s, 3H, Ar-
CHs), 3.13 (m, 2H, H-5), 3.76 (m, 1H, H-8), 4.29 (t, ] = 6.9 Hz, 2H, R-CH>-NQO), 5.20

(s, br, 2H, Ar-OH), 5.85-5.91, 5.99-6.05 (m, 2H, H-6, H-7), 6.57 (s, 1H, H-3).
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13C NMR (75 MHz, CDCh) 8: 18.9 (Ar-CHas), 23.7, 27.5, 31.7 (C-5, R-(CH,),-CH»-
NO,), 33.5 (C-8), 75.9 (R-CH,-NO,), 115.0 (C-3), 124.9, 126.5, 127.0 (C-4, C-4a, C-8a),
125.6, 127.8 (C-6, C-7), 139.4, 140.2 (C-1, C-2).

HRMS (EI) m/z: Required for C,4H;7NOj4: 263.1157; Found: 263.1142.

Synthesis of 2-Methoxy-4-methyl-8-(3-nitropropyl)-5,8-dihydronaphthalen-1-ol
(149)

To a solution of catechol 148 (200 mg, 0.76 mmol) in CH,Cl; (20 mL) was added
oven dried K,COs (1.07 g, 7.74 mmol) and the resulting suspension was stirred for 30
min. The reaction mixture was cooled down (0°C), Me;OBF,4 (230 mg, 1.55 mmol) was
added and the flask was purged with N,. The reaction was allowed to warm up to room
temperature, and stirring was continued for 20 h. After quenching with dilute HCI (0.1
M), the layers were separated and the aqueous phase was extracted with CHyCl,. The
combined organic layers were dried (Na;SOs), filtered and concentrated under reduced
pressure. Column chromatography (20% EtOAc in hexane) gave phenol 149 as a light
yellow oil (215 mg, quantitative yield).

N
OH O,

MeO
SO
3

5

IR: 3504, 2939, 1618, 1551, 1489, 1381, 1301 cm’".
'H NMR (300 MHz, CDCly) 5: 1.62-2.15 (m, 4H, R-(CH,),-CH>-NO,), 2.18 (s, 3H, Ar-

CHs), 3.13 (m, 2H, H-5), 3.78 (m, 1H, H-8), 3.85 (s, 3H, Ar-OCHs) 4.27 (¢, J = 7.0 Hz,
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2H, R-CH,-NO3), 5.60 (s, 1H, Ar-OH), 5.85-5.91, 5.97-6.03 (m, 2H, H-6, H-7), 6.61 (s,
1H, H-3).

3C NMR (75 MHz, CDCl) &: 19.2 (Ar-CH3), 23.7, 27.4, 31.7 (C-5, R-(CH,),-CH,-
NO,), 33.5 (C-8), 56.0 (Ar-OCHj3), 75.9 (R-CH,-NO,), 110.6 (C-3), 123.8, 126.1, 126.2
(C-4, C-4a, C-8a), 125.4, 128.0 (C-6, C-7), 140.5 (C-1), 143.9 (C-2).

Anal. Calc. for CisH\9NO4: C, 64.97; H, 6.91; N, 5.05. Found: C, 65.12; H, 6.81; N, 4.96.

Synthesis of 8-Methoxy-6-methyl-1,2,4a,5,9b,9c-hexahydreobenzo[4,5]indeno[1,7-cd]
isoxazol-9-yl-N-phenylcarbamate (150)

Phenol 149 (215 mg, 0.78 mmol) was dissolved in benzene (15 mL), and to the
resulting solution were added NEt; (320 pL, 2.22 mmol) and phenyl isocyanate (350 uL,
3.11 mmol). The reaction mixture was protected from light and stirred at room
temperature for 24 hours, after which it was filtered and the benzene was removed under
reduced pressure to give a mixture that consisted mostly of product 150 and aniline. The
crude residue was treated with deoxygenated NaOH (1 g in 20 mL 1:1 water:methanol)
for 45 minutes. The resulting suspension was filtered and the filtrate was acidified with
HCI1 (1 M) and extracted with CH,Cl>. The combined organic layers were dried (MgSOj),
concentrated under reduced pressure and purified by column chromatography (30%
EtOAc in hexane) to give isooxazoline 152 as a white crystalline solid (68 mg, 0.26

mmol, 33% yield).
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'"H NMR (200 MHz, CDC}) 8: 1.55 (m, 1H, H-1), 2.25 (s, 4H, Ar-CHj3, overlapping H-
5), 2.38-2.72 (m, 3H, H-1, H-2), 3.10 (dd, J = 6.2, 14.5 Hz, 1H, H-5), 3.75 (s, 3H, Ar-
OCH3), 3.89 (m, 2H, H-9b, H-9c¢), 4.63 (m, 1H, H-4a), 6.67 (s, 1H, H-7), 6.95-7.60 (m,

6H, ArOCONHCHs, ArOCONHCHs).

Synthesis of 8-Methoxy-6-methyl-1,2,4a,5,9b,9c-hexahydrobenzo[4,S]indeno[1,7-cd]
isoxazol-9-ol (152)

Phenol 149 (1.16 g, 4.41 mmol) was dissolved in pyridine (2 mL) and Ac,O (10
mL), and the resulting solution was stirred at room temperature for 3 hours. The mixture
was concentrated under reduced pressure, diluted with CH,Cl,, washed with dilute HCI
(1:50) and the aqueous layer was extracted with CH,Cl,. The combined organic layers
were dried over Na;SOQy, filtered and concentrated to give crude acetate 151 as an orange
oil, which was used without further purification. Acetate 151 was then dissolved in
benzene (90 mL), and to the resulting solution were added NEt;3 (0.7 mL, 5.03 mmol) and
para-chlorophenyl isocyanate (2.50 g, 16.3 mmol). The reaction mixture was protected
from light and stirred at room temperature for 20 hours, after which more
para-chlorophenyl isocyanate (600 mg, 3.91 mmol) was added and the stirring continued
for 2 hours. The reaction mixture was filtered, the benzene removed under reduced

pressure and the residue treated with degassed NaOH (2 g in 50 mL 1:1 water:methanol)
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for 30 minutes. The resulting suspension was filtered and the filtrate was acidified with
HCI (1 M) and extracted with CH;Cl,. The combined organic layers were dried over
Na;S0Qq, concentrated and purified by column chromatography (30% EtOAc in hexane)

to give isooxazoline 152 as a white crystalline solid (969 mg, 3.74 mmol, 85%).

OAc

MeO NO,
X
3

5

"H NMR (300 MHz, CDCl;) 5: 1.63-2.10 (m, 4H, R-(CH,),-CHz-NO,), 2.22 (s, 3H, Ar-
CHs), 2.33 (s, 3H, H3CCO:R) 3.15 (m, 2H, H-5), 3.55 (m, 1H, H-8), 3.80 (s, 3H, Ar-
OCH3) 4.27 (t, J = 6.8 Hz, 2H, R-CH,-NO), 5.80-5.86, 6.00-6.05 (m, 2H, H-5, H-6),
6.72 (s, 1H, H-3).

13C NMR (75.5 MHz, CDCl3) 5: 19.7 (Ar-CHs), 20.6 (H3CCO,R) 23.3, 27.5, 32.4 (C-5,
R-(CH,);-CH,-NO;), 34.1 (C-8), 55.9 (Ar-OCH;), 75.7 (R-CHo-NO), 112.3 (C-3),
125.7, 127.3 (C-6, C-7), 126.1, 130.4, 133.9, 135.3 (C-1, C-4, C-4a, C-8a), 148.7 (C-2),

169.0 (H;CCOzR).

MeO 9
Qa N3 152
o

mp: 198-200°C (dec.).
IR: 3448, 2963, 1728, 1686, 1456, 1251, 1100, 1056 cm™.
'H NMR (300 MHz, CDCl) 8: 1.53 (m, 1H, H-1), 2.25 (s, 4H, Ar-CHs, overlapping H-

5), 2.57 (m, 1H, H-2), 2.70 (m, 2H, H-1, H-2), 3.11 (dd, J = 6.4, 14.7 Hz, 1H, H-5), 3.86
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(s, 3H, Ar-OCH3), 3.94 (m, 2H, H-9b, H-9¢), 4.66 (m, 1H, H-4a), 5.61 (s, 1H, Ar-OH),
6.60 (s, 1H, H-7).

3C NMR (75 MHz, CDCl;) 8: 19.5 (Ar-CH3), 26.7, 26.9 (C-1, C-2), 30.2 (C-9c), 37.9
(C-5), 53.3 (C-9b), 56.0 (Ar-OCH3), 81.3 (C-4a), 110.8 (C-7),124.5, 125.2, 126.7 (C-5a,
C-6, C-9a), 140.6 (C-9), 144.0 (C-8), 171.0 (C-2a).

Anal. Calc. for C;sH;7NOs: C, 69.48; H, 6.61; N, 5.40. Found: C, 69.38; H, 6.46; N, 5.34.

Synthesis of 4,9-Dihydroxy-8-methoxy-6-methyl-2,3,3a,4,5,9b-hexahydro-1H-benz|e]
inden-3-one (153)

To a solution of oxazoline 152 (889 mg, 3.43 mmol) in THF (35 mL), MeOH
(100 mL) and water (25 mL) were added H3;BO3 (940 mg, 15.2 mmol) and Pd/C (10%,
90 mg). The reaction flask was evacuated and refilled with H; 5 times, and stirring was
continued overnight. The reaction mixture was filtered through a plug of celite, the
organic solvents were removed under reduced pressure and the aqueous layer was
extracted with CH;Cl,. The combined organic phases were dried over Na;SOys, filtered
and the solvent was removed under reduced pressure to give hydroxyketone 153 as a

coloriess solid (891 mg, 3.40 mmol, 99% yield).
OH 1

MeO (0]
3a 153

mp: 136-137°C.

IR: 3449, 2940, 1731, 1612, 1488, 1306, 912, 731 cm™.
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'H NMR (200 MHz, CDCls) 8: 2.05-2.59 (m, 8H, H-1, H-2, H-5, overlapping Ar-CHs),
2.18 (s, Ar-CHs), 2.74 (dd, J = 4.9, 9.0 Hz, 1H, H-3a), 2.88 (dd, J =4.3, 16.2 Hz, 1H, H-
5), 3.27 (br s, R-OH), 3.87 (s, 4H, Ar-OCHs, overlapping H-9b), 4.19 (qn, J = 4.6 Hz,

1H, H-4), 5.79 (br s, Ar-OH), 6.64 (s, 1H, H-7).

13C NMR (75.5 MHz, CDCl) 5: 19.5 (Ar-CHs), 28.3 (C-1), 33.4 (C-5), 36.8 (C-9b),
38.6 (C-2), 50.9 (C-3a), 56.0 (Ar-OCHj3), 67.9 (C~4), 111.2 (C-7), 123.3, 125.4, 127.1 (C-
5a, C-6, C-9a), 141.4, 144.1 (C-8, C-9).

Anal. Calc. for CsH,304: C, 68.69; H, 6.92. Found: C, 68.53; H, 6.84.

Diels-Alder reaction between 2,4-pentadienol (91) and benzindanone 153

To a solution of benzindanone 153 (870 mg, 3.32 mmol), aicohol 91 (2.80 g, 33
mmol) and BHT (1 crystal) in THF (30 mL), was added solid NaHCO3; (670 mg, 7.98
mmol) and the resulting suspension was heated to 50°C. A solution of PIFA (1.70 g, 3.95
mmol) in THF (10 mL) was then added to the reaction mixture via a syringe pump over a
period of 4 h. Removal of the solvent, iodobenzene and excess 91 under vacuum,
followed by column chromatography (30% EtOAc in hexane) gave 12-methoxy-10-
methyl-16-vinyl-13-oxapentacyclo[10.4.1.0"°.0%°.0'*"*]heptadeca-6,9-diene-5,17-dione
(155) as a colorless solid (332 mg, 1.02 mmol, 31% yield) and a mixture of two
diastereomeric forms of 10-hydroxy-Sa-methoxy-11b-methyl-1,3a,4,5a,6,6b,7,8,9,9a,10,
11,11b,1 1c-tetradecahydrocyclopenta[ 7,8 ]phenanthro[10,1-bc]furan-6,9-dione (154) as a
light yellow oil (376 mg, 1.09 mmol, 33% yield). Both diastereomers were separated by

preparative HPLC (10% i-PrOH in hexane).
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o OMe
5

IR: 3476, 2946, 1736, 1682, 1457, 1253, 1038 cm™.

'"H NMR (300 MHz, CDCl) 8: 1.17 (s, 3H, R-CH>), 1.85 (dq, J = 2.9, 16.3 Hz, 1H, H-
1), 1.91-2.29 (m, 6H, H-1, H-7, H-8, H-11), 2.56-2.68 (m, 3H, H-8, H-9a, overlapping H-
11c), 2.65 (d, J = 10.4 Hz, H-11c¢), 3.06 (m, 1H, H-3a), 3.39 (t, ] = 8.1 Hz, 1H, H-4), 3.51
(s, 3H, R-OCH3), 3.60 (m, 1H, H-6b), 4.02 (m, 1H, H-10), 4.22 (t, J = 8.4 Hz, 1H, H-4),
5.63 (dt, J = 2.6, 9.7 Hz, 1H, H-3), 5.83 (m, 1H, H-2).

13C NMR (75 MHz, CDCl3) 8: 26.8 (C-7), 29.7 (R-CHs), 32.8 (C-8), 34.7 (C-1), 36.4
(C-11b), 36.9 (C-6b), 37.6 (C-11), 39.0 (C-3a), 50.3, 50.8, 51.5 (R-OCH;, C-9a, C-11c),
66.8 (C-10), 73.0 (C-4), 104.3 (C-5a), 126.6 (C-2), 128.4 (C-3), 134.4 (C-6a), 157.3 (C-
11a), 192.1 (C-6), 223.5 (C-9).

Anal. Calc. for C;0H240s5: C, 69.75; H, 7.02. Found (mixture of both diastereomers): C,

O
..\\/5
0 Ty

7 154b

69.94; H, 6.86.

IR: 3480, 2941, 1733, 1682, 1457, 1295, 1163, 1043 cm™.
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"H NMR (300 MHz, CDCl) 8: 1.13 (s, 3H, R-CHs), 1.70 (br d, J = 16.4 Hz, 1H, H-1),
1.79 (m, 1H, H-7), 2.01 (dm, J = 16.4 Hz, H-1), 1.98-2.33 (m, 6H, H-6b, H-7, H-8, H-11,
overlapping H-1), 2.48 (dd, J = 1.9, 8.7 Hz, 1H, H-11c), 2.62-2.75 (m, 2H, H-8, H-9a),
3.03 (m, 1H, H-3a), 3.19 (s, 3H, R-OCHa), 3.63 (m, 1H, H-10), 3.86 (d, J = 8.4 Hz, 1H,
H-4), 4.04 (dd, J = 6.6, 8.4 Hz, 1H, H-4), 5.69 (m, 2H, H-2, H-3).

3C NMR (75 MHz, CDCl;) 8: 23.3 (R-CH3), 26.6 (C-7), 33.1 (C-8), 36.3 (C-11b), 36.8,
37.0 (C-1, C-11), 36.9 (C-6b), 37.2 (C-3a), 49.4, 50.8 (R-OCH3, C-9a), 52.9 (C-l1c),
67.1 (C-10), 72.7 (C-4), 103.3 (C-5a), 124.3, 127.9 (C-2, C-3), 132.9 (C-6a), 159.7 (C-

11a), 190.4 (C-6), 223.6 (C-9).

14
\ 16
10120
8
Z 17 OMe 155
o O
4

mp: 178-179°C.

IR: 2949, 1731, 1714, 1459, 1218, 1025, 929 cm™.

'H NMR (500 MHz, CDCl;) 8: 1.91 (d, J = 1.8 Hz, 3H, R-CH3), 2.11 (m, 2H, H-3), 2.39
(br t, J = 3.2 Hz, 2H, H-15, overlapping H-4), 2.43 (ddd, J = 7.6, 10.3, 19.0 Hz, H-4),
2.59 (br d, J = 18.1 Hz, 1H, H-8), 2.64 (d, J = 10.0 Hz, 1H, H-16), 2.73 (ddd, J = 4.7,
10.0, 19.0 Hz, 1H, H-4), 2.99 (m, 1H, H-2), 3.10 (d, J = 4.4 Hz, 1H, H-11), 3.40 (dd, J =
7.0, 18.1 Hz, 1H, H-8), 3.48 (s, 3H, R-OCH3), 3.92 (d, ] = 8.2 Hz, 1H, H-14), 4.16 (dd, J
= 3.2, 8.2 Hz, 1H, H-14), 5.13 (dd, J = 1.4, 10.0 Hz, 2H, RCH=CH,, overlapping the
other RCH=CHs), 5.16 (dd, J = 1.4, 17.0 Hz, RCH=CH>), 5.54 (dt, J = 10.0, 17.0 Hz, 1H,

RCH=CHy), 6.56 (dt, J = 6.4, 6.8 Hz, 1H, H-7).
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13C NMR (75 MHz, CDCL;) 5: 18.3 (R-CH3), 19.2 (C-3), 27.6 (C-8),37.1 (C-2), 38.4 (C-
4), 43.7 (C-15), 47.1 (C-16), 49.9 (C-11), 51.4 (R-OCH;), 60.4 (C-1), 74.0 (C-14), 100.6
(C-12), 117.1 (RCH=CHy), 126.1 (C-7), 127.9, 130.7 (C-9, C-10), 138.1 (RCH=CH,),
142.3 (C-6), 197.1 (C-17), 205.9 (C-5).

Anal. Calc. for C30H2204: C, 73.60; H, 6.79. Found: C, 73.70; H, 6.75.

Synthesis of 10-Hydroxy-11b-methyl-1,3a,4,6,6b,7,8,9,92,10,11,11b-
dodecahydrocyclopenta{7,8]phenanthro[10,1-bc]furan-6,9-dione (157)

Pentacycle 154 (70 mg, 0.20 mmol) was dissolved in neat TFA (3 mL) and stirred
at room temperature for 15 min. The TFA was removed under reduced pressure and the
residue was dissolved in EtOAc (1 mL) and subsequently treated with solid NaHCO;
(100 mg), filtered and concentrated under reduced pressure. Purification by column
chromatography (65% EtOAc in hexane) gave dienone 157 (51 mg, 0.16 mmol, 80%
yield) as a light yellow solid. Both diastereomers were separated by preparative HPLC

(10% i-PrOH in hexane).

“.o

OH
U
U

o
5

157a
(o}

IR: 3468, 2930, 1738, 1634, 1458, 1201, 1154, 730 cm™.

'H NMR (300 MHz, CDCly) 8: 1.27 (s, 3H, R-CH3), 1.66 (br s, R-OH), 1.94-2.22 (m,

3H, H-1, H-7, H-11), 2.26-2.40 (m, 2H, H-8, H-11), 2.45-2.63 (m, 3H, H-1, H-7, H-9a),
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2.68 (brdd, J=4.0,17.6 Hz, 1H, H-8), 3.61 (brdd, J = 7.2, 15.8 Hz, 1H, H-6b), 3.94 (m,
1H, H-3a), 4.03 (dd, J = 8.0, 10.7 Hz, 1H, H-4), 4.31 (m, 1H, H-10), 4.86 (dd, } = 8.0, 9.6
Hz, 1H, H-4), 5.70 (dm, J =9.7 Hz, 1H, H-3), 5.77 (dt, ] =2.0, 9.7 Hz, 1H, H-2).

3C NMR (75 MHz, CDCl3) &: 21.1 (R-CHs), 28.0 (C-7), 32.4 (C-8), 35.7 (C-6b), 38.7
(C-11b), 38.8 (C-11), 40.0 (C-1), 40.8 (C-3a), 50.0 (C-9a), 66.2 (C-10), 76.2 (C-4),
125.8, 126.6 (C-2, C-3), 133.1 (C-11c), 139.0 (C-5a), 146.9 (C-6a), 156.4 (C-11a), 176.8
(C-6), 223.3 (C-9).

HRMS (EI) m/z: Required for C9gH3004: 312.1361; Found: 312.1341.

Anal. Calc. for CoH004: C, 73.06; H, 6.45. Found (mixture of both diastereomers): C,

72.89; H, 6.53.

O

OH
St
G,
157b
o

IR: 3462, 2925, 1734, 1634, 1459, 1201, 1156, 731 cm™.

'H NMR (300 MHz, CDCl3) &: 1.25 (s, 3H, R-CH3), 1.63 (br s, R-OH), 2.00-2.23 (m,
3H, H-1, H-7, H-11), 2.27-2.39 (m, 3H, H-8, H-9a, H-11), 2.54 (dd, ] = 4.3, 16.7 Hz, 1H,
H-1), 2.63 (dd, ] = 4.4, 7.6 Hz, 1H, H-8), 2.77 (dd, J = 5.3, 8.6 Hz, 1H, H-7), 3.77 (m,
1H, H-10), 3.90-4.04 (m, 2H, H-3a, H-6b), 4.09 (dd, J = 8.7, 9.7 Hz, 1H, H-4), 4.85 (dd, J
=9.7, 10.3 Hz, 1H, H-4), 5.73 (m, 2H, H-2, H-3).

3C NMR (75 MHz, CDCl) 5: 21.2 (R-CH3), 27.4 (C-7), 29.7 (C-11b), 32.0 (C-8), 36.8

(C-6b), 38.1 (C-11), 40.2, 40.9 (C-1, C-3a), 50.5 (C-9a), 67.2 (C-10), 76.3 (C-4), 125.6,
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127.2 (C-2, C-3), 133.0 (C-11¢), 139.4 (C-5a), 147.2 (C-6a), 157.8 (C-11a), 176.4 (C-6),
224.8 (C-9).

HRMS (EI) m/z: Required for C19H2004: 312.1361; Found: 312.1356.

Synthesis of 10-Trifluoroacetoxy-11b-methyl-1,3a,4,6,6b,7,8,9,9a,10,11,11b-
dodecahydrocyclopenta[7,8]phenanthro[10,1-bc]furan-6,9-dione (158)

To a solution of dienone 157 (50 mg, 0.16 mmol) in TFAA (1 mL) was added
NEt; (1 mL) and the resulting solution was stirred at room temperature overnight. The
reaction mixture was partitioned between dilute HCl (0.1 M) and CH,Cl,, and the
aqueous phase was further extracted with CH,;Cl,. The combined organic layers were
dried MgSQ,), filtered and concentrated under vacuum. Flash chromatography (20%
EtOAc in hexane) gave trifluoroacetate 158 (61 mg, 0.15 mmol, 94% yield) as a light
yellow oil. Both diastereomers were separated by preparative HPLC (10% i-PrOH in
hexane).

O

F3C O 0
] 0. 158a
(el
3 AN 0O
(@)
5

IR: 2926, 1789, 1712, 1591, 1220, 1156 cm™.
"H NMR (300 MHz, CDCls) 3: 1.26 (s, 3H, R-CH3), 1.70 (m, 1H, H-7), 1.88 (br d, J =
16.7 Hz, 1H, H-1), 2.33-2.47 (m, 3H, H-1, H-7, H-8), 2.64 (dd, ] = 3.3, 9.4 Hz, 1H, H-

9a), 2.72-2.87 (m, 2H, H-11), 2.95 (m, 1H, H-8), 3.52 (m, 1H, H-6b), 3.97 (m, 1H, H-3a),
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4.09 (t, J = 9.4 Hz, 1H, H-4), 4.89 (dd, J = 8.6, 10.1 Hz, 1H, H-4), 5.67-5.80 (m, 3H, H-2,
H-3, H-10).

'3C NMR (75 MHz, CDCl;) 8: 23.7 (R-CHs), 28.4 (C-7), 29.0 (C-11b), 29.6 (C-8), 34.0
(C-6b), 38.8, 40.2, 41.0 (C-1, C-3a, C-11), 47.2 (C-9a), 72.5 (C-10), 76.4 (C-4), 125.5,
127.0 (C-2, C-3), 129.9 (q, J = 130 Hz, R-OCOCF3), 133.4 (C-11c), 140.0 (C-5a), 147.0
(C-6a), 153.2 (C-11a), 167.7 (R-OCOCF?3), 176.8 (C-6), 217.4 (C-9).

>F NMR (280 MHz, CDCL) §: -75.67 (R-OCOCF3).

HRMS (EI) m/z: Required for C,1H;oF30s: 408.1184; Found: 408.1166.

0

o

158b
7

IR: 2927, 1734, 1690, 1645, 1458, 1200, 1128 cm™.

"H NMR (300 MHz, CDCl;) 5: 1.26 (s, 3H, R-CHs), 1.64-1.81 (m, 2H, H-7), 2.03 (br d,
J=16.8 Hz, 1H, H-1), 2.34 (m, 1H, H-8), 2.46 (dd, ] = 4.4, 16.8 Hz, 1H, H-1), 2.56 (br d,
J=18.4 Hz, 1H, H-11), 2.69 (dd, J = 3.4, 9.4 Hz, 1H, H-9a), 2.86 (m, 1H, H-8), 2.98 (d, J
= 3.8, 18.4 Hz, 1H, H-11), 3.58 (m, 1H, H-6b), 3.98 (m, 1H, H-3a), 4.06 (dd, J = 8.2,
10.6 Hz, 1H, H-4), 4.89 (t, ] = 9.1 Hz, 1H, H-4), 5.68 (m, 1H, H-10), 5.72 (dm, J = 9.8
Hz, 1H, H-2), 5.79 (br d, J = 9.8 Hz, 1H, H-3).

3C NMR (75 MHz, CDCl;) 8: 21.5 (R-CHs), 28.5 (C-7), 29.0 (C-11b), 29.8 (C-8), 34.3

(C-6b), 38.7, 38.8, 40.8 (C-1, C-3a, C-11), 47.3 (C-9a), 72.7 (C-10), 76.5 (C-4), 125.5,

141



126.9 (C-2, C-3), 129.9 (q, J = 130 Hz, R-OCOCF?3), 133.9 (C-11c), 139.5 (C-5a), 147.1
(C-6a), 152.5 (C-11a), 167.8 (R-OCOCF3), 176.2 (C-6), 216.9 (C-9).

F NMR (280 MHz, CDCl3) 5: -75.71 (R-OCOCEF3).

Synthesis of 11b-Methyl-1,6,7,8,9,11b-hexahydrocyclopenta(7,8]phenanthro{10,1-5c]
furan-6,9-dione (159)

A solution of pentacycle 126 (40 mg, 0.14 mmol) and p-chloranil (40 mg, 0.16
mmol) in xylenes (15 mL) was refluxed for 36 hours, after which the solvent was
removed under reduced pressure and the residue was purified by flash chromatography
(20% EtOAc in hexane) to give furan 159 (24 mg, 83 umol, 60% yield) as a light brown

oil.

O

IR: 2925, 1706, 1670, 1638, 1589, 1081 cm™.

159

"H NMR (300 MHz, CDCl;) 8: 1.51 (s, 3H, R-CH3), 2.56 (br d, J = 16.6 Hz, 1H, H-1),
2.75 (t, Y = 5.8 Hz, 2H, H-7), 2.97 (dd, J = 6.2, 16.6 Hz, H-1), 3.72 (dt, J = 5.8, 19.7 Hz,
1H, H-8), 3.86 (dt, J] = 5.8, 19.7 Hz, 1H, H-8), 6.07 (m, 1H, H-2), 6.30 (dd, J = 2.9, 9.7
Hz, 1H, H-3), 7.56 (s, 2H, H-4, overlapping H-11), 7.96 (d, J = 8.0 Hz, 1H, H-10).

'3C NMR (75 MHz, CDCl;) 5: 28.4 (C-7), 31.5 (R-CH3), 35.0 (C-1), 36.3 (C-11b), 36.5

(C-8), 117.9 (C-3), 120.8 (C-3a), 125.2 (C-2), 127.1 (C-11), 128.2 (C-10), 131.0, 137.2
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(C-6a, C-11c), 141.5 (C-4), 143.0, 144.3 (C-5a, C-9a), 157.5, 158.5 (C-6b, C-11a), 173.6
(C-6), 206.7 (C-9).

HRMS (EI) m/z: Required for C;9H1403: 290.0943; Found: 290.0915.

Synthesis of 9-Hydroxy-8-methoxy-6-methyl-2,3,5,9b-tetrahydro-1H-benz[e]inden-
3-one (162)

Compound 162 was initially isolated as one of the products from the treatment of
compound 161 (or 164) with KH. In order to verify the identity of compound 162 and
fully characterize it, 162 was alsc prepared according to the procedure described below.

To a solution of hydroxyketone 153 (32 mg, 0.12 mmol) in benzene (5 mL) was
added p-TsOH (150 mg, 0.87 mmol) and the resulting suspension was sealed under
vacuum in a Young’s tube. After stirring at room temperature for 3 days, the reaction
mixture was washed with a saturated solution of Na,COs; and the aqueous phase was
extracted with Et,0. The combined organic phases were dried (MgSOy), filtered and the
solvent was removed under reduced pressure to give benzindanone 162 (27 mg, 0.11

mmol, 91% yield) as a dark orange oil, which was not further purified.

OH 1
MeO @ O
SO/ANRE
7 4

IR: 3428, 2938, 1721, 1670, 1488, 1300, 1117 cm™".
'H NMR (300 MHz, CDCl) &: 1.66 (m, 1H, H-1), 2.22 (s, 3H, Ar-CH3), 2.42 (m, 2H,

H-2), 3.26 (m, 2H, H-1 overlapping H-5), 3.31 (ddd, J = 2.3, 8.8, 22.8 Hz, H-5), 3.52 (dt,
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J=5.3,22.8 Hz, 1H, H-5), 3.82 (m, 1H, H-9b), 3.88 (s, 3H, Ar-OCH3), 5.72 (s, 1H, Ar-
OH), 6.66 (s,1H, H-7), 6.84 (m, 1H, H-4).

3C NMR (75 MHz, CDCL) 5: 19.8 (Ar-CH;), 28.81, 28.82 (C-1, C-5), 38.0 (C-2), 38.6
(C-9b), 56.1 (Ar-OCHs), 111.1 (C-7), 122.9, 124.0, 126.4 (C-5a, C-6, C-9a), 127.4 (C-4),
139.4, 142.3, 144.5 (C-3a, C-8, C-9), 205.9 (C-3).

HRMS (EI) m/z: Required for CsHs03: 244.1099; Found: 244.1096.

Synthesis of 9-Hydroxy-8-methoxy-6-methyl-2,3-dihydro-1H-benzfe]inden-3-one
(163)

Compound 163 was initially isolated as one of the products from the treatment of
compound 161 (or 164) with KH, and also from subjecting 153 to Mitsunobu conditions.
In order to verify the identity of compound 163 and fully characterize it, 163 was also
prepared according to the procedure described below.

To a solution of hydroxyketone 153 (50 mg, 0.19 mmol) in toluene (10 mL) was
added p-TsOH (150 mg, 0.87 mmol) and the resulting suspension was heated in a steam
bath for 8 hours. The reaction mixture was partitioned between Et,O and a saturated
solution of Na,COs3; and the aqueous phase was extracted with Et;O. The combined
organic phases were dried (MgSQ,), filtered and concentrated under reduced pressure.
The residue was purified by column chromatography (30% Et;O in hexane) to give

benzindanone 163 (21 mg, 87 umol, 46% yield) as a yellow solid.

OH 2
MeO . O
CEY -
7

5
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mp: 168-172°C.

IR: 3176, 2925, 1674, 1586, 1464, 1336 cm™.

'H NMR (300 MHz, CDCl;) 3: 2.66 (s, 3H, Ar-CHs), 2.77 (m, 2H, H-1), 3.81 (m, 2H,
H-2), 4.02 (s, 3H, Ar-OCH}), 6.12 (s, 1H, Ar-OH), 7.23 (s, 1H, H-7), 7.61 (d, ] = 8.8 Hz,
1H, H-5), ), 7.82 (d, ] = 8.8 Hz, 1H, H-4).

3C NMR (75 MHz, CDCl;) 8:-19.9 (Ar-CH3), 28.7 (C-1), 36.3 (C-2), 57.0 (Ar-OCH3),
116.4, 117.5, 124.3, (C-4, C-5, C-7), 121.4, 126.7, 131.1, 134.5 (C-3a, C-5a, C-6, C-9a),
141.4, 142.2, 156.5 (C-8, C-9, C-9b), 207.6 (C-3).

HRMS (EI) m/z: Required for C;sH1403: 242.0943; Found: 242.0934.

Synthesis of 4-Bromo-5-methyl-1,2-benzenediol (167)'*

To a cooled (0°C) solution of 4-methylcatechol (5.00 g, 40.3 mmol) in CH,Ch
(100 mL) was added bromine (7.00 g, 43.8 mmol) dropwise, and the resulting solution
was allowed to warm up to room temperature while stirring overnight. The reaction
mixture was washed with Na;CO3 and Na,S,;0; solutions, dried (MgSO,) and filtered.
Removal of the solvent under reduced pressure gave catechol 167 as a gray solid (7.33 g,
36.1 mmol, 90% yield) which was used without further purification.

OH

HO s
167

6 Br

'H NMR (300 MHz, CDCl) 8: 2.26 (s, 3H, Ar-CHs), 5.25 (br s, Ar-OH), 6.76 (s, 1H,

H-3), 7.05 (s, 1H, H-6).
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Synthesis of S-bromo-2,2,6-trimethyl-1,3-benzodioxole (168)

A solution of catechol 167 (2.03g, 10.0 mmol) and a catalytic amount of p-TsOH
in 2,2-dimethoxypropane (30 mL) was refluxed overnight, after which the reaction
mixture was concentrated under reduced pressure, dried under high vacuum and purified
by kugelrohr distillation to give acetonide 168 (1.47 g, 6.05 mmol, 61% yield) as a light

yellow liquid.

4 168
Br

IR: 2990, 1674, 1491, 1377, 1236, 857 cm™".

'"H NMR (300 MHz, CDCl) 8: 1.66 (s, 6H, R-CH3), 2.29 (s, 3H, Ar-CH3), 6.27 (s, 1H,
H-4), 6.90 (s, 1H, H-7).

3C NMR (75 MHz, CDCl;) 8: 22.7 (Ar-CH3), 25.7 (R-CH3), 110.3, 112.1 (C-4, C-7),
113.9 (C-2), 118.7 (C-5), 129.8 (C-6), 146.3, 146.9 (C-3a, C-7a).

HRMS (EI) m/z: Required for C,oHBrO,: 241.9922; Found: 241.9933.

Synthesis of 9-Hydroxy-8-methoxy-6-methyl-4-(triisopropylsiloxy)-2,3,3a,4,5, 9b-
hexahydro-1H-benz|e]inden-3-one (173)

To a solution of hydroxyketone 153 (1.05 g, 4.01 mmol) and 2,6-lutidine (1.08 g,
10.1 mmol) in CH,Cl; (20 mL) was added TIPSOTf (1.47 g, 4.80 mmol) and the
resulting solution was stirred at room temperature for 2 days. The reaction mixture was

diluted with CH,Cl,, washed with dilute HCI (0.1 M) and the organic phase was dried
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(MgSO,), filtered and concentrated under reduced pressure. Purification by flash
chromatography gave silyl ether 173 (1.22 g, 2.93 mmol, 73% yield) as a colorless thick
oil and disilylated product 174 (392 mg, 0.68 mmol, 17% yield) as a colorless solid.

OH 1

MeO @)
173

7 OSiPr;

IR: 3449, 2946, 1736, 1490, 1308, 1059 cm™.

'H NMR (300 MHz, CDCl;) 5: 0.85-1.03 (m, 21H, R-CH(CHs),), 2.10 (m, 1H, H-1),
2.17 (s, 3H, Ar-CHjs), 2.30-2.41 (m, 3H, H-1, H-2), 2.56 (br dd, J = 3.0, 16.8 Hz, 1H, H-
5), 2.88 (m, 2H, H-3a, overlapping H-5), 2.93 (dd, J = 3.1, 16.8 Hz, H-5), 3.56 (m, 1H,
H-9b), 3.87 (s, 3H, Ar-OCHs), 4.76, 4.85 (m, 1H, H-4), 5.62 (s, 1H, Ar-OH), 6.61 (s, 1H,
H-7).

3C NMR (75 MHz, CDCl) §: 12.8 (R-CHMe,), 17.9, 18.1 (R-CH(CHs),), 19.6 (Ar-
CH3), 28.6 (C-1), 34.6 (C-5), 35.5 (C-9b), 39.4 (C-2), 50.9 (C-3a), 56.0 (Ar-OCH3), 67.9
(C-4), 110.6 (C-7), 123.7, 126.9, 128.6 (C-5a, C-6, C-9a), 141.5, 143.9 (C-8, C-9).

HRMS (EI) m/z: Required for C24H3804S1: 418.2539; Found: 418.2541.

OH z
MeO 0 OSiPr;
CF T
7 5 OSiPrs

mp: 71-73°C.

IR: 3553, 2944, 2866, 1649, 1465, 1198 cm”'.
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'H NMR (300 MHz, CDCl;) 5: 0.85-1.32 (m, 42H, R-CH(CHs),), 2.18 (s, 3H, Ar-CHy),
2.28 (m, 1, H-1), 2.44 (m, 2H, H-1, overlapping H-5), 2.50 (br 4, J = 18.5 Hz, 1H, H-5),
2.90-3.03 (m, 2H, H-3a, H-5), 3.53 (m, 1H, H-9b), 3.85 (s, 3H, Ar-OCH3), 4.49, 4.59 (m,
1H, H-4), 4.79 (br s, 1H, H-2), 5.51 (s, 1H, Ar-OH), 6.55 (s, 1H, H-7).

BC NMR (75 MHz, CDCLy) 8: 12.4, 12.9 (R-CHMe;), 17.92, 17.97, 18.04, 18.20 (R-
CH(CHz)2), 19.8 (Ar-CHj3), 34.8 (C-1), 35.98 (C-5), 36.04 (C-9b), 50.1 (C-3a), 56.0 (Ar-
OCH;), 66.4, 66.6 (C-4), 105.2, 1054 (C-2), 110.1 (C-7), 125.3, 125.9, 126.5 (C-5a, C-6,
C-9a), 141.7, 143.7 (C-8, C-9), 153.6 (C-3).

HRMS (EI) m/z: Required for C33HsgO4Si,: 574.3873; Found: 574.3874.

Synthesis of 3,4-Epoxy-8a-methoxy-5a-methyl-2a,3,4,5,5a,8,8a,8b-octahydro-2H-
naphtho{1,8-bc}furan-8-one (176)

A solution of naphthofuranone 76* (650 mg, 2.95 mmol) and m-CPBA (1.3 g,
57-86%) in CHCIl3 was stirred under reflux for 24 hours. The reaction mixture was then
washed with saturated solutions of Na;S;03; and NayCOs, and the combined aqueous
phases were extracted with CH,Cl,. The combined organic phases were dried (Na;SOj),
filtered and the solvent was removed under reduced pressure to give a 6:1 mixture of the
B and a epoxides as a yellow oil (680 mg, 2.88 mmol, 98% yield). Separation of the

epoxides was done by column chromatography (20% Et;0 in hexane).

. 7
\\M
0’~~ N a-176

»—Q OMe

IR: 2960, 1727, 1689, 1456, 1250, 1100, 1055 cm™'.
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"H NMR (200 MHz, CDCls) 8: 1.19 (s, 3H, R-CH:), 1.87 (d, J = 15.2 Hz, 1H, H-5), 2.12
(dd, T = 3.7, 15.2 Hz, 1H, H-5), 2.40 (d, J = 10.3 Hz, 1H, H-8b), 2.88 (ddt, J = 2.1, 7.0,
10.3 Hz, 1H, H-2a), 3.08 (dd, J = 2.1, 4.4 Hz, 1H, H-3), 3.25 (t, ] = 4.3 Hz, 1H, H-4),
3.37 (s, 3H, R-OCHs), 3.81 (dd, J = 6.7, 8.9 Hz, 1H, H-2), 4.22 (dd, J = 7.3, 8.9 Hz, 1H,
H-2),5.92 (d, ] = 10.2 Hz, 1H, H-7), 6.54 (d, J = 10.2 Hz, 1H, H-6).

'3C NMR (75 MHz, CDCl3) 5: 32.1 (R-CH3), 33.3 (C-5a), 35.3, 36.9 (C-2a, C-5), 48.7,
50.4, 50.7, 50.8 (R-OCHs, C-3, C-4, C-8b), 69.4 (C-2), 103.1 (C-8a), 123.8 (C-7), 159.4
(C-6), 191.1 (C-8).

Anal Calc. for C;3H;404:C, 66.09; H, 6.83. Found: C, 65.84; H, 6.72.

5
7
© ‘O p-176
(@)
»—0 OMe

IR: 2958, 2835, 1729, 1692, 1448, 1049 cm™.

'"H NMR (300 MHz, CDCls) 5: 1.27 (s, 3H, R-CHs), 2.50 (m, 2H, H-5), 2.39 (d, J = 9.4
Hz, 1H, H-8b), 2.85 (m, 1H, H-2a), 2.91 (m, 1H, H-3), 3.09 (g, J = 3.5 Hz, 1H, H-4), 3.19
(s, 3H, R-OCH3), 3.84 (dd, J = 3.0, 9.2 Hz, 1H, H-2), 4.07 (t, J = 8.7 Hz, 1H, H-2), 5.90
(d, Y=10.2 Hz, 1H, H-7), 6.52 (d, J = 10.2 Hz, 1H, H-6).

13C NMR (75 MHz, CDCl;) 3: 30.4 (R-CH3), 34.5 (C-5a), 36.6, 37.2 (C-2a, C-5), 50.8,
51.0, 51.6, 52.6 (R-OCHj3, C-3, C-4, C-8b), 69.6 (C-2), 102.5 (C-8a), 125.9 (C-7), 158.7
(C-6), 190.7 (C-8).

Anal Calc. for C,3H,604: C, 66.09; H, 6.83. Found: C, 65.86; H, 6.67.
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Synthesis of 2,3-Epoxy-5a,8,11-trimethoxy-12b-methyl-2,3,3a,4,5a,6,12b,12¢-
octahydro-1H-benzo[6,7]phenanthro([10,1-bc]furan-6-one (178)

Sodium metal (380 mg) was added to methanol (30 mL) and the resulting mixture
was stirred until gas evolution had ceased and no more solids were visible, at which time
it was added to a solution of bridged adduct 179 (390 mg, 0.94 mmol) in methanol (130
mL). After overnight reflux, the solvent was removed under reduced pressure, and the
remaining solids partitioned between HCl (1 M) and CH,Cl,. The aqueous layer was
extracted with CH,Cl, and the combined organic layers were dried (Na;SO,), filtered and
concentrated to give, after column chromatography (30% EtOAc in hexane), epoxide 180

as a greenish-yellow solid (351 mg, 0.89 mmol, 94%).

178

mp: 208-210°C.

IR: 2937, 1705, 1469, 1269, 1088, 1049, 734 cm™.

'H NMR (200 MHz, CDCl;) 8: 1.76 (s, R-CH3; partially overlapping H-1), 1.80 (dd, J =
2.0, 16.0 Hz, H-1), 1.99 (br d, J = 16.0 Hz, 1H, H-1), 2.63 (d, J = 8.4 Hz, 1H, H-12¢),
3.08 (d, ] =4.2 Hz, 1H, H-3), 3.18 (s, R-OCHj3; overlapping H-3a, H-2), 3.93 (s, 3H, Ar-
OCH3), 3.96 (s, 3H, Ar-OCH5), 4.02 (dd, J = 1.3, 9.1 Hz, 1H, H-4),4.18 (dd, J = 5.8, 9.1
Hz, 1H, H-4), 6.69, 6.80 (d, J = 8.4 Hz, 1H, H-9, H-10), 8.18 (s, 1H, H-12), 8.68 (s, 1H,

H-7).
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3C NMR (75 MHz, CDCls) 5: 27.4 (R-CH3), 34.8 (C-12b), 36.8 (C-3a), 38.0 (C-1),
50.0, 52.4, 52.7, 53.3 (R-OCH;, C-2, C-3, C-12¢), 55.6, 55.7 (Ar- OCH3), 70.6 (C-4),
103.8, 106.3 (C-9, C-10), 104.5 (C-5a), 117.9, 123.2 (C-7, C-12), 124.6, 128.3, 1312,
145.9 (C-6a, C-7a, C-11a, C-12a), 149.1, 150.5 (C-8, C-11), 192.9 (C-6).

Anal. Calc. for C23H2406: C, 69.68; H, 6.10; Found C, 69.56; H, 6.04.

Synthesis of 2,3,7,12-Diepoxy-5a,8,11-trimethoxy-12b-methyl-2,3,3a,4,5a,6,6a,7,12,
12a,12b,12¢c-dodecahydro-1H-benzo[6,7]phenanthro[10,1-bc]furan-6-one (179)

A solution of crude epoxide 176 (425 mg, 1.80 mmol) and isobenzofuran 78 (320
mg, 1.80 mmol) in toluene (15 mL) was refluxed for 12 hours, after which the solvent
was removed under reduced pressure and the crude material purified by column
chromatography (30% EtOAc in hexane) to give 179 as a white crystalline solid (468 mg,

1.13 mmol, 63% yield).

mp: 128-132°C.

IR: 2944, 1739, 1501, 1463, 1261, 1078, 735 cm™.

'"H NMR (300 MHz, CsDs, 340 K) 5: 0.94 (s, 3H, R-CHs), 1.19 (dd, J = 2.2, 15.5 Hz,
1H, H-1), 1.97 (dd, J = 5.9, 15.5 Hz, 1H, H-1), 2.20 (d, J = 9.6 Hz, 1H, H-12a), 2.22 (d,J
= 9.8 Hz, 1H, H-12c), 2.31 (d, ] = 3.9 Hz, 1H, H-3), 2.67 (g, ] = 9.1 Hz, 1H, H-3a), 2.89

(d, J =9.6 Hz, 1H, H-6a), 3.12 (t, J = 8.7 Hz, 1H, H-4), 3.38, 3.40, 3.46 (s, R-OCH3, Ar-
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OCHj; overlapping H-2), 3.76 (t, J = 8.9 Hz, 1H, H-4), 5.43 (s, 1H, H-12), 6.31 (s, 1H,
H-7), 6.43 (s, 2H, H-9, H-10).

Anal. Calc. for C3H2607: C, 66.65; H, 6.32; Found C, 66.56; H, 6.04.

Synthesis of 2,3-a-Epoxy-5a,8,11-trimethoxy-12b-methyl-2,3,3a,4,52a,6,12b,12c¢-
octahydro-1H-benzo[6,7]phenanthro[10,1-bc]furan-6-one (181)

To a solution of Me3Al (2 M in hexane, 10 mL, 20.0 mmol) in CH;Cl; (10 mL)
was added pyrrolidine (1.46 g, 20.5 mmol) and the resulting solution was stirred for 30
min., after which a solution of epoxide 178 (205 mg, 0.52 mmol) in CH;Cl; (10 mL) was
also added. The reaction mixture was stirred at room temperature for 36 h and quenched
with saturated NH4Cl solution. The aqueous layer was extracted with CH,Cl; and the
combined organic phases were dried (MgSOQOy), filtered and concentrated under reduced
pressure. Flash chromatography (30% EtOAc in hexane) gave starting material 178 (170
mg, 0.43 mmol, 83% yield) and inverted epoxide 181 (19 mg, 0.05 mmol, 9% yield).
These results are not typical, and could only be reproduced when reagent from one

particular old bottle of trimethylaluminum was used. For more information see Chapter 4.

181

mp: 88°C (dec. without melting).

IR: 2958, 1702, 1628, 1596, 1467, 1333, 1268 cm™'.
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"H NMR (250 MHz, CDCl) 3: 1.54 (s, 3H, R-CH3), 1.94 (m, 2H, H-1),2.63 (d, ] =9.4
Hz, 1H, H-12¢), 3.02 (m, 1H, H-3a), 3.27 (s, 4H, R-OCH3, overlapping H-2), 3.94, 3.97
(s, 7TH, Ar-OCH3;, overlapping H-3), 4.13 (dd, J = 3.3, 8.5 Hz, 1H, H-4), 4.22 (dd, ] = 6.9,
1H, 8.5 Hz, H-4), 6.69, 6.80 (d, 2H, J = 8.4 Hz, H-9, H-10), 8.17 (s, 1H, H-12), 8.72 (s,
1H, H-7).

3C NMR (63 MHz, CDCl;) 5: 28.9 (R-CH3), 34.6 (C-12b), 35.6 (C-12c), 37.7 (C-1),
50.4, 50.7, 52.8, 55.6, 55.7, 55.8 (R-OCH3, Ar-OCHj;, C-2, C-3, C-3a), 70.6 (C-4), 103.7,
106.1 (C-9, C-10), 104.8 (C-5a), 117.4, 123.3 (C-7, C-12), 124.7, 128.3, 131.2 (C-6a, C-
7a, C-11a), 144.7, 149.0, 150.6 (C-8, C-11, C-12a), 192.3 {C-6).

Anal. Calc. for Cy3H,406: C, 69.68; H, 6.10. Found: C, 69.68; H, 5.94.

Synthesis of 2,3-Epoxy-8,11-dimethoxy-12b-methyl-2,3,3a,4,6,12b-hexahydro-1H-
benzo[6,7]phenanthro[10,1-bcjfuran-6-one (183)

To a cooled (0°C) solution of epoxide 178 (100 mg, 0.25 mmol) in CH>Cl; (10
mL) was added TFA (1 mL) and the resulting solution was stirred for 2 h. After
quenching with saturated aqueous Na,COj, the phases were separated and the aqueous
layer was extracted with CH,Cl,. The combined organic phases were dried (Na;SOy),
filtered and concentrated under reduced pressure to a light brown oil. Column
chromatography (35% EtOAc in hexane) gave demethoxylated epoxide 183 as a bright

yellow solid (88 mg, 0.24 mmol, 96% yield).
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OMe 1
T e
o
5

7
OMe 0

mp: 154°C (dec. without melting).

IR: 2937, 1668, 1466, 1398, 1268, 1091, 1063, 726 cm™".

'H NMR (300 MHz, CDCls) 8: 1.69 (s, 3H, R-CHs), 1.87 (dd, J = 2.1, 15.3 Hz, 1H, H-
1), 2.98 (dd, J = 1.6, 15.3 Hz, 1H, H-1), 2.63 (d, J = 8.4 Hz, 1H, H-12c), 3.21 (d, J = 3.5
Hz, 1H, H-3), 3.33 (m, 1H, H-2), 3.90 (t, J = 11.2 Hz, 1H, H-3a) 3.95 (s, 3H, Ar-OCHj),
3.98 (s, 3H, Ar-OCH3), 4.32 (dd, J = 9.5, 11.0 Hz, 1H, H-4), 498 (dd, J=9.5, 11.3 Hz,
1H, H-4), 6.68, 6.79 (d, ] = 8.4 Hz, 1H, H-9, H-10), 8.32 (s, 1H, H-12),9.17 (s, 1H, H-7).
13C NMR (75 MHz, CDCly) 8: 27.6 (R-CH3), 36.5 (C-12b), 39.2 (C-1), 40.6 (C-3a),
54.4 55.6, 55.7, 55.8 (Ar- OCH3;, C-2, C-3), 72.9 (C-4), 103.2, 105.8 (C-9, C-10), 119.5,
122.9 (C-7, C-12), 124.7, 127.8, 128.8, 137.3 (C-6a, C-7a, C-11a, C-12a), 146.4, 147.5,
148.6 (C-8, C-11, C-12¢), 150.6 (C-5a), 176.1 (C-6).

HRMS (EI) m/z: Required for C22H200s5: 364.1310; Found: 364.1295

General procedure for the synthesis of 8,11-Dimethoxy-12b-methyl-2-trialkylsiloxy-
2,4,6,12b-tetrahydro-1H-benzo[6,7]phenanthro[10,1-bc]furan-6-ones (184)

To a solution of epoxide 183 (130 mg, 0.36 mmol) in benzene (8 mL) and CH,Cl,
(2 mL) were added DBU (0.3 mL) and TMSOTSf (150 pL). The resulting solution was
stirred for 24 h at room temperature, after which it was diluted with CH,Cl;, washed with

dilute HCI (O.i M), dried (MgSQ,), filtered and concentrated under reduced pressure to
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give crude silyl ether 184a as a yellow oil. The same procedure was followed in the
synthesis of 184b, and all attempts to purify these compounds by flash chromatography

led only to desilylation and subsequent dehydration to give pentacycle 82.

184a

'"H NMR (250 MHz, CDCl) 8: 0.23 (s, 9H, R-Si(CHs)s), 1.68 (s, 3H, R-CHs), 1.88 (dd,
J=4.7,14.0 Hz, 1H, H-1), 2.67 (br d, J = 14.0 Hz, 1H, H-1), 3.96, 3.99 (s, 3H each, Ar-
OCHs), 4.66 (m, 1H, H-2), 5.15 (m, 2H, H-4), 5.76 (m, 1H, H-3), 6.68, 6.80 (d, J = 8.3
Hz, 1H each, H-9, H-10), 8.22 (s, 1H, H-12), 9.18 (s, 1H, H-7).

OTIPS

184b

'H NMR (300 MHz, CDCL3) 3: 0.82-1.05 (m, 21H, R-CH(CHs),), 1.69 (s, 3H, R-CHz),
1.87 (dd, J = 4.7, 13.7 Hz, 1H, H-1), 2.72 (br d, J = 13.7 Hz, 1H, H-1), 3.95, 3.99 (s, 3H
each, Ar-OCHs), 4.72 (m, 1H, H-2), 5.15 (m, 2H, H-4), 5.79 (m, 1H, H-3), 6.67, 6.80 (d,

J=8.3 Hz, 1H each, H-9, H-10), 8.21 (s, 1H, H-12),9.17 (s, 1H, H-7).
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Synthesis of 2,3-Epoxy-5a,8,11-trimethoxy-12b-methyl-2,3,3a,4,52,6,12b,12¢-
octahydro-1H-benzo[6,7]phenanthro[10,1-5c]furan-6-ol (185)

To a cooled (0°C) solution of epoxide 178 (100 mg, 0.25 mmol) in THF (10 mL)
was added sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al, 65% by weight in
toluene, 400 uL, 270 mg, 1.34 mmol) and the resulting mixture was allowed to warm up
to room temperature while stirring overnight, after which it was diluted with EtOAc,
washed with HCl (0.1 M), dried (MgSQy), filtered and concentrated under reduced
pressure. Flash chromatography (40% hexane in EtOAc) followed by crystallization from

EtOAc gave alcohol 185 as colorless needles (57 mg, 0.14 mmol, 57% yield).

185

mp: 184°C (dec. without melting).

IR: 3472, 2940, 1603, 1464, 1266, 1087 cm™'.

'H NMR (300 MHz, CDCl;) 5: 1.74 (s, 3H, R-CH;), 1.94 (dd, J = 2.2, 16.3 Hz, 1H, H-
1), 2.16 (dd, J = 2.8, 16.3 He, 1H, H-1), 2.46 (d, ] = 9.2 Hz, 1H, H-~12¢), 3.03 (d,J =9.2
Hz, 2H, H-3, overlapping H-3a), 3.06 (m, H-3a), 3.25 (s, 3H, R-OCHs), 3.33 (m, 1H, H-
2), 3.95 (s, 3H, Ar-OCHs), 3.97 (s, 3H, Ar-OCHz), 4.03 (dd, J = 2.2, 9.3 Hz, 1H, H-4),
4.27 (dd, J = 6.7, 9.3 Hz, 1H, H-4), 5.00 (d, J = 1.0 Hz, 1H, H-6), 6.69 (s, 2H, H-9, H-
10), 8.13 (s, 1H, H-12), 8.41 (d, J = 1.0 Hz, 1H, H-7).

'3C NMR (75 MHz, CDCl3) 5: 31.1 (R-CH3), 35.8 (C-12b), 36.2 (C-1), 37.8 (C-3a),

49.5, 50.0, 53.0, 54.0 (R-OCH3, C-2, C-3, C-12¢), 55.8 (Ar-OCH3), 72.5 (C-4), 73.4 (C-
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6), 103.3, 103.5 (C-9, C-10), 109.9 (C-5a), 117.3, 119.3 (C-7, C-12), 125.1, 125.9, 135.1,
142.3 (C-6a, C-7a, C-11a, C-12a), 149.4, 149.7 (C-8, C-11).

HRMS (EI) m/z: Required for Cy3H¢O6: 398.1729; Found: 398.1737.

Synthesis of 2,3-Epoxy-8,11-dimethoxy-12b-methyl-2,3,3a,4,5a,6,12b,12c-octahydro-
1H-benzo[6,7|phenanthro{10,1-bc]furan-6-ol (186)
To a cooled (0°C) solution of epoxide 183 (50 mg, 0.14 mmol) in THF (10 mL)
was added lithium triethylborohydride (Super Hydride®, 1 M in THF, 0.5 mL, 0.50
mmol) and the resulting mixture was allowed to warm up to room temperature while
stirring overnight, after which it was diluted with EtOAc, washed with NaOH solution (1
M), dried (MgSO,), filtered and concentrated under reduced pressure. Flash
chromatography (20% hexane in EtOAc) gave 186 as a brown solid of acceptable purity
(42 mg, 0.11 mmol, 79% yield).
(0]
OMe ‘
Uy
; %
OMe OH
"H NMR (300 MHz, CDCl;) 3: 1.63 (s, 3H, R-CHs), 1.73 (dd, J = 2.1, 15.2 Hz, 1H, H-
1),2.26 (br d, J = 6.5 Hz, 1H, R-OH), 2.80 (dd, J = 1.4, 15.2 Hz, 1H, H-1), 3.08 (d,J =
3.6 Hz, 1H, H-2), 3.25 (br s, 1H, H-3), 3.71 (t, J = 10.7 Hz, 1H, H-3), 3.95 (s, 3H, Ar-
OCHz), 3.98 (s, 3H, Ar~0C‘}_I_;), 4.22 (dd, J = 9.3, 10.4 Hz, 1H, H-4), 4.88 (dd, J = 9.3,
10.9 Hz, 1H, H-4), 5.37 (br d, J = 6.5 Hz, 1H, H-6), 6.64 (d, J = 8.3 Hz, 1H, H-10), 6.68

(d, ] =8.3 Hz, 1H, H-9), 8.22 (s, 1H, H-12), 8.43 (d, J = 1.0 Hz, 1H, H-7).
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3C NMR (75 MHz, CDCL) 5: 28.3 (R-CH3), 35.4 (C-12b), 39.4 (C-3a), 40.1 (C-1),
54.7 (C-3), 55.6 (Ar-OCHs), 55.7 (C-2), 63.4 (C-6), 72.9 (C-4), 102.6, 103.2 (C-9, C-10),
114.1 (C-12c), 119.2, 123.4 (C-7, C-12), 125.1, 126.1, 133.3, 142.9 (C-6a, C-7a, C-11a,
C-12a), 148.3, 148.9, 149.3 (C-5a, C-8, C-11).

HRMS (EI) mv/7z: Required for C23H3,0s5: 366.1467; Found: 366.1465.

Synthesis of 3-Hydroxy-5a,8,11-trimethoxy-12b-methyl-2,3,3a,4,5a,6,12b,12c¢-
octahydro-1H-benzo[6,7]phenanthro[10,1-bc}furan-2,6-dione (187)

To a solution of pentacycle 80 (1.02 g, 2.68 mmol) in acetone (120 mL) were
added HOAc (3 mL) and a solution of KMnO, (1.10 g, 6.96 mmol) in water (40 mL).
The resulting mixture was stirred at room temperature for 20 h, filtered through Celite
and the organic solvent was removed under reduced pressure. The aqueous layer was
made basic by addition of NaHCO; and was then extracted with CH,Cl;. The combined
organic layers were dried (MgSQy), filtered and concentrated under reduced pressure.
Column chromatography (30% EtOAc in hexane) gave ketol 187 (739 mg, 1.79 mmol,

67% yield) as a bright yellow solid.

187

mp: 107-110°C.

IR: 3468, 2960, 1724, 1712, 1628, 1464, 1091 cm™.
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'H NMR (300 MHz, CDCl3) §: 1.57 (s, 3H, R-CHs), 2.41 (dd, J = 0.9, 15.5 Hz, 1H,
H-1), 2.81 (d, J = 15.5 Hz, 2H, H-1, overlapping H-3a), 3.92 (d, J= 8.3 Hz, 1H, H-12c¢),
3.39 (s, 4H, R-OCHj, overlapping R-OH), 3.96 (s, 6H, Ar-OCHj3), 4.07 (dd, J = 3.1, 10.2
Hz, 2H, H-3, overlapping H-4), 4.12 (dd, J = 4.3, 9.1 Hz, H-4), 4.24 (d, J = 9.1 Hz, H-4),
6.74, 6.83 (d, ] = 8.4 Hz, 2H, H-9, H-10), 8.08 (s, 1H, H-12), 8.76 (s, 1H, H-7).

3C NMR (75 MHz, CDCl) 5: 29.5 (R-CHs), 40.4 (C-12b), 48.7, 50.7, 51.2 (C-3a, C-
12¢, R-OCH3), 55.7, 55.8 (Ar-OCHs), 56.7 (C-1), 70.6 (C-4), 73.6 (C-3), 101.4 (C-5a),
104.2, 106.6 (C-9, C-10), 116.6, 124.0 (C-7, C-12), 124.9 (C-6a), 128.4, 131.1 (C-7a, C-
11a), 142.4, 149.0, 150.5 (C-8, C-11, C12a), 194.1 (C-6), 209.1 (C-2). '

Anal. Calc. for C23H2407: C, 66.98; H, 5.87. Found: C, 66.78; H, 6.07.

Synthesis of 3-Hydroxy-5a,8,11-trimethoxy-12b-methyl-2,4,5a,6,12b,12c-hexahydro-
1H-benzo[6,7]phenanthro[10,1-bc]furan-2,6-dione (189)

To a solution of hydroxyketone 187 (100mg, 0.24 mmol) in EtOH (8 mL) was added a
solution of KCN (60 mg, 0.92 mmol) in water (3 mL). The reaction mixture was refluxed
for 0.5 h, stirred at room temperature overnight and finally diluted with CH,Cl,. The
resulting solution was washed with dilute Na;COs, and the organic phase was dried
MgSQ,), filtered and concentrated under vacuum to give crude 189 as a brown oily solid

(97 mg, 0.24 mmol, 98% yield), which was not further purified.

189

159



IR: 3402, 2925, 1673, 1626, 1465, 1382, 1264, 1092 cm™.

'H NMR (300 MHz, CDCl) 8: 1.55 (s, 3H, R-CH3), 2.80 (d, J = 16.7 Hz, 1H, H-1), 3.57
(d, J = 16.7 Hz, 1H, H-1), 3.64 (t, J= 2.6 Hz, 1H, H-12c), 3.71 (s, 3H, R-OCHs), 3.94 (s,
6H, Ar-OCHs), 4.51 (dd, J = 2.8, 15.6 Hz, 1H, H-4), 4.73 (dd, J = 2.5, 15.6 Hz, 1H, H-4),
5.84 (br s, R-OH), 6.68, 6.79 (d, J = 8.4 Hz, 2H, H-9, H-10), 8.06 (s, 1H, H-12), 8.98 (s,
1H, H-7).

BC NMR (63 MHz, CDCl) 5: 32.2 (R-CH3), 41.4 (C-12b), 47.8 (C-1), 52.4, 53.7 (C-
12¢, R-OCH3), 55.7, 55.8 (Ar-OCH3), 66.0 (C-4), 102.5 (C-5a), 103.9, 107.1 (C-9, C-10),
118.9, 126.0 (C-7, C-12), 125.0 (C-3a), 128.2, 128.6, 128.8 (C-6a, C-7a, C-11a), 140.2,

140.3 (C-8, C-11), 148.6, 150.8 (C-3, C-12a), 192.0, 192.6 (C-2, C-6).

Synthesis of 12,14-Dihydroxy-5,8,18-trimethoxy-1-methyl-17-oxahexacyclo
[12.5.1.0*".0*°.0'*%.0'*""]icosa-2,4,6,8,10-pentaen-13-one (191)

To a deoxygenated solution of hydroxyketone 187 (150 mg, 0.36 mmol) in EtOH (10
mL) was added an also deoxygenated solution of KCN (100 mg, 1.54 mmol) in water (5
mL). The resulting solution was stirred for 0.5 h and then quenched (CAUTION: HCN
formed, do it in the fumehood!) with deoxygenated dilute HCI (0.1 M). A stream of N>
was then bubbled through the solution for 15 min (also in the fumehood), after which the
reaction mixture was diluted with water and extracted with CH;Cl,. The combined
organic phases were dried (MgSOQ;,), filtered and concentrated under reduced pressure to
give a crude brown solid. Column chromatography (50% EtOAc in hexane) and
crystallization from EtOAc (slow evaporation) gave compound 191 as shiny yellow

crystals (86 mg, 57% yield).
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191

mp: 237-238°C.

IR: 3480, 2958, 1722, 1627, 1602, 1462, 1336, 1263 cm’".

'H NMR (300 MHz, CDCly/DMSO0-d6) 5: 1.51 (d, ] = 12.7 Hz, 1H, H-20), 1.71 (s, 3H,
R-CHj), 2.12 (d, J = 12.7 Hz, 1H, H-20), 2.69 (d, J = 6.3 Hz, 1H, H-19), 2.98 (s, 4H,
R-OCH3, overlapping H-15), 3.71, 3.74 (s, 7H, Ar-OCH3s, overlapping H-16), 3.94 (dd, J
=45, 9.4 Hz, 1H, H-16), 6.46, 6.51 (d, J = 8.4 Hz, 2H, H-6, H-7), 7.85, 8.29 (s, 2H, H-3,
H-10).

3C NMR (75 MHz, CDCl/DMSO0-d6) &: 26.7 (R-CH3), 39.2 (C-20), 47.8 (C-1), 49.2,
50.2, -51.5 (C-15, C-19, R-OCH3), 55.0, 55.1 (Ar-OCH3), 55.9 (C-1), 65.7 (C--l 6), 85.0
(C-14), 86.2 (C-12), 102.7, 103.2 (C-6, C-7), 111.2 (C-18), 114.1, 117.6 (C-3, C-10),
124.5,125.0, 132.5, 141.1 (C-2, C-4, C-9, C-11), 148.5, 149.0 (C-5, C-8), 207.5 (C13).

HRMS (EI) m/z: Required for C33H3407: 412.1522; Found: 412.1522.

Synthesis of 3-Hydroxy-8,11-dimethoxy-12b-methyl-2,3,3a,4,6,12b-hexahydro-1H-
benzo[6,7]phenanthro[10,1-bc]furan -2,6-dione (192)

To a solution of ketol 187 (100 mg, 0.24 mmol) in CH,Cl; (5 ml.) was added
TFA (5 mL) and the resulting solution was stirred at room temperature for 2 h, after
which it was diluted with CH;Cl,, washed with saturated NaHCO; solution, dried

(Na;S0y), filtered and concentrated under reduced pressure. Flash chromatography (30%
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3
.

EtOAc in hexane) gave demethoxylated product 192 as a yellow solid (87 mg, 0.23

mmol, 95% yield).

OMe " OH
192

OMe O
mp: 144-147°C.
IR: 3472, 2962, 1722, 1662, 1626, 1464, 1268 cm™.
'H NMR (300 MHz, CDCl3) 8: 1.58 (s, 3H, R-CHs), 2.59 (d, J = 13.1 Hz, 1H, H-1), 3.25
(d, J = 13.1 Hz, 1H, H-1), 3.52 (dt, J= 5.7, 9.7 Hz, 1H, H-3a), 3.92 (s, 3H, Ar-OCH3),
3.95 (s, 3H, Ar-OCHz), 4.22 (d, J = 9.7 Hz, 1H, H-3), 4.73 (dd, J = 5.7, 10.2 Hz, 2H, H-4,
overlapping the other H-4), 4.83 (t, J = 9.8 Hz, H-4), 6.65, 6.77 (d, J = 8.4 Hz, 2H, H-9,
H-10), 8.23 (s, 1H, H-12), 9.11 (s, 1H, H-7).
3C NMR (75 MHz, CDCl3) 8: 27.2 (R-CH3), 40.1 (C-3a), 47.8 (C-12b), 52.6 (C-1),
55.6, 55.7 (Ar-OCH3), 74.6 (C-4), 78.6 (C-3), 103.7, 106.3 (C-9, C-10), 119.3, 123.5 (C-
7, C-12), 124.9, 127.8, 128.8, 132.6 (C-6a, C-7a, C-11a, C-12a), 142.9 (C-12c), 148.5,
148.7 (C-8, C-11), 150.6 (C-5a), 176.3 (C-6), 206.6 (C-2).

HRMS (EI) m/z: Required for C2H2006: 380.1260; Found: 380.1249.

Synthesis of 4-Hydroxy-8a-methoxy-5a-methyl-4,5,5a,8,8a,8b-hexahydro-2H-
naphtho{1,8-bc]furan-8-one (193)
A solution of naphthofuranone 76% (1.40 g, 6.36 mmol) and a catalytic amount of

Rose Bengal in MeCN (10 mL) was irradiated with a 600 W tungsten lamp for 5 h,
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during which a stream of oxygen was constantly bubbled through the liquid. The formed
hydroperoxide was quenched by the addition of Me;S (5 mL) and the solvents were
removed under reduced pressure to give a red oil, which was purified to colorless crystals
(1.00 g, 4.24 mmol, 67% yield) by column chromatography (30% EtOAc in hexane).

HO A 7

3 o 193
? OMe

IR: 3436, 2932, 1680, 1459, 1240, 1026 cm".
'H NMR (250 MHz, CDCl;) 8: 1.35 (s, 3H, R-CHs), 1.53 (dd, J = 10.5, 13.0 Hz, 1H, H-
5), 2.13 (dd, J = 5.6, 13.0 Hz, 1H, H-5), 2.89 (m, 1H, H-8b), 3.42 (s, 3H, R-OCH)), 4.14
(m, 2H, H-4, overlapping H-2), 4.18 (dm, J = 12.4 Hz, H-2), 4.55 (dm, J = 12.4 Hz, 1H,
H-2), 5.57 (br s, 1H, H-3), 5.87 (d, J = 10.2 Hz, 1H, H-7), 6.54 (dd, ] = 1.6, 10.2 Hz, 1H,
H-6).
3C NMR (63 MHz, CDCl) 8: 27.9 (R-CH3), 37.6 (C-5a), 45.4 (C-5), 50.4, 51.9 (R-
OCH3;, C-8b), 66.2 (C-4), 67.8 (C-2), 101.2 (C-8a), 123.1, 126.4 (C-3, C-7), 137.3 (C-2a),
154.4 (C-6), 193.1 (C-8).

Anal. Calc. for Ci3Hi604: C, 66.09; H, 6.83. Found: C, 65.91; H, 6.84.

Synthesis of 8a-Methoxy-5a-methyl-4,5,5a,8,8a,8b-hexahydro-2H-naphtho[1,8-
bc]furan-4,8-dione (194)

A solution of naphthofuranone 76*° (353 mg, 1.60 mmol) and a catalytic amount
of TPP in CCl4 (5 mL) was irradiated with a 600 W tungsten lamp for 5 h, during which a

stream of oxygen was constantly bubbled through the liquid. The formed hydroperoxide
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was quenched by the addition of Me,S (5 mL) and the solvents were removed under
reduced pressure. Column chromatography (30% EtOAc in hexane) gave diketone 194 as
yellow crystals (274 mg, 1.17 mmol, 73% yield). Such results are not reproducible, and
are believed to be due to a contamination of the solvent by a base.

O 7

,0 o 194
2—0 OMe

mp: 140-142°C.
IR: 2968, 1684, 1668, 1460, 1257, 1028 cm™.
'H NMR (250 MHz, CDCl;) &: 1.46 (s, 3H, R-CHs), 2.55 (s, 2H, H-5), 3.31 (m, 1H, H-
8b), 3.52 (s, 3H, R-OCH3), 4.38 (dt, J = 2.0, 16.4 Hz, 1H, H-2), 4.81 (dt, J = 1.7, 16.4 Hz,
1H, H-2), 5.96 (m, 2H, H-3, overlapping H-7), 5.97 (d, J = 10.3 Hz, H-7), 6.57 (dd, J =
1.4, 10.3 Hz, 1H, H-6).
'3C NMR (63 MHz, CDCl3) &: 28.2 (R-CH3), 39.5 (C-5a), 49.8 (C-5), 52.4, 52.5 (R-
OCHj3;, C-8b), 67.8 (C-2), 101.6 (C-8a), 122.5, 127.2 (C-3, C-7), 154.5 (C-6), 161.3 (C-
2a), 191.7, 195.6 (C-4, C-8).

HRMS (EI) m/z: Required for C;3H,404: 234.0892; Found: 234.0893.

Synthesis of 2a,3-Epoxy-4-hydroxy-8a-methoxy-5a-methyl-2a,3,4,5,5a,8,82a,8b-
octahydro-2H-naphtho[1,8-bc]furan-8-one (196)

To a solution of allylic alcohol 193 (150 mg, 0.64 mmol) in CH,Cl; (10 mL) was
added m-CPBA (300 mg, 57-86%), and the resulting solution was stirred for 6 h. The

reaction mixture was then washed with saturated solutions of Na,S,03; and NaCOs, and
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the combined aqueous phases were extracted with CH,Cl,. The combined organic layers
were dried over Na;SOsy, filtered and the solvent was removed under reduced pressure to
give, after column chromatography (30% EtOAc in hexane), epoxide 196 as a colorless

solid (126 mg, 0.50 mmol, 78% yield).

196

mp: 134-135°C.

IR: 3454, 2945, 1686, 1459, 1247, 1033, 848 cm’'.

'H NMR (300 MHz, CDCls) 8: 1.27 (s, 3H, R-CHs), 1.59 (dd, J = 11.7, 13.2 Hz, 1H, H-
5), 1.75 (dd, J = 5.4, 13.2 Hz, 1H, H-5), 1.91 (br s, R-OH), 2.65 (br s, 1H, H-8b), 3.28 (br
s, 1H, H-3), 3.46 (s, 3H, R-OCH}), 3.78 (d, J = 10.8 Hz, 1H, H-2), 3.89 (m, 1H, H-4),
4.05 (d, J=10.8 Hz, 1H, H-2), 6.05 (d, J = 10.3 Hz, 1H, H-7), 6.52 (dd, J =2.0, 10.3 Hz,
1H, H-6).

13C NMR (75.5 MHz, CDCl;) 5: 28.5 (R-CHs), 36.8 (C-5a), 39.0 (C-5), 48.9 (R-OCH),
52.0 (C-3), 59.6 (C-8b), 66.3 (C-4), 66.6 (C-2), 67.1 (C-2a), 101.4 (C-8a), 126.9 (C-7),
156.1 (C-6), 192.5 (C-8).

Anal. Calc. for C3H;60s: C, 61.90; H, 6.39. Found: C, 62.20; H, 6.22.

Synthesis of 2a,3-Epoxy-4-acetoxy-8a-methoxy-5a-methyl-2a,3,4,5,5a,8,8a,8b-
octahydro-2H-naphtho(1,8-bc]furan-8-one (197)
To a solution of allylic acetate 199 (100 mg, 0.36 mmol) in CH>Cl; (10 mL) was

added m-CPBA (600 mg, 57-86%), and the resulting solution was stirred for 96 h. The
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reaction mixture was then washed with saturated solutions of Na,S;0; and Na,COs, and
the combined aqueous phases were extracted with CH,Cl,. The combined organic layers
were dried over Na,SQO,, filtered and the solvent was removed under reduced pressure to
give, after column chromatography (30% EtOAc in hexane), epoxide 197 as a colorless

solid (106 mg, quantitative yield).

AcO 7
‘a 197
(0

2a
© O OMe

mp: 70-74°C.

IR: 2940, 1738, 1691, 1456, 1374, 1240, 1034 cm™'.

'H NMR (300 MHz, CDCls) 5: 1.26 (d, J = 10.3 Hz, 4H, H-5, overlapping R-CH), 1.28
(s, R-CH3), 1.73 (d, J = 10.3 Hz, 4H, H-5), 1.73 (s, 3H, R-CO CH3), 2.68 (br s, 1H, H-
8b), 3.30 (br s, 1H, H-3), 3.46 (s, 3H, R-OCHs3), 3.77 (d, ] = 11.2 Hz, 1H, H-2), 4.04 (d, J
=11.2 Hz, 1H, H-2), 4.99 (m, 1H, H-4), 6.08 (d, ] = 10.0 Hz, 1H, H-7), 6.57 (dd, J = 1.3,
10.0 Hz, 1H, H-6).

13C NMR (75.5 MHz, CDCls) 5: 21.0 (R-COCH3), 28.5 (R-CHs), 34.8 (C-5), 36.5 (C-
5a), 49.0 (R-OCH3), 52.1, 56.7 (C-3, C-8b), 66.0 (C-2a), 66.5 (C-2), 68.6 (C-4), 101.3
(C-8a), 127.3 (C-7), 155.6 (C-6), 170.6 (R-COCH3), 192.5 (C-8).

HRMS (EI) m/z: Required for C;sH;3O0¢: 294.1103; Found: 294.1095.
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Synthesis of 2a,3-Epoxy-4,8a-dimethoxy-5a-methyl-2a,3,4,5,52,8,8a,8b-octahydro-
2H-naphtho{1,8-bcjfuran-8-one (198)

To a solution of methyl ether 200 (40 mg, 0.16 mmol) in CH,Cl; (10 mL) was
added m-CPBA (100 mg, 57-86%), and the resulting solution was stirred for 72 h. The
reaction mixture was then washed with saturated solutions of Na;S>03 and Na,COs, and
the combined aqueous phases were extracted with CH,Cl,. The combined organic layers
were dried (Na,;SOy), filtered and the solvent was removed under reduced pressure to
give, after column chromatography (30% EtOAc in hexane), epoxide 198 as a slightly
yellow oil (35 mg, 0.13 mmol, 81% yield).

MeO__ 7
198

(0

© >—0 OMe

IR: 2632, 1689, 1456, 1246, 1103, 1037, 843 cm™.

"H NMR (300 MHz, CDCl;) 8: 1.27 (s, 3H, R-CHs), 1.66 (m, 2H, H-5), 2.66 (br s, 1H,
H-8b), 3.32 (br s, 1H, H-3), 3.42 (s, 3H, R-OCHa), 3.45 (s, 3H, R-OCH3), 3.47 (m, 1H,
H-4), 3.77 (d, J = 10.9 Hz, 1H, H-2), 4.04 (d, ] = 10.9 Hz, 1H, H-2), 6.03 (d, J = 10.3 Hz,
1H, H-7), 6.50 (dd, J = 1.3, 10.3 Hz, 1H, H-6).

BC NMR (75.5 MHz, CDCl3) : 28.7 (R-CH3), 35.3 (C-5), 36.4 (C-5a), 48.9, 51.9 (R-
OCH3), 56.4, 56.7 (C-3, C-8b), 65.7 (C-2a), 66.7 (C-2), 74.5 (C-4), 101.4 (C-8a), 126.8

(C-7), 156.2 (C-6), 192.5 (C-8).
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Synthesis of 4-Acetoxy-8a-methoxy-5Sa-methyl-4,5,5a,8,8a,8b-hexahydro-2H-
naphtho([1,8-bc]furan-8-one (199)

To a solution of allylic alcohol 193 (700 mg, 2.97 mmol) in pyridine (2 mL) were
added acetic anhydride (2 mL) and a catalytic amount of DMAP. After stirring overnight,
the reaction mixture was partitioned between dilute HCI (1 M) and CHCl,, the phases
were separated and the aqueous layer was extracted with CH,Cl,. The combined organic
layers were dried (Na,SQOys), filtered and concentrated under reduced pressure. Column
chromatography (30% EtOAc in hexane) gave acetate 199 as a light yellow oil (803 mg,

2.89 mmol, 97% yield).

AcO 8

199
3 o
»—0 OMe

IR: 2944, 1736, 1688, 1460, 1374, 1239, 1025 cm”™.

'H NMR (250 MHz, CDCl;) 5: 1.38 (s, 3H, R-CHs), 1.63 (dd, J = 10.6, 13.0 Hz, 1H, H-
5), 2.07 (s, 3H, R-O,CCHs), 2.23 (ddd, J = 0.8, 5.9, 13.0 Hz, 1H, H-5), 2.96 (m, 1H, H-
8b), 3.47 (s, 3H, R-OCHs), 4.23 (dm, J = 12.7 Hz, H-2), 4.60 (dm, J = 12.7 Hz, 1H, H-2),
5.20 (m, 1H, H-4), 5.55 (br s, 1H, H-3), 5.93 (d, ] = 10.2 Hz, 1H, H-7), 6.61 (dd, J = 1.7,
10.2 Hz, 1H, H-6).

13C NMR (75 MHz, CDCl;) 5: 21.1 (R-O,CCH3), 28.2 (R-CH3), 37.4 (C-5a), 41.1 (C-5),
50.6 (C-8b), 52.0 (R-OCH3), 67.8 (C-2), 68.8 (C-4), 101.2 (C-8a), 119.1 (C-3), 126.7 (C-
7), 139.4 (C-2a), 153.8 (C-6), 170.5 (R-O,CCHs), 192.7 (C-8).

HRMS (EI) m/z: Required for C;sH;3Os: 278.1154; Found: 278.1126.
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Synthesis of 4,8a-Dimethoxy-5a-methyl-4,5,5a,8,8a,8b-hexahydro-2H-naphtho(1,8-
bcjfuran-8-one (200)

To a solution of alcohol 193 (150 mg, 0.64 mmol) in a mixture of THF (5 mL),
HMPA (1 mL) and Mel (2 mL) was added KH (1.00 g of a 35% w/w suspension in
mineral oil, 0.35 g, 8.75 mmol), and the resulting mixture was stirred at room
temperature overnight. The reaction was partitioned between Et;O and water and the
aqueous layer was further extracted with Et,O. The combined organic phases were dried
(NaySO,), filtered and concentrated under reduced pressure. Flash chromatography gave

methyl ether 200 as an oily colorless solid (98 mg, 0.39 mmol, 61% yield).

200

IR: 2935, 1682, 1461, 1366, 1086, 1030 cm™'.

'H NMR (300 MHz, CDCl;) &: 1.31 (s, 3H, Ar-CHs), 1.47, (dd, J = 10.7, 13.2 Hz, 1H,
H-5), 2.10 (dd, J = 5.9, 13.2 Hz, 1H, H-5), 2.85 (m, 1H, H-8b), 3.31, 3.39 (s, 6H,
Ar-OCHs, R-OCH3), 3.66 (m, 1H, H-4), 4.14 (dq, J = 1.5, 12.2 Hz, 1H, H-2), 4.51 (dq, J
=2.1, 12.2 Hz, 1H, H-2), 5.60 (br s, 1H, H-3), 5.82 (d, ] = 10.3 Hz, 1H, H-7), 6.49 (dd, J
= 1.5, 10.3 Hz, 1H, H-6).

“C NMR (75.5 MHz, CDCl) 3: 27.9 (R-CH3), 37.2 (C-5a), 41.7 (C-5), 50.4, 51.8, 55.8
(R-OCHj, C-8b), 67.8 (C-2), 74.6 (C-4), 101.1 (C-8a), 120.1, 126.3 (C-3, C-7), 137.7 (C-
2a), 154.2 (C-6), 192.9 (C-8).

Anal. Calc. for C14H,304: C, 67.18; H, 7.25. Found: C, 67.02; H, 7.04.
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Synthesis of 8a-Methoxy-5a-methyl-3-phenylthio-2a,5,5a,8,8a,8b-hexahydro-2H-
naphtho[1,8-bc]furan-8-one (203)

To a cooled (0°C) solution of methylguaicol 75 (100 mg, 0.72 mmol), 3-
phenylthio-penta-2,4-dien-1-ol (201b) (500 mg, 2.60 mmol) and BHT (1 crystal, aprox. 2
mg) in THF (15 mL), was added [bis(trifluoroacetoxy)iodo]benzene (375 mg, 0.87
mmol) and the resulting solution was stirred for 5 minutes, after which solid NaHCO;
(150 mg, 1.79 mmol) was also added. After the reaction mixture was allowed to warm up
to room temperature and stir overnight, it was partitioned between water and ether. The
aqueous phase was extracted twice more with ether and the combined organic layers were
dried (MgSO4) and filtered through a plug of silica gel. After removal of the solvent
under reduced pressure, the resulting dark orange oil containing compounds 201b, 202
and 203 was dissolved in 1,2,4-trimethylbenzene and refluxed for 2 days. Removal of the
solvent under vacuum followed by flash chromatography (30% ether in hexane) gave

naphthofuranone 203 as a light yellow oil (86 mg, 0.26 mmol, 36% yield).

202

mp: 167-169°C.

IR: 2949, 1738, 1441, 1217, 1082, 1030 cm™.

'H NMR (300 MHz, CDCI;) 8: 2.03 (d, ] = 1.5 Hz, 3H, R-CHj3), 2.32 (m, 1H, H-3), 3.02
(d, J = 6.8 Hz, 1H, H-6), 3.21 (dd, J = 2.1, 4.4 Hz, 1H, H-3a), 3.52 (s, 3H, R-OCHj), 4.01

(dd, J = 3.2, 8.9 Hz, 1H, H-2), 4.06 (d, ] = 8.9 Hz, 1H, H-2), 4.88 (d,J = 17.6 Hz, 1H, R-
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CH=CH>), 5.09 (d, J = 11.0 Hz, 1H, R-CH=CHp), 5.97 (dm, J = 6.8 Hz, 1H, H-5), 6.06
(dd, J = 11.0, 17.6, 1H, R-CH=CHb>), 7.26-7.48 (m, SH, R-S-CHs).

3C NMR (75 MHz, CDCl) 8: 21.4 (R-CH;), 46.0 (C-3), 48.2 (C-3a), 51.5, 51.8 (C-6,
R-OCHs), 58.0 (C-8), 69.4 (C-2), 100.9 (C-7a), 114.9 (R-CH=CHj), 122.3 (C-5), 128.6,
129.3, 136.6 (C-2°,C-3",C-4"), 131.0 (C-1"), 138.4 (R-CH=CH,), 138.8 (C-4), 199.2 (C-
7).

Anal. Calc. for CjgH003S: C, 69.48; H, 6.14. Found: C, 69.61; H, 6.11.

4

0 SPh

6

Q 2 203
o

OMe

IR: 2940, 1691, 1477, 1439, 1063, 746 cm™.

'H NMR (300 MHz, CDCl) 8: 1.22 (s, 3H, R-CH3), 1.95 (br d, J = 16.2 Hz, 1H, H-5),
2.14 (dd, J = 6.7, 16.2 Hz, 1H, H-5), 2.57 (dd, J = 1.7, 9.3 Hz, 1H, H-8b), 3.08 (m, 1H,
H-2a), 3.29 (s, 3H, R-OCHz), 4.02 (dd, J = 7.5, 8.8 Hz, 1H, H-2), 4.09 (dd, ] = 3.4, 8.8
Hz, 1H, H-2), 6.94 (dd, J = 3.1, 6.7 Hz, 1H, H-4), 6.05 (d, ] = 10.1 Hz, 1H, H-7), 6.76 (d,
J=10.1 Hz, 1H, H-6), 7.25-7.40 (m, SH, R-SC¢Hs).

13C NMR (75 MHz, CDCl) 3: 27.7 (R-CH3), 35.0 (C-5a), 38.9, 40.8 (C-2a, C-5), 50.2
(R-OCH3), 54.4 (C-8b), 73.3 (C-2), 102.8 (C-8a), 127.1, 127.5, 127.6 (C-4, C-7,
R-SC¢Hs), 129.2, 131.9 (R-SCsHs), 133.0, 135.5 (C-1°, C-3), 158.5 (C-6), 190.5 (C-8).

Anal. Calc. for C,oH0038S: C, 69.48; H, 6.14. Found: C, 69.30; H, 6.05.
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Synthesis of 7,12-Epoxy-5a,8,11-trimethoxy-12b-methyl-3-phenylthio-3a,4,5a,6,6a,7,
12,12a,12b,12¢c-decahydro-1H-benzo[6,7]phenanthro[10,1-6c]lfuran-6-one (204)

A solution of naphthofuranone 203 (204 mg, 0.62 mmol) and isobenzofuran 78
(250 mg, 1.40 mmol) in toluene (20 mL) was refluxed for 21 hours, after which the
solvent was removed under reduced pressure and the residue purified by flash
chromatography (50% ether in hexane) to give adduct 204 as a white powder (295 mg,

0.58 mmol, 94% yield).

204

mp: 155-156°C.

IR: 2942, 1736, 1500, 1439, 1260, 1085 cm'.

'"H NMR (300 MHz, CDCl) 5: Compound 11 is a fluxional molecule, and the proton
NMR at room temperature consists of several very broad signals® with a few diagnostic
peaks: 1.59 (s, R-CHj), 3.32 (s, R-OCHa), 3.78 (s, Ar-OCHs), 3.80 (s, Ar-OCHj3), 6.64,
6.68 (both d, J = 9.0 Hz, H-9, H-10), 7.23-7.37 (m, SH, R-SC¢Hs).

Anal. Calc. for C29H3006S: C, 68.75; H, 5.97. Found: C, 68.68; H, 6.13.

Synthesis of 5a,8,11-Trimethoxy-12b-methyl-3-phenylthio-3a,4,5a,6,12b,12¢-
hexahydro-1H-benzo[6,7]phenanthro[10,1-bc]furan-6-one (205)

A solution of adduct 204 (403 mg, 0.80 mmol) and NaOMe (4.00 g, 74 mol) in
MeOH (100 mL) was refluxed for 3 h, after which the solvent was removed under

reduced pressure and the residue partitioned between ether and dilute HCI (3 M). The
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organic phase was washed once with water and dried (MgSQOs4). Removal of the solvent
under reduced pressure and flash chromatography of the residue (35% EtOAc in hexane)

gave the pentacycle 205 as a bright yellow solid (361 mg, 0.74 mmol, 93% yield).

205

mp: 165-166°C.

IR: 2938, 1704, 1628, 1471, 1267, 1090 cm'.

'H NMR (300 MHz, CDCl;) 8: 1.65 (s, 3H, R-CHs), 2.02 (br dd, J = 6.4, 17.8 Hz, 1H,
H-1), 2.18 (br d, J = 17.8 Hz, 1H, H-1), 2.79 (dd, J = 1.8, 8.4 Hz, 1H, H-12c), 3.07 (m,
1H, H-3a), 3.20 (s, 3H, R-OCH3), 3.95 (s, 3H, Ar-OCHs), 3.98 (s, 3H, Ar-OCH3), 4.05
(dd, J = 6.1, 8.8 Hz, 1H, H-4), 4.39 (d, J = 8.8 Hz, 1H, H-4), 6.06 (dd, J = 1.7, 6.4 Hz,
1H, H-2), 6.71, 6.82 (both d, J = 8.4 Hz, 1H, H-9, H-10), 7.24-7.44 (m, SH, R-SCeH),
8.22 (s, 1H, H-12), 8.73 (s, 1H, H-7).

'3C NMR (75 MHz, CDCl;) 8: 24.6 (R-CHs), 35.4 (C-12b), 41.4, 41.5 (C-3a, C-1), 49.9
(R-OCH3), 55.5, 55.7, 55.8 (C-12¢, Ar-OCH;), 71.7 (C-4), 103.8, 106.3 (C-9, C-10),
104.7 (C-5a), 117.5, 123.4 (C-7, C-12), 124.8, 128.4 (C-7a, C-11a), 127.3 (C-2), 129.2,
131.1, 131.3, 131.6, 132.7 (C-6a, R-SC¢Hs), 133.6 (C-3), 145.0 (C-12a), 149.1, 150.7 (C-
8, C-11), 192.6 (C-6).

Anal. Calc. for CoH230sS: C, 71.29; H, 5.78. Found: C, 71.30; H, 5.63.
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Synthesis of 8,11-Dimethoxy-12b-methyl-3-phenylthio-3a,4,6,12b-dihydro-1H-benzo
[6,7]phenanthro[10,1-bc]furan-6-one (206)

To a solution of compound 205 (153 mg, 0.31 mmol) in CH;Cl, (10 mL) was
added TFA (0.5 mL). The resulting solution was stirred for 15 min., after which the
reaction mixture was diluted with CH,Cl, and quenched with aqueous NaHCOj5 solution.
The organic layer was washed with water, dried (MgSOj) and the solvent removed under
reduced pressure to give pentacycle 206 as a bright yellow solid (138 mg, 0.30 mmol,

97% yield) that was used without further purification.

206

mp: 202-204°C.

IR: 2934, 1664, 1627, 1464, 1268, 1091 cm™".

'H NMR (300 MHz, CDCls) 8: 1.66 (s, 3H, R-CHz), 2.36 (br d, J = 17.5 Hz, 1H, H-1),
3.06 (dd,J = 5.4, 17.5 Hz, 1H, H-1), 3.97 (s, 3H, Ar-OCHs), 3.99 (s, 3H, Ar-OCHs), 4.07
(m, 1H, H-3a), 4.33 (dd, J = 9.1, 10.6 Hz, 1H, H-4), 4.67 (dd, J = 9.1, 10.2 Hz, 1H, H-4),
6.08 (m, 1H, H-2), 6.70, 6.81 (both d, J = 8.4 Hz, 1H, H-9, H-10), 7.29-7.48 (m, SH, R-
SCe¢Hs), 8.35 (s, 1H, H-12), 9.22 (s, 1H, H-7).

BC NMR (75 MHz, CDCl3) 8: 25.4 (R-CH3), 36.6 (C-12b), 43.6 (C-1), 44.2 (C-3a),
55.6, 55.7 (Ar-OCH3), 75.3 (C-4), 103.3, 105.8 (C-9, C-10), 119.3, 123.1 (C-7, C-12),

124.8, 127.6, 129.7, 132.2 (C-1°, C-3, C-7a, C-11a), 127.9 (C-2), 129.3, 129.6, 131.8 (C-
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2’,C-3’,C-4%), 132.9, 139.2 (C-6a, C-12a), 145.0, 146.9, 148.6, 150.7 (C-5a, C-8, C-11,
C-12¢), 176.2 (C-6).

Anal. Calc. for C;3H4048: C, 73.66; H, 5.30. Found: C, 73.85; H, 5.50.

Synthesis of 8,11-Dimethoxy-12b-methyl-3-phenyithio-6,12b-dihydro-1H-
benzo[6,7]phenanthro{10,1-bc]furan-6-one (207)

A solution of pentacycle 206 (108 mg, 0.24 mmol) and para-choranil (249 mg,
1.01 mmol) in xylenes was refluxed for 2 days, after which the solvent was removed
under vacuum and the residue purified by flash chromatography (50% EtOAc in hexane)

to give furan 207 as a bright yellow oil (50 mg, 0.11 mmol, 46% yield).

207

IR: 2932, 1674, 1625, 1464, 1433, 1091, 724 cm™.

"H NMR (300 MHz, CDCh) 8: 1.59 (s, 3H, R-CH3), 2.79 (br d, J = 16.8 Hz, 1H, H-1),
3.27 (dd, J = 6.4, 16.8 Hz, 1H, H-1), 3.97 (s, 3H, Ar-OCHa), 3.98 (s, 3H, Ar-OCH5), 6.34
(m, 1H, H-2), 6.70, 6.81 (both d, J = 8.4 Hz, 1H, H-9, H-10), 7.20-7.44 (m, 6H, R-SCeHs,
overlapping H-4), 8.24 (s, 1H, H-12),9.27 (s, 1H, H-7).

3C NMR (75 MHz, CDCl;) 5: 32.2 (R-CH3), 35.3, 37.5 (C-1, C-12b), 55.68, 55.70 (Ar-
OCH3;), 103.5, 106.2 (C-9, C-10), 118.4, 121.7, 124.2, 1243, 124.8 (C-3a, C-7, C-7a, C-

11a, C-12), 127.2, 127.5, 128.7, 129.2, 130.2, 131.1, 131.8 (C-2, C-6a, C-12a, R-SC¢Hj5),
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133.5 (C-3), 142.5 (C-4), 144.1, 144.9, 148.6, 150.8 (C-5a, C-8, C-11, C-12c), 172.6 (C-
6).

HRMS (EI) m/z: Required for Cy3H;204S: 454.1239; Found: 454.1249.
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Table 1. Crystal data and structure refinement for rr965m.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.28°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [1>2sigma(T)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

r965m

C20 H22 04

326.38

1501 K

0.71073 A

Monoclinic

P2(1)/c

a=13.3872(5 A a=90°.

b=8.9215(3) A B= 104.0140(10)°.

c=14.1103(5) A v = 90°.
1635.09(10) A3

4

1.326 Mg/m?

0.091 mm!

696

0.43 x 0.28 x 0.20 mm?

1.57 to 28.28°.

-17<=h<=17, -11<=k<=11, -18<=I<=18
17568

4059 [R(int) = 0.0283]

100.0 %

Sadabs

Full-matrix least-squares on F2
4059/0/298

2117

R! =0.0493, wR2 = 0.1066
R1=0.0584, wR2 =0.1079

0.0005(6)

0.705 and -0.219 e.A?
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)
for rr965m. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
c() 2547(1) 1834(2) 3656(1) 27(1)
C(2) 3370(1) 2907(2) 4531(1) 30(1)
C(3) 2973(1) 4314(2) 4981(1) 36(1)
C@ 3401(1) 5689(2) 4560(1) 39(1)
C(5) 4107(1) 5130(2) 3948(1) 37(1)
C(6) 4023(1) 3475(2) 3884(1) 33(1)
C() 4383(1) 2549(2) 3305(1) 37(1)
C(8) 4115(1) 913(2) 3306(1) 38(1)
C) 2991(1) 733(2) 3330(1) 29(1)
C(10) 2312(1) -247(2) 2826(1) 29(1)
c(n 1225(1) -41(2) 2935(1) 28(1)
C(12) 872(1) 1565(2) 2660(1) 27(1)
O(13) 52(1) 1875(1) 3126(1) 31(1)
C(14) 67(1) 725(2) 3858(1) 32(1)
C(15) 1116(1) -20(2) 4001(1) 29(1)
C(16) 2000(1) 916(2) 4632(1) 28(1)
can 1744(1) 2629(2) 3158(1) 26(1)
O(18) 4650(1) 5914(1) 3571(1) 50(1)
c(19) 2513(2) -1472(2) 2170(1) 40(1)
0(20) S79(1) 1932(1) 1674(1) 32(1)
C21) -238(2) 1025(2) 1112(1) 41(1)
C(22) 2768(1) -50(2) 5321(1) 36(1)
C(23) 3022(2) 94(3) 6271(1) 46(1)
0(24) 1786(1) 3933(1) 2928(1) 32(1)
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Table 3. Bond lengths [A] and angies [°] for r965m.

Cc(1)-cQ7n
C(1)-C(9)
C(1)-C(2)
C(1)-C(16)
C(2)-C(6)
C2)-C(3)
C(3)-C(4)
C@)-C(5)
C(5)-O(18)
C(5)-C(6)
C(6)-C(7
C(N-C(8)
C(8)-C(9)
C(9)-C(10)
C(10)-C(19)
C(10)-C(11)
C(11)-C(12)
C(11)-C(15)
C(12)-0(20)
C(12)-0(13)
C(12)-C(17)
O(13)-C(14)
C(14)-C(15)
C(15)-C(16)
C(16)-C(22)
C(17)-0(24)
O(20)-C(21)
C(22)-C(23)

C(17-C(1)-C(9
CA7D-C(A)Y-C(2)
C(9)-C(1)>-C(2)
C(17)-C(1)-C(16)
C(9)-C(1)-C(16)

1.5292)
1.534(2)
1.535(2)
1.567(2)
1.498(2)
1.556(2)
1.533Q2)
1.512(2)
1.2194(18)
1.482(2)
1.331(2)
1.504(2)
1.521(2)
1.336(2)
1.498(2)
1.510(2)
1.529(2)
1.547(2)
1.3904(17)
1.437117)
1.536(2)
1.4527(18)
1.522(2)
1.543(2)
1.503(2)
1.2126(17)
1.4347(19)
1.307(2)

100.04(11)
112.77(12)
112.04(12)
110.01(11)
108.59(12)

196

C(2)-C(1)-C(16)
C(6)-C(2)-C(1)
C(6)-C(2)-C(3)
C(1)»C(2)»-C(3)
C@)-C(3)C(2)
C(5)-C(4)-C(3)
O(18)-C(5)-C(6)
O(18)-C(5)-C(4)
C(6)-C(5)-C(4)
C(7)-C(6)-C(5)
C(7)-C(6)-C(2)
C(5)-C(6)-C(2)
C(6)-C(7)-C(8)
C(N-C(8»-C(®
C(10)-C(9)-C(8)
C(10)-C(9)-C(1)
C(8)-C(9)»-C(1)
C(9)-C(10)-C(19)
C(9)-C(10)-C(11)
C(19)-C(10)-C(11)
C(10)-C(11)-C(12)
C(10)-C(11)-C(15)
C(12)-C(11)-C(15)
O(20)-C{12)-O(13)
O(20)-C(12)-C(11)
O(13)-C(12)-C(11)
0(20)-C(12)-C(17)
O(13)-C(12)-C(17)
C(11)-C(12)-C(17)
C(12)-0(13)-C(14)
O(13)-C(14)-C(15)
C(14)-C(15)-C(11)
C(14)-C(15)-C(16)
C(11)-C(15)-C(16)
C(22)-C(16)-C(15)
C(22)-C(16)-C(1)

112.64(12)
109.80(12)
106.42(13)
116.53(13)
106.94(14)
107.53(14)
126.13(16)
125.54(16)
108.33(14)
128.44(15)
121.04(15)
110.34(14)
118.69(15)
109.87(13)
127.39(14)
114.59(13)
117.95(13)
127.19(15)
114.53(13)
118.27(14)
109.54(12)
114.88(12)

97.98(12)
110.56(11)
117.96(12)
106.73(11)
108.14(11)
104.62(11)
108.01(12)
107.97(11)
104.86(12)
100.26(12)
113.24(13)
109.11(12)
111.87(13)
110.25(12)



C(15)-C(16)-C(1) 109.75(12)

O(24)-C(17)-C(1) 124.87(13)
O(24)-C(1T)-C(12) 123.34(13)
C(1)-C(1TFC(12) 111.78(12)
C(12)-0(20)-C(21) 114.39(12)
C(23)-C(22)-C(16) 125.05(18)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 10°) for rrf965m. The anisotropic
displacement factor exponent takes the form: -2n2[ h2a*2U!" + ... +2hka* b* U2]

yu yz U3’ U= yi3 ynr
C(1) 24(1) 30(1) 26(1) -1(1) 6(1) 11)
Cc) 26(1) 33(1) 29(1) -1(1) 41) -1(1)
C(3) 34(1) 36(1) 35(1) -6(1) 7(1) -2(1)
C(4) 35(1) 34(1) 45(1) -4(1) 2(1) -3(1)
C(5) 29(1) 44(1) 34(1) 0(1) -3(1) -8(1)
C(6) 23(D 41(1) 32(1) 1(1) 2(1) -3(1)
&¢) 23(1) s1(1) 36(1) o) 7(1) -4(1)
C(8) 29(1) 44(1) 41(1) -4(1) 12(1) 4(1)
C9) 29(1) 30(1) 29(1) 2(1) 9(1) 5(1)
C(10o) 33D 29(1) 28(1) 1(1) 11(1) m
cat) 30(1) 26(1) 27(1) -2(1) (1) -3(1)
C(12) 26(1) 30(1) 25(1) 0(1) (1) -I(1)
o(13) 27(1) 32(1) 37(1) 3(1) 12(1) 2(1)
C(14) 31(1) 34(1) 33Q1) 1(1) 12(1) -4(1)
cQs) 32(1) 27(1) 30(1) 2(1) 11(1) -1(1)
C(16) 30(1) 29(1) 26(1) 0(1) 9(1) 2(1)
cQ7) 25(1) 28(1) 27(1) 2(1) 11QD) o(1)
0O(18) 47(1) SI() 50(1) 2(1) (1) -20(1)
c@19) 44(1) 35(1) 42Q1) -1(1) 16(1) 2(1)
0(20) 34(1) 35(1) 26(1) 2(1) 3(1) -5(1)
C21) 47(1) 37(1) 33(D) =2(1) -2(1) -6(1)
C(22) 37(1) 36(1) 34(1) 5(1) (1) 1Q1)
c(@3) 41(1) 60(1) 36(1) 10(1) 21) -4(1)
0(24) 31(1) 29(1) 36(1) 2Q1) 6(1) 2(1)
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Table S. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 %)
for rT965m.

X y z U(eq)
H(8X) 4552 428 3872 a5
H(8Y) 4233 436 2725 45
H(Q2) 3800(11) 2299(16) 5064(11) 25(4)
H(3X) 2216(13) 4320(17) 4851(12) 35(4)
HG3Y) 3209(13) 4259(18) 5709(14) 52(5)
H(4X) 3795(13) 6380(20) 5038(13) 47(5)
H@4Y) 2891(15) 6280(20) 4149(13) 54(5)
H(7) 4784(12) 2928(18) 2852(12) 42(5)
H(11) 773(11) -723(15) 2563(10) 25(4)
H(14X) -499(11) 18(16) 3592(11) 27(4)
H(14Y) 4(11) 1242(16) 4479(11) 28(4)
H(15) 1132(11) -1025(16) 4277(10) 24(4)
H(16) 1707(11) 1605(16) 5017(10) 25(4)
H(19X) 3277(15) -1620(20) 2182(13) 61(6)
H(19Y) 2089(14) -1270(20) 1479(14) 54(5)
H(19Z) 2309(14) -2430(20) 2367(14) 65(6)
H(21X) -468(12) 1512(18) 434(13) 41(5)
H(21Y) -41(14) --16(20) 1663(14) 59(6)
H(212) -813(16) 105020)  1430(14) 62(6)
H(22) 3066(14) ~880(20) 5007(14) 58(6)
H(23X) 3509(14) “616(20) 6686(14) 55(5)
H(23Y) 2715(14) 896(20) 6582(13) 50(6)
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Table 1. Crystal data and structure refinement for rr$800.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume, 2

Density (calculated)
Ahsorption coefficient
F(000)

Crystal size

8 range for data collection
Limiting indices
Reflections collected
Independent reflections
Completeness to 6 = 27.99°

Refinement method

Data / restraints / parameters

Goodness-of-fit on r:

Final R indices [I>20(I)]

R indices (all data)

Absclute structure parameter

Extinction coefficient

Largest diff. peak and hole

rr900
c23n24°6
396.42
180(2) X
0.71073 A
Orthorhombic
Pca2 (1)

[ ]
a = 11.4340(10) A alpha = 90
b = 16.963(2) A beta = 90°
Qo
c = 9.8120(10) A gamma = 90

1903.1(3) &7, 4
1.384 )(g/-3
0.100 =t

840

0.84 x 0.40 x 0.26 mm

2.15 to 27.99°

0shs1l5 -22 s ks0, 0s13s12
2421

2421

100.0 &

Full-matrix least-squares on rz
2421 / 0 / 358

2.128

Rl =« 0.0322, wR2 = 0.0586

Rl = 0.0357, wR2 = 0.0589

0.5(9)

0.0039(5)

0.223 and -0.197 eA™>
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Table 2. Atomic coordinates [ x 10‘] and equivalent isotropic
displacement parameters [iz x 103] for rr900. U(eq) is defined

as one third of the trace of the orthogonalized U tensor.

ij

x Yy z U(eq)
c(1) 5080 (2) 2140(1) 1423 (3) 28(1)
c(2) 4285 (2) 1582(1) 696 (3) 30(1)
c(3) 3996 (2) 820(1) 1285(3) 31(1)
Cc(3a) 4461 (2) 555(1) 2633 (3) 28(1)
c(4) 3460(2) 435(1) 3638 (3) 31 (1)
o(5) 3255(1) 1212(1) 4188 (2) 29(1)
c(Sa) 4368(2) 1525(1) 4443 (3) 25(1)
c(6) 4290(2) 2433 (1) 4441 (3) 25(1)
C(6A) 5452 (2) 2810(1) 4300 (3) 23 (1)
c(7) 5707 (2) 3467 (1) 5059 (3) 25(1)
C(7A) 6848 (2) 3787 (1) 5069 (3) 26 (1)
c(8) 7150(2) 4455(1) 5893(3) 29(1)
c(9) 8283(2) 4711(1) 5913 (3) 35(1)
c(10) 9142(2) 4337 (1) $133(3) 35(1)
c(11) 8883 (2) 3711(1) 4308 (3) 29(1)
C(11A) 7710(2) 3416 (1) 4256 (3) 26 (1)
c{12) 7409 (2) 2762 (1) 3429 (3) 26(1)
c(12a) 6302(2) 2451 (1) 3440 (3) 23(1)
Cc(12B) 5896 (2) 1773(1) 2518 (3) 24(1)
c(12C) 5230(2) 1166 (1) 3399 (3) 23(1)
0(13) 4803 (1) 872(1) 151(2) 37(1)
0(14) 4804 (1) 1303 (1) 5747 (2) 32(1)
c(15) 4152 (3) 1572(2) 6902(3) 43(1)
o(16) 3387(1) 2785(1) 4648 (2) 40(1)
0(17) 6242(1) 4781 (1) 6609(2) 34(1)
c(18) 6504 (2) 5465(1) 7412 (3) 40(1)
0(19) 9673 (1) 3312(1) 3520 35(1)
c(20) 10854 (2) 3580(2) 3589 (4) 46 (1)
c(21) 6941 (2) 1360(1) 1839(3) 31(1)
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Table 3. Bond lengths [A] and angles [°] for rr900.

c(1) -c(2)
c(2)-0(13)
c(3)-0(13)
C(3A) -C(4)
Cc(4)-0(5)
C(5a) -0(14)
C(S5A) -c(12¢0)
C(6) -Cc(6A)
C(6A) -C(12A)
C(7A) -C(11A)
c(8) -c(9)
C(9)-Cc(10)
c(11) -0(19)
c(11a)-c(12)
c(12A)-c(128)
c(12B) -c(120)
0(17)-c(18)

c(2)-c(1)-c(12m)
0(13)-c(2)-C(1)
0(13)-c(3)-C(2)
c(2) -C(3) -C(3A)
C(3)-c(3a)-Cc(12C)
0(5) -C(4) -c(3a)
0(5) -C(5A) -0(14)
0(14) -C(5A)-Cc(6)
0(14) -C{5A) -c(120C)
0(16) -c(6)-C(6A)
C(6A) -C(6) -C(SA)
C(7)-C(6A) -C(6)
C(6A)-C(7)-C(7A)
C(7) -C(7A) -C(8)
c(9)-c(8)-0(17)
0(17) -c(8)-c(7A)
C€(11) -c(10)-c(9)
€(10) -¢{11) -C(11A)
C(7a) -C(11A) -C(12)
€(12)-c(11A)-C(11)
C(12) -C(12Aa) -C(6A)

C(6A) -C(12A) -C(12B)
C(12A)-c(12B) -c(120C)

C(12A) -c(12B) -C(1)
c(12c) -c(12B) -c(1)

C(12B) -C(12C) -C(3A)

c(2)-0(13)-c(3)
c(8)-0(17)-c(18)

1.493(3)
1.444(3)
1.447(3)
1.524(3)
1.443(2)
1.424(2)
1.547(3)
1.482(3)
1.423(3)
1.416(3)
1.366(3)
1.398(3)
1.369(3)
1.417(3)
1.535(3)
1.545(3)
1.434(3)

c(1l) -c(128B)
c(2) -c(3)
C(3) -C(3a)
C(3Aa)-C(120)
0(5) -C(5Aa)
C(SA) -c(6)
c(6) -0(16)
C(6A) -C(7)
C(7) -C(7A)
C(7A) -c(8)
c(8)-0{(17)
Cc(10) -c(11)
c(11)-c(11a)
c(12)-C(12A)
Cc(12B) -c(21)
0(14) -Cc(15)
0(19) -C(20)

1.554(3)
1.455(3)
1.495(3)
1.553(3)
1.401(2)
1.543(3)
1.209(2)
1.371(3)
1.413(3)
1.434(3)
1.371(3)
1.368(3)
1.432(3)
1.372(3)
1.536(3)
1.431(3)
1.426(3)

116.21(17)
117.14(19)
59.70(14)
122.53(19)
115.38(17)
104.01(16)
112.i9(16)
106.62(16)
105.55(16)
124.63(17)
112.26(16)
119.39(19)
120.78(19)
121.98(189)
125.6(2)
115.19(17)
121.6(2)
119.7(2)
120.16(18)
121.4(2)
118.09(18)
117.66(16)

- 108.59(17)

106.74(15)
110.94(16)
116.97(18)

60.40(14)
116.79(18)

0(13) -c(2)-c(3)
c(3)-¢c(2)-c(1)
0(13) -C(3)-C(3A)
C(3)-C(3A)-C(4)
C(4)-C(3A)-C(120C)
C(5A) -0(5) -C(4)
0(5) -c(5Aa) -C(6)
0(5) -C(5A) -Cc(12C)
C(6) -C(5A) -C(12C)
0(16) -C(6) -C(5A)
C(7) -C(6A) -C(12A)
C(12a) -C(6A) -Cc(6)
C(7) -C(7A) -C(11A)
C(11A) -C(7A) -C(8)
c(9)-Cc(8)-Cc(7Aa)
c(8)-c(9)-c(10)
€(10)-C(11) -0(19)
0(19)-C(11) -C(11A)
C(7A) ~C(11A) -C(11)
c(12a)-C(12)-C(11a)
C(12)-C(12a) -C(12B)
¢(12a) -c(12B) -C(21)
c(21)-c(12B) -Cc(12C)
c(21)-c(12B) -C(1)
c(12B) -C(12C)-C(5A)
Cc(5A) -c(12C) -C(3a)
C(5A) -0(14) -C(15)
c(11)-0(19)-c(20)

59.90(14)
120.82(19)
118.20(18)
110.27(18)
101.58(17)
105.42(16)
109.01(16)
108.09(16)
115.43(17)
122.82(18)
121.64(18)
118.86(17)
117.89(18)
120.11(18)
119.2(2)
122.9(2)
125.1(2)
115.20(19)
118.42(19)
121.3(2)
124.14(18)
111.25(17)
108.80(17)
110.50(19)
114.97(16)
102.88(17)
116.42(18)
116.15(19)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters [i? x 103] for rr900.

The anisotropic displacement factor exponent takes the form:

2 * 2 . o
-2 [ (ha ) Ul 4 <. + 2hka b Ulz ]

11 u22 u33 u23 U1l3 Ul2
c(1) 32(1) 26 (1) 24 (1) 3(1) 0(1) 0(1)
c(2) 34 (1) 35(1) 21 (1) -1(1) -4(1) 3(1)
c(3) 33(1) 31(1) 28(1) -7(1) -2(1) -4 (1)
C(3A) 33(1) 19 (1) 31(1) -4(1) -1(1) 1(1)
C(4) 38 (1) 24 (1) 31(1) 1(1) -3(1) -5(1)
o(5) 29(1) 26 (1) 32(1) -4(1) 3(1) -7(1)
c(5a) 25(1) 24(1) 26 (1) 1(1) -2(1) -3(1)
c(e) 25(1) 25(1) 26 (1) -1(1) -3(1) o(1)
c(6a) 23(1) 22(1) 24(1) 2(1) -3(1) 1(1)
c(7) 24 (1) 24 (1) 26 (1) 0(1) -1(1) 4(1)
C(7a) 29 (1) 22(1) 26 (1) 5(1) -6(1) -2(1)
c(8) 34(1) 25(1) 29(1) 2(1) -6(1) -1(1)
c(9) 40 (1) 30(1) 35(1) -4(1) -7(1) -9(1)
c(10) 29 (1) 37(1) 39(1) 4 (1) -8(1) -12(1)
c(11) 27(1) 32(1) 29 (1) 9(1) -2(1) -4 (1)
C(11a) 26(1) 25(1) 26(1) 7(1) -3(1) -2(1)
c(12) 24 (1) 26(1) 27(1) 2(1) 0(1) 0(1)
c(l2a) 24 (1) 22(1) 24 (1) 2(1) -1(1) 1(1)
c(12B) 24 (1) 25(1) 24 (1) -2(1) 0(1) 1(1)
c(12¢) 23(1) 22 (1) 25(1) 2(1) ~-3(1) 1(1)
o(13) 48 (1) 36(1) 28(1) -6(1) 4(1) 0(1)
O(14) 39 (1) 34 (1) 22(1) 1(1) -2(1) 3(1)
Cc(15) 58 (2) 48 (2) 25(1) -1(1) 3(1) 5(1)
o(1e6) 24 (1) 32(1) 63(1) -4(1) 4(1) 4(1)
o(17) 35(1) 28 (1) 38(1) -8(1) -7(1) 0(1)
c(18) 49 (2) 32(1) 40(1) -11(1) ~4(1) -5(1)
0(19) 24 (1) 39(1) 43 (1) 0(1) 2(1) -7{1)
c(20) 28(1) 52(2) 58 (2) -2(2) 5(1) -12(1)
c(21) 28 (1) 33(1) 33(1) -6(1) 4(1) 2(1)
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Table 5. Hydrogen <coordinates ( x isotropic
displacement parameters (i? x 103) for rxr500.

x Yy z U(eq)
BE(1X) 5576 (19) 2420(12) 780 (20) 30(6)
H(1Y) 4550 (20) 2529 (13) 1860(30) 46 (7)
B(2) 3703 {(19) 1806 (13) 50(30) 36 (6)
B(3) 3280 (20) 616 (13) 1060 (30) 33(6)
H(3A) 4850 (20) 104 (15) 2510(30) 36(6)
H(4X) 2710 (20) 267(11) 3150 (20) 39(7)
H(4Y) 3709 (18) 109¢12) 4360 (30) 31(6)
B(7) 5151 (18) 3662(11) 5670 (20) 23 (6)
E(9) 8450 (20) 5144 (13) 6570 (30) 34 (6)
B(10) 9920(20) 4526 (11) 5240 (30) 34(6)
B(12) 8030(17) 2549 (11) 2810(20) 23 (5)
H(13C) 5766 (19) 896 (11) 3980(20) 22(5)
B(15X) 3340(30) 1538 (18) 6760 (40) 94 (13)
H(15Y) 4320 (30) 2110(20) 7100 (40) 86(12)
H(152) 4450 (30) 1285(18) 7730 (40) 72(10)
H(18X) 6890 (20) 5866 (12) 6840(30) 38(7)
H(18Y) 5760(20) 5628 (15) 7800 (30) 48 (8)
H(182) 7030(20) 5336 (15) 8140(30) 49 (8)
H(20X) 11280(20) 3239 (16) 2820(30) 61(9)
H(20Y) 11170(20) 3493 (14) 4540 (30) 41(7)
H(20Z) 10890(20) 4113 (15) 3260(30) 48(8)
H(21X) 7470 (20) 1211 (10) 2510(39) 26 (5)
B(21Y) 7300(20) 1677(12) 1180(30) 38(7)
B(21z) 6670(20) 889 (13) 1320(30) 47(7)
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Table 1. Crystal data and structure refinement for rr899.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

6 range for data collection
Limiting indices
Reflections collected
Independent reflections
Completeness to 6 = 25.00°
Absorption correction

Refinement method

Data / restraints / parameters

Goodness-of-fit on rz

Pinal R indices [I>20(X)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

rr899
c2332406
396.42
293(2) X
0.71073 A
Monoclinic
P21/c

a = 12.3753(11) A alpha = 90°
b = 14.1655(15) A beta = 117.743(6)°
12.4277(13) A gamma = 90°

-4

1928.2(3) &>, 4
3

1.366 Mg/m

0.098 mm !

840

0.40 x 0.38 x 0.36 mm

2.34 to 25.00°

0 s hs 14, 0 s ks 16, -14 s 1 s 13

3563
3399 (Rint = 0.0152)
100.0 %

Face-indexed analytical
Full-matrix least-squares on F2
3399 / 0 / 359

1.958

Rl = 0.0389, wR2 = 0.0669

Rl = 0.0556, wR2 = 0.0680
0.0020(2)

0.351 and -0.166 ek >
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Table 2. Atomic coordinates [ =x 1&4] and equivalent isotropic
displacement parameters [iz x 103] for rr899. U(eq) is defined

as one third of the trace of the orthogonalized Uﬁj tensor.
x > 4 z U(eq)
c(1) 2097(2) 3969 (2) 237 (2) 40 (1)
c(2) 2795(2) 4858 (1) 789(2) 46 (1)
c(3) 3389(2) 5012 (2) 2106 (2) 48 (1)
C(3Aa) 3288(2) 4324 (1) 2970 (2) 36(1)
Cc(4) 4538(2) 3990 (2) 3930(2) 42 (1)
o(5) 4806 (1) 3173(1) 3396(1) 38(1)
C(5A) 3714 (2) 2676 (1) 2778(2) 28(1)
c(e) 3715(2) 2117 (1) 1731 (2) 29(1)
C(6A) 2481 (2) 1806 (1) 816 (2) 27(1)
c(7) 2346 (2) 938(1) 286 (2) 29(1)
C(7A) 1191(2) 590(1) -551(2) 29(1)
c(s) 1024 (2) -331(1) -1072(2) 33(1)
c(9) -119(2) -642(1) -1866(2) 39(1)
c(10) -1140(2) ~-47(2) -2170(2) 39(1)
c(11) -1017(2) 839 (1) -1693(2) 36 (1)
Cc(11Aa) 165(2) 1177(1) ~-856(2) 30(1)
c(12) 332(2) 2080 (1) =307 (2) 31(1)
c(12a) 1454 (2) 2400 (1) 529 (2) 28(1)
c(128B) 1685(2) 3400(1) 1047(2) 30(1)
c(120) 2651 (2) 3381(1) 2408 (2) 29(1)
0(13) 4098 (1) 4712 (1) 1520(1) 57(1)
0o(14) 3545(1) 2003(1) 3542(1) 34(1)
c(15) 4556 (2) 1379 (2) 4166 (2) 54 (1)
o(1e) 4648 (1) 1882(1) 1707(1) 40 (1)
0(17) 2086 (1) -838(1) -692(1) 42 (1)
c(18) 2000(3) -1768 (2) -1157(3) 72(1)
o(19) -1944(1) 1462 (1) -1923(1) 48 (1)
c(20) -31661{2) 1131(2) -2616(2) 55(1)
c(21) 535(2) 3862 (2) 983(2) 41 (1)
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Table 3. Bond lengths [A] and angles [°] for rr89s.

c(1) -c(2)
c(2)-0(13)
Cc{3)-0(13)
C(3A) -C(4)
Cc(4)-0(5)
C(5A)-0(14)
c(5Aa)-c(12C)
Cc(6)~-C(6A)
C(6A)-~-C(12a)
C(7A) -C(11a)
c(8)-c(9)
c(9)-c(10)
c(11)-0(19)
C{(11A) -C(12)
C(12A) -C(128)
c(12B)-Cc(120)
0(17) -c(18)

c(2)-Cc(1)-Cc(128B)
0(13)-c(2)-Cc(1)
0(13)-c(3)-c(2)
C(2) -C(3) -C(3Aa)
Cc(3)-Cc(3a)-c(12C)
0(5)-C(4)-C(3a)
0(5)~C(5A)-0(14)
0(14) -Cc(5A) -C(6)
0(14) -C(5A) -Cc(12¢C)
0(16)-C(6)~-C(6A)
Cc(6A) -Cc(6) -C(5A)
C(7)-C(6A)-C(6)
C(6A) -C(7)-C(7A)
C(7)-C(7A) -C(8)
c(9)-c(8)-0(17)
0(17)-c(8)-Cc(7A)
c(11) -c(10)-c(9)
c(10)-c(11)~C(11A)
C(7A) -C(11A) -C(12)
C(12) -C(11A)-C(11)
c(12) -C(12A)-C(6A)
C(6A) -C(12A) -C(12B)
C(12A)-C(12B)-C(1)

c(12a)-c(128)-c(120)

c(1)-c(12B)-C(120)
C(5A) -C(12C) -C(12B)
C(3)-0(13)-C(2)
c(8)-0(17)-Cc(18)

1.501(3)
1.450(3)
1.440(2)
1.524(3)
1.447(2)
1.4279(19)
1.540(2)
1.483(2)
1.424(2)
1.415(2)
1.367(2)
1.416(3)
1.367(2)
1.418(2)
1.527(2)
1.552(2)
1.422(3)

C(1)-c(12B)
Cc(2) -c(3)
C(3)-c(3a)
C(3A)-C(120C)
0(5) ~c(5a)
C(5a)-c(6)
c(6)-0(16)
C(6A) -Cc(7)
C(7)-c(7n)
C(7a) -C(8)
c(s)-0(17)
C€{(10)-c(11)
C(11)-C(11A)
C€(12)-c(12a)
C(12B) -Cc(21)
0(14)-Cc(15)
0(19) -c(20)

1.550(2)
1.465(3)
1.497(3)
1.543(2)
1.3950(19)
1.525(2)
1.2152(19)
1.368(2)
1.409(2)
1.428(2)
1.374(2)
1.366(3)
1.426(2)
1.367(2)
1.534(3)
1.430(2)
1.427(2)

115.62(16)
113.74(18)

59.88(13)
122.57(18)
115.75(16)
104.80(15)
112.02(13)
106.18(13)
105.24(13)
123.40(16)
113.49(14)
119.16(16)
121.68(17)
122.56(17)
125.65(17)
114.05(15)
121.68(18)
119.64(18)
119.32(15)
121.61(17)
117.83(16)
118.17(15)
105.18(14)
109.94(13)
113.45(15)
117.04(14)

60.91(13)
117.74(18)

0(13)-c(2)-c(3)
c(3)-c(2)-c(1)
0(13)-c(3)-C(3A)
C(3)-C(3A)-C(4)
C(4)-c(3a)-c(120)
C(5A)-0(5)-C(4)
0(5) -C(5A) -C(6)
0(5) -C(5A) -Cc(12C)
c(6) -c(5A) -c(12cC)
0(16)-C(6) -C(5A)
c(7) -C(6A) -C(12A)
C(12A) -C(6A) -C(6)
C(7) -C(7A) -C(11A)
C(11a) -Cc(7A) -C(8)
C(9)-c(8)-Cc(7a)
c(8)-c(9)-C(10)
¢(10)-Cc(11) -0(19)
0(19)-C(11) -C{11A)
C(7A) -C(11A)-C(11)
C(12a) -C(12) -C(11A)
C(12) -C(12A) -C(12B)
c{12a)-Cc(12B) -C(21)
c(21) -Cc(12B)-C(1)
C(21)-Cc(12B) -C(12C)
C(5A) -C(12C) -C(3A)
C(3A) -¢(12C) -C(12B)
C(5A)-0(14) -C(15)
c{11) ~0(19) -C(20)

59.20(13)
121.22(18)
116.42(17)
111.71(17)
101.77(15)
106.57(13)
110.24(13)
108.17(14)
114.95(14)
122.83(15)
121.01(16)
119.80(15)
117.87(16)
119.55(16)
120.29(18)
119.76(18)
126.03 (17)
114.31(17)
119.06 (16)
122.25(17)
123.53(16)
112.74 (15)
106.80(16)
106.85 (15)
103.93(14)
116.74 (15)
114.29(15)
117.72(17)

Symmetry transformations used to generate equivaleant atoms:
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Table 4. Anisotropic displacement parameters [i? x 103] for rx899.

The anisotropic displacement factor exponent takes the form:

* @
+ oo« + 2hka D U 1

2

222 [ (na")?u

12

Ull v22 033 U23 U13 Ul2
c(1) 53(1) 36 (1) 37(1) 1(1) 25(1) -5(1)
c(2) 61(2) 34 (1) 53(1) 5(1) 33(1) -3(1)
c(3) 63(2) 32(1) 60(1) -8(1) 38(1) -10(1)
C(3a) 42(1) 32(1) 41(1) -9(1) 25(1) -3(1)
C(4) 41(1) 39 (1) 46 (1) -15(1) 21(1) -9(1)
o (5) 29(1) 38 (1) 43 (1) -14(1) 15(1) -7{1)
C(5Aa) 25(1) 31(Q1) 28(1) -3(1) 11(1) -4 (1)
c(e) 27(1) 29(1) 31(1) 2(1) 14(1) 2(1)
c{6a) 28(1) 27(1) 26 (1) 0{(1) 13(1) -2(1)
c(7) 28(1) 33Q1) 28(1) 3(1) 14 (1) 3(1)
c(7a) 33(1) 32(1) 23(Q1) 1(1) 13(1) -5(1)
c(8) 42(1) 32(1) 29(1) 2(1) 20(1) -4(1)
c(9) 49(1) 40(1) 29(1) -3(1) 20(1) -13(1)
c(10) 37{(1) 51(1) 26 (1) -4(1) 13(1) -17(1)
c(11) 32(1) 45(1) 28(1) 2(1) 13(1) -4(1)
C(11A) 31(1) 34(1) 23(1) 2(1) 12(1) -5(1)
c(12) 27(1) 34 (1) 30(1) 7(1) 12(1) 4(1)
C(12A) 29(1) 29(1) 27(1) 4(1) 14 (1) 1(1)
C(12B) 31 (1) 27(1) 34(1) 3(1) 16 (1) 1(1)
c(12c) 31(1) 29(1) 31(1) -1(1) 18(1) -2(1)
0(13) 58(1) 62(1) 66 (1) =-2(1) 40 (1) -16(1)
0(14) 32(1) 36(1) 34(1) 7(1) 16(1) 6(1)
c(15) 46 (2) 59 (2) 59(2) 27(1) 27(1) 20(1)
o(1s6) 28(1) 50(1) 40(1) -10(1) 15(1) 2(1)
0(17) 49 (1} 28(1) 49(1) -5(1) 23(1) -1(1)
c(18) 67 (2) 37 (2) 112(3) -26(2) 42(2) -7(1)
0(19) 26(1) 59 (1) 47 (1) -3(1) 7(1) -3(1)
c(20) 29(1) 75(2) 48 (1) 1(1) 6(1) =7(1)
c(21) 38(1) 34(1) 47 (1) 0(1) 16 (1) 7(1)
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Table 5. Hydrogem coordinates ( = and isotropic

displacement parameters (iz x 103) for rr899.

x Yy z U(eq)
BH(1X) 2611(17) 3560(14) -13(16) 49 (6)
H(1Y) 1319(17) 4116 (12) -540(17) 45 (5)
R(2) 2593 (17) 5445 (15) 265(17) 56 (6)
H(3) 3521(18) 5711 (15) 2360 (18) 65(7)
H(3A) 2854 (14) 4653(12) 3361(14) 31(5)
H(4X) 5250 (18) 4446 (14) 4100(17) 57(6)
B (4Y) 4560(16) 3790(13) 4747 (17) 53 (6)
B(7) 3039(15) 580(11) 530(14) 23 (4)
R(9) -219(16) -1403 (13) -2343 (16) 50(5)
BE(10) -1969(16) -292(12) -2717(15) 39 (5)
B(12) -400(15) 2480(12) -568(14) 36 (5)
B(12C) 2228(13) 3157(10) 2859 (13) 17(4)
H(15X) 4400(20) 1020(16) 4730(20) 80 (8)
H(15Y) 4730 (20) 928 (19) 3600(20) 110(10)
H(152) 5340(30) 1790 (20) 4450 (30) 128(11)
H(18X) 1530(20) -1718(17) -2140(20) 90 (9)
H(18Y) 1430 (20) -2180(17) -970(20) 90 (9)
H(182) 26840 (20) -1995(16) -800 (20) 80 (8)
B(20X) -3720(20) 1717(17) -2630(20) 92(9)
B(20Y) -3299(18) 948 (15) -3440(20) 65(7)
H(202) -3300(20) 513 (18) -2230(20) 91 (9)
H(21X) 223 (17) 3461 (14) 1444 (17) 53 (6)
H(21Y) 747 (17) 4471 (15) 1364 (17) 53(6)
H(212) -118(18) 3926 (14) 131 (18) 55(6)
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Table 1. Crystal data and structure refinement for rr909.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient

¥ (000)

Crystal size

© range for data collection
Limiting indices
Reflections collected
Independent reflections
Completeness to & = 30.00°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-£fit on rz

Pinal R indices [I>20(I)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

rr909
clSnIBOG
294.29
293(2) K
0.71073 A
Triclinic

Pl

a = 7.5059(7) A alpha = 86.967(N°
b = 7.8212(5) A beta = 81.114(4)°
c = 11.9450(12) A gamma = 85.860(6)°

690.39(12) A7, 2
1.416 ug/n3
0.110 mm *

312

0.82 x 0.48 x 0.48 mm

2.61 to 30.00°

0s hs10, ~10 s k = 10, -16 = 1 s 16
4280

3999 (Rint = 0.0101)

99.3 %

Integration

0.9602 and 0.9367

Full-matrix least-squares on !2

3999 / 0 / 263

2.646

Rl = 0.0365, wR2 =« 0.0965

Rl = 0.0408, wR2 = 0.0971

0.021(4)

0.404 and -0.179 eh >
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Table 2. Atomic coordinates [ x 104] and equivalent isotropic
displacement parameters [iz x 103] for rr909. U(eq) is defined

as one third of the trace of the orthogonalized U tensor.

ij

x y z U(eq)
0o(1) 1107 (1) 1878(1) 33%1(1) 30(1)
c(2) 937 (1) 2384 (1) 2240(1) 30(1)
c(2a) 1125(1) 4305(1) 2148(1) 24 (1)
c(3) 1593(1) 5294 (1) 1084(1) 31(1)
c(4) 2677 (1) 6821 (1) 1096 (1) 32(1)
c(5) 2502(1) 7568 (1) 2256 (1) 31(1)
C(5Aa) 2975(1) : 6212(1) 3166(1) 25(1)
c(6) 4891 (1) 5507 (1) 2853 (1) 30(1)
c(7) 5463 (1) 3860(1) 2943(1) 31(1)
c(8) 4246 (1) 2503 (1) 3336(1) 26 (1)
C(8A) 2245(1) 3049(1) 3756(1) 23(1)
c(8B) 1638 (1) 4797 (1) 3262(1) 21(1)
0(9) -238(1) 5410(1) 1694 (1) 33(1)
0(10) 2061(1) 8154 (1) 322(1) 39(1)
c(11) 3314(1) 8833 (1) -467 (1) 28(1)
0(12) 4862(1) 8286 (1) -628(1) 45(1)
2(13) 2527 (2) 10343 (2) -1087(1) 34(1)
Cc(14) 2849 (2) 7069(1) - 4309(1) 35(1)
0(15) 4779 (1) 996 (1) 3369(1) 37(1)
0(16) 1952 (1) 3090(1) 4937 (1) 28 (1)
c(17) 2205 (2) 1490(1) 5557(1) 34(1)
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Table 3. Bond lengths [A] and angles [°] for rr909.

o0{(1) -Cc(8A)
c(2)-c(2a)
€(2a) -C(3)
c{3)-0(9)
C(4) -0(10)
c(5) -c(5a)
Cc(5a) -c(8B)
c(6) -Cc(7)
c(8) -0(15)
C(8A)-0(16)
0{(10)-c(11)
c{11)-c(13)

c(8A)-0(1)-C{2)
0(9)-Cc(2A)-C(3)
C(3) -c(2a)-C(2)
Cc(3) -C{2A) -C(8B)
0(9)-c(3)-c(2a)
C{(2A) -Cc(3) -C(4)
0(10)-C(4) -C(5)
C(4) -C(5) -C(5A)
C(6)-C(5A) ~-C(14)
c(6) -c({5a) -C(5)
Cc(14)-C(5A)-C(5)
c(6) -Cc(7)-C(8)
0(15)-Cc(8) -C(8A)
0(16)-Cc(BA)-0(1)
0{(1) -C(8A) -C(8B)
Q(1) -C(8A) -C(8)
C(2Aa)-c(8B) -C(8A)
C{8A) -C(8B) -C{5A)
Cc{(11)-0{10)-C(4)
0(12)-C(11)~C(13)
c(8a)-0(16) -c(17)

1.4244(11)
1.5160(13)
1.4516 (13)
1.4523(12)
1.4553(11)
1.5405(13)
1.5352(12)
1.3318(14)
1.2176(11)
1.3954(11)
1.3417(12)
1.4948 (1¢)

106.42(7)

59.98(6)
124.57(8)
122.87(8)

59.39(6)
118.05(8)
107.76(8)
111.98(8)
107.25(8)
109.59(8)
109.35(8)
122.86(9)
120.42(9)
110.11(7)
104.76(7)
109.85(7)
101.29(7)
116.89(7)
117.40(8)
125.54(9)
116.354(7)

o(1) -c(2)
C{2A) -0(9)
c(2a) -c(8p)
c(3)-C(4)
Cc(4) -C(5)
C{(5A) -c(s)
C(SA) -C(14)
c(7) -c(8)
c(8) -c(8a)
C(8A) -C(8B)
c(11) -0(12)
0(16) -C(17)

0(1) -Cc(2)-C(2A)
0(9)-c(2a)-C(2)
0(9)-Cc(2a) -C(8B)
c(2) -C{2a) -C(8B)
0(9) -c(3)-C(4)
0(10)-c{4) -Cc(3)
c(3)-c(4)-C(5)
C(6) ~C (5A) -C (8B)
C{8B) -C{SA) -C(14)
c{8B) -C(5A) ~C(5)
C(7)-C(6)-C(5A)
0(15) -c(8) -C(7)
C(7)-C(8) -C(8A)
0(16) -C(8BA) -C(8B)
0(16) -c(8A) -C(8)
c(8B) -C(8A) -C(8)
C{2A7) -C{(8B) -C(5A)
c(2a) -0(9) -C(3)
0(12)-¢c(11) -0(10)
0(10)~-Cc(11)-C(13)

1.4333(12)
1.4435(11)
1.5166(12)
1.4946(15)
1.5152(15)
1.5014(13)
1.5399(14)
1.4618(14)
1.5452(13)
1.5275(12)
1.1994(12)
1.4357(11)

105.42(7)
119.24(8)
116.63(7)
106.65(7)
116.76 (9)
108.82(8)
113.34(8)
111.61(7)
110.28(8)
108.74(7)
125.40(9)
122.05(9)
117.50(8)
108.85(7)
109.82(7)
113.34(7)
115.22(7)
60.63 (6)
123.22(9)
111.24(9)

sfmmotry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters [iz x 1031 for rx908.

The anisotropic displacement factor exponent takes the form:

2 * 2 - ®
-2% [(ha)o‘l +...+2hkab01

P

Ull v22 U3s3 u23 Ul13 Uli2
0(1) 34 (1) 24(1) 34 (1) 0(1) -6(1) -10(1)
c(2) 31 (1) 28(1) 34 (1) -6(1) -9(1) -5(31)
c(2a) 21(1) 26(1) 27(1) -2(1) -6(1) -1(1)
c(3) 29(1) 37(1) 26 (1) 1(1) -5(1) 1(1)
c(4) 26(1) 36(1) 31(1) 12(1) -3(1) 2(1)
c(5) 30(1) 24(1) 38(1) 8(1) -7(1) -4(1)
C(5A) 25(1) 20(1) 30(1) 2(1) -7(1) -4(1)
c(e) 24 (1) 32(1) 35(1) 5(1) -7(1) -8(1)
c(7) 21 (1) 35(1) 35(1) 2(1) -4(1) -1(1)
c(s) 27(1) 26 (1) 24 (1) 0(1) -4(1) 3(1)
C(8A) 24 (1) 20(1) 24 (1) 0(1) -3(1) -3(1)
c(8m) 20(1) 20(1) 24 (1) 0(1) -3(1) -2(1)
o(9) 24 (1) 39(1) 36 (1) 4(1) -10(1) 1(1)
0(10) 26 (1) 49 (1) 38(1) 22(1) -1(1) 2(1)
c(11) 28 (1) 36(1) 21(1) 1(1) -4(1) -4(1)
0(12) 31(1) 60(1) 38(1) 13(1) 3(1) 4(1)
Cc(13) 34(1) 39(1) 29(1) 9(1) -5(1) -3(1)
Cc(1l4) 43(1) 27(1) 38(1) -5(1) -12(1) -7(1)
o(15) 41 (1) 27(1) 40(1) 1(1) -1(1) 9(1)
o(1e) 36(1) 24 (1) 23 (1) 2(1) -1(1) -1(1)
c(17) 40 (1) 30(1) 31(1) 9(1) -5(1) 0(1)

216



10%)

Table 5. Hydrogen coordinates ( x and isotropic
displacement parameters (A% x 107) for rrsos.
x Y z U({eq)
H{(2X) 1898(18) 1760(16) 1724 (11) 37(3)
H(2Y) -265(19) 2085(17) 2113(11) 43 (4)
H(3) 1754 (16) 4694 (15) 347(11) 31(3)
H(4) 3920(18) 6488 (16) 829(11) 36(3)
B (5X) 1319(19) 8023 (16) 2470(11) 37(3)
H(5Y) 3284(18) 8514 (18) 2230(11) 40(3)
H(6) 5762(18) 6364 (17) 2581 (12) 42 (4)
H(7) 6650(20) 3476 (18) 2763(12) 46 (4)
H(8B) 538(16) 5145 (15) 3771(10) 29(3)
H(13X) 1220(20) 10410(20) -967(14) 62(5)
H(13Y) 2830(30) 11380(30) -792(17) 88 (6)
H(132) 3020(20) 10290(20) -1877(16) 72 (5)
H(14X) 1650(20) 7558 (18) 4559 (12) 45 (4)
H(14Y) 3700(20) 7988 (19) 4242(12) 47 (4)
H(142) 3120(20) 6218 (19) 4889 (13) 49 (4)
H(17X) 1410(20) 660(20) 5351(13) 58(4)
H(17Y) 3410(20) 957(19) 5429 (13) 51 (4)
B(172) 1890(20) 1759 (18) 6333(13) 48 (4)
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