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Derivitization of natural product scaffddproduces diversely functionalized molecules
biological study and offers insight into the resities of complex molecular architecturem

the present study, the tricyclic framework of thgamthiwigin natural product familyvas
employed as a platform for late-stage diversifmati The design and synthesis of several non-
natural “hybrid”molecules resembling both the cyanthiwigin and gagunatural products w
accomplished, and the results of these investigatiwe described herein.

2019 Elsevier Ltd. All rights reserved

1. Introduction

Natural products have long served as important tarfmr
total synthesis, attracting attention with theirignting biological
activities and impressive molecular architectdresSynthetic
efforts toward natural products frequently inspireecsification
studies due to ready availability of complex lai@ge
intermediate$®
frameworks of the associated natural product fasjilithese
scaffolds serve as ideal platforms for diversiimat They
enable access to complex derivatives unattainableugh

operational biosynthetic pathwdyand can be more accessible

than the natural products themselves (for instadoe, to low-
yielding endgame transformations toward the
Furthermore, diversification of a natural productfold can
generate an array of complex molecules while alsealng
important reactivity patterns of the molecular feamork®

Related natural product families often feature kimcarbon
skeletons while exhibiting varied biological actig&®
Derivitization of the common framework produces “hgbr
molecules incorporating salient features (e.g. atxich states,
substitution patterns, functional groups) of theepa families
that could exhibit heightened potency or even naeivity."’
This strategy was employed to good effect by therBah group
in their preparation of discodermolide—dictyostatytrids which
displayed greater potency than the parent compoagadénst
pancreatic, colon, and ovarian cancer cell Ithesnspired by
these efforts, we sought to create hybrid compouesismbling
another pair of bioactive marine natural produanifes, the
cyanthiwigins and the gagunins.

lafter).

Comprising a subset of a large class of bioactiatunal
products known as the cyathins, the cyanthiwiginrpégeoids
were first isolated from the marine sporiggpolasis reiswigin
19927 with more compounds extracted froyrmekioderma
styxa decade latéf. With the exception of cyanthiwigin AC, the
cyanthiwigins possess 5—6—7 fused tricyclic cardaietons ()
featuring four contiguous stereocenters, two of white

Generally embodying the main carbon g ,atemary.  Additionally, many of these compoundspldy

noteworthy biological activity against such diseasgents as
HIV-1 (cyanthiwigin B, 2), lung cancer and leukemia cells
(cyanthiwigin C,3), and primary tumor cells (cyanthiwigin &)
(Figure 1).

W W W W

cyathane skeleton (1)  cyanthiwigin B (2)

anti-HIV

cyanthiwigin C (3)
anti-leukemia

cyanthiwigin F (4)
anti-tumor

Figure 1. The cyathane skeleton and selected cyanthiwigins.

Since not all of the cyanthiwigins have been isdatelarge
enough quantities for biological evaluation, exhiaes
exploration of the medicinal properties of all thirknown
cyanthiwigins has remained elusive. Noting this tation along
with the structural challenges presented by the outds,
chemists have targeted various members of the liyagtn
family for total synthesis®*? To date, ten cyanthiwigins have
been prepared, including cyanthiwigins U, W, and ZPwllips
and co-workers? cyanthiwigin AC by Reddy and co-workefs;
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cyanthiwigins B, F, and G by Stoltz and co-workergnd  molecules might exhibit interesting biological peoges that
cyanthiwigins A, C, G, and H by Gao and co-worKérs. could be correlated to structure through systenfatéstuning of
Featuring the same 5-6-7 tricyclic core as the ttyaigins, the ester substituents. Overall, these efforts dcddentify
the structurally related gagunin diterpenoids weddated from  exceptionally potent complex moleculeghile providing insight
the spongéhorbassp. by Shin and co-workers off the coast of into the reactivity of the cyanthiwigin core and tiedationship
South Korea and exhibit varying biological actei!’ An between framework substitution and biological agfivit
important structural difference between the gagurdnd the
cyanthiwigins is the degree of oxidation surrounditiye
carbocyclic core. The density of functionalizatiand presence " i & Bonds
of numerous contiguous stereocenters (up to 1ljererthe + 2 quaternary
gagunins challenging targets for total synthegis, @ such, only stereacenters
partial syntheses of the gagunins have been coetpletdate’ o
The gagunins exhibit cytotoxic activity against theman groups Or8
leukemia cell line K562, with gagunin B)(displaying the most 7 steps from
potent activity (LG, = 0.03ug/mL) out of all 17 known members succinic acid
of the natural product family. Gagunin B)(is over one l[P‘]’“z
thousand times more potent than the least bioltgicetive
member of the family, gagunin /) (Figure 2). Interestingly,
these two compounds differ only in the placementidedtity of
the ester substituents surrounding the carbocf@dimework, an
observation that led Shin and co-workers to hypadteethat the
biological properties of the gagunins are highlpsitve to the
ester functionalities, especially at the C11 positi Indeed, ﬁ‘c’jjjsasosAr
evaluation of perhydroxylated gagunin A,(in which all of the  g.heme 1Previous work using the cyanthiwigin scaffo8) in a

esters are hydrolyzed, revealed no appreciablediia! activity, comparative study of late-stage C—H oxidation.
lending credence to Shin’s hypothesis.

allylic C-H

oxidation

2°C-H 3°C-H

chlorination

10 1la: Y=0OH

o
n-Pr >\\
0, QO H O late-stage \ﬂ/ R Q
)/ n-Pr diversification
W == ‘
o
)-8

7 steps from R = alkyl

succinic acid

gagunin E (5)

LCsp = 0.03 ug/mL (50 nM) Lo . .
Scheme 2Approach toward cyanthiwigin—gagunin hybrid

synthesis.
2. Results and Discussion

At the outset, we identified the C-ring olefin §1as a key
starting point for diversification. Oxygenation ¢die achieved
through di-hydroxylation of the olefin with eithemti or syn

n-Pr

perhydroxylated

gagunin A (6) gagunin A (7) relative stereochemistry, giving rise to cyanthiwiggagunin

LCso = 50.1 ug/mL LCso > 100 ug/mL hybrids diastereomeric at C12 and C13. Retrosyictiby,
Figure 2. Structures and anti-leukemia activities of selécte  hybrids 13 and 14 could arise through reduction and bis-
gagunins. esterification of diketonesl5 or 16, respectively. These

intermediates would be accessed through eitivgi- or syn-
With this in mind, we envisioned that tricy@ecould serve as  dihydroxylation of8, followed by esterification (Scheme 3).
a platform for accessing non-natural compoundsmbegeg both

the cyanthiwigin and gagunin natural products. Aald# in 7 o OF{“O pr Fo
steps from succinic acid via a double enantioseiect R))LO H s Xy
decarboxylative allylic alkylation stratedy™® compound (-B H— P o
had previously been employed in a comparative stfdiate- educton & . :
stage C—H functionalization (Scheme®®)Along with allylic C— bis-esterfication O)ﬁ/R o ant-dhycroxytaton
H oxidation of8, various methods for 2° C—H chlorination and 3° ! cotereaton
C—H hydroxylation, amination, and azidation of hygkpated 3 1
tricycle 10 were compared. These efforts revealed reactivity
patterns of the cyanthiwigin core and identifiedustoprotocols o O'j) pr {H
for C—H oxidation of complex molecules. R»]LO H X ~.‘°\n/" Fr
For the present study, we anticipated that the tarbanyls ° — . °
and C-ring olefin irB could serve as functional handles for facile reduction & ‘
installation of ester functionalities, generatinglypesterified bis-esterification - %/R 0 V% eatereaton
compounds 13-14) reminiscent of the densely oxygenated 14 o "

gagunins (Scheme 2). Given the diverse biologicaivides
displayed by the parent cyanthiwigins and gaguning
hypothesized that some of these cyanthiwigin—gagtimjbrid” Scheme 3Retrosynthetic analysis of hybrid8-14.
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2.1.Anti diol route 6) and turned our attention toward synthesisywotdiol-derived

. . ) . hybrids (4).
We began our studies targeting hybrid moleculs} derived

from theanti-dihydroxylation pathway. We envisioned that the
anti-diol moiety could be installed in the C-ring by wafyolefin
epoxidation and subsequent ring-opening. To thid, eve

treated tricycle8 with DMDO at 0 °C, forming epoxid&7 in (-PrC0),0
excellent yield as a single diastereomer (SchemeAd)observed ;N PWAP
in our previous studies on the hydrogenation andH C— CHClp, 23 °C
functionalization of the cyanthiwigin cof@, oxygenation (61% yield)

occurred selectively from the-face of the molecule, likely due
to steric shielding of thg-face by the methyl substituent at the
B-C ring juncture. After unsuccessful attempts fmero the
epoxide under basic conditions (e.g., NaOH, {Bit), we found
that treatment of epoxidd7 with catalytic perchloric acid
delievered the desirahti-diol (18) in excellent yield.

[¢]
H o DMDO
_—
.e acetone, 0 °C

(99% yield)

Scheme 6 Synthesis ol5 en route to cyanthiwigin—gagunin
hybrids13.

2.2.Syn-diol route

Preparation of theyndiol-derived hybrids commenced with
dihydroxylation of8 using osmium tetroxide and NMO (Scheme
7). We were pleased to find ttatndiol 24 was formed in good
yield as a single diastereomer under these conditiDiol 24
was subsequently treated with butyric acid, EDCI, BMAP to

0 0
H H 3% aq. HCIO,
e hndt N

THF, 23 °C
(90% yield)

o] [o] 5mg scale
8 17 ’ achieve selective esterification of the secondat Gydroxyl,
single diastereomer furnishing tricyclic mono-estet6 in moderate yield. Treatment
of 16 with excess sodium borohydride resulted in the &iom
Scheme 4Preparation 018 via acid-catalyzed opening o¥. of triol 25, a key intermediate in treyndiol route.

Pleased with this result, we proceeded to repeasdhaence

on a larger scale. While epoxidation8oxfonsistently occurred in

excellent yield and facial selectivity, the acidatygzed epoxide- Q H o 0s0,, NMO £b01, DMAP
opening ofl17 proved less reliable. When 50 mg of epoxide .e W CHClp, 23°C
was subjected to conditions that had been effectivé mg, the (60% yield) (53% yield)
formation of multiple products was observed (Sché&neThese o

compounds were isolated by column chromatography and & single d,ff,e,eame,

characterized as compounti8-23. The desiredanti-diol (18)
comprised the major product at 32% yield while dissbmeric
anti-diol 19 constituted the next most abundant product.
Meinwald rearrangemefitproducts20 and 21 were formed in
roughly equal amounts, and elimination prod@&2sand23 were
obtained in the smallest quantities.

17
(50 mg)

13'/?:;3-;;?84 Scheme 7Preparation of trio®5.

NaBH,
(o] (10 equiv)
_—
1:1 MeOH/CH,Cl,
-78 - 23°C

(80% yield)

Notably, hydride reduction occurred selectively frohe a-
face of diketonel6, presumably due to steric factors as in
previous cases. We propose that the C9 and Céylmathntrol
facial selectivity of reduction by blocking hydridg@proach from
the Burgi-Dunitz angf@ on the f-face. Thus, hydride attack
occurs from the more accessibidace despite the concavity of
the three-dimensional architecture 18. This gives rise to the
observed stereochemistry at C3 and C8 in the pto(ki)
(Figure 3).

18
(32% yield) (14% yield)

(11% yield) (9% yield) (7% yield)

Scheme 5Formation of compounds3-23 from 17 (50 mg).

H~ approach
As evidenced by the low selectivity of this transfation, R=CO"r plocked

further exploration is needed to identify a scadabhd reliable

procedure for the preparation arfiti-diol 182° In the meantime,

we progressed didl8 to tricyclic esterl5 en route td.3 (Scheme

Figure 3. Stereochemical rationalization for formation2at
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With tris-hydroxylated intermediate25 in hand, we
proceeded to the final transformation in generatiyanthiwigin—
gagunin hybridd4. Initial efforts at bis-esterification employing
the same conditions used previously (butyric a&BClI, and

reagents
DMAP

DMAP) proved unsuccessful, returning large quantitigfs CHCl, 23 °C
unreacted?5 (Table 1, Entry 1). Further attempts to acceiss tr

ester 14a using butyryl chloride and DMAP were also

ineffective, instead producing a complex mixture prbducts -
(Entry 2). Finally, we discovered that the combimabf butyric i Aoagens veld
anhydride, triethylamine, and DMAP provided the optim 1 n-PrCOOH, EDCI 53%
balance in reactivity, supplying cyanthiwigin—gagurinybrid 2 n-PrcOCI 54%
14ain high yield (Entry 3). Gratifyingly, applicationf these s (PrCO)0, NEL, 739

conditions to25 using isovaleric anhydride or acetic anhydride
enabled access to hybritldb or 14¢ respectively (Scheme 8).

Table 2. Comparison of conditions for esterification2sf.

For the preparation of cyanthiwigin—gagunin hybti¢h, we
wondered if a global esterification strategy miglgt teasible

AR through tetra-hydroxylated intermedia®6 (Scheme 9). To
CH,Cl, 23°C investigate this possibility, we treated d&4, this time prepared
through a catalytic dipotassium osmate dihydratgqgmol, with
excess sodium borohydride. Despite good conversi@d, the
expected tetra-hydroxylated produc26) proved intractable,
. likely due to its high polarity and resistance tdaraction from
ntry Reagents Result .
the aqueous layer. As such, we determined that hallo
! n-PrCOOH, EDCI low conversion esterification strategy through a tetra-hydroxydatetermediate
2 n-Prcocl messy mixture was not a viable approach for the preparation ohityaigin—
3 (n-PrC0),0, NEt, 81% yield of 142 gagunin hybrids containing three identical estéassituents.

Potential alternative approach toward hybrid 74a:

Table 1.Optimization of esterification conditions for
synthesis of cyanthiwigin—gagunin hybdda

(n-Prc0),0
NEt;, DMAP

CH,Cl,, 23 °C

N

((CH3),CHCH,CO),0

. K,0s0,-2H,0
(81% yield) NMO

NaBH, (10 equiv) intractable

—_—_—— 2
material

4:1 acetone/H,0 1:1 MeOH/CH,Cl,
0°C -78 - 23°C

Ac,0 NEt;, DMAP ° (65% yield) (full conversion)
A ) CH,Cl,, 23 °C 8
NEt;, DMAP | (54% yield)
CH,CI,, 23 °C (39% yield)

Scheme 9lnvestigation of a global esterification strategy
toward hybridl4a

2.3.Biological studies

Biological evaluation of synthetic intermediatess hbeen
carried out in collaboration with investigators lae CCity of Hope
Comprehensive Cancer Center. Preliminary resnitate that
_ o ) _ compoundsl4a 14b, 14¢ 19 20, 21, 22, 23, and 25 do not

Scheme 8Synthesis of cyanthiwigin—gagunin hybritiéa—c exhibit significant potency against A2058 melanomaDt/145

from common intermediat2. prostate cancer cell lines at UN) after 48 hours, but there
remain opportunities for further evaluation of themnd other

Noting the varying efficacies of esterification cdiahs compounds against more disease agents.
employed in the preparation of4a we re-examined the
esterification of diol24 (Table 2). Although the desired ester
(16) was generated in serviceable quantities in evasg,cuse of 2 4. Euture directions
butyric anhydride and triethylamine in the presenéeDMAP
(Entry 3) resulted in significantly higher yields agreement True to the nature of late-stage diversificatiorseach
with our previous findings. programs, there exist an abundance of further aagenfor
cyanthiwigin—gagunin  hybrid  synthesis and biological




exploration. For each synthetic route to a hymniolecule (e.g.
syndiol route, anti-diol route, etc.), there are nearly infinite
combinations of ester functionalities that can ppesmded to the
tricyclic core. Initial investigations have cergdr around
butanoate, acetate, and isovalerate substituersisdban their
ubiquity among the natural gagunins, but as mosigftis into
the activities of these compounds are gained, ttere
functionalities can be re-designed to probe bia@alginfluence.

3. Conclusion

These investigations have revealed notable pattehs
reactivity in the tricyclic framework of the cyant¥igin and
gagunin natural products. Transformations invajvihe C-ring
olefin and the A- and B-ring carbonyls & thave enabled us to

conclude that the3face of the molecule is substantially less

accessible than then-face, likely due to steric hindrance
originating from the C9 and C6 methyl substituenis/e have
prepared a variety of cyanthiwigin—gagunin hybrid lecales
using a common late-stage intermedia28) (available in three
steps from the cyanthiwigin natural product co8. ( These
compounds arose through sgndihydroxylation pathway, and
after further optimization this strategy can also dmployed in
the preparation of hybrids through amti-dihydroxylation
pathway. Initial biological studies have not indethappreciable
cytotoxicity against melanoma and prostate canekrioes, but
there remains much potential for further investaat

In conclusion, a vast number of compounds are aifiles
through a multitude of synthetic pathways, includihgse yet to
be examined. We anticipate that the synthetioghtsi derived
from these exploratory studies will provide a strdogndation
from which to launch further efforts toward the syedis and
biological evaluation of cyanthiwigin—gagunin hybrilecules.

4. Experimental Section

4.1.General

5

only) instrument, and are reported in terms of doamshift
relative to residual CHGKd 7.26 and® 77.16 ppm, respectively).
Data for'H NMR spectra are reported as follows: chemical shift
(& ppm) (multiplicity, coupling constant (Hz), intetjan).
Abbreviations are used as follows: s = singlet, isoad singlet,

d = doublet, t = triplet, g = quartet, m = compleultiplet.
Infrared (IR) spectra were recorded on a PerkineElParagon
1000 spectrometer using thin film samples on KBitgd and are
reported in frequency of absorption (&n High-resolution mass
spectra (HRMS) were obtained from the Caltech Mgssctal
Facility using a JEOL JMS-600H High Resolution Mass
Spectrometer with fast atom bombardment (FAB+) idivna
mode or were acquired using an Agilent 6200 SerieE Wah

an Agilent G1978A Multimode source in electrosprayidation
(ESI+) mode. Optical rotations were measured witlascd P-
1010 polarimeter at 589 nm using a 100-mm pathtteogll.

4.2.Preparative Procedures for anti-diol-derived hytsid

4.2.1.Epoxidel?.
To a solution of tricyclic diketon8 (50.0 mg, 0.192 mmol,

cﬁo

8
1.0 equiv) in acetone (2.0 mL) at 0 °C
DMDO (0.0125M in acetone, 16.9 mL, 0.211 mmol, 1.1iequ
The resulting mixture was stirred at 0 °C for 90 més, after
which time the volatiles were removed under redusesssure,
affording epoxidel?7 as a pale yellow oil (52.0 mg, 99% vyield).
This material was used without further purificatioRf = 0.36
(50% ethyl acetate in hexane$f NMR (CDChk, 500 MHz)d
2.72 (t,J = 7.5, 14.4 Hz, 1H), 2.65 (d,= 14.7 Hz, 1H), 2.52
(dddd,J = 19.5, 10.3, 2.0, 0.9 Hz, 1H), 2.37 (ddddz 19.4,
10.2, 9.1, 1.2 Hz, 1H), 2.30-2.22 (m, 1H), 2.12 {te, 7.3, 2.8
Hz, 1H), 2.07 (dJ = 14.8 Hz, 1H), 2.05-1.94 (m, 2H), 1.90 {d,
=12.2 Hz, 1H), 1.80-1.73 (m, 1H), 1.66 (dd&; 12.3, 11.1, 2.8
Hz, 1H), 1.55-1.48 (m, 1H), 1.45-1.37 (m, 1H), 1.333(4),

DMDO A H
—_—

acetone, 0 °C

(99% yield)

17
was addedlatien of

Unless noted in the specific procedure, reactionsewerq 3q_1 24 (m, 1H), 1.11 (s, 3H), 0.88 (s, 3HEZ NMR (CDCL,

performed in flame-dried glassware under argon aghimae.
Dried and deoxygenated solvents (Fisher Scientifi®gre
prepared by passage through columns of activatechialm
before usé’ Methanol (Fisher Scientific) was distilled from
magnesium methoxide immediately prior to use. Cencial
reagents (Sigma Aldrich or Alfa Aesar) were used asived.
Triethylamine (Oakwood Chemical) was distilled fronicaan
hydride immediately prior to use. Dimethyldioxira(@MDO)
was prepared according to known procetfliramediately prior
to use. Brine is defined as a saturated aqueolugicsp of
sodium chloride.  Reactions requiring external heatre
modulated to the specified temperatures using aAm&g
temperature controller. Reaction progress was mo@dt by

thin-layer chromatography (TLC) or Agilent 1290 UHPLC-

LCMS. TLC was performed using E. Merck silica gél 254
precoated plates (0.25 mm) and visualized by UV #soence
quenching, potassium permanganatep-anisaldehyde staining.

126 MHz)% 217.7, 211.9, 62.5, 60.3, 59.3, 52.2, 50.7, 44348,
41.8, 34.4, 34.3, 31.3, 23.9, 22.2, 21.7, 17.0{NBat Film, KBr)
2958, 2932, 1736, 1705, 1466, 1383, 1171, 1007, BI%S cm";
HRMS (ESI+)m/zcalc’d for G;H,:05 [M+H]": 277.1798, found
277.1789; {5 —68.4 ¢ 0.12, CHC)).

4.2.2. Anti-diol 18.
To a solution of epoxid&7 (5.0 mg, 0.0181 mmol, 1.0 equiv)

3% aq. HCIO,
—_—
THF, 23 °C
(90% yield)

in THF (1.0 mL) at 23 °C was added perchloric a@dwt %
solution in HO, 204, 5.43 ymol, 0.3 equiv). The resulting

SiliaFlash P60 Academic Silica gel (particle size 0.040-0.063mixture was stirred at 23 °C for 72 hours, after Wwhiime the

mm) was used for flash chromatography.

'H and™*C NMR spectra were recorded on a Varian Inova 506at. ag. NaHC® (5 mL), and brine (5 mL).

spectrometer (500 MHz and 126 MHz, respectively), rakBr
AV Il HD spectrometer equipped with a Prodigy liquidragen
temperature cryoprobe (400 MHz and 101 MHz, respelgliva

reaction was diluted with ethyl acetate (5 mL) andhedswith
The combined
organics were dried over MggJiltered, and concentrated, and
the crude residue was purified by silica gel column
chromatography (30% 40% 50% 60% 75% ethyl acetate

Varian Mercury 300 spectrometer (300 MHz and 75 MHz,in hexanes) to affordnti-diol 18 as a colorless oil (4.8 mg, 90%

respectively), or a Varian Inova 600 (at 600 MHz farNMR

yield). R = 0.10 (25% hexanes in ethyl acetat#); NMR
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(CDCl;, 600 MHz) & 3.88 (d,J = 10.1 Hz, 1H), 2.66 (d] =
15.0 Hz, 1H), 2.53-2.44 (m, 1H), 2.41-2.33 (m, 1H)72221

4.2.3.3.Triketone21.
5.2 mg, 11% yield.Rf = 0.50 (25% hexanes in ethyl acetate);

(m, 1H), 2.16 (dJ = 15.0 Hz, 1H), 1.97-1.88 (m, 3H), 1.78-1.74 '4 NMR (CDCk, 400 MHz)3 2.80 (d,J = 11.7 Hz, 1H), 2.74 (d,

(m, 1H), 1.70-1.66 (m, 1H), 1.65 (m, 1H), 1.51 (m, 1H%3 (m,
2H), 1.22 (s, 3H), 1.13 (s, 3H), 0.90 (s, 3HC NMR (CDCL,

126 MHz)3 217.9, 212.2, 75.9, 74.1, 61.4, 52.9, 51.0, 4655),
41.8, 40.0, 34.3, 31.0, 24.5, 21.8, 19.9, 19.1(NBat Film, KBr)
3444 (br), 2959, 2933, 1735, 1702, 1464, 1385, 11065, 992,
735 cm’; HRMS (El+) m/z calc'd for GH,;0, [M+H]™

295.1909, found 295.188 ", —48.1 € 1.62, CHC)).

4.2.3.Epoxide-opening side producti9-23.

To a solution of epoxid&7 (47.2 mg, 0.171 mmol, 1.0 equiv)
in THF (8.5 mL) at 23 °C was added perchloric a@dwt %
solution in HO, 0.17 mL, 0.0512 mmol, 0.3 equiv).
resulting mixture was stirred at 23 °C for 72 howafter which
time the reaction was diluted with ethyl acetate (iD) and
washed with sat. aq. NaHG@L0 mL), and brine (10 mL). The
combined organics were dried over MgSdiltered, and
concentrated, and the crude residue was purifiecilioa gel
column chromatography (30% 50% 60% 75% 100%
ethyl acetate in hexanes) to afford di@ (16.3 mg, 32% vyield)

3% aq. HCIO,
_—
THF, 23 °C

(11% yield)

21

17
J = 15.0 Hz, 1H), 2.53 (dddd, = 19.4, 10.3, 2.0, 0.8 Hz, 1H),
2.42 (m, 1H), 2.38-2.34 (m, 1H), 2.34-2.29 (m, 1H2822.24
(m, 1H), 2.16-2.10 (m, 2H), 2.01-1.89 (m, 2H), 1.8251(m,
2H), 1.38-1.30 (m, 1H), 1.25-1.19 (m, 1H), 1.13 (s,,3H)7 (d,
J = 7.1 Hz, 3H), 0.76 (s, 3H}’C NMR (CDCk, 101 MHz)5

The 217.6, 214.4, 211.4, 61.4, 54.2, 52.2, 50.9, 4863, 40.3, 34.3,

32.6, 31.2, 25.7, 21.7, 19.0, 18.6; IR (Neat FilnBrK2960,
2930, 1738, 1704 (overlapping peaks), 1456, 1322211176,
1053 cm; HRMS (El+) m/z calc'd for G:H,s0; [M+H]":
277.1804, found 277.1814], —5.4 € 0.52, CHC)).

4.2.3.4.Allylic alcohol 22.
4.3 mg, 9% vyield.Rf = 0.37 (25% hexanes in ethyl acetate);

along with side product$9-23. Yields and chacaterization data ‘4 NMR (CDCk, 400 MHz)3 5.56-5.51 (m, 1H), 4.52 (d,=

for 19-23 are listed below.

4.2.3.1.Diol 19.

7.2 mg, 14% yield.Rf = 0.15 (25% hexanes in ethyl acetate);

3% aq. HCIO,
THF, 23 °C
(14% yield)

17 19
'H NMR (CDCl, 400 MHz)3 3.85 (d,J = 10.3 Hz, 1H), 2.86 (d,
J = 15.8 Hz, 1H), 2.60 (d] = 6.7 Hz, 1H), 2.40-2.33 (m, 2H),

2.17 (d,J = 16.1 Hz, 1H), 2.08-2.04 (m, 1H), 1.96-1.91 (m, 2H),

1.86-1.83 (m, 1H), 1.73 (m, 1H), 1.60-1.54 (m, 1H$111.46
(m, 2H), 1.29-1.27 (m, 1H), 1.20 (s, 3H), 1.19 (s, 3H)8 (s,
3H); *C NMR (CDCh, 101 MHz)d 221.7, 214.9, 75.8, 73.8,
60.1, 50.1, 49.0, 46.5, 44.9, 42.2, 39.8, 37.24,320.6, 24.8,
24.0, 21.5; IR (Neat Film, KBr) 3451 (br), 2958, 293737,
1704, 1455, 1384, 1268, 1169, 1147, 1087, 10706,1035 cn;
HRMS (El+) m/z calc’d for G;H,;0, [M+H]": 295.1909, found
295.1938; >, —6.3 £ 0.72, CHCJ).

4.2.3.2.Aldehyde20.

5.5 mg, 12% yield.Rf = 0.65 (25% hexanes in ethyl acetate);

3% aq. HCIO,
THF, 23 °C
(12% yield)

17 20

'H NMR (CDCk, 500 MHz)3 9.49 (d,J = 1.5 Hz, 1H), 2.52—
2.46 (m, 2H), 2.42-2.36 (m, 1H), 2.35-2.30 (m, 1H}922.23
(m, 2H), 2.19 (dJ = 14.8 Hz, 1H), 1.97 (dd] = 14.2, 2.4 Hz,
1H), 1.88-1.83 (m, 2H), 1.81-1.75 (m, 1H), 1.54 (m,,1H}3—
1.17 (m, 1H), 1.12 (s, 3H), 1.11-1.07 (m, 1H), 0.943), 0.64
(s, 3H);**C NMR (CDC}, 126 MHz)3 217.2, 211.5, 205.0, 61.0,
52.4, 51.3, 48.4, 45.9, 41.3, 39.0, 34.3, 31.83,325.0, 21.8,
21.8, 18.4; IR (Neat Film, KBr) 2957, 2931, 1738,047
(overlapping peaks), 1456, 1384, 1135, 839'cHRMS (El+)
m/z calc'd for GsH,:0; [M+H]™: 277.1804, found 277.18109;
[a]*°5 —41.5 € 0.55, CHC})).

3% aq. HCIO,
—_——
THF, 23 °C

(9% yield)

17 22
9.5 Hz, 1H), 2.93 (d] = 14.9 Hz, 1H), 2.56-2.48 (m, 1H), 2.43—
2.30 (m, 3H), 2.10 (dJ = 14.7 Hz, 1H), 1.97-1.90 (m, 2H), 1.87
(m, 1H), 1.77 (s, 3H), 1.75-1.69 (m, 2H), 1.58-1.54 {H),
1.11 (s, 3H), 0.92 (s, 3H}°C NMR (CDC}, 101 MHz)3 218.2,
212.3,143.1, 124.7, 69.6, 61.1, 52.9, 51.5, 40117, 41.6, 34.4,
31.1, 24.3, 21.7, 20.7, 19.6; IR (Neat Film, KBrp34br), 2960,
2923, 1737, 1704, 1462, 1384, 1164, 1124, 10512,1890, 735
cm®; HRMS (El+) m/z calc’d for G/H,s0; [M+H]*: 277.1804,
found 277.1796;d]*, —46.1 € 0.43, CHC)).

4.2.3.5.Allylic alcohol 23.

3.4 mg, 7% vyield.Rf = 0.31 (25% hexanes in ethyl acetate);
'H NMR (CDCL, 400 MHz)3 5.05 (s, 1H), 4.97 (s, 1H), 4.31

3% aqg. HCIO,
—_—
THF, 23 °C

(7% yield)

17 23
(dd,J = 10.1, 5.5 Hz, 1H), 2.71 (d,= 14.6 Hz, 1H), 2.60-2.49
(m, 1H), 2.43-2.22 (m, 5H), 2.09 @@= 14.6 Hz, 1H), 1.89-1.81
(m, 1H), 1.80-1.71 (m, 4H), 1.22 (m, 1H), 1.10 (s, 3HRO (s,
3H); °C NMR (CDCE, 101 MHz)d 217.8, 212.3, 153.6, 113.6,
71.1, 62.6, 53.0, 50.9, 49.1, 45.1, 41.1, 34.43 3%2), 28.9,
21.7, 17.3; IR (Neat Film, KBr) 3437 (br), 2928, 28711732,
1704, 1455, 1384, 1262, 1165, 1019, 995, 908; ¢4RMS (El+)
m/z calc'd for G;H,:0; [M+H]™: 277.1804, found 277.1803;
[a]®, —47.6 € 0.34, CHC)).

4.2.4. Monoesterlb.



(n-Prc0),0 O H
NEt;, DMAP
—_—
CH,Cl,, 23 °C
(61% yield) )
15

To a solution of diolL8 (13.0 mg, 0.0442 mmol, 1.0 equiv) in
dichloromethane (4.0 mL) was added triethylamine/250.177
mmol, 4.0 equiv), butyric anhydride (24., 0.132 mmol, 3.0
equiv), and DMAP (2.7 mg, 0.0221 mmol, 0.5 equivpat°C.
The resulting mixture was stirred for 30 minutedemfwhich
time TLC analysis indicated full consumption @B. The
reaction was diluted with dichloromethane (5 mL) amashed
with water (2 x 10 mL). The organic layer was drieder
MgSQ,, filtered, and concentrated under reduced pressure
the resulting crude residue was purified by silgel column
chromatography (10% 30%
afford monoestet5 as a colorless oil (9.8 mg, 61% yield)§ R
0.30 (50% ethyl acetate in hexanés);NMR (CDChk, 500 MHz)
04.99 (d,J = 10.7 Hz, 1H), 2.55 (d} = 15.0 Hz, 1H), 2.52-2.44
(m, 1H), 2.41-2.34 (m, 1H), 2.33 @,= 7.4 Hz, 2H), 2.21 (m,

7
31.0, 27.9, 21.8, 20.2, 19.3; IR (Neat Film, KBr)484(br),
2961, 2934, 1735, 1702, 1466, 1384, 1176, 1125, B36 cn';
HRMS (FAB+) m/z calc’d for G;H,sOs [M—OH]": 277.1804,
found 277.1804;d]*, —225.2 ¢ 1.00, CHCY).

4.3.2.Dihydroxylation of8 using dipotassium
osmate dihydrate.

K;050,-2H,0 0 y
NMO

4:1 acetone/H,0
0°C

(65% yield) o

8 24
To a solution of tricyclic diketon8 (50 mg, 0.192 mmol, 1.0
equiv) in 4:1 acetoneA® (10 mL total volume) at 0 °C were
added NMO (45.0 mg, 0.384 mmol, 2.0 equiv) and digsiten

50% ethyl acetate in hexanes) to osmate dihydrate (7.1 mg, 0.0192 mmol, 0.1 equivJhe

resulting mixture was stirred at 0 °C for 7 houftgerawhich time
TLC analysis showed full consumption & The reaction was
quenched with saturated ag. JS#; at 0 °C and stirred
vigorously for 30 minutes before being diluted with

1H), 2.13 (dJ = 15.1 Hz, 1H), 2.00-1.88 (m, 3H), 1.82-1.72 (m, dichloromethane (15 mL). The layers were sepajaed the

2H), 1.67 (gJ = 7.5 Hz, 2H), 1.61 (m, 1H), 1.50-1.37 (m, 3H),

1.14 (s, 3H), 1.14 (s, 3H), 0.96 {t= 7.4 Hz, 3H), 0.94 (s, 3H);

%C NMR (CDCE, 126 MHz)d 217.7, 211.8, 174.4, 78.5, 75.1,

60.9, 52.7, 51.0, 47.2, 44.4, 41.6, 40.1, 36.63,381.1, 25.5,
21.8,19.6, 18.6, 18.5, 13.8; IR (Neat Film, KBrjp94br), 2963,
2933, 1732, 1705, 1463, 1456, 1380, 1260, 117761985 cn;
HRMS (ESI+) m/z calc'd for GyH3;,0, [M—OH]": 347.2217,
found 347.2218;d]*°, —44.4 ¢ 0.26, CHC)).

4.3.Preparative Procedures for syn-diol-derived hybrids

UM 0 0s0,, NMO
B ——
.e 1:1 THF/H,0, 0 °C

(o}

(60% yield)

8
4.3.1.Tricyclic Diol 24.
To a solution of tricyclic diketon® (10 mg, 0.0384 mmol, 1.0

aqueous layer was extracted with dichloromethane 12 riL).
The combined organic layers were washed with brinenf2)
and dried over N&Q,, filtered, and concentrated under reduced
pressure. The crude residue was purified by sidiegacolumn
chromatography (50% 75% 100% ethyl acetate in hexanes)
to afford tricyclic diol24 as a colorless oil (36.8 mg, 65% vyield).

4.3.3.Sodium borohydride reduction of di@H.

NaBH, (10 equiv)

ntr
material
1:1 MeOH/CH,Cl,

-78 - 23°C

(full conversion)

24
To a solution of dioR4 (5.7 mg, 0.0194 mmol, 1.0 equiv) in
1:1 CHCI,/MeOH (2.0 mL total volume) was added a solution of
sodium borohydride (7.3 mg, 0.194 mmol, 10.0 equiv)l:1
CH,CI,/MeOH (0.5 mL total volume) at —78 °C. The reaction
mixture was allowed to warm to 23 °C over the courksix

hours. When TLC analysis indicated full consumpiid starting

equiv) in 1:1 THF/HO (3.5 mL total volume) at 0 °C were added material, the reaction was quenched with acetonerlLpand

NMO (4 wt % solution in HO, 5044, 8.5 xmol, 0.22 equiv) and
osmium tetroxide (50 wt % solution in,@, 0.1 mL, 0.410
mmol, 10.7 equiv). The resulting mixture was stireg 0 °C for
4 hours, after which time TLC analysis showed fulhsiemption

2N NaOH (1.0 mL). The phases were separated, and gaeior
layer was immediately washed with brine (10 mL) aridcdover
sodium sulfate. After filtration and concentrationder reduced
pressure, the crude residue was subjected to gjétaolumn

of 8. The reaction was quenched at 0 °C with saturated achromatography (100% ethyl acetate), but tetra-dwylated

Na&S,0; and stirred vigorously for 4 hours before beiniyted
with dichloromethane (15 mL). The layers were sdpdraand
the aqueous layer was extracted with dichloromett{@ne 10
mL). The combined organic layers were washed witheb(R0

mL) and dried over N&O,, filtered, and concentrated under

reduced pressure. The crude residue was purifiesilioa gel
column chromatography (30%50% 70% 90% ethyl acetate
in hexanes) to afford tricyclic di@4 as a colorless oil (6.7 mg,
60% vyield). R= 0.10 (25% hexanes in ethyl acetafé);NMR
(CDCls, 500 MHz)d 3.62 (d,J = 10.1 Hz, 1H), 2.73 (d} = 15.2
Hz, 1H), 2.50 (ddJ = 19.6, 10.2 Hz, 1H), 2.35 (dd~= 19.6, 9.5
Hz, 1H), 2.29-2.23 (m, 1H), 2.14 @@= 16.2 Hz, 1H), 2.05-1.98
(m, 2H), 1.95 (dJ = 14.5 Hz, 1H), 1.86 (m, 1H), 1.79 @=
11.3 Hz, 1H), 1.76-1.72 (m, 1H), 1.52J% 25.0, 13.0 Hz, 1H),

1.32 (d,J = 14.6 Hz, 1H), 1.28 (s, 3H), 1.12 (s, 3H), 1.06-0.9

(m, 1H), 0.82 (s, 3H)>*C NMR (CDCk, 126 MHz)d 218.2,
212.4, 74.2, 72.9, 61.2, 53.1, 51.0, 46.6, 45.59,480.1, 34.3,

compound26 was not obtained.

4.3.4.Tricyclic monoesterl6.

n-PrCOOH
EDCI, DMAP

CH,Cly, 23 °C

(53% yield)

16

24
To a solution of dioR4 (6.7 mg, 0.0228 mmol, 1.0 equiv) in
dichloromethane (1.0 mL) at 23 °C were added ED@ (fg,
0.0342 mmol, 1.5 equiv), DMAP (2.8 mg, 0.0228 mmaD 1
equiv), and butyric acid (3.2L, 0.0342 mmol, 1.5 equiv). The
resulting mixture was stirred at 23 °C for 24 howafter which

8time the reaction was diluted with ethyl acetate (B) mand

washed with 0.5 M HCI (3 mL), sat. aq. NaHC@ mL), and
brine (3 mL). The combined organics were dried dNasSO,,



8 Tetrahedron

filtered, and concentrated, and the crude residsepudafied by
silica gel column chromatography (15%25% 35% 55%
ethyl acetate in hexanes) to afford monoes6egis a colorless oil

To a solution of diketond6 (31.0 mg, 0.0851 mmol, 1.0
equiv) in dichloromethane (2.0 mL) and methanoD (@L) was
added a solution of sodium borohydride (32.2 m§50.mmol,

(4.4 mg, 53% vyield). = 0.33 (25% hexanes in ethyl acetate); 10.0 equiv) in dichloromethane (1.0 mL) and methgh® mL)

'H NMR (CDCL, 500 MHz)3 4.86 (d,J = 10.6 Hz, 1H), 2.55 (d,
J=15.1 Hz, 1H), 2.53-2.46 (m, 1H), 2.41-2.34 (m, B2 (t,
J = 7.4 Hz, 2H), 2.27-2.17 (m, 2H), 2.14 M= 15.2 Hz, 1H),
2.07-2.01 (m, 1H), 2.01-1.95 (m, 1H), 1.88J¢; 12.6 Hz, 1H),
1.79-1.73 (m, 1H), 1.70-1.64 (m, 3H), 1.55 (m, 1HPO1(s,

at —78 °C. The reaction mixture was allowed to waorn23 °C
over the course of 6 hours. When TLC analysisciteid full
consumption of starting material, the reaction wasnghed with
acetone (2.0 mL) and 2N NaOH (2.0 mL). The phases were
separated, and the organic layer was immediately edastith

3H), 1.17 (dJ = 14.3 Hz, 1H), 1.14 (s, 3H), 1.13-1.07 (m, 1H), brine (10 mL) and dried over sodium sulfate. Aftkration and

0.94 (t,J = 7.4, 14.8 Hz, 3H), 0.95 (s, 3HYC NMR (CDCE,

concentration under reduced pressure, the cruddueesvas

126 MHz) 6218.0, 211.8, 172.7, 74.6, 73.5, 61.1, 52.6, 50.9purified by silica gel column chromatography (15#% acetate

47.4, 43.3, 40.2, 40.0, 36.5, 34.3, 31.1, 28.68,220.2, 18.6,
18.0, 13.8 ; IR (Neat Film, KBr) 3503 (br), 2964, 292875,
1735, 1705, 1458, 1379, 1258, 1177, 988, 732" ChiRMS
(FAB+) m/z calc’d for G,H3,0, [M—OH]": 347.2222, found
347.2229; §]*°5 —277.4 ¢ 1.00, CHC)).

4.3.5. Esterification of24 using butyryl chloride.

n-PrCOCI
DMAP

CH,Cly, 23 °C
(54% yield)

16
mmol, 1.0 equiv) in
3:1 CHCly/pyridine (4.0 mL total volume) at 23 °C were added
butyryl chloride (53pL, 0.510 mmol, 5.0 equiv) and DMAP

24
To a solution of diok4 (30.0 mg, 0.102

(12.5 mg, 0.102 mmol, 1.0 equiv). The resultingtonie was
stirred at 23 °C for 2 hours, after which time tleaation was
cooled to 0 °C and quenched with@H (5.0 mL) and saturated
ag. NHCI (5.0 mL), then extracted with ethyl acetate (A&
mL). The combined organics were washed with brineddvver
Na,SQ,, filtered, and concentrated in vacuo. The crusldue
was purified by silica gel column chromatography@5 30%
45% ethyl acetate in hexanes) to afford monoe&&ras a
colorless oil (20.2 mg, 54% yield).

4.3.6. Esterification of24 using butyric anhydride.

| LOH
WOH

(n-PrC0),0, NEt,
DMAP

CH,Cl,, 23 °C

(73% yield)

24 16

To a solution of dioR4 (36.8 mg, 0.125 mmol, 1.0 equiv) in
dichloromethane (6.5 mL) was added triethylaminegz00.500
mmol, 4.0 equiv), butyric anhydride (6., 0.375 mmol, 3.0
equiv), and DMAP (7.6 mg, 0.0625 mmol, 0.5 equivpat°C.
The resulting mixture was stirred for 1 hour, afegrich time
TLC analysis indicated full consumption24. The reaction was
diluted with dichloromethane (10 mL) and washed withiew#2
x 20 mL). The organic layer was dried over MgSfitered, and
concentrated under reduced pressure, and the ingsutude
residue was purified by silica gel column chromaapgry (25%

40% 60% ethyl acetate in hexanes) to afford monod€eis
a colorless oil (33.3 mg, 73% yield).

4.3.7.Tris-hydroxylated tricycle25.

NaBH,
(10 equiv)

1:1 MeOH/CH,Cl,
-78 - 23°C

(80% yield)

in hexanes), furnishing trid@5 (25.0 mg, 80% yield).Triol 25:
Rf = 0.19 (25% hexanes in ethyl acetafé);NMR (CDCL, 400
MHz) & 4.87 (ddJ = 11.1, 2.5 Hz, 1H), 4.01 (td,= 6.2, 2.9 Hz,
1H), 3.69 (ddJ = 8.7, 5.8 Hz, 1H), 2.31 (§ = 7.4 Hz, 2H),
2.06-1.99 (m, 1H), 1.99-1.95 (m, 1H), 1.94-1.88 (Hh), 1..84—
1.78 (m, 1H), 1.73-1.62 (m, 6H), 1.60 (m, 1H), 1.5801(m,
2H), 1.38-1.35 (m, 1H), 1.34-1.32 (m, 1H), 1.26-1123 1H),
1.18 (s, 3H), 1.13 (s, 3H), 1.12 (s, 3H), 0.96) (%, 7.4 Hz, 3H);
*C NMR (CDCE, 101 MHz) 3 172.8, 80.5, 76.4, 74.2, 73.3,
57.6, 46.4, 45.9, 45.7, 45.1, 39.3, 37.5, 36.60,383.4, 29.6,
23.2,22.5,21.5,18.7, 13.9; IR (Neat Film, KBrp24br), 2933,
2874, 1715, 1463, 1384, 1307, 1263, 1196, 10972,1985, 732

cm HRMS (ESI+) m/z calc’d for GiHsOsK [M+K]*:

NaBH,
(10 equiv)

-
1:1 MeOH/CH,Cl,
—78 » 23°C

(18% yield)

16 27
407.2194, found 407.21963]"°; —20.7 € 1.00, CHC})).

4.3.8.Mono-reduction produc®?.

A mono-reduction product, did7, was also generated from
the borohydride reduction 46 described above and was isolated
separately from the column (5.6 mg, 18% yiel@iol 27: Rf =
0.25 (25% hexanes in ethyl acetaté))NMR (CDCk, 400 MHz)

0 4.90 (d,J = 10.7 Hz, 1H), 4.19 ({) = 5.3, 2.1 Hz, 1H), 2.35—
2.26 (m, 4H), 2.14-2.06 (m, 3H), 1.81-1.76 (m, 2HJ531.71
(m, 1H), 1.70-1.65 (m, 3H), 1.63-1.59 (m, 2H), 1.313),
1.27-1.24 (m, 2H), 1.22 (s, 3H), 1.18-1.13 (m, 1H96Qt,J =
7.1, 14.8 Hz, 3H), 0.95 (s, 3H)’C NMR (CDCk, 101 MHz)3
214.7, 172.7, 80.5, 74.8, 73.7, 60.5, 53.7, 53215,543.3, 40.7,
38.3, 36.9, 36.6, 34.5, 28.8, 23.9, 22.6, 18.62,1B3.8; IR (Neat
Film, KBr) 3443 (br), 2964, 2934, 1731, 1694, 146384, 1264,
1190, 1140, 1030, 992, 920, 732 ¢nHRMS (FAB+)m/zcalc'd
for CyyHseOs [M+H]*: 367.2484, found 367.2471g] % —21.9 €

(n-PrCc0),0
NEt;, DMAP

CH,Cl,, 23 °C

(81% yield)

25
1.21, CHC)).

4.3.9.Cyanthiwigin—gagunin hybrid4a.

To a solution of tricyclic trioR5 (10.2 mg, 0.0277 mmol, 1.0
equiv) in dichloromethane (2.0 mL) was added trilstimine (30
ML, 0.222 mmol, 8.0 equiv), butyric anhydride (20, 0.166
mmol, 6.0 equiv), and DMAP (3.4 mg, 0.0277 mmol, &duiv)
at 23 °C. The resulting mixture was stirred for duts, after



which time TLC analysis indicated full consumptich2s. The
reaction was diluted with dichloromethane (5 mL) amashed
with water (2 x 10 mL). The organic layer was drieder
MgSQ,, filtered, and concentrated under reduced pressure
the resulting crude residue was purified by silgel column
chromatography (10% 40% 60% ethyl acetate in hexanes) to
afford cyanthiwigin—gagunin hybrid4a as a colorless oil (11.4
mg, 81% yield). R= 0.16 (20% ethyl acetate in hexane$);
NMR (CDCl;, 500 MHz) & 5.10-5.06 (m, 1H), 4.95-4.89 (m,
2H), 2.32-2.29 (m, 2H), 2.28-2.23 (m, 4H), 2.01 (dbd,14.9,
7.4, 3.1 Hz, 1H), 1.94 (dd,= 13.9, 10.9 Hz, 1H), 1.88-1.82 (m,
1H), 1.74-1.69 (m, 2H), 1.69-1.61 (m, 8H), 1.59)¢; 4.3 Hz,
1H), 1.56-1.51 (m, 3H), 1.24 (m, 2H), 1.19 (s, 3H)11(4, 3H),
1.08 (s, 3H), 1.06-1.01 (m, 1H), 0.99-0.92 (m, 9B, NMR
(CDCls, 126 MHz)d 173.2, 173.2, 172.8, 81.4, 75.7, 74.0, 73.9,
53.5, 46.8, 45.1, 44.4, 41.9, 40.6, 36.9, 36.86,386.1, 34.6,
29.5, 295, 23.7, 22.8, 19.2, 18.6, 18.6, 18.59,183.8 (x2); IR
(Neat Film, KBr) 3506 (br), 2966, 2936, 2876, 173461, 1384,
1258, 1184, 1144, 1092, 981 ¢nHRMS (FAB+)m/zcalc'd for
CogHagO; [M+H]*: 509.3478, found 509.3464a]%, —11.4 ¢
1.14, CHC)).

4.3.10.Cyanthiwigin—gagunin hybrid4b.

o]

n-Pr >\)\\
((CH3),CHCH,CO0),0
NEt;, DMAP

t3,

n-Pr

CH,Cly, 23 °C
(39% yield)

14b
To a solution of tricyclic trioR5 (5.4 mg, 0.0147 mmol, 1.0
equiv) in dichloromethane (1.0 mL) was added trikztimine (16
ML, 0.118 mmol, 8.0 equiv), isovaleric anhydride (@7 0.0879
mmol, 6.0 equiv), and DMAP (1.8 mg, 0.0147 mmol, &civ)
at 23 °C. The resulting mixture was stirred for duh after
which time TLC analysis indicated full consumptioch2®. The
reaction was diluted with dichloromethane (5 mL) amashed
with water (2 x 10 mL). The organic layer was drieder
MgSQ,, filtered, and concentrated under reduced pressure
the resulting crude residue was purified by silgel column
chromatography (10% 30% ethyl acetate in hexanes) to afford
cyanthiwigin—gaguniri4b as a colorless oil (3.1 mg, 39% yield):
Rf = 0.70 (50% ethyl acetate in hexanés);NMR (CDCk, 500
MHz) & 5.11-5.08 (m, 1H), 4.98-4.91 (m, 2H), 2.32J(t 7.4,
14.8 Hz, 2H), 2.27-2.21 (m, 1H), 2.21 (s, 1H), 2.2062r,
4H), 2.16-2.08 (dddd] = 12.9, 9.5, 8.1, 6.3 Hz, 2H), 2.05-1.99
(m, 1H), 1.96 (ddJ = 14.0, 11.0 Hz, 1H), 1.85 (m, 1H), 1.83 (s,
1H), 1.74-1.71 (m, 1H), 1.71-1.67 (m, 2H), 1.66—1180 ZH),
1.57-1.52 (m, 2H), 1.31-1.28 (m, 1H), 1.28-1.23 (), 2.21
(s, 3H), 1.12 (s, 3H), 1.10 (s, 3H), 1.00-0.95 (m, 15f) NMR
(CDCls, 126 MHz)d 172.8, 172.7, 172.7, 81.3, 75.7, 74.0, 73.9,
53.5, 46.6, 45.1, 44.4, 44.2, 44.0, 42.0, 40.56,386.2, 34.7,
29.6, 29.5, 25.9, 25.7, 23.8, 22.9, 22.7, 22.76,222.6, 19.3,
18.7, 13.9; IR (Neat Film, KBr) 3499 (br), 2961, 287431,
1466, 1384, 1294, 1257, 1189, 1120, 1095, 990%chiRMS
(ESI+) m/z calc’'d for G;H50s [M—OH]™: 519.3686, found
519.3700; §]*°, —13.7 € 0.31, CHC}).

4.3.11.Cyanthiwigin—gagunin hybrid4c.

To a solution of tricyclic trio5 (7.0 mg, 0.0190 mmol, 1.0
equiv) in dichloromethane (2.0 mL) was added triletimine (21
ML, 0.152 mmol, 8.0 equiv), acetic anhydride (i, 0.114
mmol, 6.0 equiv), and DMAP (2.3 mg, 0.0190 mmol, &duiv)
at 23 °C. The resulting mixture was stirred for duh after

5,

Ac,0
NEt,, DMAP
-
CH,Cl,, 23 °C

(54% yield)

9

which time TLC analysis indicated full consumptidni2é. The
reaction was diluted with dichloromethane (5 mL) amashed
with water (2 x 10 mL). The organic layer was drieder
MgSQ,, filtered, and concentrated under reduced pressure
the resulting crude residue was purified by silgel column
chromatography (20% 40% ethyl acetate in hexanes) to afford
cyanthiwigin—gaguniri4cas a colorless oil (4.5 mg, 54% vyield):
Rf = 0.56 (40% hexanes in ethyl acetafé);NMR (CDCL, 500
MHz) & 5.08-5.05 (m, 1H), 4.93 (dd,= 10.9, 1.8 Hz, 1H), 4.89
(t, J=4.1 Hz, 1H), 2.31 () = 7.4 Hz, 2H), 2.26-2.17 (m, 1H),
2.04 (s, 3H), 2.03 (s, 3H), 2.02-1.98 (m, 1H), 1.9 &= 13.9,
10.9 Hz, 1H), 1.81 (s, 1H), 1.75-1.70 (m, 2H), 1.6951(®,
2H), 1.64-1.60 (m, 1H), 1.59-1.52 (m, 4H), 1.26-1®2 ZH),
1.20 (s, 3H), 1.12 (s, 3H), 1.09 (s, 3H), 1.05 (dbd,11.9, 9.7,
1.7 Hz, 1H), 0.97 (t) = 7.4 Hz, 3H);"*C NMR (CDC}, 126
MHz) 6 172.8, 170.7, 170.6, 81.6, 75.7, 74.3, 74.0, 583483,
45.0, 44.4, 41.8, 40.6, 36.6, 36.1, 34.7, 29.55293.6, 22.9,
21.6, 21.5,19.2, 18.7, 13.9; IR (Neat Film, KBrp34br), 2966,
2934, 2877, 1732, 1463, 1384, 1245, 1184, 114521982, 908
cm ™ HRMS (FAB+)m/zcalc'd for GsHqO;, [M+H] *: 453.2852,
found 453.2835;d]*, —12.3 € 0.42, CHC)).
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