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Sequential Enyne-Metathesis/Diels-Alder Strategy: Rapid Access
to the Novel Sugar-oxasteroid-quinone Hybrids

Ashik A. Sayyad and Krishna P. Kaliappan*

Abstract Sequential enyne metathesis/Diels-Alder strategy is herein
reported to synthesize a novel class of sugar-oxasteroid-quinone
hybrid molecules. For the synthesis of series of sugar-oxasteroid-
quinone hybrid analogues, 1,2,5,6-diisopropylidine-D-glucose was
chosen as the chiral pool starting material. Varieties of sugar derived
enynes are synthesized from common starting precursor and their
treatment with various quinone dienophiles in Diels-Alder reaction

conditions resulted in the library of sugar-oxasteroid-quinone hybrids.

Introduction

Nature has been the main source of structurally diverse and
complex natural products from long time; some of these natural
products are found to exhibit interesting biological activities." It
has long been recognized that natural product structures
possess high chemical diversity and biological specificity that
makes them favourable as lead structures for drug discovery.
Steroids represent an important class of natural products, whigh
plays critical role in a number of disorders, inclug
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have been reported for the
hybrids.*® Treatment of i diseases (Rheumatoid
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uding diabetes and
reat need to synthesize
gical activity and lacking
re ubiquitous in nature and
mpounds that have several
toxicological effects.®*" Anthracycline
inone unit are well known for their
activity. Out of the various
anthracyclines daunori and doxorubicin (Fig. 2) were
initially isolated from Streptomyces peucetius and were found to
hibit the v’st spectrum of antitumor activity against human
cers.’ #ffcause of the promising anticancer activity of these
pcules, there has been a lot of interest in chemically

Glucocorticoids in treatment o
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Fig. 2 Daunorubicin and Doxorubicin

The chemical synthesis of hybrid natural product provides rapid
access to structurally diverse chemical substances for
pharmacological testing in short span of time. The novel class of
hybrid natural products, which are potentially bioactive, can be
designed by combining structural units of two or more classes of
natural products. As a part of our research programme aimed at
the synthesis of biologically active compounds,” we earlier
reported our preliminary attempts towards design and synthesis
of new class of sugar—oxasteroid—quinone hybrids with the
purpose of combining the reactivity of the acetal moiety of
furanose and the quinone unit with the steroidal backbone, as
outlined in Scheme 1."° Our strategy consists of sequential
enyne metathesis and Diels—Alder reaction'' of an enyne 1
derived from a sugar unit with a variety of 1,4-quinones to
provide hybrid molecule 3 as outlined in Scheme 1. Herein, we
disclose a comprehensive account on our endeavours for the
synthesis of sugar—oxasteroid—quinone hybrids through a
sequential  intramolecular enyne metathesis/Diels—Alder"’
/aromatization reaction strategy (Scheme 1).
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Scheme 1. General enyne metathesis/Diels-Alder/aromatization strategy

The diversity for the synthesis of various sugar—oxasteroid—
quinone hybrids could be accomplished by treating different
dienes derived from carbohydrate precursor with a variety of
dienophiles in the Diels—Alder reaction. 1,2,5,6-diisopropylidine-

D-glucose 4 was used as the chiral pool starting material.’®

Scheme 2. Diversity in the synthesis of dienes

Varieties of enynes were synthesized in few steps fr
starting precursor 4. Treatment of these various enyne
Grubb’s first generation catalyst afforded reactive diene
(Scheme 2). These dienes on treatment with various quigone
dienophiles' resulted in a library of sggar—oxasteroid—qui
hybrids with different scaffolds as sho

Scaffold Il

Figure 3. Vario Af oxasteroid-quinone hybrids
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The major difference in these scaffolds is in the A-B and B-C
ring fusion with respect to the sterqaal backbone, thus providing
the access to array of hybrids with cant varlety in the ring
fusion of the steroid skeleton (Scaffold . 3). To test our
planned strategy, we designed a set of ) that could
be synthesised from the ing prec¥sor 1,2,5,6-
diisopropylidine-D-glucose nyne metathesis. Later,
these dienes could be used in th Alder reaction' with 1,
3 hthoquinone (12),
oquinone (14), 5-
AD (16) as dienophiles
gar oxasteroid-quinone

nitro-1,4-naphthoq
(Fig.4) for the syn
hybrids.

Synthesis of sugar-oxasteroid-quinone hybrids
They building blocks for the synthesis of sugar-oxasteroid-

ndary alcohol 4 (Scheme 3). Our synthetic journey towards
sugar—oxasteroid—quinone hybrid molecules was started
ith the synthesis of diene 17 in a convergent manner from the
1,2,5,6-diisopropylidine-D-glucose 4. Allylation of precursor 4
resulted in to the allyl ether 22 in good vyield. Selective
deprotection of the more exposed 5,6-O-isopropylidene group of
22 afforded a diol, which was subsequently cleaved by silica gel

supported NalOy, to provide the aldehyde 23."%°

ol
o i.90 % ag. AcOH

0
HO,,, NaH, cat. TBAI O,
O allylbromide, THF )/
—_—

rt, 12 h, 88%
G ) o reflux, 12 h, 78% B o ii. Silica gel supp.
5 o NalOy, DCM
)( 4 7§ 2 rt,2h, 79%
OMe a
N2 25 PCy; 26

25 KoCOs
MeOH, rt )/ 026 DCM, 40 °C
4h, 73% 11h, 7%

Scheme 3. Synthesis of diene 17
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The aldehyde 23 was then easily converted into the key enyne
precursor 24 by Ohira-Bestmann’s protocol™ in a single step by
treating aldehyde 23 with the diazo compound 25 in presence of
K2CO3; in MeOH in 73% yield. The synthesis of enyne 24
allowed us to attempt the key enyne metathesis reaction. As
planned, the enyne 24 underwent a smooth intramolecular
enyne metathesis'® with the Grubbs’ first generation catalyst 26
to yield the diene 17 in good yield. However, synthesis of dienes
18 and 19 were commenced with the ketone 27 which could be
obtained from precursor 4 (Scheme 4) by PDC oxidation.'®
Addition of phenyl” and methyl magnesium bromide'
separately to the ketone 27 resulted in respective tertiary
alcohols in moderate yields. Allylation of resulting tertiary
alcohols yielded allyl ethers 28a and 28b, which on cleavage of
more exposed 5,6-O-isopropylidene group furnished respective
diols" in quantitative yields, further treatment with silica
supported NalO, afforded aldehydes 29a and 29b. Aldehydes
were converted into desired enynes 30a and 30b in single step
by using Ohira-Bestmann’s protocol' (Scheme 4).

O\A i. RMgX in Et,0, THF
0°Ctort, 2h
—_— .

O\A PDC, Ac,0
“EtN, CHyCl _ o

78% 40 °C 4 h 0
(@) H
0

i. 90% aq AcOH

ii. NaH, allylboromide
cat. TBAI, THF
reflux, 12 h

Ig,o

29a, R=Ph, 70%
29b, R= Me, 75%

25, K2C03
, 4h

ii. Slllca gel supp. /
NalO4, DCM
rt,2h

28a, R=Ph, 74%
28b, R= Me, 62%

R ,0

Ity

30a, R=Ph, 71%
30b, R= Me, 74%

26, CH,Cl,
reflux, 11 h

19, R= Ph, 80%
18, R= Me, 74%

Scheme 4. Synthesis of diene

Finally enyne metathesis'® of
generation catalyst 26 yielded
After synthesizing the djgnes

ove enynes wi bs’ first
19 and 18 in g¥od vyields.
9, the stage was set to

quinones as dienophiles
hybrids. As expected an
Diels-alder reaction of di
underwent sm
cycloadduct see
aromatization/oxid

ier experience®
17 with 1,4-napthoquinone
al conditions. However, the
e and found to undergo
el column without any

and silica gel without
the aromatised product 31 in 68%
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reflux, 12 h
_—

ii. silica, Et3N

5,8-dihydroxy 1,4-naph
13, 5-hydroxy 1,4-
hoquinone 15 to obtain
, 34 and 35 with scaffold-

thoquinone 12,
napthoquinone 14

about
quinone and ted diene 17 with DMAD. Unlike
quinone dienophiles Diels-Alder adducts, the adduct with DMAD
was reluct?o undergo aromatization with triethyl amine/

sified siligifgel, however treatment with oxidant MnO.'® in
Xing tolU€ne resulted in the desired aromatised product 36
% yield. In similar manner diene 18 and 19 were subjected
s—Alder reaction/aromatization’ reaction sequence with
dienophiles 11 to 15 as well as DMAD, reactions
othly and the respective aromatization reactions
led to the responding sugar—oxasteroid—quinone hybrids 37-
48 in 62-89% yields (Table 1). Synthesis of diene 20'"° was
commenced with propargylation of precursor 4 followed by
selective deprotection of the more exposed 5,6-O-isopropylidene
f 65 to give diol in quantitative yield, which on treatment
ilica supported NalO4 resulted in aldehyde 56 in 79% yield
eme 6). Further treatment of aldehyde with methyl triphenyl
osphonium bromide in basic condition furnished enyne 57 in
3% yield. The treatment of enyne 57 with Grubbs’ first
generation catalyst 26 afforded diene 20."°

o/
i. 90% aq. AcOH

o rt, 12 h, quant.
_—

N
O NaH, propargy|\\/o’u
bromide, TBAI, THF

reflux, 12 h, 78% H
o]
o7< 55

ol
_ O\F
pAO 25, K,CO; MeOH \\/ipg‘o
oHc 70
H t, 4h, 73% o
I //

ii. Silica gel supp.
NalO4, DCM
rt, 2 h, 79%

H
56
57
26, Ti (OiPr), o, H O\F
CH,Cly, reflux o
12h, 75%

Scheme 6. Synthesis of diene 20
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Table 1. Synthesis of sugar-oxasteroid quinone hybrids. #%%¢

Dienophile/1,3 Diene?

42 (69) 48 (75) 54 (76) o

by aromatization with basic (Et;N) silica in CHCI; at RT. (c) Overall yield for

j" the respective alkynes by using Grust’ two steps. (d) Mixture of regioisomers was obtained. (e) Yields are given in
er an Ar atmosphere in CH,Cl, at 40 "C. parenthesis.

grried out in toluene at 80°C followed
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In this event, the Diels—Alder reaction'' of the diene 20
proceeded smoothly with dienophiles 11-16, and the respective
aromatization reactions led to the corresponding sugar-
oxasteroid-quinone hybrids 49-54 with scaffold-Il in good yields
(Table 1), where symmetric quinones yielded single product but
in case of substituted quinones (14 and 15) inseparable mixture
of regeoisomers (52 and 53 respectively) were obtained. The
synthetic journey towards diene 21 was commenced with same
precursor 4 by using known protocol.”® Precursor 4 was
subjected to mesylation condition to obtain mesyl ether 58. The
selective deprotection of more exposed 5,6-O-isopropylidene
group of 58 with dil. H,SO, afforded a diol, which was further
cleaved by silica gel supported NalO, to provide the aldehyde
59. Treatment of aldehyde 59 with pyridine in refluxing
conditions afforded aldehyde 60 in 93% vyield. Finally aldehyde
60 was treated with methyl triphenyl phosphonium bromide in
basic condition furnished diene 21 (Scheme 7) in 73% yield.
The diene 21 is structurally different from the other dienes of 6
and 8 types. Also the Diels-Alder/aromatization'® reaction
sequence in this case of diene 21 will essentially lead to the
sugar oxa-steroid quinone hybrids

MsCl, pyrldlne
2h,rt, T2h 1t 90%
Jﬁ‘\) o Pyridine, OShJﬂ;)
reflux 93%

Scheme 7. Synthesis of diene 21

i. H,SO4,MeOH, 36h
|| NalQ,, 45 min,73%

PPh;CH3Br =
n-BuLi, THF

59

Table 2. Synthesis of sugar-oxasteroid-quinone hybrids with scaffold el

1,3 Diene? Dienophile brid Yi

(a) All carried out in toluene at 80 °C followed
by aromatization with basic (Et in CHCI; at RT. (b) Overall yield for
two steps. (c) Yields are given in parenthesis.
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with new scaffold Ill. Surprisingly, diene 21 was found to be less
reactive towards the Diels—Alder with 1,4 quinones
than the diene 17-20 and require ime for completion of
the reaction, however after refluxing ene 21 with 1,4-
naphthoquinone for 48 to 72 hours in to, hybrid 61
with scaffold-lll (Fig. 3) was able 2). The
reaction of diene 21 xy-1,4 naphthoquinone
effortlesssely yielded hybrid 62 yield. However, Diels
Alder reactions with 5- inone, 5-nitro 1,4-
naphthoquinone an cleaand only traces of
product formed, w d to the low reactivity of
diene 21 towards

sor on Diels-Alder/aromatization
reaction sequence has led Us to novel sugar oxa-steroid quinone
hybrids with |ihree different steroidal scaffolds. During this

Di Ider/aromatization strategy for six different
ophiles'®ainst five different dienes was investigated. Also,
sugar derived dienes undergo smooth reaction with
, this proves scope of our methodology is not only limited
ne dienophiles but could be extended to non-quinone
ell. Thus, library of hybrid molecules which has
steroid- ackbone (scaffold-l) and modified steroidal
backbone (¥caffold Il and Ill) can be synthesized by using this
methodology, which provides a rapid access to number of
steroid hybrids.

erimental Section

General: All starting materials and reagents were obtained from
commercial suppliers and used after further purification as
detailed below. All solvents for routine isolation of products and
chromatography were reagent-grade and glass-distilled.
Reaction flasks were dried in oven at 130 °C for 12 h. Air and
moisture-sensitive reactions were performed under an
argon/UHP nitrogen atmosphere. Column chromatography was
performed using silica gel (100-200 mesh size) with indicated
solvents. Thin-layer chromatography (TLC) was conducted with
silica gel 60 Fzs4 precoated plates (0.25 mm) and visualized with
UV, potassium permanganate, ceric ammonium molybdate, or
iodine staining as appropriate. All '"H NMR spectra were
recorded on 400 and 500 MHz spectrometers and have been
reported in ppm using solvents as internal standards (CDCl; at
7.26 ppm). All proton-decoupled *C NMR spectra were
recorded at 100 and 125 MHz and have been reported in ppm
using solvents as internal standards (CDCl; at 77.2 ppm).
Compounds were analyzed for HRMS on an ESI-QTOF mass
spectrometer using electrospray ionization in the positive ion
mode. IR spectra were recorded with KBr on an FT-IR

This article is protected by copyright. All rights reserved.
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spectrometer and have been reported in wavenumber (cm™).
For all the solid compounds melting points were measured on a
Buchi micromelting point apparatus. A few general procedures
were followed during the course of reactions, and they are
explained later. Splitting patterns are designated as s, singlet; d,
doublet; dd, doublet of doublet; t, triplet; q, quartet; quin, quintet;
m, multiplet. Optical rotations were measured at 25 °C on
Autopol IV polarimeter.

General procedure for Diels-Alder reaction and aromatization

Method A: To a solution of quinone (0.65 mmol, 1.2 equiv) in dry
toluene (10 mL) was added a solution of diene (0.5 mmol, 1 equiv) in
toluene (3 mL) at RT and then refluxed till the complete disappearance of
diene. Then the solvent was removed under vacuum. The crude product
was dissolved in minimum amount of CHCIs. To this solution silica gel (2
g) purged in triethylamine (0.6 mL) was added and stirred till the
complete conversion to product was observed. Then the solvent was
removed in rotavapor and purified by a silica gel column chromatography
to afford the corresponding aromatized hybrid.

Method B: A solution of diene (1 mmol) in dry toluene (10 mL)
treated with DMAD (1.2 mmol) at RT and then heated at 80 °C untj
complete conversion of the diene to product was observed. The
was removed under reduced pressure and the crude product was

a small pad of Celite and the filtrate was concentrated
column chromatography to afford the corresponding aro
Note: For experimental details and spectral data of ¢
and 37, 39 see reference (10).

Compound 17: A solution of enyne 24 (0.23 g, 1.03 mmol)
dissolved in dry CH.Cl, (30 mL) under on and the solution
degassed. To this mixture a solution of 26

Evaporation of solvent and by silica

es) gave the cyclized

EtOAc/hexane); [a]%p = +1.
1454, 1376, 1216, 1091 cm™";
17.7,10.8 Hz, 1H), 5.98 (d, J = 3.
= 17.5 Hz, 1H),
=177 , 4.1 Hz, 1
1.53 (s, 3H), 1.33 (s,
129.2, 114.7, 111.5, 10
(ESI) call r C1oH1604Na

030, 1671, 1629,
l) 5 6.36 (dd, J =

1H), 3.97 (d, J = 2.4 Hz, 1H),
z, CDCl3) 6 135.7, 131.7,
83.7, 79.0, 70.8, 64.8, 26.9, 26.2; HRMS
Na)* 247.0946, found 247.0949.
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(3aR,5R,6R,6aR)-6-(allyloxy)-5-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-

2,2-dimethyl-6-phenyltetrahydrofuro[@R.d][1,3]dioxole (28a) : A
solution of PhMgBr (7.2 g, 42.8 mmol) | 50 mL) was added to a
solution of the ketone 27 (3 g, 10.7 mmol) in T | ) at 0 °C. Stirring

concentrated and the crude
ithout purification. To a
, 60% dispersion in
a solution of alcohol (2.5 g,
and the mixture was stirred

suspension of sodium
mineral oil) in dry THF
7.44 mmol) in THF (1
for 15 min., then at
bromide (2.9 g, 18.6

L) drop wise at
m temperature fol

min. To this mixture allyl
wise followed by a catalytic
as stirred at 0 °C for 10 min.,
: lon mixture was quenched with
and extracted with ethyl acetate (3 x 50 mL).
ed with brine, dried over anhydrous Na,SOy,
silica gel column chromatography (25%
EtOAc/hexane) yie a as colourless syrup in 74% yield over
two steps. Ry = 0.6 (40% EtOAc/hexane); [a]*°p = +106.0 (c 1.2, CHCly);
(neat) 3017, 4846, 1496, 1427, 1373, 1219, 1023 cm™"; "H NMR (500
z, CDCl;) j'32—7.42 (m, 3H), 7.25-7.22 (m, 2H), 6.11 (d, J = 3.8 Hz
6.25—- 5.97 (m,1H), 5.38 (dd, J = 17.2, 1.9 Hz, 1H), 5.18 (dd, J = 7.7,
, 1H), 4.75 (d, J = 3.8 Hz, 1H), 4.44 (d, J = 4.2 Hz, 1H), 4.17-4.13
3.87 (ddt, J = 12.4, 7.2, 1.7 Hz, 1H), 3.77-3.73 (m, 1H), 3.24,
6.4 Hz, 1H), 1.66 (s, 3H), 1.41 (s, 3H), 1.37 (s, 3H) , 1.22 (s,
00 MHz, CDCl5) & 137.2, 134.9 128.7, 128.5, 126.9,
115.9, 112.N9108.4, 105.3, 86.7, 83.2, 82.3, 74.2, 66.2, 64.5, 27, 26.8,
26.6, 25.5; HRMS (ESI) calcd. for C1H2s0¢Na (M+Na)* 399.1784, found
399.1782.

,5R,6R,6aR)-6-(allyloxy)-2,2-dimethyl-6-phenyltetrahydrofuro
-d][1,3]dioxole-5 carbaldehyde (29a): The allyl ether 28a (2 g, 5.31
mol) was stirred with 35 mL of 90% aqueous AcOH for 12 h at room
temperature. The reaction mixture was concentrated azeotropically to
provide a diol (1.4 g) as syrup in 70% yield. The resultant diol was
dissolved in DCM (5 mL) and added to a stirred suspension of silica
supported NalO4 in DCM (10 mL). The stirring was continued at room
temperature for 8 h. The solid was filtered off. The filtrate was
concentrated to afford the aldehyde 29a in quantitative yield. Rs = 0.5
(20% EtOAc/hexane); [a]*’p = +87.2 (c 1.0, CHCs); IR (neat) 3021, 2927,
2857, 1728, 1671, 1591, 1278, 1216, 1021 cm™"; 'H NMR (400 MHz,
CDCl3) 6 9.19 (s, 1H), 7.42-7.36 (m, 2H), 7.36-7.31 (m, 1H), 7.24-7.15
(m, 1H), 6.22 (d, J = 3.6 Hz, 1H), 6.04-5.92 (m, 1H), 5.37 (dq, J = 17.2,
1.7 Hz, 1H), 5.21 (dq, J = 10.4, 1.6 Hz, 1H), 4.83 (d, J = 3.5 Hz, 1H), 4.71
(d, J = 1.5 Hz, 1H), 4.14 (ddt, J = 12.0, 5.5, 1.5 Hz, 1H), 3.92 (ddt, J =
12.0, 5.5, 1.5 Hz, 1H), 2.86 (dd, J = 8.4, 6.5 Hz, 1H), 1.66 (s, 3H), 1.44 (s
3H); C NMR (100 MHz, CDCl;) 5 197.9, 135.6, 134.3, 129.1, 128.9,
126.6, 116.9, 113.5, 105.9, 87.9, 85.9, 83.4, 66.6, 27.1, 26.8; HRMS
(ESI) calcd. for C17H200sNa (M+Na)" 327.1208, found 327.1221.

(3aR,5R,6R,6aR)-6-(allyloxy)-5-ethynyl-2,2-dimethyl-6-phenyltetra
hydrofuro[3,2 d][1,3] dioxole (30a): To a solution of aldehyde 29a (0.3
g, 0.98 mmol) in dry methanol (21 mL) was added anhydrous K,COj3

This article is protected by copyright. All rights reserved.
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(0.34 g). To this mixture dimethyl-1-diazo-2-oxopropylphosphonate 25
was added at room temperature and stirred for 4 h. The reaction mixture
was diluted with 35 mL of ether, washed with 5% of aqueous NaHCO;
and the organic layer was concentrated. The crude product was purified
by a silica gel column chromatography (5% EtOAc/hexane) to afford the
30a (0.2 g) as a white gummy solid in 71% vyield. Rf =0.7 (10%
EtOAc/hexane); [a]*°, = +64.5 (¢ 0.78, CHCLs); IR (neat) 3019, 2400,
1522, 1425, 1219, 1097, 1018 cm™"; "H NMR (400 MHz, CDCl;) 5 7.52—
5.48 (m, 2H), 7.44-7.33 (m, 3H), 6.03-5.94 (m, 1H), 5.93 (d, J = 3.7 Hz,
1H), 5.33 (dq, J = 17.2, 1.7Hz, 1H), 5.21 (dq, J = 17.2, 1.7 Hz, 1H), 5.11
(d, J=2.3 Hz, 1H), 4.71 (d, J = 3.6 Hz, 1H), 4.12 (ddt, J = 12.0, 5.6, 1.4
Hz, 1H), 3.92 (ddt, J = 12.0, 5.6, 1.4 Hz, 1H), 2.40 (s, 1 H), 1.65 (s, 3H),
1.38 (s, 3H); *C NMR (100 MHz, CDCls) 5 136.6, 134.6, 128.6, 127.6,
117.0, 113.4, 104.6, 87.5, 83.5, 78.4, 78.3, 73.3, 67.0, 27.1, 26.6; HRMS
(ESI) calcd. for C1gHz004Na (M+Na)* 323.1259, found 323.1266.

Compound 19: A solution of enyne 30a (0.3 g, 1.05 mmol) in dry CH.Cl,
(340 mL) under Argon was degassed and to this mixture a solution of
Grubbs’ catalyst 26 (0.052 g, 7 mol %) in CH,Cl, (6 mL) was added drop
wise and refluxed for 11 h. The reaction mixture was cooled to room
temperature and DMSO (5.9 mmol) was added to quench the catalyst
and stirred for 6 h at room temperature. Evaporation of the solvent and
purification by silica gel column chromatography (8% EtOAc/hexane)
gave 19 (0.24 g) as a white gummy solid in 80% vyield. R =0.7 (10%
EtOAc/hexane); [a I*°; = +265.9 (¢ 0.46, CHCLs); IR (neat) 2939, 1
1451, 1376, 1215, 1090 cm™"; "H NMR (400 MHz, CDCl3) 5 7.65-7,
2H), 7.36-7.24 (m, 3H), 6.30 (dd, J = 17.5, 11.1 Hz, 1H,), 5.90 (d, 17.4
Hz, 1H), 5.71 (d, J = 3.3 Hz, 1H), 5.31-5.21 (m, 3H), 4.52 (d,
1H), 4.43 (d, J = 18.6 Hz, 1H), 3.97 (d, J = 2.5 Hz, 1H), 1
1.33 (s, 3 H); "C NMR (100 MHz, CDCl;) 5 138.2, 136.8
128.5, 128.2, 127.9, 123.6, 117.5, 117.4, 114.1, 106.0,
26.8, 26.3; HRMS (ESI) calcd. for C1gH2004Na (M+Na)
323.1264.

Hybrid compound 31 : Following the general procedure (method
Diels-Alder reaction between the diene 17 (¢ 112 g, 0.5 mmol) and
naphthoquinone 11 (0.102 g, 0.65 mm,

aromatized adduct 31 in 68% yield as

column chromatography (8% EtOAc/hexane): mp
(15% EtOAc/hexane); [a]°s = +215 (¢ 1.1, CHCIl3);
2929,1675, 1412, 1217, 1086, 10
8.34, (d, J = 8.0 Hz, 1H), 8,29-8
J = 8.0 Hz, 1H), 7.84-7.7,
17.8 Hz, 1H), 5.07 (d, J'=
1H), 4.22 (d, J = 2.3 Hz, 1H),
MHz, CDCl;) & 184.0, 183.0, 1
134.2, 132.7, 12 127.4, 127 1,
68.0, 27.0, 26.3;
found 379.1167.

1 (s, 3H), 1.39 (s¥BH); "°C NMR (100
136.9, 136.4, 134.8, 134.5, 134.3,
6, 112.2, 105.4, 84.8, 78.8, 73.8,
2oH1906 (M+H)" m/z 379.1182,

the general procedure (method A) for
lene 17 (0.112 g, 0.5 mmol) and 1,4-
0.65 mmol) afforded 0.137 g of the

Diels-Alder re:
dihydroxy naphthoquinone 12 (0.12
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aromatized adduct 32 in 67% yield as a brown solid after silica gel
column chromatography (8% EtOAc/h e): mp = 186-188 °C ; Ry =
0.5 (15% EtOAc/hexane); [a I*°p = +14 CHCL3); IR (neat) 3469,
2924, 1617, 1418, 1352, 1218, 1094 cm™"; 0 MHz, CDCl3) &
12.84 (s, 2H), 8.39, (d, J = 8.0 Hz, 1H), 7.97,

eral procedure (method A) for
17 (0.112 g, 0.5 mmol) and 1,4-
e 13 (0.135 g, 0.65mmol) afforded 0.150 g of
71% vyield as a brown solid after silica gel
column OAc/hexane) : mp = 179-181 °C; Rf= 0.5
(15% EtOAc/hexane 87.17 (c 0.39, CHCl3); IR (neat) 3464,
3020, 1732, 1645, 1375, 1215, 1094 cm™';"H NMR (400 MHz, CDCl3) &
8,80 (s, 1H),7 (s,1H), 8.41 (d, J = 8.0 Hz, 1H), 8.11-8.06 (m, 2H),

4 (d, J = 84z, 1H), 7.67—7.30 (m, 2H), 6.03 (d, J = 3.8 Hz, 1H), 5.65
=17.5 Hz, 1H), 5.1 (d, J = 17.5 Hz, 1H), 5.05 (d, J = 2.0 Hz, 1H),
,J=35Hz, 1H), 4.24 (d, J = 2.2 Hz, 1H), 1.62 (s, 3H), 1.40 (s,
NMR (100 MHz, CDCls) 5 184.6, 182.7, 139.5, 136.9, 136.4,
4 1351, 130.8, 130.3, 130.2, 130.2, 129.7, 129.6, 129.4,
2.2, 105.4, 84.8, 78.7, 73.8, 68.2, 27.0, 26.3; HRMS
CasH210g (M+H)* 429.1338, found 429.1331.

(ESi) calcl.

compound 34 : Following the general procedure (method A) for
Ider reaction between the diene 17 (0.112 g, 0.5 mmol) and 5-
xy 1,4-naphthoquinone 14 (0.113 g, 0.65 mmol) afforded 0.164 g of
aromatized adduct 34
iastereomers (d.r = 2.2:1)) as a brown solid after silica gel column
chromatography (8% EtOAc/hexane) : mp = 187-189 °C ; R;= 0.6 (15%
EtOAc/hexane); [a I*°» = —-89.9 (¢ 1.3, CHCI); IR (neat) 3472, 2927,
2854, 1966, 1732, 1673, 1636, 1456, 1313, 1216, 1096 cm™'; '"H NMR
(500 MHz, CDCl3) & 12.46 (s, 0.65H), 12.39 (s, 0.3H), 8.28-8.25 (m, 1H),
7.93-7.87 (m,1H), 7.78 (dd, J = 7.4, 1.1 Hz, 0.7H), 7.69 (dd, J = 7.5, 1.2
Hz, 0.3H), 7.66-7.63 (m, 1H), 7.29-7.25 (m, 1H), 6.02-6.01 (m, 1H),
5.59-5.49 (m, 1H), 4.99-4.98 (m, 2H), 4.78 (d, J = 3.6 Hz, 1H), 4.18 (s,
1H), 1.62 (s, 3H), 1.40 (s, 3H); *C NMR (100 MHz, CDCls) 5 190.4,
187.9, 183.8, 181.9, 162.3, 161.1, 139.4, 137.9, 136.9, 136.8, 136.6,
136.2, 134.5, 134.1, 133.8, 132.4, 129.6, 129.1, 126.4, 125.9, 124.6,
123.9, 119.4, 119.2, 116.4,115.3, 112, 105.2, 84.5, 78.5, 78.4, 73.6, 73.5
67.8, 67.7, 26.8, 26.1; HRMS (ESI) calcl. For CyHqs0/Na (M+Na)*
417.0950, found 417.0931.

in 80% yield (inseparable mixture of

Hybrid compound 35 : Following the general procedure (method A) for
Diels-Alder reaction between the diene 17 (0.112 g, 0.5 mmol) and 4-
nitronaphthoquinone 15 (0.132 g, 0.65 mmol) afforded 0.164 g of the
aromatized adduct 35 in 75% yield as a yellow solid (inseparable mixture
of diastereomers (d.r = 6.3:1)) after silica gel column chromatography
(9% EtOAc/nexane): mp = 218-220 °C ; Ry = 0.4 (15% EtOAc/hexane);
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[0 1% =795 (c0.27, CHCL); IR (neat) 2923, 2858, 1631, 1546, 1528,
1376, 1211, 1094, 1015 cm™"; 'H NMR (500 MHz, CDCls) 5 8.43, (dd, J
=7.9,0.95 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 7.99-7.95 (m, 1H), 7.94—
7.89 (m, 1H), 7.76 (dd, J = 7.8, 1 Hz, 1H), 6.01 (d, J = 3.7 Hz, 1H), 5.55
(d, J = 17.6 Hz, 1H), 5.01-5.08 (m, 2H), 4.78 (d, J = 3.6 Hz, 1H), 4.21 (d,
J=1.2Hz, 1H), 1.60 (s, 3H), 1.39 (s, 3H); *C NMR (125 MHz, CDCls) &
182.4, 179.7, 148.7, 139.6, 139.5, 137.6, 137.0, 136.8, 134.9, 134.8,
134.4, 1342, 129.7, 129.5, 128.5, 128.1, 127.5, 126.8, 126.5, 123.9,
112.1, 112.0, 105.2, 84.5, 78.7, 78.6, 73.4, 67.6, 67.4, 26.8, 26.1; HRMS
(ESI) calcl. For C5H7NNaOg (M+Na)* 446.0846, found 446.0841.

Hybrid compound 36 : Following the general procedure (method B) for
Diels-Alder reaction between the diene 17 (0.112 g, 0.5 mmol) and
DMAD 16 (0.092 g, 0.65 mmol) afforded 0.133 g of the aromatized
adduct 36 in 73% yield as a white solid after silica gel column
chromatography (30% EtOAc/hexane) : mp = 154-156 °C ; R;= 0.6 (30%
EtOAc/hexane); [a *°5 = -155 (¢ 0.91, CHCl3); '"H NMR (400 MHz,
CDCl3) 6 7.90 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 5.98 (d, J =
3.8 Hz, 1H), 4.99 (d, J = 2.3 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H), 4.73 (d, J
= 3.8 Hz, 1H), 4.66 (d, J = 15.6 Hz, 1H), 4.17 (d, J = 2.4 Hz, 1H), 3.91 (s,
3H), 3.89 (s, 3H),1.59 (s, 3H), 1.37 (s, 3H); "*C NMR (100 MHz, CDCl3)
5 168.3, 166.0, 134.6, 133.3, 132.1, 131.6, 128.9, 128.7, 112.1, 105.3,
84.7,79.7,73.0, 65.5, 52.9, 52.8, 26.9, 26.3; IR (neat) 3019, 2929, 1733,
1449, 1216, 1018 cm™"; HRMS (ESI) calcd. for CygHz00sNa (M+N
387.1050 found 387.1049.

1H), 5.58 (d, J = 19.2 Hz, 1H,), 5.17 (s, 1
1.69 (s, 3H), 1.24 (s, 3H), 1.00 (s, 3H); '
188.9, 186.7, 157.9, 157.6, 142.8, 137:
129.1, 126.8, 114.4, 113.5, 112.4, 106.8, 82.7,
26.2, 15.8; HRMS (ESI) calcd. for C
425.1240.

Hybrid compound 40 : Fol
Diels-Alder reaction between
hydroxynaphthoquinone 14 (0.11
in 84% vyi
regiol )

ing the general e ( method A) for
diene 18 (0.119 & 0.5 mmol) and 5-
0.65 mmol) afforded 0.171 g of the
aromatized add as a yellow solid (mixture of
inseparable
chromatography (139

EtOAc/hexane); [a ?°p

after silica gel column
183-185 °C; Ry = 0.6 (25%
47 (c 0.75, CHCl3); IR (neat) 2923, 2853,
6, 1087, 1049 cm™;"H NMR (400 MHz,
, 0.3H), 8.35 (d, J = 7.9 Hz, 1H), 7.86
(m, 1H), 7.27-7.33 (m, 1H), 5.99 (d,

J =3.3 Hz, 1H), 5.67 (dd, J = 19.1,6.9 Hz, 1H), 5.56 (dd, J = 19.1, 8.9
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Hz, 1H), 5.16 (s, 1H), 4.54 (dd, J = 3.3, 1.6 Hz, 1H), 1.66 (s, 3H), 1.43
(s, 3H), 0.98 (s, 3H); °C NMR (100 M@ .CDCl3) 5 190.7, 188.3, 184.1,
182.4, 162.6, 162.3, 142.9, 142.4, 137" , 136.7, 134.2, 133.9,
133.5, 132.7, 129.8, 129.4, 129.3, 129.1, 1 6, 124.8, 124.0,
119.3, 116.8, 115.6, 114.3, 106.8, 82.7, 75.0 6,26.2, 15.9,
15.8; HRMS (ESI) calcd. For 1287, found
409.1271.

Hybrid compound 41 :
Diels-Alder reaction b

the genera dure ( method A) for
(0.119 g, 0.5 mmol) and 5-
I) afforded 0.183 g of the
llow solid (as a mixture of

nitronaphthoquinone (0.132 g, 0.65
81% yield as a

s dr = 3.1

aromatized adduct 4

inseparable diastere after silica gel column
E 176-178 °C , Rr= 0.6 (15%
= +DY » CHCL3); IR (neat) 2926, 2854,
1514, 1365, 1216, 1082 cm™" ; 'H NMR (400
7.9 Hz, 1H), 7.45 (dd, J = 8.2 Hz, 1H), 6.95
(dd, J d, J = 3.3 Hz, 1H), 5.67 (d, J = 18.9 Hz,
1H), 5.53 (d, J = 18" 5.15 (s, 1H), 4.51 (d, J = 3.3 Hz, 1H),
1.65 (s, 3H), 1.41 (s, 3H), 0.95 (s, 3H); *C NMR (100 MHz, CDCl3) &
185.0, 184.7, 134, 150.7, 143.2, 140.9, 137.4, 136.3, 135.2, 135, 134.9
4, 133.6 6, 129.8, 129.5, 129, 128.9, 128, 127, 126.4, 122.6,
, 114.3, 114.1, 113, 106.6, 82.6, 82.5, 74.9, 74.8,67.5, 67, 26.53,
26, 15.8, 15.7; HRMS (ESI) calcl. For C,3H:sNNaOg (M+Na)*
3, found 409.1000.

chromatograph
EtOAc/hexane);
1966, 1605, 1571,
MHz, CDCls) & 8.35 (

und 42 : Following the general procedure (method B) for
Diels-Alder reaction between the diene 18 (0.119 g, 0.5 mmol) and
DMAD (0.092 g, 0.65 mmol) afforded 0.130 g of the aromatized adduct
61% yield as a white yellow solid after silica gel column
tography (13% EtOAc/hexane) : mp = 162-164 °C ; R;= 0.6 (25%
c/hexane); [a]®p = -50.4 (¢ 1.3, CHCL); IR (neat) 2926, 1735,
9, 1374, 1250, 1098, 1025, 945 cm™"; "H NMR (500 MHz, CDCl3) &
.93 (d, J=7.9 Hz, 1H), 7.52 (d, J = 7.9 Hz, 1H), 5.94 (d, J = 3.7 Hz, 1H),
5.04-5.12 (m, 2H), 4.93 (d, J = 16.2 Hz, 1H), 4.45 (d, J = 3.2 Hz, 1H),
3.91 (s, 3H), 3.88 (s, 3H), 1.62 (s, 3H), 1.39 (s, 3H), 0.87 (s, 3H);; "°C
NMR (100 MHz, CDCl;) & 168.4, 165.8, 139.9, 137.2, 130.1, 127.9,
127.5, 125.7, 112.3, 105.3, 84.5, 80.1, 70.3, 67.4, 52.9, 52.8, 27.2, 26.7;
HRMS (ESI) calcl. For C1gH2,0gNa (M+Na)" 401.1207, found 401.1207.

Hybrid compound 43 : Following the general procedure (method A) for
Diels-Alder reaction of the diene 19 (0.150 g, 0.5 mmol) and 1,4-
naphthoquinone 11 (0.101 g, 0.65 mmol) afforded 0.186 g of the
aromatized adduct 43 in 82% yield as a dark yellow solid after silica gel
column chromatography (8% EtOAc/hexane): mp = 186-188 °C; Ry=0.5
(10% EtOAc/hexane); [a ] = -23.4 (c 1.6, CHCly); IR (KBr) 2983, 1671
1591, 1566, 1449, 1375, 1322, 1215, 1094 cm™"; '"H NMR (400 MHz,
CDCl;) 5 8.36, (d, J = 7.9 Hz, 1H), 8.17-8.23 (m, 1H), 8.08-8.15 (m, 1 H),
8.14 (dd, J = 7.9, 1 Hz, 1H), 7.68-7.75 (m, 2H), 7.48-7.53 (m, 2H),
7.10-7.22 (m, 3H), 5.90 (d, J = 3.1 Hz, 1H), 5.73 (d, J = 4.3 Hz, 1H),
5.69 (s, 1H), 5.16 (d, 1H, J = 18.8 Hz), 4.67 (d, J = 3.12 Hz, 1H), 1.72 (s,
3H), 1.42 (s, 3H); "*C NMR (100 MHz, CDCl5) 5 184.6, 183.1, 143, 136.8,
136.6, 134.3, 134.1, 134, 133.6, 132.6, 129.3, 128.8, 128.7, 127.4, 127,
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115.1, 107.0, 84.0, 81.1, 76.4, 68.4, 27.0, 26.4; HRMS (ESI) calcd. for
CasH2206Na (M+Na)* 455.1495, found 455.1496.

Hybrid compound 44 : Following the general procedure (method A) for
Diels-Alder reaction of the diene 19 (0.150 g, 0.5 mmol) and 5,8-
dihydroxynaphthoquinone 12 (0.12 g, 0.65 mmol) afforded 0.153 g of the
aromatized adduct 44 in 63% yield as a red solid after silica gel column
chromatography (6% EtOAc/hexane): mp = 228-230 °C; R; = 0.7 (10%
EtOAc/hexane); [a °» = —116.8 (c 1.3, CHCIs); IR (KBr) 3439, 2924,
2854, 1618, 1455, 1248, 1095, 1018 cm™"; "H NMR (400 MHz, CDCl3) &
12.85 (s, 1H), 12.77 (s, 1H), 8.41 (d, J = 7.96 Hz, 1H), 8.09 (d, J = 1.08
Hz, 1H), 7.50 (d, J = 1.56 Hz, 1H), 7.25 (s, 1H), 7.12-7.22 (m, 5H), 5.90
(d, J=3.12 Hz, 1H), 5.73 (s, 1H), 5.72 (d, J = 18.9 Hz, 1H), 5.16, (d, J =
18.9 Hz, 1H), 4.67, (d, 3.16 Hz, 1H), 1.72 (s, 3H), 1.40 (s, 3H); °C NMR
(100 MHz, CDCl;) & 188.7, 186.6, 157.7, 143.6, 137.3, 136.4, 133.4,
129.6, 129.3, 129.2, 129.0, 128.7, 128.3, 128.2, 126.6, 115.1, 113.4,
112.2, 107.0, 84.1, 81.0, 68.3, 27.0, 26.3; HRMS (ESI) calcd. for
CosH230s m/z (M+H)" 487.1393, found 487.1401.

Hybrid compound 45 : Following the general procedure (method A) for
Diels-Alder reaction of the diene 19 (0.150 g, 0.5 mmol) and 1,4-
anthraquinone 13 (0.135 g, 0.65 mmol) afforded 0.224 g of the
aromatized adduct 45 in 89% yield as a yellow solid after silica gel
column chromatography (9% EtOAc/hexane) : mp = 198-200 °C; R¢
(15% EtOAc/hexane); [a *°p = —46.16 (¢ 0.50, CHCls); IR (KBr)
1672, 1619, 1588, 1458, 1297, 1206, 1093, 1048 cm™"; "H NMR (400
MHz, CDCl3) & 8.75 (s, 1H), 8.65 (s, 1H), 8.45 (d, J = 7.9 Hz,
8.12 (m, 3H), 7.63-7.66 (m, 2H), 7.52-7.54 (m, 2H), 7.10-7,
5.92 (d, J = 3.1 Hz, 1H), 5.78 (d, J=18.6 Hz, 1H), 5.74 (
J = 18.6 Hz, 1H), 4.68, (d, 3.1Hz, 1H), 1.73 (s, 3H), 1
NMR (100 MHz, CDCl;) d 184.5, 183, 142.9, 137, 1
134.7, 130.4, 130.2, 129.8, 129.6, 129.2, 129, 128.8, 128.
115.0, 107.0, 84.2, 81.1, 68.5, 27.0, 26.4 ; HRMS (ESI) C
Ca32H2406 (M+H)" 505.1651, found 505.1661.

inseparable regioisomers d.r. after silica
chromatography (8% EtO.

EtOAc/hexane); [a]*%p =

), 8.298.39 (m, 1H), 8.05
), 7.66-7.76 (m, 1H), 7.48—
d, 1 H, J = 2.9 Hz), 5.64-5.75 (m,
H, J = 2.9 Hz), 1.72 (s, 3 H),

7.53 (m, 2 H), 7.1
2H), 5.14 (d, 1H,
143 (s, 3H); °CN
136.9, 136.7, 136.5, 136

6.2; HRMS (ES) calcd. for CosHa307
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Hybrid compound 47 : Following the general procedure (method A) for

Diels-Alder reaction of the diene 19 50 g, 0.5 mmol) and 5-nitro

inseparable diastereomers d.r. = gel column
(15% EtOAc/hexane): mp
IR (KBr) 2926, 1738, 1634,
59, 1095, 1015 cm ~'; 'H
d, J=7.8, 1 Hz, 1H),
(m, 2H), 7.11-7.22 (m, 4H),
m, 1H), 4.64-4.66 (m, 1H),
Hz, CDCl;) 5 184.7, 184.6,
136.5, 136.1, 134.9, 134.8,
128.6, 128.4, 128.3, 128.2,
.2, 124.0, 122.4, 117.1, 114.9,
, 83.8, 81, 80.9, 76.2, 76.1, 68.2, 67.9, 26.7,
r CysHpsNNaO; (M+Na)® 522.1159, found

5.90 (m, 1H), 5.64-5
1.72 (s, 3 H), 1.39 (

(m, 2H), 5.09-5.
H); *C NMR (10

134.7, 1345,
128.1, 128.0, 1
114.8, 106.9, 106.8
26.2; HRMS (ESI) cal
52211

brid compo, 48 : Following the general procedure (method B) for
Is-Alder ri ion of the diene 19 (0.150 g, 0.5 mmol) and DMAD
2 g, 0.65 mmol) afforded 0.165 g of the aromatized adduct 48 in
ield as colourless solid after silica gel column chromatography
OAc/hexane). Ry = 0.52 (20% EtOAc/hexane): mp = 175-177 °C
.9 (c 1.5, CHCI3); IR (neat) 3020, 2929, 1733, 1449, 1216,
MR (400 MHz, CDCl3) 6 8.31, (d, J = 8.2 Hz, 1H), 7.92
1H), 7.34-7.44 (m, 5H), 5.20 (d, J = 2.9 Hz, 1H), 4.90 (d,
J =16.3 Hz, 1H), 4.80 (d, J = 16.3 Hz, 1H), 4.52 (d, J = 2.88 Hz, 1H),
3.91 (s, 3H), 3.90 (s, 3H), 1.29 (s, 3H), 1.28 (s, 3H); *C NMR (100 MHz
5 168.4, 166.2, 132.6, 129.5, 129.0, 128.9, 128.7, 127.6, 112.7,
88.8, 60.8, 55.3, 53.2, 27.1, 27.0; HRMS (ESI) calcd. For
250s (M+H)™ 441.1549, found 441.1537.

Hybrid compound 49 : Following the general procedure (method A) for
Diels-Alder reaction between the diene 20 (0.112 g, 0.5 mmol) and 1,4-
naphthoquinone 11 (0.102 g, 0.65 mmol) afforded 0.145 g of the
aromatized adduct 49 in 77% yield as a pale yellow solid after silica gel
column chromatography (11% EtOAc/hexane: mp = 152-154 °C; R;= 0.6
(20% EtOAc/hexane); [a [*°p = +129 (c 1.2, CHC); IR (neat) 2926, 2854,
1674, 1592, 1324, 1286, 1217, 1164, 1069 cm™"; '"H NMR (500 MHz,
CDCl;) d 8.30-8.40 (m, 2H), 8.21-8.29 (m, 1H), 7.77-7.79 (m, 2H), 7.49
(d, J = 8.0 Hz, 1H), 6.22 (d, J = 2.0 Hz, 1H), 6.03 (d, J = 3.7 Hz, 1H),
4.91-4.96 (m, 1H), 4.82-4.88 (m, 1H), 4.68-4.77 (m, 1H), 4.24 (d, 1H, J
=2.1Hz), 1.82 (s, 3H), 1.43 (s, 3H); "*C NMR (125 MHz, CDCl3) 5 184.0
183.2, 142.3, 134.7, 134.5, 133.9, 132.5, 131.2, 130.2, 128.3, 128.2,
126.8, 112.6, 105.1, 84.3, 79.9, 70.8, 67.8, 27.35, 27.0; HRMS (ESI)
calcl. For CoH190g (M+H)" 379.1182, found 379.1194.

Hybrid compound 50 : Following the general procedure (method A) for
Diels-Alder reaction between the diene 20 (0.112 g, 0.5 mmol) and 1,4-
dihydroxy naphthoquinone 12 (0.123 g, 0.65 mmol) afforded 0.096 g of
the aromatized adduct 50 in 63% vyield as a brown solid after silica gel
column chromatography (8% EtOAc/hexane): mp = 177-179 °C; R;= 0.5
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(15% EtOAc/hexane); [a J*°» = +51.3 (c 0.37, CHCly); IR (neat) 3432,
2923, 2857, 1671, 1583, 1322, 1283, 1211, 1165, 1065 cm™"; 'H NMR
(500 MHz, CDCls) & 13.02 (s, 1H), 12.9 (s, 1H), 8.42 (d, J = 8 Hz, 1H),
7.53 (d, J = 8.1 Hz, 1H), 7.28-7.33 (m, 2H), 6.2 (d, J = 1.3 Hz, 1H), 6.03
(d, J = 3.5 Hz, 1H), 4.96 (d, J = 16 Hz, 1H),4.87 (d, J = 16 Hz, 1H), 4.73
(d, 1H, J = 3.5 Hz), 4.23 (d, 1H, J = 1.5 Hz), 1.76 (s, 3H), 1.42 (s, 3H);
*C NMR (125 MHz, CDCl3) 5 188.2, 186.2, 158.0, 157.4, 134.8, 131.8,
131.5, 130.6, 130, 128.9, 127.8, 113.4, 112.6, 112.1, 104.9, 83.9, 79.5,
70.6, 67.7, 27.1, 26.8; HRMS (ESI) calcl. For CyH:gNaOg (M+Na)*
433.0894, found 433.0896.

Hybrid compound 51 : Following the general procedure (method A) for
Diels-Alder reaction between the diene 20 (0.112 g, 0.5 mmol) and 1,4-
anthraquinone 13 (0.135 g, 0.65 mmol) afforded 0.161 g of the
aromatized adduct 51 in 76% yield as a yellow solid after silica gel
column chromatography (10% EtOAc/hexane): mp = 166-168 °C; R; =
0.5 (15% EtOAc/hexane); [a *°p = +89 (c 1.0, CHCls); IR (neat) 2929,
2851, 1674, 1581, 1317, 1286, 1215, 1162, 1059 cm™"; 'H NMR (500
MHz, CDCl;) & 8.88 (s, 1H), 8.78 (s, 1H), 8.44 (d, J = 8 Hz, 1H),
8.07-8.08 (m, 2H), 7.68 (d, J = 3.2 Hz, 1H), 7.67 (d, J = 3.1 Hz, 1H), 7.49
(d, J = 8 Hz, 1H), 6.30 (s, 1H), 6.04 (d, J = 3.6 Hz, 1H), 4.96 (d, J = 15.7
Hz, 1H), 4.86 (d, J = 15.7 Hz, 1H), 4.74 (d, J = 3.6 Hz, 1H), 4.25 (d, 1H, J
= 1.6 Hz), 1.85 (s, 3H), 1.44 (s, 3H); "*C NMR (125 MHz, CDCl3) 5183.7,
182.6, 142.2, 135.4, 134.9, 132.7, 131.6, 130.3, 129.4, 129.3, 128,38,
128.3, 118.4, 104.9, 84.1, 79.8, 70.6, 67.7, 27.2, 26.8; HRMS (ESI)
For CasH20NaOs (M+Na)* 451.1158, found 451.1158.

Hybrid compound 52 : Following the general procedure
Diels-Alder reaction between the diene 20 (0.112 g, 0.5
hydroxynaphthoquinone (0.113 g, 0.65 mmol) afforded,

J=8.04 Hz, 1H), 7.78 (dd, J = 7.5, 1.2 Hz,
= 8.0 Hz, 1H), 7.32 (dd, J =8.4, 1.2 Hz, 1H
(d, J = 2.0 Hz, 1H), 6.02 (d, J = 3.7 Hz,

4.86 (d, J = 15.9 Hz, 1H), 4.73 (d, 1H, J = 3.70 22
Hz), 1.77 (s, 3H), 1.43 (s, 3H); *¢ NMR (100 MHZ, S 190.1,
182.4, 162.8, 142.6, 136.6, 134. 5, 131.7, 131.5, 1§0.9, 128.4,

127.9, 125.1, 120.5, 119.2, 117.

; Rr= 0.6 (15% EtOAc/hexane); [a [*°p
neat) 3024, 2925, 2851, 1774, 1678,

1601, 1570, 1515, 1456, 1215, 1085, 1024, 940 cm™"; "H NMR (400 MHz,
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CDCl3) & 8.52 (dd, J = 7.9, 1.0 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 7.89 (dd,
J=179,7.8Hz, 1H), 7.72-7.74 (dd, J =83 0.8 Hz, 1H), 7.52 (d, J = 7.8
Hz, 1H), 6.10 (d, J = 1.8 Hz, 1H), 6.0 (d, 1H), 4.94 (d, J = 12 Hz,

| procedure (method B) for
(0.112 g, 0.5 mmol) and
g of the aromatized adduct

Hybrid compound
Diels-Alder reaction

lid after silica gel column
’mp = 127-129 °C; R;= 0.6 (25%
-210 (c 0.95, CHCly); IR (neat) 2927, 1733,
cm™"; "H NMR (400 MHz, CDCls) & 7.93 (d,
J=8.1 Hz, 1H), 5.95 (d, J = 3.7 Hz, 1H), 5.18 (d,
J=2.3Hz, 1H), 4. Hz, 1H), 4.70 (d, J = 15.7 Hz, 1H), 4.67
(s, 1H), 4.16 (d, J = 2.4 Hz, 1H), 3.96 (s, 3H), 3.90 (s, 3H), 1.56 (s, 3H),
136 (s, 3H); @NMR (100 MHz, CDCl;) 5 168.4, 165.8, 139.9, 137.2,
A1, 127.9 .5, 125.7, 112.3, 105.3, 84.5, 80.1, 70.3, 67.4, 52.9,
27.2, 26.7; HRMS (ESI) calcl. For CigH200sNa (M+Na)* 387.1056,
387.1075.

chromatography
EtOAc/hexane); [a
1441, 1279, 1216, 101

nd 61 : Following the general procedure (method A) for
ction between the diene 21 (0.084 g, 0.5 mmol) and 1,4-
naphthoquinone 11 (0.102 g, 0.64 mmol) afforded 0.122 g of the
aromatized adduct 61 in 64% yield as a pale orange solid after silica gel
chromatography (5% EtOAc/hexane): mp = 117-119 °C; R;= 0.5
tOAc/hexane); [a °°5 = +308.5 (c 0.56, CHCI5); IR (KBr) 2929,
, 1587, 1450, 1340, 1329, 1293, 1214, 1103, 1057 cm™"; "H NMR
0 MHz, CDCls) & 8.37 (d, J = 84 Hz, 1H), 8.08-8.28 (m, 2H),
76-7.86 (m, 2H), 7.23 (d, J = 8.4Hz, 1H), 6.47 (d, J = 4.7 Hz, 1H), 6.34
(d, J = 4.7 Hz, 1H), 1.58 (s, 3H), 1.26 (s, 3H); *C NMR (100 MHz,
CDCl;) d 183.5, 181.9, 164.4, 134.4, 134.02, 133.6, 133.5, 132.6, 131.3,
128.2, 127.4, 127.3, 126.0, 116.1, 114.1, 109.3, 80.7, 28.0, 27.7; HRMS
(ESI) calcd. for C1oH1405 (M+H)" 323.0919, found 323.0916.

Hybrid compound 62 : Following the general procedure (method A) for
Diels-Alder reaction between the diene 21 (0.084, 0.5 mmol) and 5,8-
dihydroxynaphthoquinone 12 (0.123 g, 0.65 mmol) afforded 0.109 g of
the aromatized adduct 62 in 52% yield as a red solid after silica gel
column chromatography (6-8% EtOAc/hexane): mp = 146-148 °C ; Ry =
0.6 (10% EtOAc/hexane); [a J?°» = +109 (c 2.5, CHCLy); IR (neat) 3447,
2927, 1966, 1673, 1618, 1458, 1292, 1215, 1093, 1023, 920 cm™"; 'H
NMR (400 MHz, CDCl3) d 12.98 (s, 1H), 8.40 (d, J = 8 Hz, 1H), 7.97 (d,
J =8 Hz, 1H), 7.31 (s, 2H), 6.03 (d, 1H, J = 4 Hz), 5.68 (d, 1H, J = 17.6
Hz), 5.0-5.12 (m, 2H), 4.80 (d, J = 4 Hz, 1H), 1.62 (s, 3H), 1.40 (s, 3H);
®C NMR (100 MHz, CDCl3) & 188.9, 186.5, 157.8, 157.7, 139.9, 137.5,
136.9, 134.7, 129.9, 129.7, 129.2, 126.3, 112.3, 112.2, 105.4, 84.8, 78.6,
73.8, 67.0, 27.0, 26.3; HRMS (ESI) calcd. for C1gH1507 (M+H)* 355.0818,
found 355.0816.
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