5563

Antiviral activity of arylnaphthalene and
aryldihydronaphthalene lignans

Christopher Cow, Carmen Leung, and James L. Charlton

Abstract: A practical method for large scale synthesis of 1-arylnaphthalene and 1-aryl-1,2-dihydronaphthalene lignans
is described. The method makes use of the classic Stobbe condensation followed by regioselective reactions that pro
vide access to both the common and retrolactone lignans,2and 3. A total of 25 compounds, many of which are
known natural products, were prepared and their antiviral activity against human cytomegalovirus measured.

Key words lignan, Stobbe, arylnaphthalene, antiviral.

Résumé: On décrit une méthode pratique de réaliser des synthéses a grande échelle de 1l-arylnaphtaléne et de
1-aryl-1,2-dihydronaphtaléne lignanes. La méthode fait appel a la condensation classique de Stobbe suivie de réactions
régiosélectives qui conduisent aussi bien aux lignanes normales que rétrolactoniques, par 2x&r8plen a ainsi

préparé vingt-cinq composés, dont plusieurs sont des produits naturels connus, et on a mesuré leur activité antivirale
vis-a-vis le cytomégalovirus humain.

Mots clés: lignane, Stobbe, arylnaphtaléne, antiviral.

[Traduit par la Rédaction]

Introduction aryl-1,2-dihydroanthracené&shas not previously been inves-
. | d h Il Kk for th . tigated. DDQ oxidation of7 led to the arylnaphthalene
Lignans are natural products that are well known for theiljiagtersg that could be regioselectively hydrolysed and re-
broad Spectrum of med|p|nal properties (1-4). They a'%Yuced to form the lactonezor 3. The dihydrodiesterg and
found in many plant species and are believed to be deriveg "5, the |actoneg and3, were tested for antiviral activity

from the dimerization of two phenyl propanoid units at thea ainst human cvtomeaalovirus usina a standard plague re-
central carbons of their side chains (see Scheme 1) (4). dgction assay. y g 9 plaq

Further cyclization of lignans can lead to cyclolignans,
such as l-arylnaphthalenels, (as well as reduced 1-arylna-
phthalenes and dibenzocyclooctadienes). Natural l-aryingResults and discussion
phthalene lignans often featureydactone ring at the 2,3-
position most commonly oriented as in struct@ebut also The classic Stobbe condensation of diethyl succinate with
found as in3 (retrolactone) (see Scheme 1) (4). piperonal (3,4-methylenedioxybenzaldehyda) (eratralde

A recent review of the antiviral activity of lignans (5) hyde (3,4-dimethoxybenzaldehydd) @nd 3,4,5-trimethoxy
prompted us to carry out a more extensive study of the antibenzaldehyde cf was used to prepare the corresponding
viral activity of several l-arylnapthalene and 1-aryl-1,2-mono-acidsAa— (8, 9) The crude mono-acids were esterified
dihydronaphthalene lignans, and their analogs. Althougho the diethyl esterSa—c (9) followed by short path distilla
several excellent methods for the synthesis of arylnaphthaion under vacuum. Each of the diesters was treated with
lene lignans have been published (1-4, 6, 7), we sought strong base (LDA) and condensed with each of the three aro
simple method that would yield both 1-arylnaphthalene andnatic aldehydes (except for the reaction &t with
l-aryl-1,2-dihydronaphthalene compounds. The generaleratraldehyde) to provide a library of eight alcohdsa-
method that we have used is shown in Scheme 2. 6ca and6ce It was necessary to quench the condensations

The method is short, convergent, and the purification ofwith acetic acid at low temperature to prevent lactonization
intermediates is relatively straightforward. Although theand elimination reactions from occurring. The alcohols were
classic Stobbe condensation (first step) is well known (8), inot purified or characterized but were immediately dissolved
appears that the route from the Stobbe diest¢o the 1- in trifluoroacetic acid and stirred at room temperature for
one hour to form the eight 1-aryl-1,2-dihydronaphthalenes
7aa-7caand7cc Although there are many methods for the
preparation of 1-aryltetralin and 1-aryldihydronaphthalene
lignans in the literature, we could find no precedent for this
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Scheme 1. sured using a tetrazolium salt MTT (10). Seven compounds
had EGgs in the low micromolar range (EgTCs, 7aa 25/
1 2 . >37 uM; 7ac 1.4/ >25uM; 7bc 22/ >33 uM; 2aa 1.2/
—_— >19 uM; 2ac 1.4/ >2.0uM; 3ab 63/50 uM; 3ba 7.2/
>65 puM). Most of the remaining compounds did not show
O substantial antiviral activity at their solubility limit (ca.
50 uM).

ngnans

Conclusions

5 s 5 4 5 4 0
O@ OO o OO o A simple, convergent procedure has been developed for
R 2a the synthesis of 1-arylnaphthalene and 1-aryl-1,2-dihydron
R o R aphthalendignans and lignan analogs. The compounds prepared
O O O were screened for activity against human cytomegalovirus
R« R« R«
1 2

using a standard plague reduction assay. While antiviral ac
tivity was found, the activity did not extend into the nano
molar range and was often paired with high cytotoxicity.

Cyclo-aryinaphthalene lignans Only 2aa (Taiwanin C) and3ba (Retrojusticidin B) had a
clear antiviral window.

7cc presumably due to steric crowding. The naphthalenes
8aa-8bc could all be recrystallized from the crude reaction Experimental
mixtures using CHGlFhexanes as solvent.
The selective hydrolysis of 1-arylnaphthalene diester$seneral methods
similar to 8 has been described in the literature (6). We The general experimental procedures and instrumentation
found that hydrolysis using KOH in methanol-water gavehave been described in a previous publication (12).
the six mono-acid®aa-9bc in good yield. Formation of the
lactones2 was accomplished by reducirgjusing borane— Stobbe condensation — general procedure
dimethylsulfide in THF followed by lactonization in acid. In  tert-Butyl alcohol was charged to a 500 mL flask, and
this way, lactone®2aa (Taiwanin C),2ab (Chinensin),2ac  then potassium metal (1.2 equiv., ca. 0.5 M) was cut into
(dehydroanhydropodophyllotoxinpba (Justicidin B),2bb,  pieces and added to the flask. The mixture was heated at re-
and2bc (7-deoxydiphyllin) were prepared. Formation of the flux until the potassium metal had disappeared (ca. 1 h), and
retrolactones3 was accomplished by reducing the esterthen was cooled to room temperature. Diethyl succinate (2.0
group using sodium borohydride — lithium chloride in diglyme equiv.) and the substituted benzaldehyde (1.0 equiv.) were
at 120°C followed by lactonization in acid. The lactorBsm  dissolved intert-butyl alcohol (30 mL), and this mixture
(Justicidin E),3ab (Retrochinensin)3ac (5'-methoxyretro- added, with stirring, via a dropping funnel over 20 min. The
cinensin),3ba (Retrojusticidin B),3bb, and 3bc were pre  dropping funnel was rinsed wittert-butyl alcohol, and the
pared. reaction mixture stirred at room temperature for 3 h, during
Most of the compounds represented by struct@e3, 7,  which time a yellow precipitate formed.
and 8 were tested for their ability to inhibit human  The mixture was poured into 10% HCI (100 mL) in a
cytomegalovirus virus using a standard plaque reductien aseparatory funnel and extracted with EtOAc (3 x 100 mL).
say. The cytotoxicities of the compounds were also -meaThe organic layers were combined and washed with-satu

R R
oo Co,Et KOtBu mcozEt 1) LDA - CO,Et
DA e
1
CO,Et COR 2) Ar*CHO o CO,Et
4R =H
5Ri=Et <] EOH.H' O 6

R

Scheme 2.
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rated aqueous NaHGQ@3 x 100 mL). The basic extracts J= 7.1 Hz, CH=C-CO,-CH,CHj), 4.14 (q, 2H,J = 7.2 Hz,
were combined, acidified with concentrated HCI, and ex CO,-CH,CH5), 3.85 (s, 3H, O€l;), 3.83 (s, 3H, OGiy),
tracted into fresh EtOAc (3 x 50 mL). This second organic3.53 (s, 2H, @&l,), 1.29 (t, 3H,J = 7.1 Hz, CQCH,CH,),
extract was washed with water (10 mL), dried over anhy 1.22 (t, 3H,J = 7.2 Hz, CQCH,CH,); *C NMR (CDCl,
drous magnesium sulfate, filtered, and evaporated to givé5 MHz)5171.1 C=0), 167.3 C=0), 149.5, 148.6, 141 .4,
crude product, which was reacted in the next step withoufl27.5, 124.2, 122.4, 112.0, 110.9, 60.8, 60.7, 55.7, 55.6,

further purification. 33.7, 14.1, 14.0; EIMQn/z = 322 [M'] (base), 276, 249,
) 175; HRMS calcd. for GH,,04 322.1416, found:
Stobbe acid 4a 322.1436. The preparation of this compound has been-previ

Piperonal (3,4-methylenedioxybenzaldehyde, 15 g, 100 mmolpusly reported (8).
potassium metal (4.7 g, 120 mmol}ert-butyl alcohol
(250 mL), and diethyl succinate (33 mL, 200 mmol), follow Stobbe diester 5c
ing the general procedure gave a crude product as a light Crude acid4c (27.2 g, 83.8 mmol), concentrated,$0,

yellow oil (14.0 g, 50% vyield). (4.0 mL), and ethanol (100 mL) gaz as a clear pale yel
. low distillate (15.7 g, 53% yield):H NMR (300 MHz, CDC})
Stobbe acid 4b 57.78 (s,1H, Ar-G=C), 6.59 (s, 2H, ArH), 4.24 (q, 2H,

Veratraldehyde ) (3,4—dimethoxybenzaldehyde, 20 93g=7.13 Hz, CQ-CHZ-CH3), 4.14 (q’ 2HJ=7.13 Hz, CQ-
120 mmol), potassium metal (5.6 g, 144 mmdBrt-butyl CH,-CHz), 3.83 (s, 3H,p-O-CH3), 3.81 (s, 6H,m-O-CHy),
alcohol (250 mL), and diethyl succinate (42 mL, 240 mmol), 3 55 (s, 2H, ®,-CO,), 1.30 (t, 3H,J = 7.12 Hz, O-CHCH,)
following the general procedure gave a crude product as g 2o (t' 3H J = 713 Hy OiCIj'CH3)' 13c NMR (CDC3I3’
light yellow oil (29.7 g, 77% yield). 75 MHz) 3171.0 C=0), 167.1 C=0), 153.0, 141.6, 138.5,
Stobbe acid -4c 130.3, 125.5, 106.2, 60.9, 60.8, 60.6, 55.9, 33.8, j14.0

4 14.0; EIMS m/z = 352 [M'] (base), 278, 263, 205; HRMS
3,4,5-Trimethoxybenzaldehyde (20 g, 102 mmol), petas . .
sium metal (4.8 g, 123 mmoljert-butyl alcohol (250 mL), calcd. for GgH,,O7: 352.1522, found: 352.1509. The prepa

and diethyl succinate (34 mL, 204 mmol), following the ration of this compound has been previously reported (8).
eneral procedure gave crude product as a yellow oil
?27'2 g 2:‘?2% yield). g P y Dihydronaphthalene diesters — general method
’ Lithium diisopropylamide (1.2 equiv.) was prepared by
Esterification reaction — general procedure addition of n-BuLi (1.2 equiv., 2.5 M in hexanes) to diiso-

The crude acid-estet was dissolved in anhydrous EtOH propylamine (1.3 equiv.) in freshly distilled THF at —70°C.

(100 mL, ca. 0.4 M), concentrated,80, was added (cata- The solution was warmed briefly to 0°C, then recooled to

lytic amount) and the mixture was heated at reflux for 16 h=70°C. A solytion of the dieste$ (1 equiv.) in THF was
added dropwise through a plug (ca. 1 g) of activated alu-

The majority of the ethanol was removed on a rotary evapo<, . ; . "
rator, the mixture poured into saturated aqueous Nacilina which was then rinsed with THF. On addition of the

(150 mL) and extracted with EtOAc (3 x 50 mL). The-or diester, the solution turns orange to deep red; this colour
: ; : cpersists until the reaction is quenched. The mixture was

stirred for 10 min, then a solution of the aldehydel or c)

4dn THF was added, and stirring was continued for 1 h. The
reaction was quenched with glacial acetic acid-@0°C,
then warmed to room temperature.

aqueous NaHCQ(3 x 50 mL) and water (50 mL). The mix

ture was dried over anhydrous magnesium sulfate, filtere
and evaporated to give a yellow oil. This crude oil was puri
fied by short path, high vacuum (0.01 mm Hg) distillation to

give the product. The mixture was extracted with EtOAc (3 x 20 mL),
washed with water (20 mL), dried over anhydrous magne
Stobbe diester 5a sium sulfate, filtered, and evaporated on the rotary evapora

Crude acid4a (14.0 g, 50.3 mmol), concentrated,$0,  tor at 30-40°C. The residue was subjected to high vacuum
(2.5 mL), and ethanol (100 mL) gasa as a clear pale yel for 1/2 h to remove solvent, then excess trifluoroacetic acid
low distillate (10.7 g, 70% yield}:*H NMR (300 MHz, CDC}) (TFA) (3—4 mL) was added and the solution stirred at room
57.78 (s, 1H, Ar-Gi=C), 6.8-6.9 (m, 3H, AH), 5.99 (s, temperature for 1 h. The reaction was poured into saturated
2H, O-CH,-0), 4.26 (q, 2H,J = 7.1 Hz, CH=C-CO- aqueous NaHCQand extracted into EtOAc (3 x 20 mL).
CH,CHj), 4.19 (q, 2H,J = 7.1 Hz, CQ-CH,CH,), 3.53 (s, The organic extracts were washed with se}turated agueous
2H, CH,-CO,Et), 1.32 (t, 3H,J = 7.1 Hz, CQCH,CH,), NaHCQO; (3 x 10 mL) and water (10 mL), dried over anhy
1.26 (t, 3H,J = 7.1 Hz, CQCH,CH,); *C NMR (CDCl, drous magnesium sulfate, filtered and evaporated. The-prod
75 MHz) 5171.1 C=0), 167.4 C=0), 148.2, 147.9, 141.4, ucts were isolated by flash column chromatography on silica
128.9, 124.9, 123.9, 109.1, 108.5, 101.4, 61.0, 60.9, 33.gJel using 20-30% (depending on the polarity of the final
14.3, 14.2; EIMSW/z = 306 [M*] (base), 261, 232, 203, 175, product) EtOAc-hexane as the eluant. The product appears
159; HRMS calcd. for GH;s04: 306.1103, found: 306.1084. as a fluorescent spot on thin layer chromatography (silica)

under UV light.
Stobbe diester 5b

Crude acid4b (19.0 g, 64.5 mmol), concentrated,$0,  Dihydronaphthalene diester aa
(2.5 mL), and ethanol (100 mL) gavb as a clear yellow Diester 5a (1.00 g, 3.28 mmol), diisopropylamine
distillate (16.0 g, 77% yield)*H NMR (300 MHz, CDCL) & (597 uL, 4.26 mmol), n-BuLi (1.79 mL of 2.2 M,
7.78 (s, 1H, Ar-HH=C), 6.7-7.0 (m, 3H, AH), 4.22 (q, 2H, 3.94 mmol), piperonal (516 mg, 3.44 mmol), and TFA
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(3 mL) were used in the general method above. Flash coll66.5 C=0), 153.1, 149.3, 146.8, 137.8, 136.9, 136.8,
umn chromatography on silica gel using 20% EtOAc—hex 131.9, 125.4, 123.6, 109.7, 108.7, 104.9, 101.5, 61.1, 60.7
anes gave diestéfaa (684 mg, 48% yield) as a yellow oil, (both ethyl CH carbons), 56.1, 47.2, 46.5, 14.3, 14.0;
which foamed under vacuuriid NMR (300 MHz, CDCL) &  EIMS m/z = 484 [M'], 410 (base), 365, 338; HRMS calcd.
7.58 (s, 1H, Ar-G1=C), 6.81 (s, 2H, AH), 6.67 (d, 1HJ =  for CygH,g0q: 484.1733, found: 484.1718.

7.5 Hz, ArH), 6.60 (s, 1H, ArH), 6.53 (dd, 1H,J = 1.9,

7.5 Hz, ArH), 6.52 (s, 1H, ArH), 5.95 (s, 2H, O-El,-O),  Dihydronaphthalene diester #ba

5.88 (m (AB), 2H, O-®,-0), 4.56 (d, 1HJ = 3.0 Hz, (H- Diester 5b (1.70 g, 5.31 mmol), diisopropylamine
CO,EY), 4.21 (m (2 overlapping doublets of quartets), 2H, (1.04 mL, 7.4 mmol), n-BuLi (2.98 mL of 2.5 M,

= 7.1 Hz, CH=C-CO,CH,CHjy), 4.08 (m (2 overlapping 6.86 mmol), piperonal (911 mg, 6.07 mmol), and TFA
doublets of quartets), 2H) = 7.2 Hz, CH-CQCH,CH,), (4 mL) were used in the general method above. Flash col
3.93 (d, 2H,J = 3.1 Hz, (H-Ar), 1.29 (t, 3H,J = 7.1 Hz, umn chromatography on silica gel using 20% EtOAc—hex
CH,CHj), 1.16 (t, 3H,J = 7.1 Hz, CHCHa); *C NMR  anes gave diestefba (1.08 g, 42% yield) as a yellow oil,
(75 MHz, CDCk) 6 172.2 C=0), 166.6 C=0), 149.4, which foamed under vacuumid NMR (300 MHz, CDC}) &
147.7, 147.1, 146.4, 137.1, 136.3, 132.0, 125.5, 123.27.65 (s, 1H, Ar-G1=C), 6.86 (s, 1H, AH), 6.66 (d, 1H,J =
120.8, 109.7, 108.9, 108.2, 108.1, 101.5, 101.0, 61.2, 60.8.0 Hz, ArH), 6.62 (s, 1H, ArH), 6.50 (dd, 1H,J = 1.7,
47.4, 46.2, 14.3, 14.1; EIMSn/z = 438 [M], 410, 364 8.0 Hz, ArH), 6.48 (d, 1H,J = 1.7 Hz, ArH), 5.88 (m
(base), 319, 292; HRMS calcd. for,fEi,,04: 438.1315, (AB), 2H, O-CH,-0), 4.60 (d, 1H,J = 2.7 Hz, GH-CO,Et),

found: 438.1311. 4.21 (q, 2H,J = 7.0 Hz, CH=C-CO,CH,CH,), 4.10 (m (2
overlapping doublets of quartets), 2d,= 7.0 Hz, CH-
Dihydronaphthalene diester Zab CO,CH,CH_), 3.94 (d, 2H,J = 2.7 Hz, GH-Ar), 3.90 (s, 3H,

Diester5a (1.26 g, 4.1 mmol), diisopropylamine (692., OCH,), 3.82 (s, 3H, OE;) 1.30 (t, 3H,J = 7.0 Hz,
4.9 mmol), n-BuLi (1.8 mL of 2.5 M, 45 mmol), 3,4- CH,CH3), 1.16 (t, 3H,J = 7.0 Hz, CHCHy); *C NMR
dimethoxybenzaldehyde (814 mg, 4.9 mmol), and TFA(75 MHz, CDCL) 6 172.3 C=0), 166.6 C=0), 150.8,
(4 mL) were used in the general method above. Flash col148.2, 147.7, 146.4, 137.1, 136.7, 130.1, 124.3, 122.9,
umn chromatography on silica gel using 30% EtOAc-hex-120.8, 112.0, 111.8, 108.2, 10§.101.0, 61.2, 60.7, 56.1,
anes gave diestefab (1.01 g, 54% yield) as a yellow oil, 56.0, 47.6, 45.8, 14.3, 14.1; EIMBVz = 454 [M'], 380
which foamed under vacuunid NMR (300 MHz, CDCL) &  (base), 335, 308); HRMS calcd. for,gi,40g: 454.1627,
7.58 (s, 1H, Ar-G1=C), 6.82 (s, 2H, AH), 6.70 (d, 1HJ =  found: 454.1624
8.4 Hz, ArH), 6.66 (d, 1H,J = 2.0 Hz, ArH), 6.61 (s, 1H,

Ar-H), 6.50 (dd, 1HJ = 2.0, 8.1 Hz, ArH), 5.96 (s, 2H, O-  Dihydronaphthalene diester #bb

CH,-0), 4.58 (d, 1H,J = 3.4 Hz, (H-CO,Et), 4.21 (m (2 Diester 5b (1.00 g, 3.11 mmol), diisopropylamine
overlapping doublets of quartets), 28,= 7.0 Hz, CH=C- (611 pL, 4.36 mmol), n-BuLi (1.8 mL of 2.5 M,
CO,CH,CHjy), 4.08 (m (2 overlapping doublets of quartets), 4.03 mmol), 3,4-dimethoxybenzaldehyde (574 mg,
2H,J = 7.7 Hz, CH-CQCH,CHjy), 3.98 (d, 1H,J = 3.4 Hz, 3.45 mmol), and TFA (4 mL) were used in the general
CH-Ar), 3.82 (s, 3H, O-Ely), 3.80 (s, 3H, O-€El3), 1.29 (s, method above. Flash column chromatography on silica gel
3H, J = 7.0 Hz, CHCHy), 1.15 (s, 3H,J = 7.0 Hz, using 30% EtOAc-hexanes gave diestéb (694 mg, 46%
CH,CH,); 3C NMR (75 MHz, CDCL) & 172.3 C=0), yield) as a yellow oil, which foamed under vacuufH
166.5 C=0), 149.3, 148.9, 147.9, 146.9, 136.9, 134.7,NMR (300 MHz, CDC}) 87.64 (s, 1H, Ar-Gi=C), 6.87 (s,
132.2, 1255, 123.5, 119.8, 111.1, 110.9, 109.7, 108.71H, Ar-H), 6.69 (d, 1H,J = 8.4 Hz, ArH), 6.64 (s, 2H, Ar-
101.4, 61.1, 60.7, 55.9, 55.8, 47.3, 46.1, 14.3, 14.1H), 6.47 (dd, 1H,J = 2.0, 8.1 Hz, ArH), 4.62 (d, 1H,J =
EIMS m/z = 454 [M'], 380 (base), 335, 308; HRMS calcd. 3.0 Hz, (H-CO,Et), 4.18 (m (2 overlapping doublets of

for CysH,605: 454.1628, found: 454.1647. quartets), 2HJ = 7.0 Hz, CH=C-CO,CH,CHj5), 4.06 (m (2
overlapping doublets of quartets), 2H,= 7.0 Hz, CH-
Dihydronaphthalene diester #ac CO,CH,CHj), 3.96 (d, 2H,J = 3.0 Hz, GH-Ar), 3.90 (s, 3H,

Diester 5a (751 mg, 2.4 mmol), diisopropylamine OCHj3), 3.81 (s, 3H, OEl;), 3.80 (s, 3H, OEi;), 3.78 (s,
(446 L, 3.2 mmol),n-BuLi (1.3 mL of 2.5 M, 2.9 mmol), 3H, OCH,), 1.29 (t, 3H,J = 7.1 Hz, CHCH,), 1.15 (t, 3H,J
3,4,5-trimethoxybenzaldehyde (483 mg, 2.5 mmol), and= 7.2 Hz, CHCHj;); **C NMR (CDCh, 75 MHz) 8 172.5
TFA (4 mL) were used in the general method above. FlasfC=0), 166.6 C=0), 150.7, 148.9, 148.1, 147.9, 137.0,
column chromatography on silica gel using 30% EtOAc-135.1, 130.4, 124.4, 123.2, 119.8, 111.7, 111.3, 110.6,
hexanes gave diest@ac (495 mg, 42% yield) as a yellow 110.3, 61.2, 60.8, 56.1, 56.0, 55.9, 55.87.5, 45.8, 14.3,
oil, which foamed under vacuumtH NMR (300 MHz, 14.1; EIMSm/z = 470 [M'], 396 (base), 351, 324; HRMS
CDCl,) 87.57 (s, 1H, Ar-Gi-C), 6.81 (s, 1H, AH), 6.61 (s, calcd. for GgH3oOg: 470.1941, found: 470.1965.
1H, Ar-H), 6.26 (s, 2H, ArH), 5.96 (m (AB), 2H, O-Gi,-

0), 4.55 (d, 1HJ = 4.0 Hz, (H-CO,Et), 4.21 (m (2 overlap  Dihydronaphthalene diester #bc

ping doublets of quartets), 2HJ) = 7.0 Hz, CH=C- Diester 5b (1.10 g, 3.11 mmol), diisopropylamine
CO,CH,CHj5), 4.08 (m (2 overlapping doublets of quartets), (672uL, 4.79 mmol),n-BuLi (2.0 mL of 2.2 M, 4.43 mmol),
2H,J = 7.4 Hz, CH-CQCH,CHy), 3.98 (d, 2H,J = 3.7 Hz,  3,4,5-trimethoxybenzaldehyde (724 mg, 3.69 mmol), and
CH-Ar), 3.78 (s, 3H,p-OCH,), 3.75 (s, 6H, 2 xmOCH3;)  TFA (5 mL) were used in the general method above. Flash
1.29 (t, 3H,J = 7.1 Hz, CHCH,), 1.14 (t, 3H,J = 7.1 Hz,  column chromatography on silica gel using 30% EtOAc—
CH,CHj); 3C NMR (75 MHz, CDC}) & 172.3 C=0), hexanes gave diest@bc (804 mg, 44% yield) as a yellow
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oil, which foamed under vacuumtH NMR (300 MHz, Aromatization — formation of arylnapthalene diesters —
CDCl) 67.64 (s, 1H, Ar-Gi=C), 6.88 (s, 1H, AH), 6.66 general procedure

(s, 1H, ArH), 6.24 (s, 2H, ArH), 4.62 (d, 1H,J = 3.4 Hz, The dihydronaphthalene diestéfsvere dissolved in tolu
CH-CO,Et), 4.23 (m (2 overlapping doublets of quartets), ene (ca. 0.015 M), then dicyanodichloroquinone (DDQ, 1.2
2H, J = 6.8 Hz, CH=C-CO,CH,CHz), 4.09 (m (2 overlap  equiv.) was added, and the mixture was heated at reflux for
ping doublets of quartets), 2HJ = 7.4 Hz, CH- 2-5 h. The reaction mixture was cooled to room tempera
CO,CH,CHjy), 4.00 (d, 2H,J = 3.0 Hz, GH-Ar), 3.92 (s, 3H, ture, and quenched by addition of 100 mL 0.1 M KOH. The
OCHy), 3.84 (s, 3H, O€Ely), 3.79 (s, 3H, O€Ely), 3.73 (s, product was extracted into 60 mL EtOAc (60 mL) and
6H, 2 xm-OCH,), 1.30 (t, 3H,J = 7.1 Hz, CHCH,), 1.16 (t, washed with aqueous KOH (0.1, x 50mL). The aque

3H, J = 7.2 Hz, CHCH,); ®C NMR (75 MHz, CDCL) 8 ous layer was extracted with additional EtOAc (2 x 50 mL),
172.4 C=0), 166.6 C=0), 153.1, 150.7, 148.3, 138.2, the organic layers combined and washed with water (20 mL)
136.9, 130.0, 124.4, 123.4, 112.1, 111.6, 104.9, 61.2, 60.&nd saturated aqueous NaCl (20 mL). The solution was dried
60.7, 56.1, 56.0 (2 x OCH,), 47.5, 46.3, 14.3, 14.1 (one over anhydrous magnesium sulfate, filtered, and evaporated.
quaternary carbon not observed, may be obscured by peak @he resulting red-brown residue was dissolved in the mini
136.9); EIMSm/z = 500 [M*], 426 (base), 381, 354; HRMS mum amount of dichloromethane, then passed through a fil

calcd. for G;H3,04: 500.2046, found: 500.2049. ter column of silica gel using 30% EtOAc-hexanes as the
eluant and evaporated. Further purification, to get better than
Dihydronaphthalene diester #ca 95% purity by HPLC, required recrystallization from

Diester 5¢ (1.01 g, 2.87 mmol), diisopropylamine CHCl;—hexanes.
(523 pL, 3.73 mmol), n-BuLi (1.9 mL of 1.76 M,
3.44 mmol), piperonal (443 mg, 2.95 mmol), and TFA Arylnaphthalene diester 8aa
(4 mL) were used in the general method above. Flash col Diester 7aa (656 mg, 1.5 mmol), DDQ (409 mg,
umn chromatography on silica gel using 30% EtOAc—-hex 1.8 mmol) was heated at reflux in toluene (20 mL) for 5 h,
anes gave diestéfca (498 mg, 36% yield) as a yellow oil, and worked up as in the general method above to §aa
which foamed under vacuumH NMR (300 MHz, CDCL) (571 mg, 87% vyield) as off-white crystals; mp = 171-172°C;
& 7.62 (s, 1H, Ar-®G=C), 6.70 (s, 1H, AH), 6.49-6.62 H NMR (300 MHz, CDC}) 58.38 (s, 1H, G®I=C-CO,Et),
(m, 3H), 5.85 (m (AB), 2H, O-@,-0), 4.93 (bs, 1H, €©-  7.23 (s, 1H, ArH), 6.8-6.9 (m, 4H, AH), 6.06 (s, 2H, O-
CO,EY), 4.19 (q, 2HJ = 7.0 Hz, CH=C-CO,CH,CHy), 4.09  CH,-O), 6.03 (m (AB), 2H, O-Gi,-O), 4.39 (g, 2H,J =
(m (2 overlapping doublets of quartets), 2Hs 7.1 Hz, CH- 7.1 Hz, CQ-CH,CHy), 4.12 (g, 2H,J = 7.1 Hz, CQ-
CO,CH,CHjy), 3.94 (d, 2H,J = 1.0 Hz, (H-Ar), 3.90 (s, 3H, CH,CH,), 1.40 (t, 3H,J = 7.1 Hz, CQ-CH,CH,), 1.11 (t,
OCHy,), 3.85 (s, 3H, OEl,), 3.61 (s, 3H, OEl,), 1.28 (t, 3H, 3H,J= 7.1 Hz, CQ-CH,CH,); 3C NMR (75 MHz, CDC})
J=7.0 Hz, CHCHj), 1.18 (t, 3H,J = 7.0 Hz, CHCH,); *C 8 168.9 C=0), 166.0 C=0), 150.3, 148.7, 147.3, 136.9,
NMR (75 MHz, CDC}) 6 171.8 C=0), 166.5 C=0), 132.3, 130.§ 130.5, 129.9, 129.8 123.9, 123.4, 111.0,
152.7, 151.3, 147.5, 146.2, 144.3, 137.0, 136.9, 127.1108.1, 104.9, 103.3, 101.7, 101.2, 61.5, 61.1, 14.3, 13.9 (one
124.5, 123.3, 120.5, 108.4, 108.1, 108.0, 100.9, 61.2, 60.9quaternary carbon not detected; perhaps under 147.3);
60.8, 56.1, 56.0, 46.9, 39.3, 14.3, 14.1; EIM¥z = 484 EIMS m/z = 436 [M] (base), 391, 363; HRMS calcd. for
[M*], 410, 352 (base), 278, 263, 205; HRMS calcd. forC,,H,i0g: 436.1158, found: 436.1140.
CyeHog0g: 484.1733, found: 484.1753.

Arylnaphthalene diester 8ab

Dihydronaphthalene diester #cc Diester 7ab (838 mg, 1.85 mmol), DDQ (503 mg,

Diester5c (3.01 g, 8.50 mmol), diisopropylamine (1.55 mL, 2.21 mmol) was heated at reflux in toluene (10 mL) for 3 h,
11.05 mmol),n-BuLi (6.0 mL of 1.76 M, 10.2 mmol), 3,4,5- and worked up as in the general method above to §ale
trimethoxybenzaldehyde (1.68 g, 8.56 mmol), and TFA (5 mL)(826 mg, 99% vyield) as off-white crystalstH NMR
were subjected to the general method above. Flash colum{@@00 MHz, CDC}) 6 8.37 (s, 1H, ®1=C-CO,Et), 7.21 (s,
chromatography on silica gel using 30% EtOAc—hexanedH, Ar-H), 6.94 (d, 1H,J = 8.0 Hz, ArH), 6.87 (dd, 1HJ =
gave diestei7cc (704 mg, 16% yield) as a yellow oil, which 2.0, 8.0 Hz, ArH), 6.86 (s, 1H, ArH), 6.85 (s, 1H, ArH),
foamed under vacuuntH NMR (300 MHz, CDC}) 87.62  6.04 (s, 2H, O-®,-O), 4.38 (q, 2H,J = 7.0 Hz, CQ-
(s, 1H, H=C-CO,Et), 6.71 (s, 1H, AH), 6.28 (s, 2H, 2 x  CH,CHj), 4.07 (2s, 2HJ = 7.0 Hz, CQ-CH,CH;), 3.94 (s,
Ar-H), 5.00 (d, 1HJ = 1.2 Hz, GH-CO,Et), 4.23 (2 overlap  3H, OCH3), 3.84 (s, 3H, O-Gi3), 1.39 (t, 3H,J = 7.1 Hz,
ping quartets, 2HJ = 7.1 Hz, CQ-CH,CH,), 4.12 (2 over =~ CO,-CH,CHy), 1.03 (t, 3H,J = 7.1 Hz, CQ-CH,CH,); °C
lapping quartets, 2HJ) = 7.2 Hz, CQ-CH,CH,), 4.06 (d, NMR (75 MHz, CDCE) 6 169.0 C=0), 165.9 C=0),
1H, J = 1.2 Hz, (H-Ar), 3.89 (s, 3H, OEl;), 3.88 (s, 3H, 150.1, 148.6, 1484 148.4, 137.1, 132.3, 130.5, 129.8,
OCHy), 3.77 (s, 3H, OEly), 3.72 (s, 6H, 2 xn-OCH,), 3.67  129.4, 123.3, 122.7, 113.6, 110.7, 104.8, 103.3, 101.6, 61.4,
(s, 3H, OCHy), 1.31 (t, 3H,J = 7.1 Hz, CHCH,), 1.19 (t, 61.0, 55.9 (2 x @H,3), 14.2, 13.8 (one quaternary carbon
3H, J = 7.2 Hz, CHCH,); 3C NMR (CDCk, 75 MHz) 8 not detected); EIMSwz = 452 [M'] (base), 407, 379, 363,
171.7 €=0), 166.5 C=0), 152.9, 152.7, 151.4, 144.2, 335; HRMS calcd. for GH,,Og0 452.1471, found:
138.4, 136.7, 127.1, 124.9, 123.2, 108.2, 104.6, 61.2,,60.8452.1470.
60.7%, 60.7, 56.0 (4 x GCH,), 46.2, 39.4, 14.3, 14.1 (one
quaternary carbon not observed); EIM#% = 530 [M'], 456  Arylnaphthalene diester 8ac
(base), 411, 384, 196; HRMS calcd. for,g83.040 Diester 7ac (464 mg, 0.96 mmol), DDQ (260 mg,
530.2152, found: 530.2129. 1.15 mmol) was heated at reflux in toluene (10 mL) for 3 h,
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and worked up as in the general method above to §awe OCH;), 3.84 (s, 6H, 2 xm-OCH;), 3.79 (s, 3H, O-Ely),
(414 mg, 90% vyield) as off-white crystals; mp = 178-182°C;1.40 (t, 3H,J = 7.1 Hz, CQ-CH,CHj), 1.04 (t, 3H,J =

'H (300 MHz, CDC}) 68.39 (s, 1H, GI=C-COEt), 7.24 7.1 Hz, CQ-CH,CH,); 3C NMR (75 MHz, CDC}) 169.2

(s, 1H, ArH), 6.91 (s, 1H, ArH), 6.55 (s, 2H, ArH), 6.07 (C=0), 166.0 C=0), 152.9, 151.8, 150.6, 137.6, 136.7,
(s, 2H, O-CGH,-0), 4.39 (q, 2H,J = 7.1 Hz, CQ-CH,CH;),  132.6, 130.2, 130.0, 129.5, 128.5, 123.2, 107.6, 107.3,
4.10 (g, 2H,J = 7.2 Hz, CQ-CH,CH,), 3.92 (s, 3H,p- 105.4, 61.4, 61.1, 61.0, 56.2, 56.1, 56.0, 14.3, 13.9;
OCHy), 3.83 (s, 6H, 2 xm-OCH,), 1.40 (t, 3H,J=7.2 Hz, EIMS m/z = 498 [M'], 425, 409, 322, 196 (base); HRMS
CO,-CH,CH3), 1.03 (t, 3H,J = 7.1 Hz, CQ-CH,CHy); 13C  calcd. for G;H3,0q: 498.1890, found: 498.1899.

NMR (75 MHz, CDCL) & 169.0 C=0), 165.9 C=0),

152.9, 150.2, 148.8, 137.6, 137.3, 132.5, 132.0, 130.3 ) )

130.0, 129.9, 123.4, 107.7, 104.9, 103.3, 101.8, 61.5, 61.£,0rmation of arylnapthalene mono-acids — general

61.0, 56.2, 14.3, 13.9; EIM8Vz = 482 [M'] (base), 410, Procedure

393, 365; HRMS calcd. for GH,sOg: 482.1576, found: The arylnaphthalene dieste8swere dissolved in MeOH

482.1566. (20 mL, ca. 0.05 M), agueous KOH (0.4 M, 1.2 equiv.) was
added, and the mixture was heated at reflux for 3 h. The
Arylnaphthalene diester 8ba mixture was cooled, quenched by addition of 10% HCI until

Diester 7ba (914 mg, 2.01 mmol), DDQ (548 mg, _precipitation occurred (pH of <2), then the mixture extra_cted
2.4 mmol) was heated at reflux in toluene (10 mL) for 5 h,into EtOAc (3 x 20 mL). The organic layers were combined
and worked up as in the general method above to give and extracted wit 3 x 20 mL(sat.) NaHCQ. This basic ex
(878 mg, 97% yield) as off-white crystals; mp = 195-197°C;tract was w_ashed with EtOAc (20 mL), then aC|d|f|_ed ar_ld
14 NMR (300 MHz, CDC}) 58.43 (s, 1H, Gi=C-CO,EY), extracted with ethyl acetate (3 x 10 mL), backwashing with
7.24 (s, 1H, ArH), 6.79-6.92 (m, 4H, AH), 6.02, 6.07 (2s, 10mL of water. T_he mixture was dried over an_hydrous mag
2H, O-CH,-0O, hindered rotation), 4.39 (q, 2H,= 7.1 Hz, nesium s_ulfate, filtered, and evaporated to give a powdery
CO,-CH,CHs), 4.13 (q, 2H,J = 7.1 Hz, CQ-CH,CH,), 4.03  White solid.

(s, 3H, OTHy), 3.79 (s, 3H, O-El), 1.40 (t, 3H,J = 7.1 Hz,
CO,-CH,CH3), 1.10 (t, 3H,J = 7.1 Hz, CQ-CH,CHy); 3C  Acid —9aa

TSNF7 (71550M5HZ’1423C5)1467 éeg'llseﬁzol)éolsﬁ'hggo)léo Arylnaphthalene diesteBaa (356 mg, 0.82 mmol) and
129'5’ 128.5' 123'9' 123'2' 110'9' 108.1, 107'3’ 105'%OH (6 mL, 0.4 M, 2.4 mmol) were subjected to the general
101'2’ 61 4' él 1 56 1 559 143; ’13 9 .E,IM& B ’452 “procedure described above, producidga (291 mg, 87%
T T T S T S Ty A yield) as a fine white powdetH NMR (300 MHz, acetone-
[M] (base), 407, 379; HRMS calcd. for ;8105 4 51140 (br. & 11 OQH). B.49 (5, 1H, GI-C.-COM),
452.1471, found: 452.1525. 8.00 (s, 1H, ArH), 7.48 (s, 1H, ArH), 6.97 (d, 1H,J =
. 7.7 Hz, ArH), 6.83 (s, 1H, ArH). 6.80 (d, 1H,J = 1.3 Hz,
Arylnaphthalene diester 8bb Ar-H), 6.76 (dd, 1H,J = 1.7, 7.7 Hz, ArH), 6.18 (2s, 2H,
Diester 7bb (594 mg, 1.33 mmol), DDQ (363 Mg, o.cH,.0, hindered rotation), 6.09 (m (AB), 2H, OFG-O),
1.59 mmol) was heated at reflux in toluene (10 mL) for 3 h, 4 55 (@, 2H,J = 7.1 Hz, CQ-CH,CH,), 1.05 (t, 3H,J =
and worked up as in the general method above to e 71", co'cH,CHy); B NMR 2(753|\}IHi acetonek) &
(586 mg, 99% yield) as off-white crystals; mp = 127-128°C;1gg & ’CZO) 166.9 'CZO) 1512 1496 1482 1374
H NMR (300 MHz, CDCY) 58.43 (s, 1H, Gi=C-CO.Et) ' P L ote A0 Se
! ’ ! J 132.7, 131.9, 131.4, 133,6130.5, 124.5, 124.3, 111.5,
7.24 (s, 1H’CA”'8' 6é85—7.O%éma4H,2AH),_4.239 (@ 2HJ 1085, 105.4, 103.1, 102.9, 102.1. 60.9, 14.0 (one quaternary
= 7.1 Hz, CQ-CH,CHy), 4.09 (dq, 2H,J = 2.4, 7.1 Hz, 51551 not observed); EIM&Vz = 408 [M'], 362 (base),

CO,-CH,CHs), 4.03 (s, 3H, OGl), 3.95 (s, 3H, OEl,), . .
3.85 (5, 3H, OFIy), 3.76 (s, 3H, O-Bly), 1.40 (t, 3H,J = oo 260 232, 174; HRMS caled. forpf60: 408.0845,

7.1 Hz, CQ-CH,CH,), 1.05 (t, 3H,J = 7.1 Hz, CQ-

CH,CH,); 3C NMR (75 MHz, CDC}) & 169.3 C=0),

166.1 C=0), 151.7, 150.5, 148.6, 148.5, 136.6, 130.6, 129.6Acid —9ab

129.4, 128.5, 123.2, 122.7, 113.6, 110.8, 107.3, 105.4, 61.4, Arylnaphthalene dieste8ab (602 mg, 1.33 mmol) and
61.1, 56.1, 56.0, 55,955.8,, 14.3, 13.9 (one quaternary ear KOH (4 mL, 0.4 M, 1.6 mmol) were subjected to the general
bon not observed; perhaps under 129.4); EIM& = 468  procedure described above, producidgb (491 mg, 87%
[M*] (base), 423, 395; HRMS calcd. for ,g,¢0g: yield) as a fine white powdetH NMR (300 MHz, CDC})

468.1784, found: 468.1794. 8.49 (s, 1H, G1=C-COH), 7.25 (d, 1H,J = 2.8, ArH),
6.8—7.0 (m, 5H, AH), 6.07 (s, 2H, O-Ei,-0), 4.09 (2 over
Arylnaphthalene diester 8bc lapping quartets, 2H] = 7.1 Hz, CQ-CH,CH,), 3.95 (s, 3H,

Diester 7bc (538 mg, 1.08 mmol), DDQ (293 mg, OCH,), 3.86 (s, 3H, O€El;), 1.09 (t, 3H,J = 7.1 Hz, CQ-
1.29 mmol) was heated at reflux in toluene (20 mL) for 2 h,CH,CH;); 3C NMR (75 MHz, CDC}) & 170.7 C=0),
and worked up as in the general method above to §he  169.1 C=0), 150.9, 149.4 149.Q, 148.8, 137.7, 131.3,
(535 mg, 100% vyield) as off-white crystals; mp = 148-131.2, 130.1, 129.6, 123.1, 122.1, 113.9, 111.1, 105.4,
149°C;*H NMR (300 MHz, CDC}) 88.44 (s, 1H, GI=C-  103.8, 101.8, 61.6, 56.3 (2 x@), 14.2 (one quaternary
CO,Et), 7.24 (s, 1H, AH), 6.93 (s, 1H, ArH), 6.61 (s, 2H, carbon not observed); EIM&/z = 424 [M'], 378 (base),
Ar-H), 4.39 (q, 2H,J = 7.1 Hz, CQ-CH,CH,), 4.12 (q, 2H, 335, 291, 248; HRMS calcd. forjgH,,0g: 424.1158, found:
J=7.1Hz, CQ-CH,CH,), 4.03 (s, 3H, O€ly), 3.92 (s, 3H, 424.1152.
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Acid —9ac (75 MHz, acetonek) & 168.9, 167.1, 153.9, 152.9, 151.8,
Arylnaphthalene diesteBac (840 mg, 1.74 mmol) and 138.7, 137.3, 133.3, 130.6, 130.0, 129.3, 124.1, 108.7,

KOH (6 mL, 0.4 M, 2.4 mmol) were subjected to the general108.3, 106.0, 61.0, 60.6, 56.4, 56.0, 55.7, 14.0 (one quater

procedure described above, producidac (644 mg, 82% nary carbon not observed); EIM8z = 470 [M'], 424 (base),

yield) as a fine white powdetH NMR (300 MHz, CDC}) 8 409, 381, 363; HRMS calcd. forfgH,¢0q: 470.1577, found:

8.48 (s, 1H, G1=C-CO,H), 6.92 (s, 1H, ArH), 6.56 (s, 2H, 470.1568.

Ar-H), 6.08 (s, 2H, O-El,-0), 4.10 (2 overlapping quartets,

2H,J = 7.1 Hz, CQ-CH,CHj), 3.93 (s, 3H,p-OCHy), 3.83  Formation of arylnaphthalene lactones — general

(s, 6H, 2 x mOCHj), 1.07 (t, 3H,J = 7.1 Hz, CQ- procedure

CH,CHy); **C NMR (75 MHz, CDC}) 3 169.9 C=0), The arylnaphthalene mono-aci@swere dissolved in dry

168.7 €=0), 150.6, 152.9, 148.8, 137.7, 137.5, 132.6,THF (ca. 0.05 M) under nitrogen, a borane-dimethylsulfide

132.2, 131.0, 130.5, 129.7, 107.7, 105.0, 103.4, 101.8, 61.3plution (2.0 M in ether, 10 equiv.) added, and the mixture

61.0, 56.2, 13.8 (one quaternary carbon not detectedktirred at room temperature for 2 h. The reaction was

EIMS miz = 454 [M'], 408 (base), 393, 380, 365; HRMS quenched with 3% HCI-EtOH (prepared by addition of

calcd. for G4H,,0q: 454.1264, found: 454.1285. 0.5 mL acetyl chloride to 9.5 mL of anhydrous ethanol),
) then the solvent removed on a rotary evaporator. Anhydrous
Acid —9ba ethanol (20 mL) was added and evaporated, the solid residue

Arylnaphthalene diesteB8ba (877 mg, 1.94 mmol) and dissolved in chloroform and washed with saturated aqueous
KOH (6 mL, 0.4 M, 2.4 mmol) were subjected to the generalNaHCQ; (3 x 10 mL) to remove any remaining acid. The or
procedure described above, produci@iga (613 mg, 74% ganic extract was washed with water (10 mL), dried over an
yield) as a fine white powdetH NMR (300 MHz, CDCL) &  hydrous magnesium sulfate, filtered, and evaporated to give
8.52 (s, 1H, Gi=C-COH), 6.92 (d, 1H,J = 8.0 Hz, ArH),  a white powder. Further purification, to get better than 95%
6.88 (s, 1H, ArH), 6.86 (d, 1H,J = 1.0 Hz, ArH), 6.83 (dd,  purity by HPLC, involved recrystallization from CHGlhex
1H, J = 1.3, 8.0 Hz, ArH), 6.04 (m (AB), 2H, O-®&,-O,  anes.
hindered rotation), 4.14 (g, 2H,= 7.1 Hz, CQ-CH,CH,),

4.03 (s, 3H, O-Ely), 3.80 (s, 3H, O-Eiy), 1.15 (t, 3H,J = Taiwanin C —2aa

7.1 Hz, CQ-CH,CH,); **C NMR (75 MHz, CDC}) 5170.9 Arylnaphthalene aci®aa (99 mg, 0.24 mmol) and Byt
(C=0), 168.8 C=0), 152.1, 150.5, 147.4, 147.3, 136.5, DMS (1.2 mL, 2.4 mmol) were subjected to the above con-
131.2, 130.6, 130.5, 130.4, 128.4, 123.8, 121.6, 110.9ditions to give taiwanin CJ4aa) (70 mg, 82% vyield) as a
108.1, 107.5, 105.4, 101.2, 61.2, 56.1, 55.9, 13.9; El5  white powder.'H NMR (300 MHz, CDC}) & 7.68 (s, 1H,

= 424 [M'], 378 (base), 306, 291, 276; HRMS calcd. for CH=C-CH,0), 7.19 (s, 1H, AH), 7.11 (s, 1H, ArH), 6.95

CogHpoOg: 424.1158, found: 424.1159. (d, 1H,J = 7.7 Hz, ArH), 6.80 (s, 1H, ArH), 6.77 (d, 1H,J
= 1.3, 7.7 Hz, ArH), 6.08 (s, 2H, O-El,-O), 6.06 (2 s, 2H,
Acid —9bb O-CH,-O, hindered rotation), 5.37 (s, 2H,H3-O-C=0);

Arylnaphthalene dieste8bb (906 mg, 1.94 mmol) and *C NMR (75 MHz, CDC}) & 169.7 C=0), 149.9, 148.6,
KOH (6 mL, 0.4 M, 2.4 mmol) were subjected to the general147.6, 147.5, 140.1, 139.8, 134.6, 130.5, 123.5, 128.3,
procedure described above, produci@igb (763 mg, 90% 119.0, 118.9, 110.5, 108.2, 103.7 (broad, 2 carbons), 101.8,
yield) as a fine white powdetH NMR (300 MHz, acetone- 101.2, 68.0; EIMSm/z = 348 [M*] (base), 319, 289, 261;
dg) 11.32 (br. s, 1H, CGH), 8.51 (s, 1H, GI=C-CO,H), = HRMS calcd. for GoH,,04: 348.0634, found: 348.0629H
7.55 (s, 1H, ArH), 7.06 (d, 1H,J = 8.0 Hz, ArH), 6.96 (s, NMR data identical to that published previously (12, 13).
1H, Ar-H), 6.93 (d, 1H,J = 2.0 Hz, ArH), 6.88 (dd, 1HJ =
2.0, 8.0 Hz, ArH), 4.01 (g, 2H,J = 7.1 Hz, CQ-CH,CH,), Chinensin —2ab
4.00 (s, 3H, OEl;), 3.87 (s, 3H, OEly), 3.82 (s, 3H, Arylnaphthalene aci®ab (198 mg, 0.47 mmol) and B+
OCH,), 3.72 (s, 3H, O€ly), 1.02 (t, 3H,J = 7.2 Hz, CQ- DMS (2.3 mL, 4.7 mmol) were subjected to the above-con
CH,CH5); 3C NMR (75 MHz, CDC}) & 171.3 C=0), ditions to give Chinensin2@b) (166 mg, 97% yield) as a
169.0 C=0), 152.0, 150.5, 148.6, 148.4, 136.7, 131.2,white powder.'H NMR (300 MHz, CDC}) & 7.69 (s, 1H,
130.5, 130.4, 129.3, 128.3, 122.7, 121.6, 113.5, 110.7CH=C-CH,0), 7.20 (s, 1H, AH), 7.12 (s, 1H, ArH), 7.02
107.4, 105.4, 61.2, 56.0, 55.9, 55.7 (2 xCKy), 13.8; (d, 1H,J=8.0 Hz, ArH), 6.88 (dd, 1HJ = 1.7, 8.4 Hz, Ar-
EIMS mvz = 440 [M'], 394 (base), 307; HRMS calcd. for H), 6.86 (d, 1H,J = 1.7 Hz, ArH), 6.07 (s, 2H, O-@i,-0),

CpaH,,0g: 440.1471, found: 440.1469. 5.37 (2s, 2H, ©,-0-C=0), 3.97 (s, 3H, O-@l;), 3.87 (s,
3H, O-CH,); 13C NMR (75 MHz, CDC}) & 169.7 C=0),
Acid —9bc 149.9, 148.9, 148.6, 148.5, 140.5, 139.8, 134.6, 130.5,

Arylnaphthalene dieste8bc (621 mg, 1.25 mmol) and 127.2, 122.5, 118.9, 118.8, 113.4, 110.8, 103.7, 103.6,
KOH (6 mL, 0.4 M, 2.4 mmol) were subjected to the general101.8, 67.9, 55.9, 55.8; EIMB/z = 364 [M'] (base); HRMS
procedure described above, produci@igc (516 mg, 88% calcd. for G,H;¢Oq: 364.0947, found: 364.0958H NMR
yield) as a fine white powdetH NMR (300 MHz, acetone- data identical to that published previously (12).
dg) 011.25 (br. s, 1H, CgH), 8.54 (s, 1H, EI=C-CO,H),

7.56 (s, 1H, ArH), 7.03 (s, 1H, ArH), 6.64 (s, 2H, ArH),  Dehydroanhydropodophyllotoxin 2ac

4.03 (q, 2H,J = 7.0 Hz, CQ-CH,CHj), 4.01 (s, 3H, OEiy), Arylnaphthalene aci®ac (201 mg, 0.44 mmol) and B+
3.84 (s, 6H, 2 ¥m-OCH,), 3.81 (s, 3H, OEl), 3.75 (s, 3H, DMS (2.2 mL, 4.4 mmol) were subjected to the above-con
OCH,), 1.03 (t, 3H,J = 7.0 Hz, CQ-CH,CH,); 13C NMR  ditions to give dehydroanhydropodophyllotoxin2ag)
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(122 mg, 70% vyield) as a white powdefH NMR Formation of arylnaphthalene retrolactones — general

(300 MHz, CDC}) 6 7.70 (s, 1H, G1=C-CH,0), 7.20 (s, procedure

1H, Ar-H), 7.12 (s, 1H, ArH), 6.55 (s, 2H, ArH), 6.09 (s, The arylnaphthalene mono-acid$, sodium borohydride
2H, O-CH,-0), 5.38 (2s, 2H, €,-0-C=0), 3.97 (s, 3Hp-  (10-15 equiv.), and lithium chloride (10-15 equiv.) were
OCH,), 3.84 (s, 6H, 2 xm-OCH,); °C NMR (75 MHz, charged to a 25 mL flask as powders, then diglyme (10 mL)
CDCly) 6169.6 C=0), 152.9, 150.0, 148.6, 140.4, 139.8, was added and the resulting mixture was heated at ~120°C
137.8, 134.6, 130.3 (broad, 2 carbons), 119.1, 118.7, 107.3¢r 3—16 h. The mixture was cooled and quenched with 10%
103.7, 103.6, 101.8, 68.0, 60.9, 56.1; EIM% = 394 [M'] HCI (10 mL), which was stirred for 1.5 h. The product was
(base), 379; HRMS calcd. for ,6H,40;: 394.1052, found: extracted into EtOAc (3 x 20 mL) and washed with saturated
394.1041.'H NMR data identical to that published previ aqueous NaHCQ(3 x 10 mL) to remove any remaining

ously (14). acid. The organic extract was washed with water (10 mL),
dried over anhydrous magnesium sulfate, filtered, and evapo
Justicidin B =2ba rated to give a white powder. Recrystallization from CHCI

Arylnaphthalene aci@ba (273 mg, 0.65 mmol) and B hexanes provided a white powder, which was a mixture of

DMS (3.2 mL, 6.5 mmol) were subjected to the above-con the desired lactone and_the corresponding diol as a side
ditions to give justicidin B 2ba) (223 mg, 95% yield) as a product from over-reduction. The lactone was purified by

white powder.H NMR (300 MHz, CDC}) 5 7.69 (s, 1H, recrystallization from hot EtOH (95%), providing crystals
CH=C-CH,0), 7.18 (s, 1H, AH), 7.10 (s, 1H, ArH), 6.96  that were >90% pure by HPLC.

(d, 1H,J = 7.7 Hz, ArH), 6.84 (d, 1H,J = 2.0 Hz, ArH), .

6.83 (dd, 1H,J = 2.0, 7.7 Hz, ArH), 6.08, 6.03 (2s, 2H, O- Justicidin E —3aa

CH,-O, hindered rotation), 5.37 (2s, 2HHz-O-C=0), 4.04 _Arylnaphthalene acidaa (125 mg, 0.31 mmol), NaBki
(s, 3H, OGH,), 3.80 (s, 3H, OEly); 13c NMR (75 MHz, (174 mg, 4.6 mmol), LiCl (194 mg, 4.6 mmol) vyere used _In
CDC|3) 5169.9 C:O)- 151.7, 150.0, 147,4147.4, 139.5, fthe_ge_neral procedure above (16. h reflux tlme) to give
139.4, 133.1, 128.8, 128.3, 123.4, 118.4, 118.2, 110.5JUStICIdIn E Bad) (20.5 mg, 19.2% vyield) as colourless crys
108.1, 106.0, 105.8, 101.2, 68.0, 56.0, 55.8; EIMS =364  taIs. *H NMR (300 MHz, CDCH) 3 8.26 (s, 1H, Gi=C-
[M*] (base); HRMS calcd. for §H,Og 364.0947, found: €O, 7.30 (s, 1H, ArH), 7.09 (s, 1H, ArH), 6.97 (d, 1H.J

364.0958.'H NMR data identical to that published previ- = 8-4 Hz, ArH), 6.80 (s, 1H, ArH), 6.79 (dd, 1H,J = 1.6,
ously (15). 8.4 Hz, ArH), 6.09 (s, 2H, O-Bl-0), 6.08 (2s, 2H, O-6l,-

O, hindered rotation), 5.20 (AB doublet, 2B = 17.6 Hz,J
N ntone Lobn = 15.0 Hz, C-®,-0); 13C NMR (75 MHz, CDC}) 5171.4
) (C=0), 150.5, 148.4, 148.2, 147.7, 138.4, 133.4, 132.7,
Arylnaphthalene acidbb (304 mg, 0.69 mmol) and B+ 1313 129.6, 124.7, 122.7, 121.6, 109.6, 109.0, 105.2,
DMS (3.4 mL, 6.9 mmol) were subjected to the above con-192 0, 101.8, 101.4, 69.4; EIM®/z = 348 [M*] (base), 319,
ditions to give lactonebb (250 mg, 95% yield) as a white 233: HRMS calcd. for GH,,0s 348.0634, found:

powder.*H NMR (300 MHz, CDCE) 37.71 (s, 1H, ®i=C- 348 0604.1H NMR spectral properties identical with those
CH,0), 7.19 (s, 1H, AH), 7.15 (s, 1H, ArH), 7.04 (d, 1H, previously reported (6,12).

J=8.4 Hz, ArH), 6.96 (dd, 1HJ = 2.0, 8.2 Hz, ArH), 6.93

(dd, 1H,J = 2.0 Hz, ArH), 5.38 (2s, 2H, E,-O-C=0), Retrochinensin -3ab

4.05 (s, 3H, OGly), 3.98 £s, 3H, OGi;), 3.88 (s, 3H, Arylnaphthalene aci®ab (311 mg, 0.73 mmol), NaBH
OCHy), 3.79 (s, 3H, OEly); *°C NMR (75 MHz, CDCY) 3 (277 mg, 7.3 mmol), LiCl (309 mg, 7.3 mmol) were used in
169.9 €=0), 151.8, 150.0, 148.9, 148.5, 139.9, 139.6,,q general procedure above (5 h reflux time) to give
133.1, 128.8, 127.1, 122.6, 118.3, 118.1, 113.4, 110.8, 106.8r0chinensin Zab) (165.7 mg, 62.3%; 86.2 mg, 32.4%
(broad, 2 carbons), 68.0, 58,0559, 55.8&, 557,  yie|d after recrystallization from 95% EtOH) as colourless

EIMS m/z = 380 [M'] (base), 365; HRMS calcd. for cr 1 _
, : ystals."H NMR (300 MHz, CDC}) 68.23 (s, 1H, Gi=C-
C,oH,p006: 380.1260, found: 380.1256H NMR data identi COy), 7.28 (s, 1H, ArH), 7.09 (s, 1H, ArH), 7.03 (d, 1H,J

cal to that published previously (13). = 8.2 Hz, ArH), 6.89 (dd, 1HJ = 1.9, 8.1 Hz, ArH), 6.84
(d, 1H,J = 1.9 Hz, ArH), 6.08 (s, 2H, O-Bl,-0), 5.19 (AB
7-Deoxydiphyllin —2bc doublet, 2H,A>= 17.8 Hz,J = 14.8 Hz, C-®,-0O), 3.97 (s,

Arylnaphthalene aci@bc (191 mg, 0.41 mmol) and BH+  3H, O-CHj), 3.88 (s, 3H, O-Ely); °C NMR (75 MHz,
DMS (2.0 mL, 4.1 mmol) were subjected to the above-con CDCl;) 6 171.4 C=0), 150.4, 149.3, 148.9, 148.3, 138.3,
ditions to give lactonebc (233 mg, 80% vyield) as a white 133.4, 132.9, 131.2, 128.5, 1245, 121.6, 112.2, 111.7,
powder.'H NMR (300 MHz, CDC}) 87.72 (s, 1H, GI=C-  105.2, 102.0, 101.8, 69.5, 56,(65.% (one quaternary car
CH,0), 7.20 (s, 1H, AH), 7.15 (s, 1H, ArH), 6.62 (s, 2H, bon not observed); EIM&Vz = 364 [M'] (base), 350, 335,
2 x Ar-H), 5.40 (2s, 2H, €1,-0-C=0), 4.06 (s, 3H, O@;), 319; HRMS calcd. for GH;O 364.0947, found:
3.98 (s, 3H, OEly), 3.85 (s, 6H, 2 xmOCHy), 3.80 (s, 3H, 364.0927.H NMR spectral properties identical with those
OCHy,); 3C NMR (75 MHz, CDC}) 5169.7 C=0), 152.9, previously reported (17).

151.9, 150.1, 139.9, 139.5, 137.8, 133.2, 130.2, 128.6,

118.3, 118.2, 107.4 (broad, 2 carbons), 106.0, 68.0, 61.%'-Methoxyretrochinensin 3ac

56.2, 56.1, 55.9; EIMSz = 410 [M*] (base), 395; HRMS Arylnaphthalene acid®ab (407 mg, 0.89 mmol), NaBi
calcd. for GgH,,0;: 410.1365, found: 410.1376H NMR (334 mg, 8.9 mmol), LiCl (378 mg, 8.9 mmol) were used in
data identical to that published previously (16). the general procedure above (5 h reflux time) to gite 5
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methoxyretrochinensin3@c (250.7 mg, 71.5%; 163 mg,

561

(s, 3H, O-CH,), 3.86 (s, 6H 2 x O-CHs), 3.84 (s, 3H, O-

46.5% vyield after recrystallization from 95% EtOH) as CHj); 3C NMR (75 MHz, CDC}) & 171.4, 153.7, 152.0,

colourless crystalstH NMR (300 MHz, CDC}) 6 8.26 (s,
1H, CH=C-CQ,), 7.30 (s, 1H, ArH), 7.10 (s, 1H, ArH),
6.54 (s, 2H, ArH), 6.10 (s, 2H, O-El,-0), 5.22 (s, 2H,
CH,-0-C=0), 3.96 (s, 3H,p-OCH;), 3.86 (s, 6H, 2 x
m-OCH,); 3C NMR (75 MHz, CDC}) & 171.3 C=0),

150.1, 137.8, 137.6, 132.2, 131.6, 131.3, 129.8, 124.1,
121.3, 107.6, 106.2, 104.1, 69.5, 60.9, 56.3, 56.0, 55.9;
EIMS nmvz = 410 [M*] (base), 395, 379; HRMS calcd. for
CygH,,07: 410.1365, found: 410.1382H NMR spectral
properties identical with those previously reported (13).

153.7, 150.5, 148.4, 138.1, 137.9, 133.2, 133.0, 131.6,

131.2, 124.7, 121.6, 106.2, 105.2, 102.0, 101.9, 69.4, 61.
56.3; EIMSm/z = 394 [M*] (base), 379, 363; HRMS calcd.

for C,,H,407: 394.1052, found: 394.1066H NMR spectral
properties identical with those previously reported (18).

Retrojusticidin B —3ba
Arylnaphthalene aci®ba (152 mg, 0.36 mmol), NaBH
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