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Aryne insertions into 1,3,5-tricarhgl bearing dimethylacetonedicarboxylate (DMAD) peed
through a 4step cascade process to eventuate in a versaglgamnsynthesis of functiona
embellished naphthoresorcinols. Functional groupléications and transformations on th
entities hae been explored with the intent to apply themrfatural products syntheses an
access other interesting scaffolds.
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1. Introduction

The development of novel domino and cascade reecptay
an important role in advancing organic synthesigesithey not
only conform to the atom and step economy critetiom also
lead to rapid build-up of complexity, necessary fmrcessing
challenging structural motifs, in a single-pot agEm® The
cascade processes usually entail successive geneséteactive
intermediates and sequential formation of multiptends [C-C,

and acyl/benzoyl acetones to furnish products hgar,5-

dicarbonyl moiety through an insertion-fragmentat@ascade in
which the aryne reaction partner is formally ‘s@itd added’

across the triple bond, Scheme 1. The resultingdit&rbonyl

products are well poised for further manipulationsd a
applications?®

Taking a cue from these earlier observaticarsd motivation
from our own recent efforton aryne insertion reactions with

C-H and G-Het etc.] under the same reaction/reagent regime. l6yclic 1,3-diketones and oxindoles, leading to leazbocycles

this context, arynes, now accessible through reauidpared or
commercially available Kobayashi precurs@rshave shown
considerable promise and their potential for thastmiction of
complex structures and bioactive natural produdisough
domino/cascade processes being explored with irogeas
frequency’™"

Among the various options to trigger a cascade pce
involving arynes and activated reaction partnesgjosure to
B-dicarbonyl compounds bearing an active methyleoamhas
shown promise and drawn tractib@anishefsky was the first to
report the reaction of an aryne with diethylmalonatéurnish a

homophthalat® derivative through insertion-fragmentation steps

enroute a total synthesis of dynemicin®AScheme 1. More
recently, groups of Stolt?,Yoshidd® and Okum#¥ among others
have—Avestigated the reaction of arynes with acetia ester

and dibenzoazepinones, respectively, we have vehtice
investigate the reaction of arynes with homologou8,5t
tricarbonyl bearing reactant, dimethylacetonedioaytate
(DMAD) which embodies not one but two active methylsites.
Drawing parallel from some recent studi&sjt was anticipated
that the reaction between aryne and DMAD, after th&alni
insertion-fragmentation to a benzo-1,3,7-tricarbomyoduct,
could further unfold a deeper cascade process ¢nteate in
robust, fully aromatized end-products. Indeed, #mpectation
has been realized and the present communicatiatodés the
reaction between diverse aryndsand various DMAD’s 2
leading to regioisomeric naphthoresorcin8lend 4 in one pot
operation involving a 4-step cascade process. Mitiad, the
potential and utilitarian aspects of the resultant
naphthoresorcinols have been demonstrated throotgntoally
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useful functional group elaborations and more rgtabeir
oxidative coupling to furnish dimeric binaphthoresools.
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At this point, it may be contextual to recall that
napthoresorcinol motif maps into many structurally
embellished bioactive natural products displaye8igure 1°
Napthoresorcinols also serve as useful precursorstife
synthesis of functional materials and ligands ard f
application in several colorimetric detections and
estimations.In the context of the results reported here, i als
needs to be mentioned here that when this paperundsr
review in another Journal, a report describing téaction
between arynes and DMAD appearédwhile the work
reported here is conceptually similar to the onported
concurrently’® it differs markedly in its objectives and scope.
o) OH
OO,

OMe OMe O

MeO OMe

OH O OMe OH O
guieranone A (5) hypoxyxylerone (6) l I
MeO
OMe 07 ™ OMe 07 X MeO.
MeO MeO I I OMe OH O
5-methylflavasperone (7) flavasperone (8) nigerone (9)

Figure 1: Natural products embodying naphthoresorcinol segme
2. Results and Discussions

As an exploratory foray, reaction of aryne precur&er
(trimethylsilyl)phenyltrifluoromethanesulfonate  14) with
dimethylacetonedicarboxylaa (DMAD) was investigated and
after screening several reaction regimes (Tablét 1yas found
that under the optimized conditions (CsF, THF & 90, 12 h;
Table 1, Entry 6), the reaction afforded two regiaigric
napthoresorcinols8a (65%), 4a (12%). Their structures were

Tetrahedron

settled through spectral comparison with reportethpmunds
either directly or through their derivativBsTo establish the
generality of this new observation and to conculyeamplify
the functionality pattern on the naphthoresorcifraimework,
various substituted aryne precursdib-e were reacted with
DMAD, Scheme 2. In all the cases, both the napthocesur
regioisomers3b-e and 4b-e were formed, with the former
predominating, in decent yield, and were separated a
characterized (excepte formed only in trace amounts). The
pronounced and consistent deshielding of the petop by the
carbomethoxy group iMa-e (6~7.5-9.0 cf 7.0-8.5 in 3a-
served as the structure differentiator between
napthoresorcinol regioisomers, Scheme 2. The saalhtion in
regioselectivity during the formation &a-e and 4a-e can be
attributed to the subtle tuning of stereoelectromig the
substituents on the aryngb-e during the reaction with DMAD.

the

Reaction optimization using DMAD and aryne precurso:

O COzMe
OH

4a COzMe

TMS
oTf

W—»

Me table

Table: Optimization of reaction conditions

S.No 1la Fluoride (equiv) Temp /time 3al4a (%Y
(equiv) /solvent

1 11 CsF (2)/acetonitrile rt/24 h Complex mixture
2 1.1 KF (2)/THF r/12h Complex mixture
3 1.1 KF (2)/THF, 18-C-6 rt/12 h Complex mixtbire
4 1.1 CsF (2)/ITHF 76C/12 h 50/7

5 11 CsF (2)/THF 76C/24 h 57/15

6 1.1 CsF (2)/ITHF 10€C/12 h 65/12

7 1.1 CsF (2)/acetonitrile  10C/12 h 53/14

8 11 TBAF (2.5)/THF rt/12 h Complex mixtdre

%isolate yields® complex mixture: multiple spots in TLC with
different ratios along with products
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Having demonstrated the generality of the aryne-DMAD OH
reaction, it was of interest to explore the scopethi$ new Mer@iTMS , MeO OO
reaction employing substituted DMAD derivatiV@b-e, readily MeO oTf ¢ MeO oH
obtainable from2a via the enolate generation and capture with COMe
different halides (Sl), as reaction partners witfiedent arynes. 1d 41 (68%)
Initial attempt was made with allyl substituted DMAID which VS - P99 P oH P
was reacted with the aryne precursdra)( following the @i 0 0 OO
optimized conditions to regioselectively furnish 2,8,4- | OH
tetrasubstituted naphthoresorcinodf)( as a single product, CO,Me
Scheme 3. As expected, this maneuver became a hiaodio 1a 2d . 4m (71%)
install an additional desired substituent on thehtizoresorcinol e OH
platform in a regioselective manner. Moreover, thastic of T™S ¢« T Z
DMAD substitution also led to a reversal of regiostéty (vide :@i 2d "&:‘: 1" = OO H
infra). The reaction was further extended to three auiditi orf “ vy S co M:
arynes generated from precursorsb,(d, € to yield the b I . an (762%)
corresponding  tetrasubstituted  naphthoresorcinoldg-i)( “ OH
Additionally, methyl substituted DMAD2(), prenyl substituted ™S o o 0O
DMAD (2d) and benzyl substituted DMAL2€) on reaction with @i ~o o~ OO O
appropriate aryne precursors afforded the corredipgn oTf Ph OH
naphthoresorcinols4{-p), respectively, regioselectively and in 1 COMe
) a 2e 40 (69%)
good yield, Scheme 3. Structures of all the prasluetre secured OH
on the basis of internally consistent spectral ifgadnd single ™S
crystal X-ray structure determination4f, Scheme 3. :@i 2 OO O
oTf OH
COzMe
1b 4p (73%)

Scheme 3Reaction between diverse arynes and substituted
DMAD'’s



4

To gauge the appeal and utility of the naphthomsols
encountered here, the aryne-DMAD cascade reactiovebetla

Tetrahedron

binaphthoresorcinols as that motif is present imynhioactive
natural products, Scheme 1. As binaphthols arenpremt for

with 2a was implemented on a gram scale and the resultintheir role as chiral auxiliariésand in catalysis and therefore

regioisomeric naphthoresorcinoBa and 4a were subjected to
some classical functional group amplifications aitkrations.
These included NBS mediated regioselective bronunatif 3a
& 4a to furnish tetrasubstituted napthoresorcinds & 11,
respectively; conversion of the major naphthordsoic3a to a
bis-triflate 12 and its further Pd-mediated couplity® deliver
dicyanated 13, diarylated 14 and dialkynated15 products.
Needless to add that these are just a few of the passibilities
that exist for the embellishment of the naphthaléaenework
through the replacement of the Ar C-O bonds with Ar 6e@ds,

Scheme 4.
@ims m CsF,THF_ “:COQMe “\
OMe 100°C, 12h OH
oTf oH
CO,Me
1.88g (1a) 1g (2a) 0.8 g 3a (64%) 0.12g 4a (10%)
OH
M Br
°°2 \BS, CHQCIQ COZMe NBS, CHQCIQ O
7e°c 1h OH -78°C, 1h OH
OzMe 85% 1002Me
OH O CN O
oYy, C;|-|2c;|2 Pd(PPh3)4
OMe OMe
6,0, o°c it Zn CN),
OH 3h, 959 OTf  DMF, 120°C CN
3a 13

12h, 78%

T
Pd(PPhg),, PhB(OH PdCly(PPhg)y, Cul, EtsN
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110°C, 12 h, 75% 80°C, 12h 72%
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BN
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Scheme 4: Gram scale aryne reaction and selectec*ra

transformations

In the backdrop of this versatile entry into daer
naphthoresorcinols, it was pertinent to make amirgissessment
of their utilitarian value through a few examples.this quest,
unsymmetrical aryne precurstg was reacted with DMAD to
deliver pentasubstituted naphthoresorciridd as the major
product along with a minor regioisomers7, Scheme 5.

Naphthoresorcinal6 has served as an advanced intermediate for

the total synthesis of natural products guieran®iig), 5-methyl
flavasperone €), flavasperone 7) hypoxyxylerone &) and
nigerone 9) and was previously prepared in 5-7-st€pQur

methodology employindf and table top DMAD, enables access

to 16 in good yield and through one pot cascade proesss
delineated here, Scheme 5.

OMe OH

OMe OMe OH
/C[TMS DMAD (2a) /“:COZMe OO

+
CsF, THF OO MeO OH
MeO OTf
© 100 °C, 12 h COzMe

19 16 (65%) 17 (10%)

formal synthesis

flavasperone (7)'1?
hypoxyxylerone (8)"'2
nigerone (9)'1®

Scheme 5:Accessing a key intermediate for natural products
synthesis

Next, we turned our attention to transform the fuoraily
embellished naphthoresorcinols into the correspandi

preparation of binaphthoresorcinols with additiorizihding
domains was considered as an attractive proposifiomards
that end, it was observed that vanadium (V) mediatédative
biaryl coupling® on our naphthoresorcinol8a-c 3e 16
proceeded smoothly and efficiently to furnish cspending
binaphthoresorcinolslg-21), Scheme 6. Some of these biaryls,
like 21 map directly into natural products nigerdhe@sonigerone
22 and related natural products. It is quite sigaificthat such
highly functionalized binaphthoresorcinol entiti®e assembled
in just two synthetic operations from commerciallyaidable
aryne precursors.

OH
R OO CO,Me
R OH
X
R CO,Me
OH
OH 18, R=H, 78%
R CO,Me  V,0s 19, R = Me, 81%
OO ————  20'R=F,79%
dichloroethane
R OH  gsoc,72h QMe OH
! CO,Me
3a-c, 3e, 16 OO
MeO OH
MeO OO OH
CO,Me
OMe OH OMe OH O
(21) 72% isonigerone (22)
Scheme 6: Synthesis of functionally embellished

binaphthoresorcinols

The last foray was to gain entry into a naphthopyran
mework found in many naturally occurring oxa-hetgcles®
Prenylated naphthoresorcindll obtained from reaction between
la and prenylated DMAD 2d on exposure to DDQ underwent
oxidative oxa-cyclization to furnish an analog&(isomollugin)

of natural product mollugin incorporating a naphi@n

system, Scheme 7.
*\)\ 0
o L
COzMe

CO,Me
isomollugin (23)
Scheme 7:Synthesis of an analogu23j of naphthopyran
natural product mollugin24)

DDQ, benzene

80°C, 1h, 76%

mollugin (24)

A possible reaction mechanism for the formation of
napthoresorcinols from aryne and DMAD is depicted ¢hesne
8. Accordingly, the initial nucleophilic attack of DAD derived
anion on aryne generates intermediate his anion intermediate
undergoes a more commonly invoked pathivawolving a
strained cyclobutane intermedia® which fragments toC
and/or D. A Dieckman-type cyclization and aromatization
completes the 4-step cascade process and termiriates
naphthoresorcinol product3 and 4. Observation of complete
regioselectivity in the reaction between substit@®dAD’s 2 (R
= Me, allyl, prenyl and Bn) and arynes leading otdy4f-p
merits a comment and can be traced to the preferéac
cyclization via intermediate aniorC owing to favorable
stereoelectronic factors present as compardal 16 may also be
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mentioned that the naphthoresorcinol products spmeding to  recorded on a Bruker Infrared spectrophotometer arel
3 and 4 do not interconvert/equilibrate under the reactionreported as ch High-resolution mass spectra (HRMS) were
conditions. recorded on a Waters-TOF spectrometer.

General procedure for the synthesis of aryne§'® The
mixture of bromonaphthol (10 mmol, 1.0 equiv) and

9 o o 0 ©OHO hexamethyldisilazide (HMDS) (11 mmol, 1.1 equiv) were
MeoWOMe‘_ MeO™ T OMe combined in THF (25.0 mL) and refluxed for 3 h. Tieaction
R R was cooled to room temperature and volatiles wereoverh
CO,Me . .

Ry R N o R COMe under vacuum. The resulting crude compound was ttlirased
\ : < T \ \9/‘ — [ g for next step. The crude compound was taken up iff 130.0
ot ;O R mL) and cooled to —80 °Qy-Butyllithium (10 mmol, 1.0 equiv)

% 0 MeO.C R was added slowly and stirred for 1 h, to this triflithydride (11

/ l mmol, 1.1 equiv) was added drop wise at —80 °C anmédtfor 1

MeO-_-0 COMe h. The reaction was quenched by the addition of rated
Rin o R 2 Rl @ aqueous sodium bicarbonate solution (10.0 mL) ahdexquently
| — | \, OMe warmed to room temperature, diluted withCH(20.0 mL) and
COMe I'g COMe Irl ethyl acetate (30.0 mL). Layers were separated qndaais layer

£ D c was extracted with ethyl acetate (3 x 30 mL), the wioed

l R=H l organic extract was washed with brine (25 mL) andattganic

R COMe COMe layer was dried over N&Q, concentrated under vacuum and
‘\\ OH Rl OH Risx 0 purified by flash chromatography (ethyl acetate#rees) to yield
=z COMe | — aryne precursorsla-g.
R R
;He OH 0 Representative General Procedure for the preparatio of
- 4a-p F

naphthoresorcinols: (Note: All the reagents and solvents were
added in an Ace pressure tube inside the glove bdxitawas
sealed with cap before heating). An oven dried 15 Ade
pressure tube (Sigma-Aldrich) was charged with aryeeyssor
silyl aryl triflate la (0.33 mmol) and Dimethyl-1,3-
acetonedicarboxylatea (0.3 mmol) to which anhydrous THF (5
mL) and CsF (0.6 mmol) were added the tube was sevithd
the cap and was placed in a pre-heated oil batAGiC and was
stired for 12 h. The reaction mixture was cooled reom
temperature and filtered through celite with the afdEtOAc,
volatile components were removed under reduced ymessing
rotary evaporator and the resulted crude compoursdpuéfied
by silica gel flash column chromatography to affotde
substituted naphthoresorcin@a-e, 4a-eand16, 17

Methyl 2,4-dihydroxy-1-naphthoate (4a)and methyl 1,3-
dihydroxy-2-naphthoate (3a): By following the general
General methods: Unless otherwise mentioned, all reagentsProcedure 1 using aryne precursorlg) and DMAD @a),
were used as received from commercial sources. Allaad ~ Ccompoundda (7.8 mg, 12%)3a (42.5 mg, 65%) were prepared.

moisture sensitive reactions were conducted undetragen or ~ 4a:Pale yellow solid. R= 0.6 (20% EtOAc + Hexane)mp 171-
argon atmosphere in a glove box using flame-drieoven-dried 173 °C {lit. ” 172-174°C}; "H NMR (500 MHz, Acetone+) ¢
glassware with magnetic stirring. Anhydrous acetdeitwas 12.65 (s, 1H), 10.26 (s, 1H), 8.79 (= 8.8 Hz, 1H), 8.24 (dd]
prepared by stirring it with s, distillation and storage over 34 = 8.3, 1.1 Hz, 1H), 7.58 (ddd, = 8.6, 6.8, 1.5 Hz, 1H), 7.37
molecular sieves prior to use. Tetrahydrofuran (TM@s dried  (ddd,J = 8.1, 6.9, 1.0 Hz, 1H), 6.58 (s, 1H), 4.07 (s, 3K}
over Na, benzophenone and distilled prior to uséudie was NMR (126 MHz, Acetone- ¢ 172.8, 166.9, 160.2, 1334,
freshly distilled from Cakl before usage. Reactions were 129.1,125.3,122.8, 121.3, 100.1, 97.5, 51.6;n€a1):vmax 766,
monitored by thin-layer chromatography, carried outsilica 836, 1236, 1342, 1433, 1591, 1636, 2957, 3349";ChHIRMS
plates (silica gel 60 F254, Merck) using UV-lighidine andp-  (ESIMS) caled for GHy;,0, [M+H]™ @ m/z 219.0657; found:
anisaldehyde for visualization. Column chromatopsapvas ~ 219.0664;3a: Pale yellow solid. R= 0.4 (20% EtOAc +
performed using silica gel (60-120 mesh or 100- 20esh) Hexane); mp 77-78°C {lit. > 76-77°C}; "H NMR (500 MHz,
packed in glass columns. Technical grade ethylateeand CDCk) 6 11.35 (s, 1H), 8.92 (s, 1H), 8.25 @@= 8.5 Hz, 1H),
petroleum ether were used for column chromatograpitywere ~ /-56 (d,J = 8.2 Hz, 1H), 7.51 (ddd] = 8.2, 6.7, 1.3 Hz, 1H),
distilled prior to useH NMR and °C NMR spectra were /.29 (dddJ =82, 6.7, 1.3 Hz, 1H), 6.79 (s, 1H), 4.14 (s, 3H);
recorded in CDGlas a solvent on 300 MHz or 400 MHz or 500~ C NMR (126 MHz, CDG)) 6 170.4, 161.8, 153.8, 137.9, 130.6,
MHz spectrometer at ambient temperature. The cogplimstant ~ 126.0, 124.2,123.1, 119.6, 102.6, 97.4, 53.1{nkt):0max 769,
Jis given in Hz. The chemical shifts)(are reported in ppm on 1082, 1148, 1261, 1325, 1442, 1511, 1574, 1680929378,
scale downfield from TMS using the residual solvpetk in 3445 cm’ HRMS (ESIMS) caled for GH1,04 [M+H]™: m/z
CDCl (H: 8 = 7.26 and C8 = 77.0 ppm) or TMS = 0.0) as  219.0657; found: 219.0667.

internal standard and signal patterns are indicasefbllows: s = Gram scale reaction:An oven dried 100 mL Ace pressure
singlet, d = doublet, dd = doublet of doublet, ddeublet of e (Sigma-Aldrich) was charged with aryne precusilgt aryl
triplet, t = triplet, g = quartet, qd = quartet dbublet, m = yifate 1a (1.88 g, 6.32 mmol) and Dimethyl-1,3-
multiplet, br = broad, tt = triplet of triplet. IRpectra were ceonedicarboxylatga (1 g, 5.74 mmol), to which anhydrous

Scheme 8:Plausible reaction mechanism

3. Conclusion

In summary, we have unraveled a general reactiowedwmst
arynes and dimethylacetonedicarboxylate and itsvatéres
(DMAD’s) to furnish functionally enriched naphthoresioiols
through a cascade process. Substitution on DMAD teen b
employed to modulate the regioselectivity leading t
naphthoresorcinols. Diversity and utility space abthese new
entities has been explored via functional group imaations,
ready conversion to bi-naphthoresorcinols and aboesto
potent building blocks for natural products.

4. Experimental Section
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THF (15 mL) and CsF (1.75 g, 11.49 mmol) were addee
tube was sealed with the cap and was placed in agatedh oil

Tetrahedron

0.2 (20% EtOAc + Hexanejnp 140-142C {lit.>® 138-139°C}:
*H NMR (500 MHz, CDCJ) ¢ 11.30 (s, 1H), 8.96 (s, 1H), 7.96

bath at 106C and was stirred for 12 h. The reaction mixture wagdd,J = 11.2, 8.3 Hz, 1H), 7.27 (4,= 7.7 Hz, 1H), 6.71 (s, 1H),

cooled to room temperature and was filtered throcejtie with
the aid of EtOAc, volatile components were removedeund
reduced pressure using rotary evaporator, the tessutrude
compound was purified by silica gel flash
chromatography to afford the substituted naphtlayo@sols 3a
(0.80 g, 64%) anda (0.12 g, 10%).

Methyl 1,3-dimethoxy-2-naphthoate (25): To a stirring
solution of naphthoresorcinoBa (20.0 mg, 0.09 mmol) in
anhydrous acetone (2.0 mL) were adde€®; (38.6 mg, 0.28
mmol) and MgSQ, (25 (1L, 0.23 mmol), the resulting reaction
mixture was heated at 8 for 4 h. After completion of the
reaction, it was filtered through a short plug ofiteeand the
filtrate was concentrated in rotary evaporator teeghe crude
compound which was purified by silica gel column
chromatography to yield the dimethoxy protectedhtlagleneas
white crystalline solid@25 (21.4 mg, 95%). R= 0.6 (20% EtOAc
+ Hexane):mp 80-82°C {lit.'® 80-81°C}; *H NMR (500 MHz,
CDCls) 6 8.04 (d,J = 8.4 Hz, 1H), 7.73 (d] = 8.2 Hz, 1H), 7.49
(ddd,J = 8.2, 6.9, 1.3 Hz, 1H), 7.39 (ddd~= 8.2, 6.9, 1.2 Hz,
1H), 6.95 (s, 1H), 4.02 (s, 3H), 3.99 (s, 3H), 3.933H4); °C
NMR (101 MHz, CDC)) 6 167.0, 154.6, 154.2, 135.5, 127.8,
127.0, 124.2, 123.1, 122.7, 117.3, 102.0, 63.20,562.6; IR

4.15 (s, 3H)*C NMR (126 MHz, CDGJ) § 170.1, 154.4, 154.3,
152.4, 152.2, 149.2, 149.0, 147.2, 147.1, 135.5.4,3115.8,
115.7, 111.9, 111.8, 111.1, 110.9, 102.1, 102.16,93.3; IR

column (neat):vma 717, 788, 877, 1099, 1166, 1231, 1295, 1482, 1526,

1584, 1683, 3145, 3395 ¢ HRMS (ESIMS) calcd for
CiHO4F, [M+H] " : mVz 255.0469; found: 255.0466.

Methyl 1,3-dihydroxy-6,7-dimethoxy-2-naphthoate (39l
and methyl 2,4-dihydroxy-6,7-dimethoxy-1-naphthoate(4d):
By following the general procedure 1 using arynecpreor1d,
DMAD 2a, compounds3d (49.2 mg, 59%)4d (9.2 mg, 11%)
were prepareddd: Pale yellow powder, R= 0.5 (30% EtOAc +
Hexane);mp 178-180°C {lit.*" 176-177°C}; 'H NMR (500
MHz, CDCL) 6 11.31 (s, 1H), 8.82 (s, 1H), 7.49 (s, 1H), 6.84 (s,
1H), 6.67 (s, 1H), 4.12 (s, 3H), 3.99 (s, 6M)C NMR (101
MHz, CDCk) 6 170.5, 159.9, 153.4, 153.2, 147.5, 134.8, 113.9,
104.8, 102.7, 101.7, 96.0, 56.0 (2C), 52.9; IR {(nag . 772,
1012, 1113, 1173, 1245, 1507, 1656, 2367, 34434 346"
HRMS (ESIMS) calcd for GH150s [M + H]™ : mVz 279.0869;
found: 279.08714d: R = 0.4 (30% EtOAc + Hexane)Semi-
solid;'"H NMR (400 MHz, CDCJ) § 12.40 (s, 1H), 8.26 (s, 1H),
7.49 (s, 1H), 6.40 (s, 1H), 5.92 (s, 1H), 4.07 (s, 3H)2 (s, 3H),
4.00 (s, 3H)**C NMR (101 MHz, CDGJ) § 172.5, 165.2, 157.2,

(neat)vmax 769, 1082, 1148, 1261, 1325, 1442, 1511, 1574,,1680.51.5, 146.7, 129.4, 115.2, 106.1, 102.1, 99.6},%5.80, 55.63,

2959, 3378, 3445 ¢ HRMS (ESIMS) calcd for GHy,O,Na
[M+Na]* : 'z 269.0790; found: 269.0791.

Methyl 2,4-dihydroxy-6,7-dimethyl-1-naphthoate (4b)and
methyl 1,3-dihydroxy-6,7-dimethyl-2-naphthoate (3b) By
following the general proceduteusing arynelb and DMAD 23,
compounds4b (13.3 mg, 18%),3b (45.7 mg, 62%) were
prepared,;

4b: Pale yellow powder, &= 0.6 (20% EtOAc+Hexane)mp
152-153°C; 'H NMR (500 MHz, CDCJ) § 12.62 (s, 1H), 8.50 (s,
1H), 7.89 (s, 1H), 6.42 (s, 1H), 6.31 (s, 1H), 4.0BW), 2.44 (s,
3H), 2.39 (s, 3H)}*C NMR (101 MHz, CDG)) § 172.9, 165.8,
158.0, 139.1, 132.4, 132.0, 125.5, 122.2, 119.0,31®8.2, 52.0,
21.0, 19.8; IR (neat)v,., 766, 833, 1097, 1236, 1351, 1442,
1636, 2956, 3340 chy HRMS (ESIMS) calcd for GH;s0,
[M+H] " : m/iz 247.0970; found: 247.0973p: White powder, R
= 0.4 (20% EtOAc + Hexane)mp 169-171°C {lit.>® 168-170
°C}; '"H NMR (400 MHz, CDCJ) ¢ 11.31 (s, 1H), 8.83 (s, 1H),
7.97 (s, 1H), 7.31 (s, 1H), 6.67 (s, 1H), 4.11 (s, ZB7 (s, 6H);
*C NMR (101 MHz, CDGJ) ¢ 170.5, 161.2, 153.1, 141.1, 136.9,
132.8, 125.8, 123.5, 118.2, 101.7, 96.7, 52.9, ,20(%0; IR

52.12; IR (neat)bmax 821, 1084, 1148, 1261, 1324, 1446, 1655,
2929, 2963, 3466 ¢ HRMS (ESIMS) calcd for GH1,OsNa
[M+Na]* : m/z 301.0688; found: 301.0686.

Methyl 1,3-dihydroxy-5,8-dimethyl-2-naphthoate (3€) By
following the general procedurkusing aryne precursdre and
DMAD 2a, compound3e (47.0 mg, 65%) was prepared as white
solid; R = 0.5 (20% EtOAc + Hexane); mp 109-13aflit. >
108-110°C}; 'H NMR (400 MHz, CDC}) 6 12.13 (s, 1H), 8.76
(s, 1H), 7.39 — 7.10 (m, 1H), 7.06 — 6.78 (m, 2H)34(4, 3H),
2.86 (s, 3H), 2.48 (s, 3H)°C NMR (101 MHz, CDCJ) § 170.9,
165.6, 153.0, 138.8, 136.4, 132.1, 130.7, 130.5.0,2119.2,
100.0, 97.1, 53.0, 25.4, 19.8; IR (neai);,, 761, 827, 1042,
1233, 1320, 1469, 1630, 2908, 3329 GrHIRMS (ESIMS) calcd
for CyH150, [M+H]" : mVz 247.0970; found: 247.0970.

2. General Procedure for the Synthesis of Substitad
DMAD’s (2b-2e): To a stirring solution of DMAD (5 mmol) in
anhydrous THF (20.0 mL) at %C was added 60% NaH (6.5
mmol) and the reaction was stirred for 15 min. Tis thtirred
mixture, alkyl halide (6.0 mmol) was added and it \iagher
stirred for 12 h, quenched with sat. M solution (5 mL) and

(neat):v 638, 764, 884, 1096, 1167, 1225, 1460, 1510, 156%iluted with 10 mL HO, layers were separated and the aqueous

1679, 2967, 3132, 3369 ¢m HRMS (ESIMS) calcd for
C1H140:Na [M+Na]: m/z 269.0790; found: 269.0791.

Methyl 6,7-difluoro-2,4-dihydroxy-1-naphthoate (4c) and
methyl 6,7-difluoro-1,3-dihydroxy-2-naphthoate (3c) By
following the general procedurg using aryne precursokc,
DMAD 2a, compounds4c (7.6 mg, 10%) and 3c (38.8 mg,
51%), were prepared.

4c: Yellow powder, R= 0.4 (20% EtOAc + Hexane); mp
152-154°C; '"H NMR (500 MHz, CDCJ) ¢ 12.67 (s, 1H), 8.58
(dd,J = 14.7, 8.0 Hz, 1H), 7.93 (dd,= 11.3, 8.8 Hz, 1H), 6.94
(s, 1H), 6.50 (s, 1H), 4.08 (s, 3H}’C NMR (75 MHz,

CDCl+DMSO0): ¢ 170.3, 165.5, 158.4, 129.0, 128.92, 116.9

116.8, 111.4, 111.1, 108.5, 108.3, 99.2, 95.5,;3B.8neat) vmax
762, 825, 898, 1164, 1210, 1312, 1447, 1513, 16038, 2855,
2920, 3350 cnt; HRMS (ESIMS) calcd for GHgO4F, [M + H]*
: m/z 255.0469; found: 255.0498c: Pale yellow powder, R=

layer was extracted with EtOAc (3 x 10 mL). The combine
organic extract was washed with sat. NaCl solution dmeld
over NaSQ,, volatiles were removed under reduced pressure; the
obtained crude compound was purified by silica galummn
chromatography to give the substituted DMA®2b-2e The
compounds2b, 2c, 2eare known and the spectral data was
compared with the reported one.

Dimethyl  2-(3-methylbut-2-en-1-yl)-3-oxopentanedioat
(2d): Keto+enol mixture,Pale yellow liquid, R= 0.4 (20%
EtOAc + Hexane)'H NMR (400 MHz, CDC}) 6 5.05-4.98 (m,
1H), 3.75-3.70 (m, 6H), 3.67-3.56 (m, 3H), 2.57J(t 7.3 Hz,
2H), 1.68 (dJ = 1.0 Hz, 3H), 1.63 (s, 3H)*C NMR (101 MHz,

'CDCly) 6 197.4, 169.4, 167.0, 135.3, 119.3, 58.69, 52.8%4

48.28, 26.92, 25.77, 17.75; IR (neai), 765, 845, 944, 995,
1162, 1261, 1318, 1400, 1451, 1665, 2858, 29512 33A™;
HRMS (ESIMS) calcd for GH,Os [M+H]® : miz 243.1232;
found: 243.1262.



3. Representative General Procedure(Note: All the
reagents and solvents were added in an Ace pressgartside
the glove box and it was sealed with cap before ihggatiAn

oven dried 15 mL Ace pressure tube (Sigma-Aldrich)s wa

charged with aryne precursor silyl aryl triflate2®.mmol) and

substituted DMAD(0.2 mmol) to which anhydrous THF (5 mL)

and CsF (0.4 mmol) were added, the tube was sealbdheitcap

and was placed in a pre-heated oil bath at’@and was stirred

for 12 h. The reaction mixture was cooled to roomgerature
and was filtered through celite with the aid of EtOAo]atile
components were removed under reduced pressure Lamy
evaporator and the resulted crude compound wasiguirify
silica gel flash column chromatography to give thestituted
naphthoresorcinolf-p.

Methyl  3-allyl-2,4-dihydroxy-1-naphthoate  (4f): By

following the general procedur8 using dimethyl 2-allyl-3-
oxopentanedioat@b (allyl-DMAD) and aryne precursota ,

compound4f (36.1 mg, 70%) was prepared as a semi-solids R

0.5 (20% EtOAc + Hexane)td NMR (400 MHz, CDCJ) 6 13.19
(s, 1H), 8.72 (dJ = 8.8 Hz, 1H), 8.17 (dd] = 8.3, 1.0 Hz, 1H),

7.53 (ddd,J = 8.6, 6.9, 1.5 Hz, 1H), 7.35 (dddl= 8.1, 6.9, 1.0
Hz, 1H), 6.25 (s, 1H), 6.05 (ddj, = 16.2, 10.1, 6.1 Hz, 1H),

5.36-5.14 (m, 2H), 4.07 (s, 3H), 3.67 (dt= 6.1, 1.6 Hz, 2H);

¥C NMR (101 MHz, CDCJ) ¢ 173.4, 164.8, 156.8, 135.4, 131.9,

128.7,125.1, 123.2, 122.3, 120.5, 117.1, 109.5, 8.2, 27.7;

IR (neat): vma 803, 855, 1029, 1095, 1171, 1238, 1440, 1464

1518, 1635, 1713, 2855, 2927, 3390 triiRMS (ESIMS) calcd
for CsH150, [M+H] " : m/z 259.0970; found: 259.0981.

Methyl  3-allyl-2,4-dihydroxy-6,7-dimethyl-1-naphthoate
(49): By following the general proceduf® using allyl-DMAD

2b and aryne precursdrb, compound4g (48.6 mg, 85%) was

prepared as semi-solids R 0.4 (20% EtOAc + Hexane)H

NMR (500 MHz, CDCJ) ¢ 13.01 (s, 1H), 8.39 (s, 1H), 7.81 (s,
1H), 6.11 — 5.88 (m, 2H), 5.16 (dd#i= 13.7, 11.6, 1.5 Hz, 2H),

3.99 (s, 3H), 3.57 (df] = 5.9, 1.4 Hz, 2H), 2.35 (s, 3H), 2.31 (s,
3H); **C NMR (126 MHz, CDG)) § 173.4, 164.2, 156.4, 138.4,

135.6, 132.5, 130.5, 125.5, 121.9, 119.1, 116.8,21®7.9, 52.1,

27.6, 21.0, 19.8: IR (neat);, 820, 877, 944, 1226, 1359, 1435,
1571, 1631, 2955, 3495 ¢ HRMS (ESIMS) calcd for

Ci7H1604 [M+H] ™ : Mz 287.1283; found: 287.1284.

Methyl 3-allyl-2,4-dihydroxy-6,7-dimethoxy-1-naphthoate
(4h): By following the general proceduf® using allyl-DMAD

2b and aryne precursdrd, compound4h (49.6 mg, 78%) was
prepared as a white solid; R 0.5 (30% EtOAc + Hexane); mp
159-161°C; 'H NMR (400 MHz, CDCJ) § 12.92 (s, 1H), 8.22 (s,
1H), 7.50 (s, 1H), 6.19 (s, 1H), 6.06 (ddds 23.3, 11.1, 6.1 Hz,

1H), 5.35 — 5.19 (m, 2H), 4.08 (s, 3H), 4.01 (s, 3H993s, 3H),
3.67 (dt,J = 6.1, 1.7 Hz, 2H)*C NMR (101 MHz, CDG)) §
173.1, 163.4, 156.0, 151.1, 146.8, 135.8, 127.9,011115.2,
107.3, 105.8, 101.9, 98.1, 55.8, 55.6, 52.2, 2IR7(neat): vyax
796, 857, 989, 1180, 1260, 1324, 1438, 1517, 18335, 3006,
3472 cm'; HRMS (ESIMS) calcd for GH140 [M+H]™: mz
319.1182; found: 319.1179.

Methyl 7-allyl-6,8-dihydroxynaphtho[2,3-d][1,3]dioxole-5-
carboxylate (4i): By following the general proceduf@ using
allyl-DMAD 2b and aryne precursdf, compound4i (45.9 mg,
76%) was prepared as a pale yellow powder=F0.4 (30%
EtOAc + Hexane); mp 168-17T; 'H NMR (500 MHz, CDCJ)
0 12.92 (s, 1H), 8.16 (s, 1H), 7.51 (s, 1H), 6.13 k), $.08-6.00
(m, 1H), 6.04 (s, 2H), 5.48 — 5.07 (m, 2H), 4.05 (4),3.64 (d,
J = 6.0 Hz, 2H);"*C NMR (126 MHz, CDCJ) § 173.2, 163.3,
156.2, 149.9, 145.0, 135.7, 129.3, 117.1, 116.3,.610103.3,
101.2, 99.6, 99.0, 52.2, 27.7; IR (neai);, 794, 861, 1186,
1269, 1343, 1483, 1571, 1623, 2959, 3011, 3465;cHRMS

7
(ESIMS) caled for GHis0g [M+H]™ : m/z 303.0869; found:
303.0874.

Methyl 2,4-dihydroxy-3-methyl-1-naphthoate (4j): By
following the general procedui@ using methyl-DMAD2c and
aryne precursota, compound4j (34.3 mg, 74%) was prepared
as white solid; R= 0.5 (20% EtOAc + Hexane); mp 112-11%
'"H NMR (500 MHz, CDCJ) § 13.15 (s, 1H), 8.73 (d), = 8.8 Hz,
1H), 8.15 (dJ = 9.1 Hz, 1H), 7.53 (1) = 8.5 Hz, 1H), 7.36 (1] =
8.0 Hz, 1H), 5.75 (s, 1H), 4.08 (s, 3H), 2.30 (s, 38 NMR
(126 MHz, CDC}) 6 173.4, 165.4, 155.1, 131.3, 128.3, 125.2,
123.1, 121.9, 120.0, 107.7, 98.4, 52.2, 8.3; IRa{ne®,x 705,
746, 1258, 1329, 1462, 1630, 2678, 3052, 3300 ';cHRMS
(ESIMS) calcd for GH,,0,Na [M+Na]: m/z 255.0269; found:
255.0257.

Methyl 2,4-dihydroxy-3,6,7-trimethyl-1-naphthoate @k):
By following the general proceduf® using methyl-DMAD 2c
and aryne precursotb, compound4k (37.4 mg, 72%) was
prepared as a sticky pale yellow oil; R 0.5 (20% EtOAc +
Hexane);"H NMR (500 MHz, CDCJ) ¢ 13.04 (s, 1H), 8.48 (s,
1H), 7.85 (s, 1H), 5.64 (s, 1H), 4.07 (s, 3H), 2.43K4), 2.39 (s,
3H), 2.27 (s, 3H)*C NMR (126 MHz, CDG)) 6 173.4, 164.8,
154.7, 138.0, 132.4, 130.0, 125.3, 121.5, 118.6,81®7.8, 52.1,
21.0, 19.9, 8.3; IR (neat);, 707, 751, 1025, 1247, 1325, 1666,
2330, 2981, 3082, 3410 ¢ém HRMS (ESIMS) calcd for
C1sH170, [M+H] " : vz 261.1127; found: 261.1126.

Methyl 2,4-dihydroxy-6,7-dimethoxy-3-methyl-1-
naphthoate (4l): By following the general procedur@ using
methyl-DMAD 2c and aryne precursdrd, compound4l (39.7
mg, 68%) was prepared as a white solid=R.3 (20% EtOAc +
Hexane); mp: 135-137C; '"H NMR (400 MHz, CDCJ) 6 12.90
(s, 1H), 8.20 (s, 1H), 7.48 (s, 1H), 5.66 (s, 1H), 49)BH), 4.00
(s, 3H), 3.99 (s, 3H), 2.27 (s, 3HJC NMR (101 MHz, CDC)) ¢
173.1, 163.9, 154.4, 150.8, 146.7, 127.2, 114..9,0105.8,
101.8, 98.0, 55.8, 55.6, 52.1, 8.2; IR (neat), 705, 764, 1176,
1285, 1368, 1560, 1652, 2932, 3426 GrHIRMS (ESIMS) calcd
for CygH1706 [M+H] " : mVz 293.1025; found: 293.1025.

Methyl 2,4-dihydroxy-3-(3-methylbut-2-en-1-yl)-1-
naphthoate (4m): By following the general proceduf® using
prenyl-DMAD 2d and aryne precursdra, compounddm (40.6
mg, 71%) was prepared as a white solid=R.5 (20% EtOAc +
Hexane); mp: 72-74C; '"H NMR (300 MHz, CDC}) 6 13.22 (s,
1H), 8.71 (d,J = 8.8 Hz, 1H), 8.15 (dd] = 8.3, 0.8 Hz, 1H), 7.52
(ddd,J = 8.6, 6.9, 1.4 Hz, 1H), 7.38-7.29 (m, 1H), 6.741(4),
5.36 (t,J = 7.2 Hz, 1H), 4.07 (s, 3H), 3.62 @@= 7.2 Hz, 2H),
1.89 (s, 3H), 1.82 (s, 3HJ°C NMR (101 MHz, CDCJ) ¢ 174.4,
165.9, 158.0, 138.2, 132.6, 129.5, 126.0, 124.(8.2,2122.0,
121.6, 111.6, 99.2, 53.1, 26.9, 23.6, 19.0; IR )n@g.x 755,
1230, 1349, 1447, 1643, 2322, 2860, 2925, 35086 360
HRMS (ESIMS) calcd for GH;0, [M+H]": m/z 287.1283;
found: 287.1291.

Methyl 2,4-dihydroxy-6,7-dimethyl-3-(3-methylbut-2en-1-
yl)-1-naphthoate (4n): By following the general procedur@
using prenyl-DMAD2d and aryne precursdi, compound4n
(47.7 mg, 76%) was prepared as a white solid=R.5 (20%
EtOAc + Hexane); mp: 101-108; '*H NMR (400 MHz, CDCJ)

6 13.10 (s, 1H), 8.45 (s, 1H), 7.87 (s, 1H), 6.64 K, 5.45-5.27
(m, 1H), 4.06 (s, 3H), 3.59 (d,= 7.2 Hz, 2H), 2.42 (s, 3H), 2.37
(s, 3H), 1.88 (s, 3H), 1.81 (d,= 1.2 Hz, 3H);"*C NMR (101
MHz, CDCk) 6 173.5, 164.3, 156.6, 138.2, 136.9, 132.3, 130.3,
125.2, 121.9, 121.3, 119.2, 109.7, 97.6, 52.0,,28296, 21.0,
19.8, 18.0; IR (neat)vma., 796, 1034, 1138, 1266, 1600, 1681,
2985, 3320 cnt; HRMS (ESIMS) calcd for GH,30, [M+H] ™
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m/z 315.1596; found: 315.162&-Ray data for 4n: (CCDC ' IR (neat):vna 651, 757, 844, 1227, 1270, 1339, 1442, 1580,

1884238) 1626, 2957, 3432, 3589 cm HRMS (ESIMS) calcd for
Methyl 3-benzyl-2,4-dihydroxy-1-naphthoate (40): By CiaHioO4Br [M+H] - 2 296.9762; found: 296.9771.
following the general procedui@ using benzyl-DMAD2e and Methyl 1,3-bis(((trifluoromethyl)sulfonyl)oxy)-2-

aryne precursota, compound4o (42.5 mg, 69%) was prepared naphthoate (12): To a stirring solution of naphthoresorcinol
as pale yellow solid. = 0.4 (20% EtOAc + Hexane); mp: 150- (100.0 mg, 0.46 mmol) in dichloromethane (5 .0 nat)0 °C
151°C; '*H NMR (400 MHz, CDCJ) ¢ 13.23 (s, 1H), 8.75 (d,= were added BN (0.19 mL, 1.38 mmol) and 7 (0.19 mL, 1.15
8.8 Hz, 1H), 8.10 (d) = 8.3 Hz, 1H), 7.54 (ddd), = 8.6, 6.9, 1.5 mmol), the reaction was warmed to room temperatuck veas
Hz, 1H), 7.37 — 7.26 (m, 5H), 7.26 — 7.18 (m, 1H), 5§,91H), allowed to stir for additional 2 h. After completiofthe reaction
4.25 (s, 2H), 4.08 (s, 3HI*C NMR (101 MHz, CDGJ)) 6 173.4,  (monitored by TLC) it was diluted with dichloromettear5.0
165.1, 156.1, 138.5, 131.9, 129.0 (2C), 128.7,328C), 126.9, mL), quenched by the addition of sat.aq. NaHCD0 mL), HO
125.2,123.2,122.0, 120.4, 111.4, 98.7, 52.3,;2R.Qneat):vnax (5.0 mL), layers were separated and the aqueous lags
736, 815, 1008, 1105, 1225, 1346, 1429, 1583, 18353, 3023, extracted with dichloromethane (2 x 5 mL). The camehbli
3539 cm’; HRMS (ESIMS) calcd for GH;;0, [M+H]*: m/z organic extract was dried over J}$0, and the volatiles were
309.1127; found: 309.1122. removed under reduced pressure to give the crudeaond,

Methyl 3-benzyl-2,4-dihydroxy-6,7-dimethyl-1-naphttoate which was purified by silica gel column chromatognapd yield

) . . the ditriflate compound?2 as pale yellow solid (210 mg, 95%).
(4p): By following the general proceduBeusing benzyl-DMAD R, = 0.5 (20% EtOAC + Hexane): mp 84-86: 'H NMR (500
2e and aryne precursdrb, compound4p (49.0 mg, 73%) was MHz, CDCL) 6 8.19 (d,J = 7.8 Hz, 1H), 7.96 (dd] = 4.6, 2.1
prepared as a viscous liquid.ZR0.5 (20% EtOAc + Hexanel} ; § ' ' . L PR

Hz, 1H), 7.87 (s, 1H), 7.85 — 7.69 (m, 2H), 4.03 (s,;3FQ
NMR (400 MHz, CDCY) 0 13.09 (s, 1H), 8.50 (s, 1H), 7.81 (s, \yr (326 MH(z CD)c;) 5 161.6 145% 7 14)2 6 13§ 9. 130.5
1H), 7.28 (d,) = 4.4 Hz, 4H), 7.21 (dd} = 8.7, 4.2 Hz, 1H), 5.71 ' -0, 143.7, 142.0, 133.9, 130.5,

(5. 1H). 4.23 (5. 9H), 4,07 (5. 3H), 2.43 (6. 3H), A8 7H) 1 1297 1283, 1258, 1225, 1210, 1199, 1198811173,

NMR (101 MHz, CDCJ) § 173.4, 164.5, 155.6, 138.8, 138.5, EZ'GZ’11%‘28’1714%;';’?2'52;8'?1 (2‘;62“}@;{6&),;/'21&51,&05’ Clallgj’
132.5, 130.6, 128.9 (2C), 128.3 (2C), 126.7, 12524..6, 118.9, ’ ’ ' ' ’

1105, 98.1, 52.3, 29.0, 21.0, 19.8: IR (neaf)s, 706, 1008, O CiaHtsQesS:Fs [MH+H] ™ m'z 482.9643; found: 482.9672.

1150, 1200, 1392, 1710, 2952, 3385 GrAIRMS (ESIMS) calcd Methyl 1,3-dicyano-2-naphthoate (13)To a stirring solution
for CyH»04 [M+H]": m'z 337.1440; found: 337.1433. of ditriflate 12 (24.1 mg, 0.05 mmol) in DMF (2.0 mL) were

Methyl 4-bromo-1,3-dihydroxy-2-naphthoate (10): To a added Pd(PRJx (12.0 mg) and Zn(CN)(18.0 mg, 0.15 mmol),

- . . the reaction mixture was heated at 12D for 12 h. After
stirring solution of methyl 1,3-dihydroxy-2-naphtte 3a (22.0 - : . " !
mg, 0.1 mmol) in CKCl, (2.0 mL) at -78°C was added NBS completion of the reaction, solids were filteredg filtrate was

(20.0 mg, 0.11 mmol) and the reaction was stirredsfoin, after diluted with cold HO and was extracted with EtOAc (3 x 5 mL),

> . . - ; the combined organic extract was dried over,9@ and
completion of the reaction (monitored by TLC) it wdiuted ¢ .
with CH,Cl, (5 mL) and HO (5 mL). Layers were separated and volatiles were removed under reduced pressure ® thie crude

: compound, which was purified by silica gel column
the aqueous layer was extracted with,Chi (2 x 5 mL), the chromatography to afford the dicyano compoubd as a

combined organic extract was dried oven3@, volatiles were crystalline white solid (9.1 mg, 78%). R 0.3 (20% EtOAc +

removed under reduced pressure and the resultede CMUiexane): mp 149-15%C: *H NMR (300 MHz, CDCJ) & 8.56 (s
compound was purified by silica gel column chrqmaipgy to 1H) 8.56 (dJ=8.4 Hz ’1H) 8.07 (d1= 8.1 Iilz 1H), 7.92 (dt],
afford theo-bromo naphthollO as pale yellow solid (24.6 mg, _ 151 7.2 Hz, 2H) 4"17 (s, 3HiC NMR (126,MH2’ cDC) o
829%). R = 05 (20% EtOAC + Hexane); mp 123-125; *H = 1433”1405 13335 1333, 132.7, 132.6, 130.9,112126.9,
g.h;;(gole;ﬂg.zif(g;c:i)séslﬁz%ﬁf)’ 71'2)7 (%g; féj“é’.g&fz‘ 116.2, 114.4, 113.2, 109.0, 53.8; IR (neag), 759, 1160, 1299,
: ’ ' ’ ’ NG 1448, 1733, 2320, 2365, 2859, 2926 GrAIRMS (ESIMS) calcd

Hz, 1H), 7.39 (dddJ = 8.2, 6.9, 1.1 Hz, 1H), 4.18 (s, 3HJC ey . .
NMR (101 MHz, CDCl) 6 169.9, 161.1, 150.3, 136.0, 1319, " CiaHsN20, [M+H]" - m/z237.0664; found: 237.0693.

125.6, 124.6, 124.0, 120.5, 97.6, 96.8, 53.5; I@a(nvnay 761, Methyl 1,3-diphenyl-2-naphthoate (14): To a stirring
867, 1086, 1148, 1233, 1318, 1444, 1505, 1571, 16876, solution of ditriflate 12 (24.1 mg, 0.05 mmol) and
2925, 3413 cit; HRMS (ESIMS) calcd for GH;00,Br [M+H]™: phenylboronicacid (18.3 mg, 0.15 mmol) in tolue2e0(mL),
m/z 296.9762; found: 296.9780. were added Pd(PBh (12.0 mg) and KCO; (20.7 mg, 0.15

. . mmol) and the reaction mixture was heated at Ci@or 12 h.

i Methyl l3t-.bromfo-2,Atfr-1d1h%/(ir%¥%/-z-naphihoatiﬂ‘(tll4). ngg After completion of the reaction it was diluted withGH(5 mL)

S |rr|r(1)glso u |o|n o g_em y 20 ) ILy rtox;/éoc-:nap edda(gl NBS and was extracted with EtOAc (3 x 5 mL), the combineghoic
?21%’0 'mgmg“ﬁ Irrr:mozl) azm(d .thgnrgaitic-m waswgtsirrz:}dlgn min extract was dried over N8O, and volatiles were removed under

after completion of the reaction (monitored by TL{&)was reduced pressure to give crude compound, which 4

diluted with CHCI, (5 mL) and HO (5 mL). Layers were silica gel column chromatography to afford the dipyl

. compoundl14 as sticky liquid (12.6 mg, 75%).:R 0.6 (10%
separated and the aqueous layer was extracted wifB1£2 x 5 EtOKc + Hexane)'H NyMF?(400( MHz C?DCJ) s )7f91 dJ £ 8.2
mL), the combined organic extract was dried overLS@s, ' ; ’ ’ '

. Hz, 1H), 7.88 (s, 1H), 7.60 (d,= 8.5 Hz, 1H), 7.57-7.35 (m,
volatiles were removed under reduced pressure andesulted 12H), 3.30 (s, 3H)“C NMR (126 MHz, CDCJ) § 169.7, 140.8
crude compound was purified by silica gel column 1384 '137 8, 136,7 1335 131.9 1’31 2 130.8 él’2128 '5’
chromatography to give the bromo naphthoresorcliichs pale 128-4, 128 '1’ 128 0 ' 127é ’1275 ’1272' ,126 9 71"251 7 IR
yellow solid (25.5 mg, 85%). R= 0.3 (10% EtOAC + Hexane): . v~ 706, 761, 1109, 1272, 1447, 1495, 1735, 2334, 2949
mp 95-97°C; *H NMR (500 MHz, CDC}) 6 13.50 (s, 1H), 8.75 ot HRMS ,(ESIMS) caled for QH o ['M+H]+' i
(d,J=8.8 Hz, 1H), 8.26 (dd} = 8.3, 0.9 Hz, 1H), 7.60 (ddd= 39" 30r found: 339 1415 102 '

8.6, 6.9, 1.5 Hz, 1H), 7.40 (dddi= 8.1, 6.9, 1.0 Hz, 1H), 6.63 (s, ' ' ’ ' '
1H), 4.11 (s, 3H)*C NMR (126 MHz, CDGJ) ¢ 172.8, 161.9, Methyl 1,3-bis(phenylethynyl)-2-naphthoate (15): To a
155.1, 131.6, 129.6, 125.3, 123.9, 123.1, 119.6,9 .5, 52.6; stirring solution of ditriflate12 (24.1 mg, 0.05 mmol) and



phenylacetylene (17.L, 0.15 mmol) in EN (2.0 mL), were
added PdG(PPh), (8.0 mg) and Cul (4.0 mg) and the reaction
mixture was heated at 8C for 12 h. After completion of the
reaction it was diluted with 4 (5 mL) and extracted with
EtOAc (3 x 5 mL), the combined organic extract wagdlover

9
binaphthoresorcinol9 (20 mg, 81%) was prepared as white
solid. R = 0.4 (40% EtOAc + Hexane); mp 180-1%1; 'H NMR
(400 MHz, CDC}) § 11.52 (s, 2H), 8.99 (s, 2H), 8.13 (s, 2H),
6.88 (s, 2H), 4.08 (s, 6H), 2.37 (s, 6H), 2.19 (s, 680; NMR
(101 MHz, CDC}) ¢ 170.7 (2C), 161.2 (2C), 150.4 (2C), 141.3

NaSQO, and volatiles were removed under reduced pressure {2C), 136.7 (2C), 132.9 (2C), 124.0 (2C), 123.9)(Z18.7 (2C),

give the crude compound, which was purified by ailigel
column chromatography to afford the dialkyne commbli5 as
pale-yellow liquid (13.8 mg, 72%).;R= 0.5 (10% EtOAc +
Hexane);'H NMR (400 MHz, CDCJ) ¢ 8.50-8.41 (m, 1H), 8.08
(s, 1H), 7.89-7.79 (m, 1H), 7.69-7.51 (m, 6H), 7.4837(m,
6H), 4.08 (s, 3H)}°C NMR (126 MHz, CDGC)) ¢ 168.3, 136.5,
132.9, 132.4, 132.1, 131.8, 131.7, 129.0, 128.8.5,2128.4,
128.3, 128.1, 126.9, 122.9, 122.8, 119.6, 117.8,9®.9, 86.6,
84.3, 52.7; IR (neat)oa, 759, 1144, 1229, 1447, 1736, 2210,
2315, 2922 cnt; HRMS (ESIMS) calcd for GH;60, [M+H] " :
m/z 387.1385; found: 387.1416.

Methyl 1,3-dihydroxy-6,8-dimethoxy-2-naphthoate (&)
and Methyl 2,4-dihydroxy-5,7-dimethoxy-1-naphthoate(17):
By following the general procedufeusing DMAD 2a and aryne
precursorlg, compoundl16 (54.2 mg, 65%) and7 (8.3 mg,
10%) were synthesized.

16: pale yellow powder, R= 0.3 (20% EtOAc + Hexane); mp
161-163°C {lit.*! 162-164°C}; 'H NMR (400 MHz, CDC)) &
11.11 (s, 1H), 10.70 (s, 1H), 6.61 (s, 1H), 6.46 i), B.26 (s,
1H), 4.03 (s, 3H), 4.00 (s, 3H), 3.88 (s, 3HC NMR (101

107.1 (2C), 96.8 (2C), 52.8 (2C), 20.7 (2C), 128 IR (neat):
Umax 760, 971, 1099, 1151, 1225, 1302, 1383, 1449, 16849,
2959, 3185, 3418 cih HRMS (ESIMS) calcd for GHy7Og
[M+H]* : m/z 491.17086; found: 491.1709.

Dimethyl-6,6',7,7'-tetrafluoro-2,2',4,4'-tetrahydroxy-[1,1'-
binaphthalene]-3,3'-dicarboxylate (20): By following the
general  procedure 4 using naphthoresorcinol 3c,
binaphthoresorcinoR0 (20.1 mg, 79%) was prepared as pale
yellow semi-solid. R= 0.3 (40% EtOAc + HexanejH NMR
(400 MHz, CDC}) ¢ 11.40 (s, 2H), 9.30 (s, 2H), 8.12 (dbF
11.2, 8.3 Hz, 2H), 6.79 (dd,= 12.0, 7.7 Hz, 2H), 4.14 (s, 6H);
¥C NMR (101 MHz, CDGCJ) § 170.2 (2C), 160.8 (2C), 152.1
(2C), 135.4 (2C), 135.3 (2C), 116.4 (2C), 111.61.41 110.7,
110.5, 106.7 (2C), 97.8 (2C), 53.4 (2C); IR (newny), 763, 801,
1098, 1159, 1251, 1464, 1516, 1678, 3078, 339Y9;cHRMS
(ESIMS) calcd for GH1:0sF, [M+H]" : m/z 507.0703; found:
507.0726.

Dimethyl 2,2',4,4'-tetrahydroxy-5,5',7,7'-tetramethaxy-
[1,1'-binaphthalene]-3,3'-dicarboxylate (21):By following the
general  procedure 4 using naphthoresorcinol 16,

MHz, CDCk) ¢ 171.4, 160.9, 160.9, 159.0, 157.8, 141.3, 105.3pinaphthoresorcinol21 (20 mg, 72%) were prepared as white

102.1, 98.0, 97.6, 96.0, 56.3, 55.4, 52.5; IR (neat,765, 860,
1107, 1169, 1244, 1334, 1442, 1503, 1581, 16588,28860
cm; HRMS (ESIMS) caled for GH.0s [M+H]* : m/z
279.0869; found: 279.08627: semi-solid, R= 0.2 (20% EtOAc
+ Hexane);"H NMR (400 MHz, CDCJ) § 12.46 (s, 1H), 10.03
(s, 1H), 7.95 (dJ = 2.2 Hz, 1H), 6.42 (dJ = 2.2 Hz, 1H), 6.38
(s, 1H), 4.04 (s, 3H), 4.04 (s, 3H), 3.91 (s, 3K NMR (126

solid. R = 0.3 (40% EtOAc + Hexane); mp 158-180; 'H
NMR (400 MHz, CDC}) ¢ 11.34 (s, 2H), 10.93 (s, 2H), 6.31 (d,
J = 2.2 Hz, 2H), 6.09 (d] = 2.2 Hz, 2H), 4.04 (s, 6H), 4.03 (s,
6H), 3.54 (s, 6H);°C NMR (126 MHz, CDCJ) § 171.7 (2C),
161.1 (2C), 160.8 (2C), 159.5 (2C), 155.6 (2C), .84(2C),
107.5 (2C), 105.7 (2C), 97.8 (2C), 96.9 (2C), 9&C), 56.5
(2C), 55.2 (2C), 52.7 (2C); IR (neat)., 756, 824, 1124, 1213,

MHz, CDCk) § 172.4, 167.6, 161.9, 160.1, 157.9, 137.4, 106.21272, 1317, 1385, 1442, 1610, 1657, 2948, 3298,;cdHRMS

100.6, 99.8, 97.6, 95.6, 56.4, 55.2, 52.1; IR (neaf., 831,
1041, 1230, 1332, 1438, 1610, 2845, 2954, 3371;cARMS
(ESIMS) calcd for GH:0 [M+H]": m/z 279.0869; found:
279.0898.

General procedure for \W,0Os5 catalyzed oxidative
dimerization:'® To a stirring solution of naphthoresorcinol (0.1
mmol) in 1,2-dichloroethane (2 mL) was addegy (20 mol%)
and 2 drops of conc. HCI (pH 3.00) and the reactiotiure was
heated at 85C for 12 h. After completion of the reaction as
monitored by TLC, the reaction mixture was filterégulough a
short plug of celite with the aid of EtOAc, volatilesere
removed under reduced pressure to give the crudgaond
which was purified by silica gel column chromatognaph

Dimethyl-2,2',4,4'-tetrahydroxy-[1,1'-binaphthalene}-3,3'-
dicarboxylate (18): By following the general procedu#eusing
naphthoresorcinoBa, binaphthoresorcinol8 was prepared as
yellow semi-solid (17.0 mg, 78%);:R 0.4 (40% EtOAc +
Hexane);'H NMR (400 MHz, CDCJ) § 11.47 (s, 2H), 9.08 (s,
2H), 8.44-8.14 (m, 2H), 7.32-7.22 (m, 4H), 7.05 (©d,7.7, 0.8
Hz, 2H), 4.04 (s, 6H)"°C NMR (101 MHz, CDGJ)) § 170.6 (2C),
161.9 (2C), 151.2 (2C), 137.7 (2C), 130.9 (2C), .32¢C),
124.3 (2C), 123.2 (2C), 120.0 (2C), 107.5 (2C)492C), 53.1
(2C); IR (neat):vnax 642, 767, 1089, 1153, 1222, 1307, 1444,
1572, 1625, 1679, 3112, 3378 ¢mHRMS (ESIMS) calcd for
C,H1405 [M+H] *: mz 435.1080; found: 435.1087.

Dimethyl-2,2',4,4'-tetrahydroxy-6,6',7,7'-tetramethyl-[1,1'-
binaphthalene]-3,3'-dicarboxylate (19): By following the
general procedure 4 using naphthoresorcinol 3b,

(ESIMS) calcd for GH,;05, [M + H]* : myz 555.1503; found:
555.1534.

Methyl 5-hydroxy-2,2-dimethyl-2H-benzo[h]chromene-6
carboxylate (23, isomollugin): To a stirred solution of
dihydroxyprenyl compoundl (20.0 mg, 0.07 mmol) in benzene
(2.0 mL) was added recrystallized DDQ (31.8 mg, 0.14othm
and the reaction was refluxed at ®D for 1 h. After completion
of the reaction, solids were filtered and volatifesre removed
under reduced pressure, the resulted crude compaoussl
purified by silica gel column chromatography to g3 as a
white powder (15.1 mg, 76%). R 0.5 (5% EtOAc + Hexane);
mp 86-88°C; 'H NMR (300 MHz, CDCJ) 6 13.02 (s, 1H), 8.69
(d,J =8.8 Hz, 1H), 8.19 (dd] = 8.3, 0.8 Hz, 1H), 7.51 (ddd,=
8.6, 6.9, 1.4 Hz, 1H), 7.36-7.27 (m, 1H), 6.84Jd; 10.0 Hz,
1H), 5.65 (d,J = 10.0 Hz, 1H), 4.06 (s, 3H), 1.54 (s, 6K
NMR (126 MHz, CDC)) ¢ 173.2, 162.4, 154.8, 132.5, 128.9,
127.7, 125.2, 123.1, 122.6, 121.0, 116.7, 107.18,9%8.3, 52.1,
28.3 (2C); IR (neat)vma, 784, 1008, 1258, 1342, 1449, 1645,
2925, 3407 cnt; HRMS (ESIMS) calcd for GH;;0, [M+H]*:
m/z 285.1127; found: 285.1156.
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