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Abstract

The reactivity of indole based bis-propargyl ethéss4g under Garratt-Braverman condition (KOBn
refluxing toluene) has been studied. Interestingiygse propargyl systems with one arm attached with
substituted 3-indolyl derivatives leaving the otham unsubstituted produced the 3,4-furan fused
dihydrocarbazole derivativega-6g (and not the expected carbazole derivatives) aptbdominant product
(70-82%) making this methodology to access suclvaleres an attractive route. The results are supdo

by computational studies and some of the carbaderieatives showed good antifungal activities.

Keywords: Bispropargyl ethers, Garratt-Braverman Cyclizatiinhydrocarbazole, Benzophthalan,

Antifungal

Introduction

Garratt-Braverman Cyclizatiorof bis-propargyl ethers has recently drawn intesmarily due to two
reasons. First of all, it involves formation of 2QChonds in a single reactiband secondly, its interesting
reaction mechanism which involves a cascade ofticee® There has been a lingering controversy
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regarding the intramolecular [4+2] Diels Alder (DAYcloadditionvis-a-visa diradical mechanisfit. The
DA pathway involves a monoallene while the diratligathway requires the involvement of a bis-allene.
Recent computationiland experimental studieseem to indicate that for the rearrangement oérstin
presence of strong bases like NaH/DMSO (dimsal mmsothe actual base), the monoallenide anion is
formed which readily undergoes an anionic [4+2] legddition ultimately leading to the product, a
dihydrofuran-benzenoid system. The anionic nateduces the gap between the HOMO-LUMO which
makes the cycloaddition very facile as comparetlitther isomerization to the bis-allengcheme ). The
driving force for the reaction is the creation afew benzene ring. An alternate diradical mechapiamich

is operative in case of the corresponding sulfdmath highly acidic propargylic hydrogens), is uyanot
followed by the ethereal system. Apart from the haeism (cycloadditiorvs diradical), other major
difference between the two pathways is the involetrof an aromatic furanoid system in the diradical
pathway which then isomerizes to the more stabhzdrgoid derivativevide infrg). We intended to stop the
reaction at the furan stage in order to have aesacto the furan fused 1,4-dihydrobenzenoid sysfem.
force the ether to follow a bis-allene route anddeea diradical pathway, one needs to adopt a tangp
strategy: i) to reduce the pKlifferences between the propargylic hydrogensigrngo suppress the mono-

allenide anion formation by employing a weaker badech in turn, should lead the bis-allene.
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Scheme 1Mechanism of NaH/DMSO mediated GB cyclizatiorbed-propargyl ether



With this aim, we have prepared a series of bip@mgyl ethers as representedAywhere one arm of the
terminal alkyne was substituted with an 3-indolybiety while the other arm was left unsubstitutedaas
terminal alkyne. Our expectation was that unlike Benzenoid counterparts, the electron donatinglend
moiety will make the propargylic hydrogens attachedt less acidic and may bridge the gap in agidit
between such hydrogens in the two arms. Thus Hation is expected to follow a diradical pathweég the
bis-allene.

In the diradical mechanism, after intramoleculagmghing of the diradical, one ends up with intetratE
(Scheme 2 The latter can lead to normal GB product, titeydrofuran fused carbazol (may also be
referred as indole fused phthalan), involving tbkofving possible routeRoute 1, a 1,3-H shift followed
by another 1,3-shift of fHalong with a 1,3-Kshift; Route 2 a 1,5-H shift followed by a 1,3-kIshift; Route

3, a 1,3-H shift followed by a 1,5-kIshift, and finally inRoute 4 a 1,3-H shift followed by two successive
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Amongst all these probable routes, the one whiehréaction will follow possibly depends on the tieka
pks's of Hy and H, at different locations. The migration terminusigected to depend upon the stability of
the resulting intermediate/product. One intergstispect of these possible pathways is the geoerafi
several intermediates like to | which are interesting frameworks both from syritfeis well as biological
point of view? It would be nice if the reaction can be stoppedrat one of the intermediate steps to get
access to these intermediates. Gratifyingly,udwegé indole propargyl systems, we have been aldeltie
intermediateF, namely the furan-fused dihydrocarbazole deriwstiymay also be referred as indole fused
4,7-dihydroisobenzofuran) as stable prodiicsd in high yields along with minor amounts ofrmal GB
products, the carbazole derivatives. This was citenexpected result considering the aromatidlisyadf

a carbazole system which is more than the combémerhaticity of indole and furai. We have done a
thorough study employing various substituted inddla-4g and in the process isolated the corresponding
dihydrocarbazole derivatives as major product ality minor amount of normal GB product in varying
ratios. The dependence of the ratio of productslyifits to our model of differential pf6 based on the
stability differences of conjugate bases as asdefseugh computations. Some of the dihydrocartzazol
derivatives were shown to have antifungal actigitigth minimum inhibitory concentration (MIC) valsién
low pg.mL* ranges.In this paper we provide a full account of the ekpental results along with
computation based explanation of the observed ivégctand bio-activity of the synthesized
dihydrocarbazoles.

The starting monoindolyl derivativel-4g were prepared from indole or its derivatiies1g lodinatiort?
followed by N-protection with MOM-CI afforded the @M protected 3-iodoindolega-2g Sonogashira
coupling® with propargyl alcohol produced the indolyl praggralcohols3a-3gwhich upon O-alkylation
with propargyl bromide furnished the target bisgamyl ethersta=4g. The synthetic strategy is shown in

Scheme 3.
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Scheme 3Synthesis of target indolyl propargyl ethers

: Reagents and conditions: i) I, KOH, DMF; i) MOMCI, NaH, 0 °C to rt, DMF; iii) propargyl alcohol,
: PdCl, (PPhg), Cul, EN, r.t; iv) NaH, propargyl bromide, THF,0 °Ctor. t; v)2a/2d, PdCl, (PPh3)2I
|

The ethers4a-4g were subjected to the GB cyclization conditioredtment with KOBUin refluxing

toluene)t* The major product from all these substrates wasdihydrocarbazole derivativéa-6g along

with the normal GB producta-7gin minor amounts§cheme 4) The products could be easily separated by

column chromatography over Si-gel. The isolateddgi®f the dihydrocarbazoles ranged from 70-809% thu

making this methodology an attractive one to actiesse compounds.
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Scheme 4Reactivity of monoindolyl and bisindolyl bis praqgyl ethers

Very few methods have been reported in literatoretie synthesis of such derivatiVédn recent years,

some elegant methods on the synthesis of substitutan derivatives have been repotfdzhsed on tandem

Michael addition—annulation to allenes or interncalar metal catalysed cascade reaction betweeramgylp
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alcohol and alkyne. These methods are intermoleeuld do not lead to any heterofused furan dexigati
Indoles attached with other protecting groups hiethyl (4h) or benzyl4j) also gave the corresponding 1,4-
dihydrocarbazoles6h and6i respectively) as major products. We could not stie reactivity of Boc or
Cbz protected indole derivatives as they provebdeanstable under the reaction conditions. Thelteest
cyclization are shown ifiable 1 As a control experiment, we have also carriedtlo@itcyclization of two of
the bis-idolyl propargyl system®a and 5d which afforded only the normal GB products; no

dihydrocarbazole derivatives could be isolatechese cases.

Furano [4,7] [2,5] Dihydrofurano Product ratio®
Substrates dihydrocarbazole | carbazole (% vyield) (dihydrocarbazole:carbazoley

(% yield) y '
R=H, P = MOM 4a) 6a (80) 7a(10) 8:1

R= E-methoxy, P = MOM4b) 6b (82) 7b (7.8) 10.3:]
R=E5Br, P=MOM 4c) 6¢ (72) 7c(14.4 5:1
R=E-Cl P = MOM(4d) 6d (74) 7d(15.2 4.9:1
R=E-F, P=MOM 4e) 6€ (70) 7€ (13.7 5.1:1
R= 7-Methyl, P = MON (4f) 6f (79.1 7f (9.5) 8.3:1
R= 7-Ethyl, P = MOM 4g) 69 (77.8 79(9.3) 8.4:1
R=H, P = Me 4h) 6h (82) 7h (9) 9.2:1
R=H, P = CLPh 4i) 6i (83) 7i (12) 7:1

R =H, P=MOM 5ga) 8a(0) 9a(81) Only 9a

R = CI, P = MOM 5d) 8d(0) 9d (84 ) Only 9d

Table 1: Results of GB cyclization with KOBin refluxing toluene®2.5 eq. of K(Bu was used® product
ratio obtained fromiH NMR of crude reaction mixture.

It is pertinent to mention that Garratt al****had previously reported the formation of dihydnointhalene
system from phenyl propargyl ether where one pgpparand was unsubstituted and also from bis-phenyl
propargyl ether by treating with KOBin THF at a low temperature in much lower yielchdd raising the
temperature, these compounds rearranged to thehadgie system. For our indole systems, no reactio
happens at low or even at room temperature upoiesitreatment with KOBUpossibly due to lower acidity

of the propargylic hydrogens as a result of electonation from indole moiety.. The rearrangemany o
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takes place in refluxing toluene giving the dihyahbazole derivatives in high yields. We have alsalied
the reactivity of a mixed propargyl system with @ren substituted with indole and the other a pheny
THP protected hydroxymethyl or a methyl. In casehaf phenyl substituted one, normal GB product was
obtainedvia exclusive participation of the phenyl ring. The Hirotected hydroxymethyl system reacted
following the 1,5-H shift mode. The methyl substit one gave the normal GB prodiicThe structures of
all the products were characterized by NMR and mspsstral studies. In the NMR spectra there weneeso
key differences which could successfully distingulsetween the dihydro carbazdeand the carbazole
derivatives?. One difference is the chemical shifts of the lyinanethylene protons in thi#¢ NMR spectra.
For example, foba, these appeared upfield as two separate singlét3.85 and 3.92 while fora both the
methylenes, being adjacent to ethereal oxygen,aapgemuch downfield at5.27 as a 4H singlet. Another
difference is in theif>C spectra where the benzylic carbons resonatédl@t2 ands 17.0 for6a while for

7a, these appeared downfield &73.8 ands 73.5 fFigure 1). Additionally, one of the dihydro carbazole
derivative6a could be obtained as a single crystal for whiah Xaray structure (ORTEP shown as inset in

Figure 1) was obtained which also confirmed the assignetttstre®

dy 3.92,3.95 dy 5.27
dc 18.2,17.0  dc 738,735

o

o
~
1]

Figure 1. Key differences in NMR spectral features and ORBEucture oba

As mentioned earlier, the gk of the migrating hydrogens are possibly playénkey role in controlling the
ratio of the products. To support this assertiamjgutations were carried out to evaluate thg p#&f H, and

Hp in the intermediateB andE’ (Scheme % which are the starting points of the prototroginifts. This was
done by comparing the stabilities of the corresiiom conjugate bases. In the intermedB&tavhich arises

from the bis-indolyl propargyl systemylis expected to be more acidic as it i® both aromatic indole and
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the furan ring [computations indicated the anibrgenerated after Habstraction is 3.3 kcal niblmore
stable than the anidg’ formed after H abstraction]. Thus, the Hproton will undergo 1,3 shift first which
will destroy the aromaticity of furan (intermedidte). To compensate for this loss, thg Wll undergo a
1,5-shift, which brings back aromaticity to the atel moiety as well as creation of a newly formedzame

ring thus leading to a carbazole systéiy).(

[1,3] Hy, shift

[1,3] H, shift

O indicates aromatic character

F
Scheme 5Plausible pathways for the formation of furano ditocarbazole tetrahydrofurano carbazole from

monoindolyl and bis-indolyl propargyl respectively

On the other hand, for the monoindolyl propargyteym, H is expected to be more acidic and hence it
undergoes initial migration. Computations have ghdhat the stability of the aniod formed after H
abstraction is more than the aniérformed after the Flabstraction. It prefers to undergo a 1, 3-shifthad
will bring back the aromaticity of indole moiety thout perturbing the aromaticity of furan. Hences w
observe- as the major produc¢heme %. The computational results on the stability ofioas formed due

to abstraction of the Hand H, in bothE andE’ are calculated using Orca 4¥0software package at BP86-

D3BJ/def2-SVP level of theofyand are shown ifiable 2



It is also interesting to note that amongst theowasrintermediatek to | (Scheme 2, the intermediat& has

the highest stability having aromatic indole andhfumoieties. This possibly explains why the reacstops

at this stage even after refluxifigwith KOBU in toluene for 72 h. Thus the minor GB productsehaot
originatedvia F (Route 1). These are generated throwther possible routes as showrSicheme 5

To support the proposed mechanism, we have alg@ame quinoline and isoquinoline propargyl ethérs.
these cases, because of the electron withdrawitgen®f the quinoline and isoquinoline system, the
propargylic hydrogens attached to these moietidéisb@imore acidic (mentioned in the computatioreitp
and hence the reaction will give rise to produgssthe monoallene. A [4+2]-addition followed by a 1,5
shift of H, from intermediate®R and T which is expected to be facile as it regains thmmaticity of
qguinoline or isoquinoline moieties along with creat of a new benzene ring thus leading to a stable

phenathridine moietyScheme §.

more agidic

o Diradical O
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(']
X

1,5 H shift
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N 11
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Scheme 6Possible routes to product formation by H-shiftguinoline/isoquinoline series
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' dadg 1 5a, 5d R
/0 0 o
> 7 Hp S
RS \ Hafto R sw
o R R
i \ < o
Substrates AE AE Predicted major Product ratio miLogP¢
(Envz — Eqp) | (Enp — BHa) product based on | (dihydrocarbazole:
computational carbazole)
calculations
Bis-indolyl | R=H (5a) -3.8 Dihydrofuranao Only9a
propargyl carbazole
R=E-Cl (5d) -3.7 Dihydrofuranao Only9d
carbazole
Monoquir | R=H (12) 12.5] 35.5¢ Furano Only 11
oline dihydrophenathridine
propargyl
Monoisoqt | R=H (10) 13.4: 38.9¢ Furano Only 13
inoline dihydrophenanthridi
propargyl ne
Monoindo | R=H (4a) 2.97 16.¢ Furano 8.0:1 3.4(
vl dihydrocarbazole
propargyl | R= E-methoxy 4.0t 20.C Furanao 10.3:] 3.45
(4b) dihydrocarbazole
R= E-Br (4¢) 5.6:2 11.2 Furano 5.0:1 4.1¢
dihydrocarbazole
R=E£-Cl (4d) 5.42 11.2 Furano 4.9:1 4.0t
dihydrocarbazole
R=E-F (4¢) 3.9¢ 11.1 Furano 5.1:1 2.57
dihydrocarbazole
R= 7-Methyl 2.9¢ 17.2 Furano 8.3:1 3.8(
(4f) dihydrocarbazole
R= 7-Ethyl 2.92 17.C Furano 8.4:1 4.217
(49 dihydrocarbazole

*miLogP of terbinafine 5.7Zcalaculated using available software from molirejion

Table 2 The energy difference between two isomeric anis £ Eanion due to abstraction of Hi) Eanion due to

abstraction of Ha) POSItive values oAE indicate H is more acidic as the conjugate base is moreestabéreas,
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negative value indicatesyHs more acidic) and the major product predicti@sdd on the computational

calculations for bis-indolyl and monoindolyl proggt systems

Encouraged by the report of antifungal activityddfydrocarbazole derivativé8we went ahead to check if
these dihydrocarbazoles possess such activity.anti®ungal activity of the synthesized compounds wa
tested against four fungal strair@andida albicansCandida tropicalis Aspergillus fumigatusFusarium
solani Medium used and culture condition for fungal gifowvas described earlier by Senguetal?* The
minimum inhibitory concentration (MIC)Table 3) of all the compounds against the fungal pathogesre
assessed using micro dilution plate method in av&-micro test plate following CLSI, 202.As shown

in Table 3, the compound$e and 6f with methyl and fluoro substituents respectivgdpssess good
antifungal activities against the pathogens, intipaar, the Candida species, quite comparable to the

commonly used fluconazole.

Compound (s) Candida Candida Aspergillus Fusarium
albicans tropicalis fumigatus solani

6a 250 250 500 1000

6b 250 250 500 500

6¢C 500 500 250 250

6d 250 250 250 125

6e 15.62 7.81 15.62 125

6f 7.81 7.81 15.62 125

69 250 125 31.25 62.5

Fluconazole 7.81 7.81 125 15.62

Table 3 In vitro antifungal activities of the furano dihydrohydrdeazole derivatives. MIC values are

represented as pg.mL

It may be mentioned that compoudidwhich has a miLogP value of 2.48 (terbinafine &aasiLogP value of

5.48) is intended for topical application to cohtthe Candida like fungal infections. Hence, the
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biocompatibility of 6f against fibroblast cells (mouse embryonic fibroblasn-carcinoma cells)
wasconsidered. MTT reagent was used to determmeittble cells under the treated conditions. THe ce
toxicity was low (<15%) up to a compound concelirat20 pg/mL Figure 2). Although the toxicity
increased with increasing concentration of compotimel 1G, value of ~75 pg/mL was ~10 times above the
antifungal MIC value of 7.8 ug/mL. Therefore, thegatoxicity data obtained from the MTT assay repreas

its potentiality for topical use. However, in orderproceed further, extensive SAR studies areettadhich

will be our future goal.

1004y
N
i,

80+
£ w0 \\%
8 —
2 404
K
>

20+

0 T T T T T T T T T T T T T T

0O 10 20 30 40 50 60 70 80

Sample concentration  (ug/ mL)
Figure 2: Cell viability assay was monitored with MTT reag@against non-carcinoma, 3T3 cell line where
no significant cytotoxicity was observed up to 2gmL concentration of compourd

To know the possible site of action for antifungativity, the extracellular DNA and protein contemtere
measured in the supernatants of compdafrttleatedCandidacells as against triton-100X treated ones. The
results indicated that compouidl undoubtedly caused leakage of intracellular maltérom treated cells
(Figure 3) as indicated by the leakage index. The SEM a&malgken after 4 h also suggested leakage of

intracellular materialKigure 4) which confirmed that the primary target of compd6f is directed against

the cell wall and membrane integrity.
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Figure 3: Determination of intracellular material leakageallGlar leafage of both DNA and protein were
monitored after the treatment with compour@l, with different time time intervals. The amount of
cytoplasmic material release was determined byraciitg the OD values from cells without treatment
treated as actual effect of compound. The cytoplaseakage index was calculated as actual OD value
obtained from the compound effect/ OD value obtiftem the effect of Triton X-100 (1%) at same time

Data are the mean of triplicates + S.E.

e ] ! o [y o j 4 .
Figure 4. Effect of compoundsf againstC. albicans Scanning electron micrograph Gf albicanscells

without compound treatmenrd; control, treated with 2% DMSO ard treated with compound at 3.9 pg/

mL.

In conclusion, we have successfully developed ahaotktfor the synthesis of 3,4-furan fused
dihydrocarbazole derivatives starting from monooigtpropargyl ethers using GB cyclization as ey
step. The probable cause of shifting the normaattion pathway of GB cyclization has been expthine

based on relative acidity of the migrating hydragefhe dihydrocarbazole derivatives and6f with F and
13



CHs substituents respectively, have shown significantifungal activity, especially againgandida
pathogens. Presently we were trying to come out wibetter antifungal agent through SAR studiesafe

derivatives and also studying the reactivity ofestheteroaromatic propargyl systems.

Experimental

Synthesis and spectral data of compounds

All *H and**C NMR spectra for all the compounds were recorded08/500/600 and 100/125/150 MHz
(Bruker Ultrashield™ 400, Ascend”500, Ascend” 600), respectively. The spectra were recorded in
deuterochloroform (CDG) as solvent at room temperature unless mentioriedrwise. The following
abbreviations are used to describe the peak pattenere appropriate: s = singlet, d = doublettriptet, g

= quartet, m = multiplet, ABq = AB quartet, dd =uiidet of doublet, app. = apparent, and b = brogdadi

All coupling constants (J) are given in Hz. Higlsokition mass spectra were recorded in ESI+ maxte (i
trap) while LCMS were erecorded under low resolutiiR spectra were recorded as thin films, and band
are expressed in ¢m All the dry solvents used for reactions were fenli according to the standard
protocols. N, N-dimethylformamide (DMF), and trigkhmine (EtN) were distilled from calcium hydride.
Solvents used for column chromatography were Hhdtilprior to use. In most of the column
chromatographic purifications, ethyl acetate (EtDAnd hexane of boiling range 60-80 °C were used as
eluents. Columns were prepared with silica gelg@8ij-60-120 and 230-400 flash, SRL).

General procedure for iodination of indole: To a solution of indole or its derivatives (1.25 pijrin DMF

(6 mL) was added KOH (2 equiv) and allowed to atiroom temperature for 20 min. (L equiv) dissolved

in DMF (1 mL) was added and the solution was glifie an additional 45 min. The reaction mixtureswa
poured into ice water (40 mL) and the precipitateswollected by filtration, washed with water amied by
azeotropic distillation with toluene to yield the@®loindole derivatives. Because of their instapilthese

derivatives were carried forward to the next step.
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General procedure for preparation of N-MOM protected 3-iodo indole: Synthesis of compounds (2a-
20).

To an ice-cold solution of 3-iodoindole (1.25 mmui)dry DMF (6 mL) was added NaH (2 equiv, 60%
suspension in mineral oil), and the solution wasrest for 30 min at room temperature under, N
atmosphere. The reaction mixture was cooled again°C and MOM-Chloride (1.1 equiv) was added drop-
wise and was stirred for 2 h at room temperatureias then partitioned between ethyl acetate artérwa
The organic layer was washed with brine, and tlgamic layer was dried with anhydrous JS@y. The
solvent was removed, and the crude residue wa$igglby column chromatography (Si-gel, hexane—ethyl
acetate mixture as eluent) to furnish the title poonds.

3-iodo-1-(methoxymethyl)-1H-indof2a). Following the general procedure, pure prodgtvas isolated by
column chromatography on silica gel (hexane:EtOAd ) State transparent liquidyield: 286 mg, 80%;
'H NMR (400 MHz, CDCJ) § 7.50-7.46 (m, 2H), 7.35 — 7.25 (m, 3H), 5.41 (4),23.25 (s, 3H)**C NMR
(100 MHz, CDC4) & 136.3, 132.1, 130.9, 123.4, 121.4, 121.3, 110714,757.8, 56.1. LCMS: Calcd
Molecular weight for GH10INO 287.1, found 287.2.

3-iodo-5-methoxy-1-(methoxymethyl)-1H-ind{@®). Following the general procedure, pure prodlcivas
isolated by column chromatography on silica gekéme:EtOAc 9:1)State transparent liquidyield: 317
mg, 80%;'H NMR (400 MHz, CDCJ) § 7.37 (d,J = 8.8 Hz, 1H), 7.28 (s, 1H), 6.95 (dil= 8.9, 2.4 Hz,
1H), 6.89 (dJ = 2.3 Hz, 1H), 5.40 (s, 2H), 3.91 (s, 3H), 3.253); *C NMR (100 MHz, CDCJ) & 155.5,
132.5, 131.6, 131.3, 113.9, 111.2, 102.7, 77.72,536.1, 55.9. LCMS: Calcd Molecular weight for
C11H12INO, 317.1, found 317.2.

5-bromo-3-iodo-1-(methoxymethyl)-1H-inddq2c). Following the general procedure, pure prod2ctwas
isolated by column chromatography on silica gekéme:EtOAc 10:1)State transparent liquidyield: 375

mg, 82%;*H NMR (400 MHz, CDCJ) § 7.59 (s, 1H), 7.40 — 7.31 (m, 2H), 7.26 (s, 1H}95(s, 2H), 3.23
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(s, 3H); *C NMR (100 MHz, CDGJ) & 135.1, 133.2, 132.8, 126.4, 124.1, 114.7, 1117%8,756.7, 56.3.
LCMS: Calcd molecular weight for;gHoBrINO 365.9, found 365.0.
5-chloro-3-iodo-1-(methoxymethyl)-1H-indd2d). Following the general procedure, pure prod2atiwas
isolated by column chromatography on silica gekéme:EtOAc 10:1)State transparent liquidyield: 321
mg, 80%;'H NMR (400 MHz, CDCJ) § 7.44 (d,J = 1.9 Hz, 1H), 7.37 (d] = 8.7 Hz, 1H), 7.27 (s, 1H), 7.23
(dd, J = 8.7, 1.9 Hz, 1H), 5.38 (s, 2H), 3.23 (s, 3HC NMR (100 MHz, CDG)) § 134.8, 133.4, 132.2,
127.3, 123.8, 120.9, 111.4, 77.8, 56.8, 56.2. LCKa8lcd. For molecular weight for;@HoNCIIO 321.5,
found 321.2.

5-fluoro-3-iodo-1-(methoxymethyl)-1H-indo{2e). Following the general procedure, pure prod2etwas
isolated by column chromatography on silica gekéme:EtOAc 10:1)State transparent liquidyield: 308
mg, 81%:'H NMR (400 MHz, CDC}) 5 7.41-7.38 (m, 1H), 7.30 (s, 1H), 7.12 (dd; 9.1, 2.4 Hz, 1H), 7.03
(td,J = 9.0, 2.4 Hz, 1H), 5.40 (s, 2H), 3.25 (s, 3HE NMR (100 MHz, CDGJ) § 158.97 (dJ = 237.3 Hz),
131.87 (dJ = 9.4 HZz),133.7, 132.8, 111.99 (= 26.8 Hz), 111.29 (d] = 9.6 Hz), 106.63 (d] = 25.6 Hz),
77.9, 56.97 (dJ = 4.3 Hz), 56.2. LCMS: Calcd. For molecular weigt C;oHgNFIO 305.1, found 305.2.
3-iodo-1-(methoxymethyl)-7-methyl-1H-ind¢lf). Following the general procedure, pure prodRtivas
isolated by Chromatography on silica gel (hexar@A&€t 10:1). State transparent liquidyield: 282 mg,
75%;*H NMR (400 MHz, CDCY) 6 7.30 (d,J = 7.9 Hz, 1H), 7.21 (s, 1H), 7.13 §t= 7.6 Hz, 1H), 7.05 (dJ
= 7.0 Hz, 1H), 5.50 (s, 2H), 3.25 (s, 3H), 2.733d); °C NMR (101 MHz, CDG)) & 134.5, 133.9, 132.0,
126.1, 122.1, 121.4, 119.3, 79.2, 57.9, 55.4, A82MS: Calcd for molecular weight for;g41,NIO 301.1,
found 301.2.

7-ethyl-3-iodo-1-(methoxymethyl)-1H-indg|2g). Following the general procedure, pure prodRgtwas
isolated by column chromatography on silica gekéme:EtOAc 10:15tate transparent liquidyield: 284
mg, 72%;*H NMR (400 MHz, CDC}) § 7.32 (d,J = 7.7 Hz, 1H), 7.21-7.17 (m, 2H), 7.12 @z 7.1 Hz,

1H), 5.48 (s, 2H), 3.24 (s, 3H), 3.10 (= 7.5 Hz, 2H), 1.33 (t) = 7.5 Hz, 3H);**C NMR (100 MHz,
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CDCl;) 6 134.3, 133.9, 132.5, 128.7, 124.20, 121.7, 1185/, 58.3, 55.6, 24.8, 15.8. LCMS: Calcd for
molecular weight for GH14NIO 315.1, found 315.2.

General procedure for Sonogashira Coupling: Synthes of compounds (3a-3i).To a solution of N-
protected 3-iodo indole derivative (1 mmol) in diggassed BN (7 mL), PdC} (PPR)2 (3 mol %), Cul (20
mol %) and propargyl alcohol (1.2 equiv) in weraled under an inert atmosphere, and the mixture was
allowed to stir at room temperature for 6 h. Thetore was then poured into ethyl acetate, and tharic
layer was washed with brine. The organic layer thas dried over anhydrous p&O, and evaporated, and
the purified product was obtaingth flash chromatography by using hexane—ethyl acemtduent.
3-(1-(methoxymethyl)-1H-indol-3-yl)prop-2-yn-1{8la). Following the general procedure, pure prodiect
was isolated by flash chromatography on silica(gekane:EtOAc 1:1)State viscous liquidyield: 150 mg,
70%:*H NMR (400 MHz, CDCY) & 7.75 (d,J = 7.6 Hz, 1H), 7.46 (d] = 8.0 Hz, 1H), 7.33 (s, 1H), 7.29-
7.20 (m, 2H), 5.33 (s, 2H), 4.59 (s, 2H), 3.183); *°C NMR (100 MHz, CDGJ) 5 135.7, 131.9, 129.6,
123.3, 121.3, 120.1, 110.3, 97.9, 89.6, 78.7, 79549, 51.7. HRMS: Calcd forgH;sNO,Na" (M+Na)"
238.0844, found 238.0847.

3-(5-methoxy-1-(methoxymethyl)-1H-indol-3-yl)prop#1-ol (3b). Following the general procedure, pure
product3b was isolated by flash chromatography on silica(gekane:EtOAc 1:1)State viscous liquid,;
yield: 147 mg, 60%™ NMR (400 MHz, Acetone} 7.37 — 7.31 (m, 2H), 7.15 (d= 2.3 Hz, 1H), 6.92 (dd,
J=8.9, 2.3 Hz, 1H), 5.35 (s, 2H), 4.58 (s, 2HB73(Ss, 3H), 3.20 (s, 3H}*C NMR (100 MHz, CDG)) 5
155.5, 132.3, 130.8, 130.3, 113.9, 111.3, 101.6,90.6, 79.1, 77.8, 56.0, 55.9, 52.1. HRMS: Cdund
C1sH1sNOsNa™ (M+Na)™ 268.0950, found 268.0951.
3-(5-bromo-1-(methoxymethyl)-1H-indol-3-yl)prop42-y-ol (3c). Following the general procedure, pure
product3c was isolated by flash chromatography on silica(pekane:EtOAc 1:1)State viscous liquid,;

yield: 199 mg, 68%*H NMR (400 MHz, CDCJ) & 7.82 (s, 1H), 7.31 — 7.23 (m, 3H), 5.27 (s, 2HB8A(s,
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2H), 3.14 (s, 3H)**C NMR (100 MHz, CDGJ) § 134.1, 132.7, 131.1, 126.0, 122.5, 114.6, 11178}, $89.9,
77.8,77.5,55.96, 51.51. HRMS: Calcd fagld.BrNO.Na" (M+Na)" 317.9929, found 317.9932.
3-(5-chloro-1-(methoxymethyl)-1H-indol-3-yl)propyB-1-ol (3d). Following the general procedure, pure
product3d was isolated by flash chromatography on silica(gekane:EtOAc 1:1)State viscous liquid,;
yield: 175 mg, 70%*H NMR (400 MHz, CDC}) § 7.69 (d,J = 1.8 Hz, 1H), 7.38-7.36 (nd,= 9.4 Hz, 2H),
7.21 (dd,J = 8.8, 1.9 Hz, 1H), 5.36 (s, 2H), 4.56 (s, 2HRO(s, 3H), 2.25 (bs, 1H}*C NMR (100 MHz,
CDCl;) 6 134.1, 132.9, 130.7, 127.3, 123.8, 119.8, 111/6{,989.9, 78.2, 77.8, 56.2, 51.9. HRMS: Calcd
for C13H13CINO," (M+H)* 250.0635, found 250.0632.
3-(5-fluoro-1-(methoxymethyl)-1H-indol-3-yl)propy2-1-ol (3€). Following the general procedure, pure
product3e was isolated by flash chromatography on silica (gekane:EtOAc 1:1)State viscous liquid;
yield: 163 mg, 70%*H NMR (400 MHz, CDC}) § 7.38 — 7.33 (m, 3H), 6.99 (td= 9.0, 2.1 Hz, 1H), 5.34
(s, 2H), 4.55 (s, 2H), 3.19 (s, 3H), 2.74 (bs, Tfg.NMR (100 MHz, CDGJ) § 158.89 (dJ = 237.5 Hz),
133.2, 131.1, 130.28 (d,= 10.2 Hz), 111.81 (d] = 26.3 Hz), 111.34 (d] = 9.6 Hz), 105.31 (d] = 24.1
Hz), 97.97 (d,J = 4.5 Hz), 89.9, 78.2, 77.8, 56.1, 51.8. HRMS: cdafor G3sHi1,FNO,Na (M+Na)
256.0750, found 256.0752.

3-(1-(methoxymethyl)-7-methyl-1H-indol-3-yl)propx2-1-ol (3f). Following the general procedure, pure
product3f was isolated by flash chromatography on silica (gekane:EtOAc 1:1)State viscous liquid,;
yield: 158 mg, 69%*H NMR (400 MHz, CDC}) & 7.58 (d,J = 7.8 Hz, 1H), 7.28 (s, 1H), 7.12 {t= 7.5 Hz,
1H), 7.03 (dJ = 7.1 Hz, 1H), 5.44 (s, 2H), 4.57 (s, 2H), 3.2031), 2.70 (s, 3H), 2.70 (bs, 1HfC NMR
(100 MHz, CDC}) 6 134.1, 133.8, 130.9, 126.1, 122.4, 121.5, 118 ®,89.5, 79.4, 79.0, 55.5, 51.9, 19.0.
HRMS: Calcd for G4H1sNO,Na (M+Na) 252.1000,found 252.1005.
3-(7-ethyl-1-(methoxymethyl)-1H-indol-3-yl)prop-2-%-ol (3g). Following the general procedure, pure
product3g was isolated by flash chromatography on silica(pekane:EtOAc 1:1)State viscous liquid,;

yield: 158 mg, 65%H NMR (400 MHz, CDCJ) § 7.60 (d,J = 7.7 Hz, 1H), 7.30 (s, 1H), 7.18 Jt= 7.5 Hz,
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1H), 7.12 (dJ = 7.2 Hz, 1H), 5.43 (s, 2H), 4.58 (s, 2H), 3.203(d), 3.09 (q,) = 7.5 Hz, 2H), 2.36 (bs, 1H),
1.33 (t,J = 7.5 Hz, 3H):**C NMR (100 MHz, CDGCJ) & 133.9, 133.3, 131.2, 128.8, 124.0, 121.6, 117.9,
97.7, 89.6, 79.7, 78.9, 55.5, 51.9, 24.6, 15.7. MR @alcd for GsH;;NO,Na (M+Na) 266.1157, found
266.1155.

3-(1-methyl-1H-indol-3-yl)prop-2-yn-1-qi3h). Following the general procedure, pure prod8ht was
isolated by flash chromatography on silica gel @rexEtOAc 2:1)State yellow solid; mp 78-80 °Cyield:
133 mg, 72%; *H NMR (400 MHz, CDCY) & 7.72 (d,J = 7.9 Hz, 1H), 7.36 — 7.23 (m, 3H), 7.20Jt& 7.3
Hz, 1H), 4.57 (s, 2H), 3.79 (s, 3H), 1.67 (s, 1HE NMR (125 MHz, CDGJ) 5 136.2, 132.8, 129.2, 122.7,
120.5, 120.1, 109.7, 96.2, 89.0, 79.8, 52.12, 33IRMS: Calcd for GH;,NO (M+H)" 186.0919, found
186.0920.

Synthesis of compounds (5a and 5d)fo a degassed solution of N-MOM protected 3-iodldole (0.65
mmol) in dry EgN (5 mL), PAC}(PPh)2 (3 mol %) , Cul (20 mol %) and compou#d/4d( 1.1 equiv) were
added under Natmosphere and the mixture was allowed to stioatrtemperature for 12 h. It was then
poured into ethyl acetate, and the organic layes washed with brine. The organic layer was theaddri
over anhydrous N&QO, and evaporated, and the purified product was oéthiia column chromatography
by using hexane—ethyl acetate as eluent.

3-(3-(3-(1-(methoxymethyl)-1H-indol-3-yl)prop-2-yowy) prop-1-ynyl)-1-(methoxymethyl)-1H-indol€5a).
Following the general procedure, pure prodGatwas isolated by flash chromatography on silica gel
(hexane:EtOAc 3:1)State yellow liquid; yield: 94 mg, 35%H NMR (400 MHz, CDC}) § 7.79 (dJ= 7.7
Hz, 2H), 7.49 (dJ = 8.1 Hz, 2H), 7.40 (s, 2H), 7.30 &= 7.4 Hz, 2H), 7.242 (] = 7.2 Hz, 2H), 5.41 (s,
4H), 4.69 (s, 4H), 3.23 (s, 6H)*C NMR (100 MHz, CDGCJ) & 135.8, 132.0, 129.8, 123.4, 121.3, 120.6,
110.4, 98.1, 86.7, 80.1, 77.7, 57.8, 56.1. HRMStc€dor CyHsN,O3Na (M+Na) 435.1685, found

435.1678.
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3-(3-(3-(5-chloro-1-(methoxymethyl)-1H-indol-3-yipp-2-ynyloxy)prop-1-ynyl)-5-chloro-1-
(methoxymethyl)-1H-indoléd). Following the general procedure, pure prodbdtwas isolated by flash
chromatography on silica gel (hexane:EtOAc 3Sthte yellow liquid; yield: 109 mg, 35%H NMR (400
MHz, CDCk) & 7.72 (d,J = 1.5 Hz, 2H), 7.41-7.38 (m, 4H), 7.23 (dds 8.7, 1.7 Hz, 2H), 5.39 (s, 4H), 4.65
(s, 4H), 3.23 (s, 6H):*C NMR (100 MHz, CDG)) & 134.1, 133.1, 130.9, 127.4, 123.8, 119.9, 111768,9
87.1,79.4,77.9,57.7, 56.2. HRMS: Calcd fegHG3CIoN,O3 (M+H)" 481.1086, found 481.1085.

General Procedure for O-Propargylation: Synthesis Dcompounds (4a-4i): To an ice-cold solution of
alcohol (0.5 mmol) in dry THF (6 mL) was added NéHequiv, 60% suspension in mineral oil), and the
solution was stirred for 30 min at room temperatunder N atmosphere. After the alkoxide was generated,
propargyl bromide (1.2 equiv) was added dropwisenayntaining the ice-cold temperature, and the unéext
was stirred for 1 h at room temperature. It was thartitioned between ethyl acetate and water.oFganic
layer was washed with brine, and the organic layas dried with anhydrous N&O,. The solvent was
removed, and the crude residue was purified by fidsomatography (Si-gel, hexane—ethyl acetateurext
as eluent).

1-(methoxymethyl)-3-(3-(prop-2-ynyloxy)prop-1-yri#j-indole(4a). Following the general procedure, pure
product4a was isolated by flash chromatography on silica (pekane:EtOAc 5:1)State yellow liquid;
yield: 101 mg, 78%*H NMR (400 MHz, CDC}) § 7.74 (d,J = 8.0 Hz, 1H), 7.49 (d] = 8.0 Hz, 1H), 7.40
(s, 1H), 7.32 — 7.21 (m, 2H), 5.42 (s, 2H), 4.58(3), 4.38 (d,) = 2.4 Hz, 2H), 3.24 (s, 3H), 2.49 {t= 2.2
Hz, 1H); **C NMR (100 MHz, CDGJ) § 135.8, 132.1, 129.8, 123.5, 121.4, 120.3, 110749,986.2, 80.3,
79.3,77.7, 75.0, 57.8, 56.4, 56.2. HRMS: CalcddgiH;sNO,Na (M+Na) 276.1000, found 276.1000.
5-methoxy-1-(methoxymethyl)-3-(3-(prop-2-ynyloxgppt-ynyl)-1H-indole (4b). Following the general
procedure, pure produdb was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State
yellow liquid; yield: 106 mg, 75%*H NMR (400 MHz, CDC}) & 7.36- 7.34 (m, 2H), 7.16 (s, 1H), 6.93 (d,

J = 8.8 Hz, 1H), 5.33 (s, 2H), 4.59 (s, 2H), 4.382), 3.88 (s, 3H), 3.20 (s, 3H), 2.51 (s, 1K NMR
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(100 MHz, CDC}) 6 155.4, 132.4, 130.6, 130.3, 113.7, 111.3, 1017%3,86.2, 80.4, 79.3, 77.8, 74.9, 57.8,
56.3, 55.9, 55.8. HRMS: Calcd for;;NOsNa (M+Na) 306.1106, found 306.1102
.5-bromo-1-(methoxymethyl)-3-(3-(prop-2-ynyloxy)ptegnyl)-1H-indole (4c). Following the general
procedure, pure produdc was isolated by flash chromatography on silica(pekane:EtOAc 6:1)State
yellow liquid; yield: 128 mg, 77%H NMR (400 MHz, CDC}))  7.86 (s, 1H), 7.39 — 7.33 (m, 3H), 5.39 (s,
2H), 4.56 (s, 2H), 4.36 (d = 2.2 Hz, 2H), 3.22 (s, 3H), 2.50 (t,= 2.3 Hz, 1H);**C NMR (100 MHz,
CDCl;) 6 134.3, 132.9, 131.3, 126.3, 122.8, 114.9, 111/%,86.7, 79.4, 79.2, 77.8, 75.1, 57.7, 56.5, .56.1
HRMS: Calcd for GgH14BrNO,Na (M+Na) 356.0085, found 356.0084.
5-chloro-1-(methoxymethyl)-3-(3-(prop-2-ynyloxy)prb-ynyl)-1H-indole (4d). Following the general
procedure, pure produdd was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State
yellow liquid; yield: 112 mg, 78%H NMR (400 MHz, CDCY) § 7.69 (d,J = 1.6 Hz, 1H), 7.37-7.36 (m,
2H), 7.22 (ddJ) = 8.7, 1.7 Hz, 1H), 5.35 (s, 2H), 4.56 (s, 2HR64(d,J = 2.2 Hz, 2H), 3.20 (s, 3H), 2.51 (t,
J = 2.2 Hz, 1H)}C NMR (100 MHz, CDG)) § 134.0, 133.0, 130.7, 127.3, 123.8, 119.7, 111765, 86.6,
79.4, 79.2, 77.8, 75.1, 57.6, 56.5, 56.1. HRMS:c@dbr GgeH14CINO,Na (M+Na) 310.0611, found
310.0610.

5-fluoro-1-(methoxymethyl)-3-(3-(prop-2-ynyloxy)psd-ynyl)-1H-indole (4€). Following the general
procedure, pure produde was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State
yellow liquid; yield: 99 mg, 73%H NMR (400 MHz, CDC}) & 7.43 — 7.34 (m, 3H), 7.07 — 7.00 (m, 1H),
5.37 (s, 2H), 4.56 (s, 2H), 4.36 @= 2.2 Hz, 2H), 3.22 (s, 3H), 2.50 &= 2.3 Hz, 1H):**C NMR (100
MHz, CDCk) 5 158.94 (d,J = 237.6 Hz), 133.4, 132.2, 130.38 (d= 10.2 Hz), 111.87 (d] = 26.3 Hz),
111.38 (dJ = 9.6 Hz), 105.37 (d] = 24.1 Hz), 97.87 (d] = 4.2 Hz), 86.6, 79.6, 79.2, 77.9, 75.1, 57.7456.
56.1. HRMS: Calcd for GH14FNO.Na (M+Na) 294.0906, found 294.0905.
1-(methoxymethyl)-7-methyl-3-(3-(prop-2-ynyloxy)pfeynyl)-1H-indole (4f). Following the general

procedure, pure produdf was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State
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yellow liquid; yield: 103 mg, 77%:H NMR (600 MHz, CDC}) § 7.59 (d,J = 7.8 Hz, 1H), 7.32 (s, 1H),
7.14 (t,J = 7.5 Hz, 1H), 7.04 (d] = 7.1 Hz, 1H), 5.47 (s, 2H), 4.59 (s, 2H), 4.39)¢d 1.8 Hz, 2H), 3.23 (s,
3H), 2.72 (s, 3H), 2.50 (s, 1H)*C NMR (150 MHz, CDGJ) & 134.1, 133.9, 131.0, 126.2, 122.4, 121.5,
118.1, 97.5, 86.2, 80.4, 79.5, 79.3, 74.9, 57.84,565.5, 19.1. HRMS: Calcd for;@&;;,NO,Na (M+Na)
290.1157, found 290.1162.

7-ethyl-1-(methoxymethyl)-3-(3-(prop-2-ynyloxy)ptbgnyl)-1H-indole (4g). Following the general
procedure, pure produdg was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State
yellow liquid; yield: 112 mg, 80%*H NMR (400 MHz, CDC}) § 7.61 (d,J = 7.8 Hz, 1H), 7.33 (s, 1H),
7.20 (t,J = 7.5 Hz, 1H), 7.13 (d] = 7.2 Hz, 1H), 5.46 (s, 2H), 4.59 (s, 2H), 4.39)¢d 2.0 Hz, 2H), 3.23 (s,
3H), 3.10 (gJ = 7.5 Hz, 2H), 2.50 (s, 1H), 1.34 {t= 7.5 Hz, 3H);**C NMR (100 MHz, CDG)) 5 134.1,
133.3, 131.3, 128.9, 124.1, 121.7, 118.0, 97.62,880.3, 79.8, 79.3, 74.9, 57.8, 56.4, 55.6, 2457;
HRMS: Calcd for GgHigNO-Na" (M+Na) ™ 304.1313, found 304.1314.
1-methyl-3-(3-(prop-2-ynyloxy)prop-1-ynyl)-1H-indd#h). Following the general procedure, pure product
4h was isolated by flash chromatography on silica(pekane:EtOAc 5:1)State yellow liquid; yield: 78
mg, 70%;*H NMR (400 MHz, CDCY) § 7.74 (d,J = 8.0 Hz, 1H), 7.33-7.26 (m, 3H), 7.21 Jt= 7.3 Hz,
1H), 4.58 (s, 2H), 4.38 (d] = 2.2 Hz, 2H), 3.78 (s, 3H), 2.49 @&,= 2.2 Hz, 1H):**C NMR (100 MHz,
CDCl;) 6 136.2, 132.9, 129.3, 122.8, 120.5, 120.2, 109%672,985.6, 80.9, 79.4, 74.9, 57.9, 56.3, 33.2;
HRMS: Calcd for GsH1sNO (M+H)™ 224.1075, found 224.1078.
1-benzyl-3-(3-(prop-2-ynyloxy)prop-1-ynyl)-1H-ind@4i). Following the general procedure, pure prodiict
was isolated by flash chromatography on silica(gekane:EtOAc 8:1)State yellow liquid; yield: 76 mg,
68%,H NMR (500 MHz, CDCY) & 7.81 (d,J = 6.5 Hz, 1H), 7.41 — 7.22 (m, 7H), 7.15 J& 6.7 Hz, 2H),
5.30 (s, 2H), 4.62 (s, 2H), 4.42 (s, 2H), 2.521¢d); *°C NMR (125 MHz, CDG) & 136.6, 135.8, 132.3,

129.5, 129.0, 128.0, 127.0, 122.0, 120.7, 120.,1106.9, 85.9, 80.7, 79.4, 74.9, 57.8, 56.3,.50.4
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4-(3-(prop-2-ynyloxy)prop-1-ynylisoquinolin&0). Following the general procedure, pure prodiL@twas
isolated by flash chromatography on silica gel @rexEtOAc 3:1)State liquid; yield: 76 mg, 68%:'H
NMR (400 MHz, CDC}) 6 9.21 (s, 1H), 8.70 (s, 1H), 8.23 (= 8.4 Hz, 1H), 8.00 (d] = 8.2 Hz, 1H), 7.80
(t, J= 7.4 Hz, 1H), 7.67 () = 7.5 Hz, 1H), 4.66 (s, 1H), 4.41 @= 2.3 Hz, 1H), 2.52 () = 2.3 Hz, 1H);
13C NMR (100 MHz, CDG)) 6 152.5, 147.0, 147.0, 135.8, 131.3, 128.0, 12728,1], 115.2, 91.7, 82.2,
79.0,75.4, 57.5, 56.9; HRMS: Calcd fors81,NO (M+H)" 222.0919, found 222.0917.
3-(3-(prop-2-ynyloxy)prop-1-ynyl)quinolin€l2). Following the general procedure, pure prodli2ztwas
isolated by flash chromatography on silica gel @rexEtOAc 3:1)State liquid; yield: 78 mg, 70%:'H
NMR (400 MHz, CDC}) 6 8.89 (d,J = 1.2 Hz, 1H), 8.22 (d] = 1.5 Hz, 1H), 8.08 (d] = 8.5 Hz, 1H), 7.82
—7.63 (m, 2H), 7.55 (d] = 7.8 Hz, 1H), 4.54 (s, 2H), 4.35 @@= 2.3 Hz, 2H), 2.50 () = 2.3 Hz, 1H)C
NMR (100 MHz, CDC}) s 152.0, 146.9, 139.0, 130.4, 129.4, 127.7, 1272%,2, 116.6, 87.7, 84.1, 78.9,
75.4,57.3, 56.9; HRMS: H1,NO (M+H)" 222.0919, found 222.0919.

General Procedure for the Garratt—Braverman Cyclizdion: Synthesis of compounds (6a-6i, 7a-7i, 11,
13).To a solution of bispropargyl ether (0.2 mmol)dtuene (3 mL), KOBU(2.5 equiv) was added, and the
mixture was refluxed at 1TC for 6 h. The reaction mixture was then partiéidrbetween ethyl acetate and
water. The organic layer was washed with brine, taedcombined organic layer was dried with anhydrou
NaSQ,. The solvent was removed, and the crude residige puafied by flash chromatography (Si-gel,
hexane-ethyl acetate mixture as eluent).

5,10-dihydro-5-(methoxymethyl)-4H-furo[3,4-b]carbéz (6a). Following the general procedure, pure
product6a was isolated by flash chromatography on silica(gekane:EtOAc 8:1)State white solid; mp
87-90 °C;yield: 40 mg, 80%:H NMR (600 MHz, CDCY) § 7.61 (d,J = 7.8 Hz, 1H), 7.50-7.48 (m, 3H),
7.33 (t,J = 7.2 Hz, 1H), 7.26 (t) = 7.8 Hz, 1H), 5.40 (s, 2H), 3.95 (s, 2H), 3.9221), 3.29 (s, 3H)*°C
NMR (150 MHz, CDC}) ¢ 138.1, 138.0, 137.9, 132.9, 127.3, 121.9, 11919.7, 118.8, 118.1, 109.1,

109.0, 73.7, 55.6, 18.1, 17.0. HRMS: Calcd fggtGsNO,Na (M+Na) 276.1000, found 276.1000.
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5,10-dihydro-8-methoxy-5-(methoxymethyl)-4H-furéf{B]carbazole(6b). Following the general procedure,
pure productb was isolated by flash chromatography on silica(gekane:EtOAc 8:1)State white solid;
mp 112 °Cyield: 46 mg, 82%*H NMR (400 MHz, CDC}) § 7.44 (s, 2H), 7.34 (d} = 8.8 Hz, 1H), 7.01 (d,
J=1.4 Hz, 1H), 6.90 (d] = 8.8 Hz, 1H), 5.39 (s, 2H), 3.93 (s, 2H), 3.903d), 3.86 (s, 2H), 3.24 (s, 3H);
13C NMR (100 MHz, CDGJ) 6 154.4, 138.1, 138.1, 133.6, 133.1, 127.8, 11918,9, 111.2, 109.9, 108.8,
100.6, 73.9, 55.9, 55.7, 18.3, 17.2. HRMS: Caled¥aH;,NOsNa (M+Na) 306.1106, found 306.1107.
8-bromo-5,10-dihydro-5-(methoxymethyl)-4H-furo[®arbazole (6¢). Following the general procedure,
pure productc was isolated by flash chromatography on silica(gekane:EtOAc 9:1)State white solid;
mp 90-95 °Cyield: 48 mg, 72%H NMR (600 MHz, CDC}) § 7.64 (s, 1H), 7.42 (s, 2H), 7.31-7.29 (m,
2H), 5.39 (s, 2H), 3.93 (s, 2H), 3.81 (s, 2H), 3(833H);*C NMR (101 MHz, CDGJ) & **C NMR (150
MHz, CDCk) ¢ 138.3, 138.2, 136.8, 134.4, 129.2, 124.7, 12019,41, 118.5, 113.2, 110.7, 108.9, 74.1,
55.9, 18.4, 17.0. HRMS: Calcd forgEl1sBrNOK (M+K)* 369.9845, found 369.9844.
8-chloro-5,10-dihydro-5-(methoxymethyl)-4H-furo[&}tarbazole (6d). Following the general procedure,
pure productd was isolated by flash chromatography on silica(gekane:EtOAc 8:1)State white solid;
mp 102-104 °Cyield: 43 mg, 74%H NMR (600 MHz, CDCY) 5 7.48 (s, 1H), 7.43 (s, 2H), 7.33 (b= 8.6
Hz, 1H), 7.18 (ddJ = 8.6, 1.6 Hz, 1H), 5.38 (s, 2H), 3.92 (s, 2HB13(s, 2H), 3.24 (s, 3H}’C NMR (150
MHz, CDCk) 6 138.2, 138.2, 136.4, 134.5, 128.5, 125.7, 12219,4, 118.6, 117.8, 110.2, 108.9, 74.0, 55.8,
18.3, 17.0. HRMS: Calcd forigH14CINOK (M+K)™ 326.0350, found 326.0351.
8-fluoro-5,10-dihydro-5-(methoxymethyl)-4H-furo[d{carbazole (6€). Following the general procedure,
pure producte was isolated by flash chromatography on silica(gekane:EtOAc 8:1)State white solid;
mp 89-93 °Cyield: 38 mg, 70%H NMR (600 MHz, CDC}) § 7.43 (s, 2H), 7.36-7.34 (m, 1H), 7.18 (dd,
= 9.2, 2.3 Hz, 1H), 6.97 (td,= 9.0, 2.3 Hz, 1H), 5.44 (s, 2H), 3.96 (s, 2HB(s, 2H), 3.25 (s, 3H}’C
NMR (150 MHz, CDC}) & 158.25 (dJ = 235.3 Hz), 138.24, 138.21, 134.8, 134.5, 12703 = 9.4 Hz),

119.5, 118.7, 109.9, 109.9 @z= 25.35 Hz), 109.25 (d, = 4.2 Hz), 103.5 (dJ = 23.4 Hz), 74.1, 55.8, 18.4,
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17.1; **F NMR (376 MHz, I3 -acetone)s —125.8759 (s, 1F). HRMS: Calcd for,d:sFNO, (M+H)*
272.1087, found 272.1082.

5,10-dihydro-5-(methoxymethyl)-6-methyl-4H-furo[®}arbazole (6f). Following the general procedure,
pure productf was isolated by flash chromatography on silica(gekane:EtOAc 10:1)5tate white solid;
mp 97-99 °Cyield: 42 mg, 79.1%;'H NMR (400 MHz, CDC}) § 7.44 (s, 2H), 7.39 (d] = 7.7 Hz, 1H),
7.08 (t,J = 7.5 Hz, 1H), 6.99 (d] = 7.1 Hz, 1H), 5.55 (s, 2H), 3.96 (s, 2H), 3.8824), 3.28 (s, 3H), 2.75
(s, 3H);**C NMR (100 MHz, CDGJ) 6 138.2, 138.1, 136.3, 133.3, 128.6, 125.4, 12128,3, 119.8, 119.1,
116.1, 109.4, 74.8, 54.8, 19.8, 18.7, 17.2. HRM@&lc€ for G;H;/NO,Na (M+Na) 290.1157, found
290.1158.

6-ethyl-5,10-dihydro-5-(methoxymethyl)-4H-furo[&arbazole (6g). Following the general procedure,
pure productg was isolated by flash chromatography on silica(lgekane:EtOAc 10:15tate white solid;
mp 95-98 °Cyield: 44 mg, 77.8%*H NMR (400 MHz, CBCl,) & 7.44-7.38 (m, 3H), 7.13 (§ = 7.4 Hz,
1H), 7.07 (dJ = 7.2 Hz, 1H), 5.52 (s, 2H), 3.97 (s, 2H), 3.8824d), 3.27 (s, 3H), 3.11 (d,= 7.5 Hz, 2H),
1.36 (t,J = 7.5 Hz, 3H)}*C NMR (100 MHz, CDG)) § 138.2, 138.1, 135.5, 133.4, 128.9, 127.9, 123.5,
120.5, 119.8, 119.1, 116.0, 109.6, 75.1, 54.9, 2588, 17.2, 15.9. HRMS: Calcd for;d8l10NO,Na’
(M+Na)* 304.1313, found 304.1313.

5,10-dihydro-5-methyl-4H-furo[3,4-b]carbazoféh). Following the general procedure, pure prodifcivas
isolated by flash chromatography on silica gel @rexEtOAc 10:1)State white solid; mp 89-92 °Gyield:
36 mg, 8296H NMR (400 MHz, CDCY) & 7.59 (d,J = 7.7 Hz, 1H), 7.46 (s, 2H), 7.34 @= 8.1 Hz, 1H),
7.27 (t,J= 7.5 Hz, 1H), 7.19 (] = 7.3 Hz, 1H), 3.92 (s, 2H), 3.90 (s,2H), 3.683(€); *C NMR (100 MHz,
CDCl;) 6 138.1, 138.0, 137.7, 133.1, 126.8, 121.2, 12019, 118.9, 118.0, 108.7, 107.0, 29.2, 18.4, 17.2;
HRMS: Calcd for GsH14NO (M+H)" 224.1075, found 224.1109.
5-benzyl-5,10-dihydro-4H-furo[3,4-b]carbaz@bt). Following the general procedure, pure proddictvas

isolated by flash chromatography on silica gel @mexEtOAc 12:1)State white solid; mp 105-107 °C;
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yield: 38 mg, 83%;:'H NMR (400 MHz, CDC}) § 7.62 (d,J = 7.6 Hz, 1H), 7.44 (s, 1H), 7.37 (s, 1H), 7.33 —
7.24 (m, 4H), 7.22 — 7.12 (m, 2H), 7.02 @™z 7.1 Hz, 2H), 5.35 (s, 2H), 3.97 (s, 2H), 3.823H); °C
NMR (100 MHz, CDC}) s 138.2, 138.1, 138.0, 137.7, 133.0, 129.0, 1274,.11 126.2, 121.6, 120.1,
119.3, 119.0, 118.2, 109.3, 108.0, 46.6, 18.5,; IHRMS: Calcd for G;H;;NOK (M+K)* 338.0947, found
338.0854.

3,5-dihydro-5-(methoxymethyl)-1H-furo[3,4-b]carb#ézo(7a). Following the general procedure, pure
product7a was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State white solid; mp
115-118 °Cyield: 5 mg, 10%:H NMR (400 MHz, CDC}) & 8.05 (d,J = 7.6 Hz, 1H), 7.90 (s, 1H), 7.54 (d,
J=8.0 Hz, 1H), 7.47 (4 = 7.7 Hz, 1H), 7.39 (s, 1H), 7.29 — 7.25 (m, 15{E8 (s, 2H), 5.27 (s, 4H), 3.30 (s,
3H); °C NMR (100 MHz, CDGJ) § 141.3, 140.8, 138.1, 131.5, 126.1, 123.6, 122D,3, 120.1, 112.5,
109.3, 101.8, 74.4, 73.8, 73.5, 56.3. HRMS: Catrd¢H1sNO,Na (M+Na) 276.1000, found 276.1003.
3,5-dihydro-8-methoxy-5-(methoxymethyl)-1H-furofB]darbazole(7b). Following the general procedure,
pure producb was isolated by flash chromatography on silica(gekane:EtOAc 4:1)State white solid;
mp 142 °Cyield: 4 mg, 7.8%*H NMR (400 MHz, CDCY) 5 7.86 (s, 1H), 7.52 (dl = 2.2 Hz, 1H), 7.43 (d,
J=8.8 Hz, 1H), 7.35 (s, 1H), 7.10 (dbz= 8.8, 2.4 Hz, 1H), 5.64 (s, 2H), 5.26 (s, 4HB3(s, 3H), 3.28 (s,
3H); *C NMR (100 MHz, CDGJ) 6 154.5, 141.4, 138.2, 136.3, 131.2, 123.8, 12315,0, 112.4, 110.1,
103.5, 101.9, 74.6, 73.8, 73.4, 56.2, 56.2. HRM@&lc€ for G;H;/NOsNa (M+Na) 306.1106, found
306.1100.

8-bromo-3,5-dihydro-5-(methoxymethyl)-1H-furo[3 drbazole (7c). Following the general procedure,
pure producfc was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State white solid;
mp 124 °Cyield: 10 mg, 14.4%*H NMR (400 MHz, CDCJ) § 8.14 (s, 1H), 7.82 (s, 1H), 7.53 (= 8.4
Hz, 1H), 7.41 — 7.37 (m, 2H), 5.63 (s, 2H), 5.254(d), 3.27 (s, 3H)**C NMR (100 MHz, CDCJ) & 141.1,
139.9, 139.1, 132.0, 128.7, 125.0, 123.1, 122.8,011112.7, 110.8, 102.0, 74.4, 73.7, 73.4, 56 RMS:

Calcd for GegH14BrNO,Na (M+Na) 354.0106, found 354.0106.
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8-chloro-3,5-dihydro-5-(methoxymethyl)-1H-furo[&fzarbazole (7d). Following the general procedure,
pure producd was isolated by flash chromatography on silica(gekane:EtOAc 5:1)State white solid;
mp 138-139 °Cyield: 9 mg, 15.2% NMR (400 MHz, CDCJ) 5 7.98 (d,J = 1.5 Hz, 1H), 7.82 (s, 1H),
7.45 — 7.38 (m, 2H), 7.36 (s, 1H), 5.63 (s, 2HP55(s, 4H), 3.27 (s, 3H}’C NMR (100 MHz, CDGJ) §
141.2, 139.6, 139.0, 131.9, 126.1, 125.7, 124.2,712120.0, 112.7, 110.4, 102.0, 74.5, 73.7, 73643.
HRMS: Calcd for GeH14CINOK (M+K)* 326.0350, found 326.0350.
8-fluoro-3,5-dihydro-5-(methoxymethyl)-1H-furo[3ecarbazole (7€). Following the general procedure,
pure produce was isolated by flash chromatography on silica(gekane:EtOAc 4:1)State white solid;
mp 133 °Ciyield: 7 mg, 13%;'H NMR (400 MHz, CDC}) 5 7.84 (s, 1H), 7.69 (dd] = 8.7, 2.2 Hz, 1H),
7.45 (dd,J = 8.8, 4.1 Hz, 1H), 7.37 (s, 1H), 7.19 (& 8.9, 2.3 Hz, 1H), 5.65 (s, 2H), 5.26 (s, 4HRRB(S,
3H); °C NMR (100 MHz, Q-acetone 158.63 (d,]) = 234.3 Hz), 142.7, 140.1, 138.6, 132.6, 124.60
9.6 Hz), 123.63 (d) = 4.2 Hz), 114.06 (d] = 25.4 Hz), 111.52 (d] = 9.2 Hz), 111.5, 106.48 (d,= 24.3
Hz)., 103.3, 74.9, 73.8, 73.4, 5611F NMR (376 MHz, 3 -acetone) —125.559 (s, 1F). HRMS: Calcd for
CieH1sFNONa (M+Na) 294.0906, found 294.0904
3,5-dihydro-5-(methoxymethyl)-6-methyl-1H-furo[®}tarbazole (7f). Following the general procedure,
pure productZf was isolated by flash chromatography on silica(gekane:EtOAc 6:1)Statewhite solid;
mp 124-127 °Cyield: 5 mg, 9.5%;H NMR (400 MHz, Q-acetonep 7.97-7.96 (m, 2H), 7.63 (s, 1H), 7.20
(d,J = 7.2 Hz, 1H), 7.13 () = 7.5 Hz, 1H), 5.87 (s, 2H), 5.16 (s, 4H), 3.293H), 2.81 (s, 3H)**C NMR
(100 MHz, y-acetone)p 142.9, 140.3, 139.2, 132.5, 129.8, 125.0, 1242 .4, 121.0, 118.6, 112.8, 102.8,
75.7,73.8, 73.4, 55.7, 19.6. HRMS: Calcd fesHGsNO, (M+H)" 268.1338, found 268.1338.
6-ethyl-3,5-dihydro-5-(methoxymethyl)-1H-furo[3 J&drbazole(7g). Following the general procedure, pure
product7g was isolated by flash chromatography on silica(gekane:EtOAc 8:1)State white solid; mp
131-133 °Cyield: 5 mg, 9.5%; 1H NMR (600 MHz, 2acetonep 7.976-7.969 (m, 2H), 7.64 (s, 1H), 7.28

(d, J= 7.2 Hz, 1H), 7.19 (t} = 7.5 Hz, 1H), 5.83 (s, 2H), 5.16-5.15 (m, 4HRB(S, 3H), 3.19 () = 7.5
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Hz, 2H), 1.36 (tJ = 7.5 Hz, 4H);*3C NMR (150 MHz, ¢-acetone)s 143.4, 139.6, 139.4, 132.7, 129.1,
128.2, 125.6, 124.5, 121.4, 118.7, 112.9, 103.02,784.0, 73.6, 55.9, 25.8, 16.4. HRMS: Calcd for
CigH1gNO,Na (M+Na) 304.1313, found 304.1313.

3,5-dihydro-5-methyl-1H-furo[3,4-b]carbazol@h). Following the general procedure, pure proditivas
isolated by flash chromatography on silica gel @mexEtOAc 6:1).State white solid; mp 133-135 °C;
yield: 4 mg, 9%;'H NMR (400 MHz, CDCY) & 8.11 (d,J = 7.8 Hz, 1H), 8.00 (s, 1H), 7.52 @@= 8.2 Hz,
1H), 7.48 — 7.41 (m, 2H), 7.19 (,= 7.4 Hz, 1H), 5.17 (s, 2H), 5.16 (s, 2H), 3.903); **C NMR (100
MHz, Acetone)s 142.5, 142.2, 140.0, 131.4, 126.4, 123.6, 123208, 119.6, 113.0, 109.6, 102.0, 73.9,
73.5, 29.4; HRMS: Calcd for€H1sNO (M+H)" 224.1075, found 224.1078.
5-benzyl-3,5-dihydro-1H-furo[3,4-b]carbazol@i). Following the general procedure, pure prodLictvas
isolated by flash chromatography on silica gel @mexEtOAc 8:1).State white solid; mp 128-132 °C;
yield: 5 mg, 12%H NMR (400 MHz, CDC}) 6 8.15 (d,J = 7.8 Hz, 1H), 8.04 (s, 1H), 7.54 (@= 8.2 Hz,
1H), 7.45-7.39 (m, 8.3 Hz, 2H), 7.29-7.17 (m, 6BLB6 (s, 2H), 5.16 (s, 2H), 5.12 (s, 2HC NMR (100
MHz, Acetone)s 142.2, 142.0, 139.2, 138.8, 131.8, 129.5, 1287,5], 126.6, 123.8, 123.6, 120.9, 119.9,
113.2,110.2, 102.7, 73.8, 73.5, 46.9; HRMS: CétcdC,:H1/NONa (M+Na) 322.1208, found 322.1207.
3,5-dihydro-5-(methoxymethyl)-4-(1-(methoxymethid)indol-3-yl)-1H-furo[3,4-b]carbazole (9a).
Following the general procedure, pure prod@atwas isolated by flash chromatography on silica gel
(hexane:EtOAc 5:1)State white solid; mp 125-128 °Gjield: 68 mg, 82%H NMR (400 MHz, CDCY) &
8.09 (d,J = 7.8 Hz, 1H), 7.94 (s, 1H), 7.60 @= 8.3 Hz, 1H), 7.45-7.44 (m, 2H), 7.34-7.26 (m)4HA13 (t,
J=7.5Hz, 1H), 5.44 (ABglas = 10.8, 2H), 5.35 (s, 2H), 5.15 (s, 2H), 5.02J¢; 12.4 Hz, 1H), 4.90 (d]

= 12.4 Hz, 1H), 3.34 (s, 3H), 2.77 (s, 3¢ NMR (150 MHz, CDCJ) 5 142.0, 140.2, 139.3, 136.5, 131.2,
128.7, 126.8, 126.1, 125.2, 123.5, 123.2, 121.0,4220.3, 119.9, 112.3, 111.7, 111.6, 110.4,2.101.7,

74.4,74.3,73.9, 56.1, 55.2. HRMS: Calcd fegHz4N,O3Na (M+Na) 435.1685, found 435.1684.
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8-chloro-4-(5-chloro-1-(methoxymethyl)-1H-indol-B-8,5-dihydro-5-(methoxymethyl)-1H-furo[3,4-
b]carbazole(9d). Following the general procedure, pure proddtiwvas isolated by flash chromatography
on silica gel (hexane:EtOAc 8:1$tate white solid; mp 138-140 °Gyield: 77 mg, 80%;'H NMR (400
MHz, De-acetone 8.21 (d,J = 1.7 Hz, 1H), 8.13 (s, 1H), 7.73-7.71 (m, 2HRI(d,J = 8.7 Hz, 1H), 7.42
(dd,J = 8.7, 1.9 Hz, 1H), 7.28 (dd,= 8.7, 1.8 Hz, 1H), 7.19 (d,= 1.7 Hz, 1H), 5.71 (ABJas = 11.2,
2H), 5.28-5.25 (m, 3H), 5.12 (d,= 10.8, 1H), 4.97 (d] = 12.8 Hz, 1H), 4.77 (dl = 12.8 Hz, 1H), 3.34 (s,
3H), 2.75 (s, 3H)**C NMR (100 MHz, d-acetonep 142.1, 141.4, 140.4, 135.8, 132.9, 130.5, 13(28,9,
126.6, 126.1, 125.5, 124.9, 123.6, 120.3, 119.8,211113.2, 112.7, 112.2, 111.5, 78.3, 74.9, 74339,
56.1, 55.2; HRMS: Calcd for#H2,Cl.N,OsNa (M+Na) 503.0905, found 503.0903.
8,10-dihydrofuro[3,4-b]phenanthridingll1). Following the general procedure, pure prodlivas isolated
by flash chromatography on silica gel (hexane:EtQAQ. State white solid; mp 115-118 °Gjield: 38mg,
87%:H NMR (400 MHz, CDCJ) § 9.25 (s, 1H), 8.55 (d} = 8.3 Hz, 1H), 8.39 (s, 1H), 8.06 — 7.99 (m, 2H),
7.85 (t,J = 8.2 Hz, 1H), 7.70 () = 7.4 Hz, 1H), 5.32 (s, 4H}?C NMR (100 MHz, CDGJ) § 153.4, 144.5,
141.0, 139.2, 132.7, 131.1, 128.9, 127.6, 126.8,712122.1, 121.9, 114.1, 73.4, 73.3; HRMS: Calad f
CisH12NO (M+H)" 222.0919, found 222.0916.

8,10-dihydrofuro[3,4-jJphenanthridin€l3). Following the general procedure, pure prodifivas isolated
by flash chromatography on silica gel (hexane:EtQAQ State white solid; mp 169-173 °Gjield: 44 mg,
91%:*H NMR (600 MHz, CDCY) § 9.24 (s, 1H), 8.52 (dl = 8.1 Hz, 1H), 8.43 (s, 1H), 8.19 @= 8.1 Hz,
1H), 7.86 (s, 1H), 7.74 (8,= 7.5 Hz, 1H), 7.67 () = 7.5 Hz, 1H), 5.33 (s, 2H), 5.30 (s, 2HC NMR (150
MHz, CDCk) & 153.5, 144.7, 143.6, 139.7, 132.7, 130.3, 1288.2, 126.3, 124.3, 122.2, 120.8, 114.0,
73.5, 73.1; HRMS: Calcd for€H1,NO (M+H)" 222.0919, found 222.0925.

Computational Details
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All the geometries were optimized in BP86-D3BJ/d8f2P level of theory using Orca 4.0 software
package® ?° The benchmark studi€sshowed that with the use of DFT-D3 correction, BRfives
acceptable accuracy. Comparison of BP86 with B3livRPur previous studié showed that both the
functionals are in excellent agreement. Therefioréhe current report we only include the resuitsf BP86

functional.
Procedure for EPR measurement

The compounda (5 mg, 0.0197 mmol) was dissolved in 50®f super dry toluene and purged with Ar gas
to free from any dissolved oxygen for 5 min. Theediivalent ofBuOK base and 5 equivalent of TEMPO
were added while degassing was continued. Theioeactixture was then refluxed and aliquots werestak
at different time intervals (3 min, 10 min, 20 mB0) min and 100 min) for recording the EPR speatra
room temperature. Continuous-wave EPR experimeantstand (9.45 GHz) were carried out using a JES-
FA200 ESR spectrometer, at center field 490 mT witweep width 1 mT, a modulation frequency (kHz)

100, microwave power, 0.995 [mW] and sweep time &0 room temperature of 22.
Procedure for antifungal activity

MIC values were measured by the serial dilutionhodtin a 96-well micro test plates. In brief, 200 of
final volume in each well contained the growth nuedi (RPMI 1640) with different concentrations of
compounds (1000-1.95y/mL in DMSO) and fungal inocula (3.5 x 1GFU/mL in the growth medium) and
the plate was incubated for overnight at 25° C. MAi@s then added to each well and kept in dark for 2
The changes in color in the wells were observetie Wells having yellow color indicated destructioin
fungal cell by dihydrocarbazole derivatives andeti@olor indicated presence of fungal cells.

Cytotoxicity assay

30



MTT [(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymetikyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)] assay
was performed to quantify the cell cytotoxicity évfollowing the method as described earffeNon-
carcinoma mouse embryonic fibroblast (3T3) celélimas cultured in Dulbecco’s Modified Eagle Medium
(DMEM) containing fetal bovine serum (FBS), 10%wvjvand initial cell density was 25x1@ells/cnf.
Compound concentrations were varied in a seriakidih manner from 250 to 0.98 pg/ mL and incubated
37°C in 5% CQ for 24 h. Thiazolyl blue tetrazolium bromide s@dut (100 uL; 1 mg/ mL) was added and
mixture was incubated for 4 hours in dark. Subsetipedimethyl DMSO (100 pL) was added and the
plates were shaken gently for 5 minutes. The alasad was recorded at 550 nm using DMSO as blank.
Cells treated without any compound were used asraoiPercentage of cell viability was plotted agsi

concentrations of compounds. Data are the meaipbtates + error bar.
Cytoplasmic leakage assay

Quantification of cytoplasmic leakage of proteirddDNA contents were determined in the presence of
compounds which gave insight on the effect of conmobon membrane integritfCandida cells were
harvested from the mid log phase of growth by demgation at 3,000 rpm for 3 minutes, the pelletswa
washed with PBS (1X, pH 7.2) buffer and suspendeshime buffer at a concentration of 2 Xtells/ml.
Cells were treated with 3.9 pg/ mL of compousfd(MICsg) for different time periods, and incubated at
37°C. Untreated cells in PBS (1X) buffer was usea@gative control and Triton X-100 (1.0%) treatets
were treated as positive control. The absorbantsspernatants were recorded at 260 nm for nueleid
estimation and Lowry’s method was followed for piatestimation. The actual cytoplasmic materiadase
was recorded by subtracting the absorbance obtdioednegative control from those obtained in posit
control which were used to get the cytoplasmic éggkindex. The whole experiment was performed with
DEPC (diethyl pyrocarbonate) treated nuclease freeater containing protease inhibitor
phenylmethylsulfonyl fluoride (PMSF, 1mM). All inddual experiments were repeated thrice.
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Scanning electron microscopy (SEM) analysis

Candidacells (1 X 18 cells/ mL) were treated with 7,8/ mL of compoundsf for 4 h and control cells
were treated with equal concentration of only DM2Ger 4 h, cells were fixed with 4% gluteraldehyde
solution for 1 min, washed gently twice with PBX)buffer, subsequently dehydrated with increasimy
acetone percentage upto 70%. An aliquot of iDGrom each solution was spread over individualsgla
slide and dried for overnight in vacuum. The sa&asptontaining glass slides were then affixed to SEM
pucks using conductive carbon tape, further spatteted with gold using a POLARON-SC7620 sputter

coater and imaged using an Analytical ScanningtEladViicroscope (Carl ZEISS SMT, Germany).
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