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Interm olecularN CS -M ediatedR eactionsinM odelS ystem s

Beforeattem ptingtheintram olecularN CS -m ediatedcyclisationreactionof9 (S chem e5),lesscom plex

interm olecularreactionsw ere exam ined.T he reaction ofcom m ercially available m ethylindole-3-

carboxylate (5,S chem e S 1)w ith N -benzyl-3-brom oaniline (S 1)w asstudied.S 1 w asproposed asa

suitable m odelsubstrate due to the appropriately positioned brom o-substituent and N -benzyl

protection.Aniline S 1 w assynthesised by reacting3-brom oaniline (S 2)w ith benzaldehyde,follow ed

by treatm entw ithsodium triacetoxyborohydridein69% yield.
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S chem e S 1.T he synthesisofaniline S 1 w ascarried outviathe reductive am ination ofaniline S 2 w ith benzaldehyde.N CS -
m ediated coupling reaction ofindole 5 w ith aniline S 1 proceeded viainterm ediate S 3 before form ing three different
products.T hesew erefoundtobetheexpectedtertiary am ineproductS 4,2-chloroindoleS 5and2-hydroxyindoleS 6.

T heN CS -m ediatedcouplingreactionofindoleS 1 w ithS 2 w asassessedusing1H N M R analysis.Inbrief,
thisenabled m onitoring ofthe form ation ofthe chloroindolenine interm ediate S 3 priorto reaction
w ith S 1. T he analysis(Figure S 1A ) found that an excessofN CS w asrequired forthe com plete
conversion of5 to S 3.T hisconversion required 6 hoursatroom tem perature w hen 2 equivalentsof
N CS w asadded.O nceinterm ediate S 3 had beenform ed,anexcessofaniline S 1 w asaddedand after
stirringfor18 hrsatrt,theexpected product S 4 w asisolated in 34% yield (S chem eS 1).Co-products
w ereidentifiedasS 5(14% )and S 6(31% ).S 6w aspresum ably form edby thereactionofinterm ediate
S 3 w ithw aterfollow edbytheelim inationofHCl.T heseinitialstudiessuggestedthattheuseofstrictly
dry conditionsm ay im provethisreaction.

A B

Figure S 1.Arom atic region of1H N M R analysisof: A. T he starting indole 5 (top spectrum ) and the conversion of5 to

chloroindolenineinterm ediateS 3 (bottom spectrum )afterreactionatrtfor6hrsw ithN CS (2.0 eq).T hesignalcorresponding

totheC2 proton(doubletin5duetocouplingtotheN H;singletinS 3)ishighlighted.B.T hestartingindoleS 7(topspectrum )

and the conversion ofS 7 to chloroindolenine interm ediate S 9 (bottom )afterreaction at rt for24 hrsw ith N CS (2.0 eq).

Analogouschangesto the chem icalshift and m ultiplicity ofthe signalcorresponding to the C2 proton w ere observed in

additiontoadram aticshiftinthesignalfortheC4 proton.
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T heuseofalternativeelectrophilichalogensourcesinplaceofN CS hasbeenreportedintheliterature

for reactionsof thistype,how ever w hen the reactionsw ith N -brom osuccinim ide (N BS ),[S 1] N -

iodosuccinim ide (N IS ),[S 2] tert-butylhypochlorite[S 3] and sodium dichloroisocyanurate[S 4] w ere

attem pted,S 4 couldnotbeisolatedinsignificantyields.

T hepotentialim pactofthechlorinesubstituentsontheform ationoftherequired interm ediatew as

also assessed using dichloroindole S 7 (S chem e S 2). S 7 w asprepared by P innick oxidation [S 5] of

aldehyde15tocarboxylicacid S 8w hichw asconvertedtom ethylesterS 7by refluxinginm ethanolin

the presence ofsulfuricacid.T he N CS -m ediated coupling reaction ofS 7 w asthen follow ed using 1H

N M R analysis(FigureS 1B).Itw asobserved (asexpected)thatform ationofinterm ediate S 9 from S 7

(S chem eS 2)w asslow erthanform ationofS 3 from 5underanalogousconditionspresum ably dueto

the electron-w ithdraw ing effect of the chlorine substituents. S tirring for 24 hrsat rt w ith tw o

equivalentsofN CS w asrequiredforcom pleteconversionofS 7toS 9 (c.f.6hrsforcom pleteform ation

ofS 3 from 5).

S chem e S 2. T he synthesisofm ethyldichloroindole carboxylate (S 7) from aldehyde 15 w ascarried out using aP innick
oxidationtoform acid S 8inreasonableyieldfollow edby esterificationby refluxinginm ethanolinthepresenceofsulphuric
acid.T he N CS -m ediated coupling reaction ofS 7 proceeded viathe in situ generation ofchloroindolenine interm ediate S 9
beforereactionw ithanilineS 1 form ed2-substitutedindoleS 10.

Follow ingadditionofaniline S 1 tothesolutionofS 9,them ixturew asstirred foranadditional24 hrs

atrtbefore the crudem ixture w aspurified.Itw asfound thatthe coupled product S 10 (S chem eS 2)

could only be isolated pure in 17% yield (additionalam ountsofS 10 w ere present but could not be

separatedfrom excessS 1).W hilsttheinterm olecularN CS -m ediatedm odelcyclisationsw erefarfrom

perfect,itw asview ed thatasreaction ofsubstrate 9 w asan intram olecularprocessnotonly w ould

som eoftheseparationchallengesexperiencedw ithS 10 notoccurbuttheincreasedeffectivem olarity

ofthenitrogennucleophilew ouldaidringform ation.O neadditionalchallengefortheintram olecular

processinvolving 9 that w asnot investigated in these interm olecular m odelreactionsw asthe

selectivity ofthe N CS -m ediated chlorination atthe indole 3-position overchlorination in the aniline

ring(seem anuscriptform orediscussion).
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N -Benzyl-3-brom oaniline(S 1)[S 6]

A solutionof3-brom oaniline(S 2,11.85g,68.90 m m ol)andbenzaldehyde(7.31 g,68.90 m m ol)inT HF

(75 m L )w asprepared in aflask containing 3Å m olecularsieves.Afterstirring for2 hoursat room

tem perature,sodium triacetoxyborohydride(21.93 g,103.5m m ol)w asaddedandthereactionstirred

forafurther18 hoursbefore the solvent w asrem oved underreduced pressure.T he residue w as

dissolvedinethylacetate(50 m L )andw ashedw ith2 M N aO H (2 x50 m L )beforethecom binedorganic

extractsw erew ashedw ithN aCl(aq.)(50 m L )dried(M gS O 4)andthesolventrem ovedunderreduced

pressure.T he crude productw aspurified by colum n chrom atography (10% EtO Ac/ Hexanes)giving

S 2 asaorange-yellow oil(12.40 g,69% ).S pectroscopicdataw asinaccordancew iththatpublishedin

theliterature.[S 6] 1H N M R (400 M Hz,CDCl3) δ 7.41-7.31 (m , 5H, 5 x ArC-H), 7.05 (t, J= 8.0 Hz,1H,C5-

H).6.87(ddd,J= 7.9,1.8,0.8Hz,1H,C4-H),6.82 (t,J= 2.1 Hz,1H,C2-H),6.57(ddd,J= 8.2,2.4,0.8Hz,

1H,C6-H),4.34 (s,2H,CH2),4.11 (br.s,1H,N H);13C N M R (100 M Hz,CDCl3) δ 149.4 (C1), 138.7 (Ar-C), 

130.6(C5),128.8(2 xArC-H),127.5 (2 xArC-H),126.7(ArC-H)123.3 (C3),120.3 (C4),115.4 (C2),111.6

(C6),48.1 (CH2);L R M S [ES +]:m /zcalcd.forC13H13
79BrN 262.02,found262.13 [M +H]+.

M ethyl2-(benzyl(3-brom ophenyl)am ino)-1H-indole-3-carboxylate(S 4)

T o asolution of5 (87 m g,0.50 m m ol)in CDCl3 (5 m L )w asadded N CS (146 m g,1.10 m m ol)follow ed

by DM P (45 m g,0.28 m m ol).T he reaction w asstirred at room tem perature for6 hoursbefore a

solution ofaniline S 1 (262 m g,1.00 m m ol)and T CA (20 m g,0.13 m m ol)in CDCl3 (5 m L )w asadded.

T hesolutionw asstirred for48 hoursbeforeasaturated solutionofN aHCO 3 (aq.)(20 m L )w asadded

and them ixtureextractedw ithDCM (3 x 10 m L ).T hecom binedorganicextractsw erew ashedw ith1

M HCl(aq.)(20 m L ).T he organicphase w asthen dried (M gS O 4),filtered and the solvent rem oved

underreduced pressure.T hecrudeproductw aspurified by colum nchrom atography (5-25% EtO Ac/

Hexanes)giving3 products:S 4 asapaleyellow solid(74 m g,34% ).m .p.54-57°C;I.R .(KBr) ν m ax 3261,

1590,1543,1476,1452,1211,1115,722 cm -1;1H N M R (400 M Hz,CDCl3) δ 8.28 (br. s, 1H, N H), 8.10-

8.05 (m ,1H,C-H),7.28-7.16 (m ,8H,8 x C-H),6.95-6.88 (m ,2H,2 x C-H),6.84 (dd,J= 1.9,2.3 Hz,1H,

C-H),6.62 (ddd,J= 8.1,2.4,1.2 Hz,1H,C-H),4.97 (s,2H,CH2),3.75 (s,3H,CH3);13C N M R (100 M Hz,

CDCl3) δ 164.4 (C=O ), 148.8 (C), 145.5 (C), 138.0 (C), 132.0 (C), 130.4 (CH), 128.9 (2 x CH), 127.5 (CH), 

126.8 (2 x CH),126.3 (C),123.3 (CH),123.2 (C),123.1 (CH),122.2 (CH),121.9 (CH),118.5 (CH),114.2

(CH),111.0 (CH),100.0 (C),56.6 (CH2),51.0 (CH3);L R M S [ES -]:m /z432.99 [M -H]-.

M ethyl2-chloro-1H-indole-3-carboxylate(S 5)[S 7]

O btained during the synthesisof S 4 asaw hite solid (15 m g,14% ). S pectroscopic dataw asin

accordance w ith thatpublished in the literature.[S 7] m .p.181-183 °C (lit.[S 7] 183 °C);1H N M R (400



S 5

M Hz, acetone-d6) δ 11.55 (br. s, 1H, N H) 8.07 (dd, J= 6.8,2.0 Hz,1H),7.43 (dd,J= 7.0,1.8 Hz,1H),

7.27-7.20 (m ,2H),3.90 (s,3H,CH3);13C N M R (101 M Hz, acetone-d6) δ 164.4 (C=O ), 135.3 (C7a), 130.6 

(C2),127.2 (C3a),124.0,122.7,121.8,111.9,104.3 (C3),51.1 (CH3);L R M S [ES -]:m /z208.07 [M -H]-.

M ethyl2-hydroxy-1H-indole-3-carboxylate(S 7)[S 8]

]

O btainedduringthesynthesisofS 4 asaw hitesolid(28.9 m g,31% ).m .p.86-88°C;I.R .(KBr) ν m ax

3165,3099,1764,1622,1230,753 cm -1;1H N M R (400 M Hz,CDCl3) δ 8.66 (br. s, 1H, N H), 7.43 (d, J=

7.6 Hz,1H),7.35 (td,J= 7.8,1.2 Hz,1H),7.12 (td,J= 7.6,1.0 Hz,1H),6.97 (d,J= 7.9 Hz,1H),3.82 (s,

3H,CH3);13C N M R (100 M Hz, DM S O -d6) δ 170.2 (C=O ), 165.2 (C2), 142.0 (C7a), 131.6, 126.6 (C3a), 

124.6,123.1,110.9,65.02 (C3),54.3 (CH3);L R M S [ES +]:m /z190.05 [M -H]+.

5,7-Dichloroindole-3-carbaldehyde(15)[S 9]

P hosphorusoxychloride(8.65m L ,92.8m m ol)w asaddedslow ly toDM F(18m L )at5-10 °C beforethe

m ixture w asallow ed to w arm to room tem perature over30 m inutes.A solution of13 (6.00 g,32.2

m m ol)in DM F(8 m L )w asadded dropw ise and the solution stirred at35 °C for1 hourbefore being

poured into ice-w ater(100 m L ).A 20% aqueoussolution ofsodium hydroxide (125 m L )w asadded

dropw iseuntil20 m L hadbeenaddedthentherem ainderw asaddedinoneportion.T hem ixturew as

then refluxed for10 m inutesbefore cooling to room tem perature and the precipitate form ed w as

collected by filtration and w ashed w ith cold w ater(50 m L )before being recrystallized from 50:50

EtO Ac:hexanesto give15 asaw hitesolid (5.99 g,87% ).S pectroscopicdataw asinaccordancew ith

thatpublishedintheliterature.[S 9]m .p.226-228°C (lit.[S 9]227-230 °C);1H N M R (400 M Hz,d6-DM S O )

δ 12.77 (br. s, 1H, N -H), 9.95 (s, 1H, CHO ), 8.45 (s, 1H, C2-H), 8.03 (d, J= 1.8Hz,1H,C4-H),7.48(d,J=

1.8 Hz,1H,C6-H);13C N M R (100 M Hz,d6-DM S O ) δ 185.2 (CHO ), 140.2 (C2), 132.9 (C7a), 126.8 (C5), 

126.5 (C3a),122.6 (C6),118.9 (C4),118.2 (C7),117.7(C3);L R M S [ES -]:m /z211.98 [M -H]-.

5,7-Dichloroindole-3-carboxylicacid(S 8)

A solution of15 (3.00 g,14.85 m m ol)in tBuO H :H2O (1:1,85 m L )w asprepared and asolution of2-

m ethylbut-2-eneinT HF(2 M ,16.20 m L ,32.37m m ol)w asaddedfollow edby N aClO 2 (17.40 g,192.30

m m ol)and N aH2P O 4 (25.70 g,184.50 m m ol).T hereactionw asstirred overnightbeforebeingdiluted

w ithw ater(100 m L )and extracted w ithethylacetate(2 x 75 m L ).T hecom bined organiclayersw ere

dried (M gS O 4),filtered and the solvent rem oved underreduced pressure.T he crude product w as

recrystallisedfrom chloroform togiveS 8asanorange-brow nsolid(2.39 g,74% ).m .p.280-282 °C;I.R .

(KBr) ν m ax 3356,3133,1703,1460,1179 cm -1;1H N M R (400 M Hz, M eO D) δ 8.03 (s, 1H, C2-H), 8.01 (d, 

J= 1.9 Hz,1H,C4-H),7.27 (d,J= 1.9 Hz,1H,C6-H);13C N M R (100 M Hz, M eO D) δ 167.9 (C=O ), 135.2 
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(C2),133.8 (C7a),129.8 (C3a),128.3 (C5),123.0 (C6),120.5 (C4),119.0 (C7),110.0 (C3);L R M S [ES -]:

m /z227.92 [M -H]-.

5,7-Dichloroindole-3-carboxylate(S 7)

A solution ofS 8 (2.30 g,9.42 m m ol)in m ethanol(100 m L )w asprepared and conc.sulphuricacid (2

m L )w asadded.T he m ixture w asheated to reflux for18 hoursbefore being concentrated under

reduced pressure.W ater(25 m L )w asadded and the solution w asneutralised w ith N aO H.T he ester

w asthenextractedw ithethylacetate(25 m L )andw ashedw ithN aCl(aq.)(15 m L )beforebeingdried

(M gS O 4)and thesolventrem oved underreduced pressure.S 7 w asobtained asaw hitesolid (1.84 g,

75% ).m .p.202-204 °C;I.R .(KBr) ν m ax 3304,1692,1631,1446,1173 cm -1;1H N M R (400 M Hz,CDCl3) δ 

8.76 (br.s,1H,N H),8.11 (d,J= 1.8 Hz,1H,C4-H),8.00 (d,J= 2.9 Hz,1H,C2-H),7.32 (d,J= 1.8 Hz,1H,

C6-H),3.96(s,3H,CH3);13C N M R (100 M Hz,CDCl3) δ 164.4 (C=O ), 132.1 (C2), 132.0 (C), 128.0 (C), 127.6 

(C),122.9 (C6),120.0 (C4),119.8 (C),110.3 (C),51.4 (CH3).L R M S [ES -]:m /z242.00 [M -H]-.

M ethyl2-(benzyl(3-brom ophenyl)am ino)-5,7-dichloro-1H-indole-3-carboxylate(S 10)

T o asuspension ofS 7 (50 m g,0.205 m m ol)in CDCl3 (2.2 m L )in the presence of3Å m olecularsieves

w asaddedN CS (68m g,0.512 m m ol)andDM P (13 m g,0.115 m m ol).T hem ixturew asstirredatroom

tem peraturefor24 hoursbeforeasolutionofS 1 (107 m g,0.410 m m ol)and T CA (8 m g,0.049 m m ol)

in CDCl3 (2.2 m L )w asadded.T he m ixture w asstirred forafurther24 hoursat room tem perature

before the solventw asrem oved underreduced pressure and the crude productpurified by colum n

chrom atography (0-20% EtO Ac/Hexanes).S 10 w asobtained asayellow solid(18 m g,17% ).1H N M R

(400 M Hz,CDCl3) δ 8.23 (br. s, 1H, N H), 7.94 (d, J= 1.9 Hz,1H,C-H),7.29-7.25(m ,5H,5xC-H),7.17(d,

J= 1.8Hz,1H,C-H),7.01-6.97(m ,2H,2 xC-H),6.93-6.92 (m ,1H,C-H),6.72-6.68(m ,1H,C-H),5.00 (s,

2H,CH2),3.75 (s,3H,CH3).L R M S [ES -]:m /z501.03 [M -H]-.
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O ptim isationoftheN CS -m ediatedCyclisationof9
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S chem eS 3.P relim inary attem ptsatN CS -m ediatedcyclisationof9 ledtoform ationofaprecipitatethatcontained the

desiredcyclized product3 andasecondproductassignedas23.S ignificantoptim isationofthisreactionw asrequired.N CS

= N -chlorosuccinim ide;DM P = N ,N ’-dim ethylpiperazine.

T he initialreaction w ascarried out using N CS (1.0 equiv.)and DM P (0.5 equiv.)in DCM at room

tem perature.AsdescribedinS chem eS 3 (S chem e5inm anuscriptandtheassociatedtext),thisledto

the form ation ofasm allam ountofprecipitate.T hisprecipitate w aspoorly soluble in m ostorganic

solventsbutsom e ofthe m aterialdissolved in d6-DM S O enablingN M R analysis(FiguresS 2 and S 3).

Com parison w ith the N M R analysisofapurified sam ple of3 confirm ed itspresence asthe m inor

product (Figure S 2 legend).Assignm ent ofthe second com pound in the precipitate relied on its

synthesisfrom apuresam pleofthechlorinatedprecursor24 (S chem eS 3,FigureS 3 legend).

FigureS 2.T hearom aticregionofthe 1H N M R spectrum (DM S O -d6)oftheprecipitateform ed inthe reactionof9 w ithN CS

indicatedthattw odifferentcom poundsw erepresent(labelledA forthechlorinatedanalogue23 andB for3).T heassigned
N M R spectrum for3 w asasfollow s:1H N M R (400 M Hz, d6-DM S O ) δ 12.45 (br. s, 1H, N H), 8.27 (d, J= 8.5 Hz,1H,C1-H),8.14
(d,J= 1.9 Hz,1H,C10-H),7.78(d,J= 1.6Hz,1H,C4-H),7.54 (dd,J= 8.5,1.6Hz,1H,C2-H),7.46(d,J= 1.9 Hz,1H,C8-H),7.36-
7.26 (m ,3H,3 xArC-H),7.18-7.16(m ,2H,2 xArC-H),5.98(s,2H,CH2).
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FigureS 3.T hearom aticregionofthe1H N M R spectrum of23 (bottom )w asfoundtobeconsistentw ithproductA from the

reactionof9 w ithN CS ,confirm ing23 asthechlorinatedanalogueof3 (S chem eS 3).T heassignedN M R spectrum for23 w as

asfollow s:1H N M R (400 M Hz, d6-DM S O ) δ 12.50 (br. s, N H), 8.37 (s, 1H, C1-H), 8.12 (d, J= 1.9 Hz,1H C10-H),7.99 (s,1H,C4-

H),7.47(d,J= 1.9 Hz,1H,C8-H),7.37-7.26 (m ,3H,3 xArC-H),7.18-7.15 (m ,2H,2 xArC-H),5.98(s,2H,CH2).

S ubsequent studieslooked to optim ise the solventand base used in the reaction (T ablesS 1 and S 2

andexperim entalproceduresbelow ).

T ableS 1.T heresultsofasolventscreenforthecyclisationof9.

aA m ixtureoftherequiredproduct3 andtheover-chlorinatedproduct23 w ereobtainedasaninseparablem ixtureinthe
form ofaprecipitate;b T hefiltratecontainedam ixtureofunreactedstartingm aterial9 andchlorinatedanilineproduct24;
cnoprecipitateisolated.
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T able2.T heresultsofascreenof6 differentbasesforthecyclisationof9 inM eCN .

aIsolatedprecipitateneither3 nor23;bno9 observedinfiltrate,m ixturesof24 andotherunidentifiedproductsobserved;
cnoprecipitateobtained.

Experim entalprotocolsusedinthesolventandbasescreeningexperim entsusedtooptim izethe

preparationof5-Benzyl-3-brom o-7,9-dichloro-5H-indolo[2,3-b]quinolin-11(6H)-one(3)

M ethod used insolventscreen:T o asolutionof9 (50 m g,0.105 m m ol)inthesolventundertest(1.2

m L )w asadded N -chlorosuccinim ide (14 m g,0.105 m m ol)and N ,N ’dim ethylpiperazine (8 μ l, 0.060 

m m ol).T hem ixturew asstirred for24 hoursatroom tem peratureand thenany precipitatethathad

form ed w ascollected by filtration,w ashed w ith DCM and dried under vacuum (m assof dried

precipitaterecorded inT ableS 1).T hesolventw asrem oved from thefiltrateunderreduced pressure

before analysisofthe crude filtrate w ascarried out by 1H N M R w ith the ratio ofthe tw o m ain

com poundspresentinthefiltraterecordedinT ableS 1.

M ethodusedinbasescreen:T oasolutionof9 (50 m g,0.105m m ol)inacetonitrile(1.2 m L )w asadded

N -chlorosuccinim ide (14 m g,0.105 m m ol)and the base undertest (0.126 m m ol).T he m ixture w as

stirred for24 hoursatroom tem perature before any precipitate form ed w ascollected by filtration,

w ashed w ith DCM and dried undervacuum (m assofdried precipitate recorded in T able S 2).T he

solventw asrem oved from the filtrate underreduced pressure w hich w asthen analysed by 1H N M R

w iththeratioofthetw om aincom poundspresentinthefiltraterecordedinT ableS 2.

S m allscalepreparationof5-Benzyl-3-brom o-2,7,9-trichloro-5H-indolo[2,3-b]quinolin-11(6H)-one

(23)
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T oasolutionof24 (14 m g,0.027m m ol)inDCM (0.4 m L )w asaddedN CS (4 m g,0.027m m ol)follow ed

by DM P  (2 μ L , 0.015 m m ol) and the m ixture stirred for 24 hours at room  tem perature. T he precipitate 

form ed w asthencollectedby filtrationand w ashed w ithDCM giving23 asaw hitesolid (6 m g,43% ).
1H N M R (400 M Hz, d6-DM S O ) δ 12.50 (br. s, N H), 8.37 (s, 1H, C1-H), 8.12 (d, J= 1.9 Hz,1H C10-H),7.99

(s,1H,C4-H),7.47 (d,J= 1.9 Hz,1H,C8-H),7.37-7.26 (m ,3H,3 x ArC-H),7.18-7.15 (m ,2H,2 x ArC-H),

5.98(s,2H,CH2);L R M S [ES -]:m /z502.82 [M -H]-.

Isolationof(2-(Benzylam ino)-4-brom o-5-chlorophenyl)(5,7-dichloro-1H-indol-3-yl)m ethanone(24)

from reactionof9 w ithN CS

T o asolutionof9 (128 m g,0.27 m m ol)in CDCl3 (3 m L )w asadded N -chlorosuccinim ide (36 m g,0.54

m m ol)and N ,N ’dim ethylpiperazine(17m g,0.15m m ol).T hem ixturew asstirredfor24 hoursatroom

tem peraturebeforetheprecipitatew ascollectedby filtration.T heprecipitatew asfoundtocontaina

m ixture ofboth 2 and 23 w hich could notbe separated.T he filtrate w asconcentrated in vacuo and

purifiedbycolum nchrom atography(5-25% EtO Ac/Hexanes)giving24 asayellow solid(14 m g,10% ).

m .p. 50-52 °C; I.R . (KBr) ν m ax 3409,1705,1603,1420,1177 cm -1;1H N M R (400 M Hz,CDCl3) δ 8.88 (br. 

s,1H,N H),8.09 (d,J= 1.7Hz,1H,C4-H),8.05 (br.s,N H-Bn),7.69 (s,1H,C6’-H),7.60 (d,J= 2.8Hz,1H,

C2-H),7.31 – 7.17 (m ,6H,5 x P h-H,C6-H),6.95 (s,1H,C3’-H),4.34 (s,2H,CH2);13C N M R (100 M Hz,

CDCl3) δ 190.4 (C=O ), 149.0 (C2’), 137.6 (ArC), 133.1 (C6’), 132.8 (C2), 132.2 (C7a), 128.9 (ArC), 128.7 

(ArCH),128.6 (C3),128.3 (ArC),127.6 (ArCH),127.3 (ArCH),123.8 (C6),120.6 (C4),120.4 (ArC),119.5

(ArC),118.1 (ArC),117.3 (ArC),116.7 (C3’),47.3 (CH2);HR M S [ES -]:m /zcalcd.forC22H14
79Br35Cl3N 2O

504.9277,found504.9280 [M -H]-.

Com parisonofrateofaddition-elim inationandClaisenrearrangem entw iththedehalosystem

NN

C l

B n

S11

NN

O

B n

S12

3-bu ten-2-ol
N a, TH F

TH F, reflu x

NN

O

B n

S13 60 % over2 s teps

1 8 hou rs 5 hou rs

S chem eS 4.T hepreviously reported[S 10]m odelsystem reactionofchlorideS 11 w iththealkoxideform edfrom the
reactionof3-buten-2-olw ithsodium yielded etherS 12 w hichw asrearrangedtoketone S 13 inrefluxingT HF.Bothofthese
stepsrequiredconsiderably longerreactionstim esthanthecorrespondingreactionsinthehalogenatedseriesshow nin
S chem e6 ofthem anuscript.
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P roposedroutetoP erophoram idine1 viaanesteralkylationreaction

S chem e S 5.O ne possible retrosynthesisofperophoram idine 1 in w hich the C11 quaternary centre could be installed by
oxidationofalcoholin32 follow ed by esterificationform ationtogive30.DeprotonationattheC11 positionand quenching
w ithallylbrom idecouldform theC-11 allylgroupofS 14 and1.

FigureS 4.L C-M S analysisofthecrudereactionm ixtureobtainedonoxidationof32 after5 hours.T hem ainspecies
presentinthem ixturew asassignedascom pound34 (structureshow n).T hem assspectrum associatedw iththem ainpeak
hadm /z= 501.17[M +H]+consistentw ithstructure34 (C23H13

81Br35Cl2N 2O 2 expected[M +H]+= 500.96).T hepeakat0.63
m inutesretentiontim eisthesolventfrontandnorelevantm /zsignalsw ereidentifiedfrom it.

S chem e S 6.O ne possible m echanism forthe conversion ofthe initialproductacid S 15 ofthe Jonesoxidation in the crotyl
dehalo-seriesto the corresponding acid S 16.T hism echanism m ay be relevantto the conversion of32 to 34 via33 in this
w ork(S chem e7inm anuscript).
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O utcom eofattem ptediodetherificationreactionof35

S chem eS 7.O nepossiblem echanism forthepreviouslyreportedconversionofdiallyl-containing43 tothecom plexpolycyclic
system 44 ontreatm entw ithexcessN IS [S 11].Itw asinitially hoped thataniodoetherificationreactionof43 m ightoccurin
thisreaction.

Com pound 45 w asisolated asasingle diastereom erand represented the m ajorcom pound in the

crude reaction m ixture.T he structure of45 w astentatively assigned based on analysisofthe N M R

dataincluding som e diagnostic correlationsobserved in the HM BC spectrum .T hese included the

m ultiplebondcorrelationbetw eenthepeakscorrespondingtotheN -benzylCH2 group(4.63 and4.46

ppm )and C2’ at56.9 ppm (FigureS 5 and S chem eS 8).T hesetw oatom s(theN CH2 and C2’)w ould be

7 bondsaw ay from eachotherif36 had beenform ed and nocorrelationw ould havebeenexpected.

Itw asalsonotedthatthecorrelationbetw eentheN CH2 protonsandtheam idinecarbonatom (173.9

ppm in 275) w asnot observed. T hese correlationsw ere diagnostic throughout these studiesin

show ing that the N 5-C5aw asintact.It therefore appeared that the N 5-C5abond in 35 had been

brokenandanew bondhadbeenform edbetw eenN 1’ andC2’ in45.
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C l

C l
B r
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S chem eS 8.S tructuresofdesiredproduct36andoftheproductthatw asactually isolated45.Key HM BC correlationsshow n
in Figure S 5 are highlighted in 45 asw ellasthe clearinconsistency thatw ould have existed w ith the observed dataifthe
producthad beenassignedas36.
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Anotherim portantcorrelationw asobservedfrom thesignalsrelatingtoC2-H2 (oneofthesesignalsis

show n at 4.31 ppm ).HM BC correlationsw ere observed to C3 (27.5 ppm ),C3a(64.9 ppm )and C8a

(193.6ppm ).W hilstthefirsttw oofthesew ouldbeexpectedfortheform ationof36(S chem eS 8),the

third correlation w ould be fourbondsaw ay and unlikely to be observed by HM BC.T hiscorrelation

providedevidenceinsupportoftheform ationoftheO 1-C8abondin45.

FigureS 5.T heregionoftheHM BC spectrum of45highlightingthecorrelationsbetw eentheCH2N protonsandC2’ carbon
(56.9 ppm ).A secondim portantcorrelationisshow nbetw eenoneoftheC2-H2 protonsandC8a(173.9 ppm ).

M oreevidencefortheform ationof45w asobtainedfrom low resolutionm assspectrom etricanalysis.

It w asfound that asw ellasthe peakscorresponding to the expected [M +H]+ of45 (expected for

C30H27
79Br35Cl2IN 2O : 706.97; found 706.93),asm allerfragm entation peak w asalso observed.U pon

increasingtheconevoltagetoincreasethedegreeoffragm entation,itw asfoundthatpeaksatm /z=

479.95 and 481.95 w ere obtained. It w asproposed that these peakscorrespond to cation S 17

(expected [M +H]+ 479.98,481.98)w hichm ay havebeenform ed by breakingtheC3a-C4’ bond in 45

(S chem eS 8).T hetw opeaksofapproxim atelyequalintensityw erecausedbythepresenceofbrom ine

isotopes79Brand 81Br(51:49 relativeabundance).
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B r

45

Expec ted [M +H ]+ 7 0 6. 97

fou nd 7 0 6. 93

S18
nots een

+

S17

Expec ted M + 47 9. 98 , 48 1 . 98

fou nd 47 9. 95, 48 1 . 95

H

S chem eS 9 – Fragm entationunderm assspectrom etry ionisationconditions(ES +)of45w asobservedform ingobserved
cation S 17andpresum ably S 18(notobserved).
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O nepossibletransform ationfortheconversionof35to45.

S chem eS 10.Itw asproposedthat35couldbeform ed by cyclisationoftheprim ary alcoholontotheam idinecarbonbefore

ringopening,iodonium ionform ationandfinally openingoftheiodonium ionw iththeneighbouringnitrogen.

A dditionalExperim entalInform ation
GeneralP rocedures
Allchem icalandreagentsw ereobtainedfrom eitherS igm a-Aldrich,L ancasterorAlfa-Aesarandw ere
used asreceived unlessotherw isestated.N -Chlorosuccinim idew aspurified by recrystallisationfrom
the m inim um am ount ofboiling w aterfollow ed by drying in avacuum oven. p-T oluenesulfonyl
chloride w aspurified by recrystallisation from the m inim um am out ofboiling petroleum ether.p-
T oluenesulfonic acid w asrecrystallized from the m inim um am ount ofboiling ethylacetate before
drying in avacuum oven.S odium cyanoborohydride w aspurified by dissolving in T HF (20% w /v),
filtering and treating the filtrate w ith afourfold volum e ofDCM before collecting the precipitate by
filtration and drying in avacuum oven.Allreactionsw ere carried out underapositive pressure of
nitrogen.T etrahydrofuran (T HF),dichlorom ethane (DCM ) and toluene w ere obtained dry from a
solventpurification system (M Braun,S P S -800).Allothersolventsused w ere dried by distillation and
w erestoredover4 Å m olecularsieves.
T hin-layerchrom atography w asperform ed usingglassplatescoated w ith silicagel(w ith fluorescent
indicatorU V254). Developed platesw ere air-dried and analysed underaU V lam p (254/365 nm ).
Colum n chrom atography w as perform ed using silica gel (40-63 μ m , Fluorochem ) using either a glass 
colum noraBiotageS P 1 /S P 4 flashpurificationsystem .

5,7-Dichloroindole(13)[S 12]
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2,4-Dichloronitrobenzene(14,19.20 g,100 m m ol)w asdissolvedinT HF(200 m L )andcooledto-78°C

beforea1.6 M solutionofvinylm agnesium chlorideinT HF(200 m L ,320 m m ol)w asadded dropw ise.

T hereactionw asstirredforafurther1 hourat-78°C beforebeingquenchedby theadditionofN H4Cl

(aq.)(300 m L ).Afterw arm ingtoroom tem perature,them ixturew asextractedw ithdiethylether(2 x

200 m L )and the organicextractsw ere w ashed w ith N aCl(aq.)(150 m L ),dried (M gS O 4),filtered and

the solvent evaporated at reduced pressure. T he crude product w as purified by colum n

chrom atography (10% EtO Ac / Hexanes) to afford 13 asan orange-brow n solid (8.95 g,48% ).

S pectroscopic dataw asin accordance w ith that published in the literature.[S 12] m .p. 55-56 °C

(lit.[S 12]55-56°C);1H N M R (400 M Hz,CDCl3) δ 8.41 (br. s, 1H, N -H), 7.55 (d, J= 1.7Hz,1H,C4-H),7.31

(d,J= 5.6Hz,1H,C2-H),7.23 (d,J= 1.7Hz,1H,C6-H),6.57(d,J= 5.5Hz,1H,C3-H);13C N M R (100 M Hz,

CDCl3) δ 131.8 (C7a), 129.7 (C3a), 126.1 (C2), 125.5 (C5), 121.5 (C6), 119.0, (C4), 116.9 (C7), 103.5 (C3); 

L R M S [ES -]:m /z184.01 [M -H]-.

5,7-Dichloroindole-3-carbaldehyde(15)[S 9]

P hosphorusoxychloride(8.65m L ,92.8m m ol)w asaddedslow ly toDM F(18m L )at5-10 °C beforethe

m ixture w asallow ed to w arm to room tem perature over30 m inutes.A solution of13 (6.00 g,32.2

m m ol)in DM F(8 m L )w asadded dropw ise and the solution stirred at35 °C for1 hourbefore being

poured into ice-w ater(100 m L ).A 20% aqueoussolution ofsodium hydroxide (125 m L )w asadded

dropw iseuntil20 m L hadbeenaddedthentherem ainderw asaddedinoneportion.T hem ixturew as

then refluxed for10 m inutesbefore cooling to room tem perature and the precipitate form ed w as

collected by filtration and w ashed w ith cold w ater(50 m L )before being recrystallized from 50:50

EtO Ac:hexanesto give15 asaw hitesolid (5.99 g,87% ).S pectroscopicdataw asinaccordancew ith

thatpublished intheliterature[S 9].m .p.226-228 °C (lit.[S 9]227-230 °C).1H N M R (400 M Hz,DM S O )

δ 12.77 (br. s, 1H, N -H), 9.95 (s, 1H, CHO ), 8.45 (s, 1H, C2-H), 8.03 (d, J= 1.8 Hz,1H,C4-H),7.48 (d,J=

1.8Hz,1H,C6-H).13C N M R (100 M Hz, DM S O ) δ 185.2 (CHO ), 140.2 (C2), 132.9 (C7a), 126.8 (C5), 126.5 

(C3a),122.6 (C6),118.9 (C4),118.2 (C7),117.7(C3).L R M S [ES -]:m /z211.98[M -H]-.

4-Brom o-1-iodo-2-nitrobenzene(17)[S 13]

Borontrifluoridediethyletherate(19.90 m L ,157.06 m m ol)w ascooled to-30 °C beforeasolutionof

18(8.10 g,37.34 m m ol)inT HF(100 m L )w asaddeddropw isefollow edby tbutylnitrite(16.34 g,137.44

m m ol)inT HF(100 m L ).T hem ixturew asallow ed tow arm to-5 °C beforediethylether(200 m L )w as

added and the m ixture stirred forafurther10 m inutesat -5 °C.T he pale yellow precipitate w as

isolatedby filtrationand w ashed w ithcold diethylether(2 x 50 m L )beforebeingadded toasolution

ofpotassium iodide(8.80 g,53.06m m ol)andiodine(6.74 g,26.54 m m ol)inacetonitrile(150 m L ).T he
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solutionw asstirredatroom tem peraturefor15m inutesbeforeN a2S 2O 3 (aq.)(300 m L )andDCM (300

m L )w ere added.T he m ixture w asstirred for5 m inutesbefore the layersw ere separated and the

organic phase dried (M gS O 4),filtered and the solvent rem oved underreduced pressure. 17 w as

obtainedasayellow solid(10.15g,83% )thatrequirednofurtherpurification.S pectroscopicdataw as

in accordance w ith that published in the literature.[S 13] m .p.88-89 °C (lit.[S 13] 87-89 °C); 1H N M R

(400 M Hz,CDCl3) δ 8.02 (d, J= 2.2 Hz,1H,C3-H),7.92 (d,J= 8.5 Hz,1H,C6-H),7.43 (dd,J= 8.5,2.2 Hz,

1H,C5-H);13C N M R (75 M Hz,CDCl3) δ 154.1 (C2), 143.3 (C6), 136.9 (C5), 128.9 (C3), 123.1 (C4), 84.8 

(C1);L R M S [ES -]:m /zcalcd.forC6H2
79BrIN O 2 325.83,found325.81 [M -H]-.

S ynthesisof(2-(Benzylam ino)-4-brom ophenyl)(5,7-dichloro-1H-indol-3-yl)m ethanone(9)from 21

Benzaldehyde(30 m g,0.286 m m ol)w asaddedtoasolutionof21 (100 m g,0.260 m m ol)intoluene(2

m L )and them ixtureheated atreflux inthepresenceof3Å m olecularsievesfor6 hours.T hem ixture

w ascooled to room tem perature before sodium triacetoxyborohydride (83 m g,0.391 m m ol)w as

addedandthereactionstirredforafurther22 hoursatroom tem perature.T hesolventw asrem oved

underreduced pressureand N aHCO 3 (aq.)(5 m L )w asadded and theproductextracted w ithDCM (3

x 5 m L ).T he organic extract w asdried (M gS O 4),filtered and the solvent rem oved underreduced

pressurebeforethecrudeproductw aspurifiedby colum nchrom atography (5-30% EtO Ac/Hexanes)

giving 9 asan orange-yellow solid (66 m g,54% ).Analyticaldatafor9 prepared by thism ethod w as

identicaltothatobtainedw hen9 w aspreparedfrom 22 (seem anuscript).

N M R analysisofthe diastereom eric m ixturesof37a/37b,38a/38b and 39a/39b w aschallenging.

Attem ptstoassignall1H N M R spectrahavebeenm adeandtheobservedpeaksinthe13C spectrahave

beenreportedw ithoutassignm ent.

(10bR)-5-Ben zyl-3-br o m o -7,9-dichlo r o -1 0 b-((2,2-dim ethyl-1,3-dio xo lan -4-yl)m ethyl)-5H-in do lo[2,3-

b]q uin o lin -1 1(1 0 bH)-o n e3 7a/37b

To a solution of 2 7 (1.00g,1.952 m m ol) in a m ixture of THF(10m L),EtOAc (10m L) a nd water(1

m L) wasa d d e d N MO (0.46g,3.904m m ol) followe d b yOsO 4 (2.5% in tBuOH,1 m L,cat.) a nd the

m ixture stirre d atroom tem perature for18hours.A saturate d solution of N a 2SO 3 (aq.) (25m L) was

a d d e d a nd the m ixture wasstirre d fora further30m inutesb e fore a d d ing water(25m L) a nd EtOAc (50
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m L).The m ixture waspartitione d a nd the aqueouslayerwasextra cte d withEtOAc (3x50m L) b e fore

the com b ine d org a nic extra ctswere d rie d (M g SO 4),filtere d a nd concentrate d to g ive crud e d iol

(m ixture of d iastereom ers).The crud e d iolwasd issolve d in DCM (20m L) a nd 2,2-d im ethoxypropane

(3.05g ,29.284m m ol) wasa d d e d followe d b yPPTS (0.74g,2.928m m ol) a nd the m ixture wasstirre d at

room tem perature for18 hours.A saturate d solution of N aHCO 3 (aq.) (30m L) wasa d d e d a nd the

m ixture extra cte d withDCM (3x15m L).The com b ine d org a nic extra ctswere d rie d (M g SO 4),filtere d

a nd conce ntrate d to g ive the crud e prod uct.Purification b ycolum n chrom atog raphy(5-20% EtOAc /

Hexanes) g ave a n insepara b le m ixture of d iastereom ers3 7a/3 7b (1:1) asa yellow solid (0.75g ,65% ) (*

=3 7b).I.R.(KBr) νm ax3596,3207,2921,1735,1582,1553,1453,1245,1093,1027cm -1;1H N MR (500MHz,

CDCl3) δ 7.77 (d , J =8.7Hz,1H,C1-H),7.74(d ,J =8.1Hz,1H,C1-H*),7.67(d ,J =2.0Hz,1H,C10-H),

7.62 (d ,J =2.0Hz,1H,C10-H*),7.43–7.22 (m ,16H,8xArC-H,8xArC-H*),5.85–5.76(m ,2H,CH 2N,

CH 2N *),5.24–5.14(m ,2H,CH 2N,CH 2N *),4.06(d d q,J=11.5,5.8,3.0,2.1Hz,1H,C10b II-H),3.87(d d ,J

=8.5,6.2 Hz,1H,C10b III-H),3.62 (p,J =6.1Hz,1H,C10b II-H*),3.39(d d ,J =8.3,5.8Hz,1H,C10b III-H),

3.30(d d ,J =8.4,5.7Hz,1H,C10b III-H*),3.07 (d d ,J =8.4,7.0Hz,1H,C10b III-H*),2.56–2.44(m ,2H,

C10b I-H 2,C10b I-H 2*),2.24(d d ,J =13.8,6.5Hz,1H,C10b I-H 2*),1.81(d d ,J =13.8,3.8Hz,1H,C10b I-H 2),

1.26(s,3H,CH 3*),1.21(s,3H,CH 3),1.18(s,3H,CH 3*),1.13 (s,3H,CH 3);13CNMR (126MHz,CDCl3) δ 

190.9,190.9,172.8,172.2,149.4,149.3,145.1,144.5,135.8,135.3,135.3,135.2,131.4,130.6,130.1,129.8,

129.6,129.3,129.3,129.2,129.1,129.1,128.1,128.0,127.0,126.9,126.4,126.3,124.2,124.2,124.0,123.7,

119.0,118.7,118.5,117.3,109.7,108.8,71.8,71.6,69.4,69.0,50.2,49.9,45.3,44.0,26.7,26.6,25.4,25.2;HR

MS[ES+]:m/z c a lcd .forC24H 2479Br35Cl2N 2O 3585.0342,found 585.0339[M+H]+.

(10bR,1 1R)-1 1-Allyl-5-ben zyl-3-br o m o -7,9-dichlo r o -1 0 b-((2,2-dim ethyl-1,3-dio xo lan -4-yl)m ethyl)-

1 0 b,1 1-dihydr o -5H-in do lo[2,3-b]q uin o lin -1 1-o l3 8a/38b

To a solution of 3 7a/3 7b (728m g ,1.242 m m ol) in THF(15m L) at0°Cwasa d d e d a llylm a g nesium

chlorid e (2M in THF,0.93m L,1.863m m ol) a nd the m ixture wasstirre d at0°C for1hour.A saturate d

solution of N H4Cl(aq.) (25 m L) wasa d d e d a nd the org a nic solventwasrem ove d und erre d uce d

pressure b e fore the m ixture wasextra cte d withDCM (3x20m L).The com b ine d org a nic extra ctswere

d rie d (M g SO 4),filtere d a nd concentrate d b e fore purification b y colum n chrom atog raphy (10-20%

EtOAc /Hexa nes) to g ive a n insepara b le m ixture of d iastereom ers3 8a/3 8b (1:1) asan orang e solid (706

m g ,90% ).I.R.(KBr) νm ax 3374,2926,1550,1484,1420,1204,1064,850,702 cm -1;1H N MR (500MHz,

CDCl3) δ 7.46 – 7.08 (m , 20H, 10 x ArC-H, 10 x ArC-H*), 5.56 – 5.47 (m , 2H, CH 2N,CH 2N *),5.46–5.38

(m ,1H,C11II-H),5.33–5.23 (m ,1H,C11II-H*),5.22 –5.15(m ,2H,CH 2N,CH 2N *),5.10–5.05(m ,1H,

C11III-H 2*),4.91(d ,J=17.0Hz,1H,C11III-H 2*),4.83(d t,J=10.3,2.2 Hz,1H,C11III-H 2),4.58(d d d ,J=17.2,

5.8,1.8Hz,1H,C11III-H 2),4.20(d td ,J=9.5,6.2,1.8Hz,1H,C10b II-H/C10b II-H*),3.97(d d ,J =8.6,6.3Hz,

1H,C10b III-H 2/C10b III-H 2*),3.55–3.48(m ,1H,C10b II-H/C10b II-H*),3.37(d d ,J =8.6,6.2 Hz,1H,C10b III-

H 2/C10b III-H 2*),3.17–3.13(m ,1H,C10b III-H 2/C10b III-H 2*),2.99(t,J=7.9Hz,1H,C10b III-H 2/C10b III-H 2*),

2.41–2.12 (m ,6H,C10b I-H 2,C10b I-H 2*,C11I-H 2,C11I-H 2*),2.11–1.97(m ,2H,C11I-H 2,C11I-H 2*),1.36

(s,3H,CH 3/CH 3*),1.24(s,3H,CH 3/CH 3*),1.23(s,3H,CH 3/CH 3*),1.14(s,3H,CH 3/CH 3*);13CNMR (126

MHz,CDCl3) δ 175.7, 174.0, 151.7, 151.5, 139.4, 138.9, 138.4, 138.2, 135.9, 135.9, 132.1, 131.0, 129.4, 129.2, 

129.1,129.0,128.9,128.9,128.5,128.4,128.3,128.1,127.9,127.7,127.3,127.3,127.2,126.0,123.2,123.1,

122.0,121.6,118.8,118.7,118.3,110.7,108.2,75.9,75.4,72.3,72.1,69.9,69.6,61.2,60.5,49.5,49.1,40.7,

40.6,37.4,35.9,26.7,26.6,25.6,25.5;HR MS [ES+]:m/z c a lcd .forC31H 3079Br35Cl2N 2O 3627.0811,found

627.0811[M+H]+.
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(3aR,1 3 bR)-1 3 b-Allyl-9-ben zyl-1 1-br o m o -5,7-dichlo r o -2,3 ,9,1 3 b-tetrahydr o fu r o[3,2-c]in do lo [2,3-

b]q uin o lin -2-o l3 9a/39b

To a solution of 3 8a/3 8b (700m g ,1.114m m ol) in M eOH (35m L) wasa d d e d PPTS (308m g ,1.225

m m ol) a nd the m ixture washe ate d to 60°C for5hours.The solventwasrem ove d und erre d uce d

pressure a nd the m ixture wasre d issolve d inDCM (25m L) b e fore Pb (OAc)4(741m g ,1.671m m ol) was

a d d e d .The m ixture wasstirre d for1houratroom tem perature b e fore b eing filtere d throug ha plug of

Celite.The plug waswashe d withDCM (50m L).The com b ine d org a nic filtrate waswashe d with a

saturate d solutionof N aHCO 3 (aq.) (30m L) b e fore d rying (M g SO 4),filtering a nd concentrating in vacuo.

The crud e prod uctwaspurifie d b y colum n chrom atog raphy (5-20% EtOAc /Hexanes) to g ive a n

insepara b le m ixture of d iastereom ers3 9a/3 9b asa yellow solid (482 m g ,78% ).I.R.(KBr) νm ax:3355,

2921,1553,1486,1425,1204,1066,850cm -1;1H N MR (500MHz,CDCl3) δ 7.63 (d , J =2.0Hz,1H,C4-H),

7.37(d ,J =8.2 Hz,1H,C13-H*),7.28–7.16(m ,13H,13xArC-H/ArC-H*),7.14–7.07(m ,3H,3xArC-

H/ArC-H*),7.03–6.97(m ,2H,2 xArC-H/ArC-H*),5.79(t,J =5.9Hz,1H,C2-H*),5.65–5.56(m ,2H,

CH 2N,CH 2N *),5.36(d d ,J =6.7,1.5Hz,1H,C2-H),5.04–4.89(m ,4H,CH 2N,CH 2N *,C15-H,C15-H*),

4.68–4.61(m ,2H,C16-H 2*),4.42 –4.34(m ,2H,C16-H 2),2.68(d d ,J =13.8,6.6Hz,1H,C3-H 2),2.54(d d ,

J =13.4,8.0Hz,1H,C14-H 2),2.46–2.38(m ,4H,1H forC3-H 2*,3H forC14-H2/C14-H 2*),2.34(d d ,J =

13.6,5.9Hz,1H,C3-H 2*),2.01 (d d ,J =13.8,1.5Hz,1H,C3-H 2);13C NMR (126MHz,CDCl3) δ 172.1, 

171.7,150.4,150.4,139.7,139.2,135.9,135.8,130.3,129.4,129.2,129.2,129.0,128.9,128.9,128.7,128.2,

127.8,127.1,127.0,126.5,126.4,126.3,125.8,123.6,123.4,123.1,123.0,123.0,121.0,120.8,120.6,118.2,

118.0,97.9,97.2,86.9,85.3,61.8,59.1,49.4,46.2,45.1,42.2,42.0(C14).HR MS [ES+]:m/z c a lcd .for

C27H 2279Br35Cl2N 2O 2 555.0236,found 555.0233[M+H]+.
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X -ray Crystallography data

T ableS 3.S electedcrystallographicdata.

27 41

em piricalform ula C25H17BrCl2N 2O C27H21BrCl2N 2O

fw 512.23 540.29

crystaldescription Yellow prism Colourlessprism

crystalsize[m m 3] 0.10×0.10×0.10 0.10×0.10×0.10

spacegroup P na21 P 1

a[Å ] 10.199(3) 9.109(4)

b[Å ] 21.864(5) 9.470(5)

c[Å ] 9.510(2) 14.999(8)

α [°] 94.141(8)

β[°] 97.211(11)

γ[°] 112.194(12)

vol[Å ]3 2120.8(9) 1178.3(10)

Z 4 2

ρ (calc)[g/cm 3] 1.604 1.523

μ [m m -1] 2.217 1.999

F(000) 1032 548

reflectionscollected 12803 7494

independentreflections
(R int)

3735 (0.0722) 4157(0.0637)

param eters,restraints 280,1 298,0

GO FonF2 0.994 1.055

R 1 [I> 2σ(I)] 0.0422 0.0609

w R 2 (alldata) 0.0858 0.1489

Flackparam eter 0.043(10) -

largestdiff.peak/hole
[e/Å 3]

0.45,-0.46 0.72,-0.67
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