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Examination of the CH2Cl2-MeOH (1:1) extract from the 

Madagascan sponge Amphimedon sp. highlighted two new

brominated alkaloids, amphimedonoic acid (1) and

psammaplysene E (2), along with the known 3,5-dibromo-4-

methoxybenzoic acid (3). Their structures were elucidated

by 1D and 2D NMR spec-troscopy and HRESIMS data.

Marinespongeshavebeenreportedasamajorsourceofbioac-

tivesecondary metaboliteswithawidevarietyofunusualstruc-

tures.1 ThegenusAmphimedon has beenknownto produce

variouspotentbioactivecompounds,especiallyalkaloids with

uniquestructures.2–4Aspartofourcontinuedsearchforstruc-

turally unique metabolitesfrom marineinvertebrates,5–7 the

spongeAmphimedonsp.,collectedfromtheMitsioIslands,Mada-

gascar,wasinvestigated.Theseinvestigationsaffordedtwonew

brominatedalkaloids,amphimedonoicacid(1)andpsammaply-

seneE(2),alongwiththeknown3,5-dibromo-4-methoxybenzoic

acid(3).8,9Herein,theisolationandstructureelucidationof1–3

aredescribed.

ThespongeAmphimedonsp.(36.2g,wetweight)collectedoff

theMitsioIslands,Madagascar,wasextractedwithCH2Cl2/MeOH

(1:1).Thecrudeextract(1.5g)wassubjectedtoMPLCoversilica

gelandseparatedintotenfractions(F1-F10)usingacombination

ofisohexane,EtOAcand MeOHofincreasingpolarity.F9(15mg)

wassubjectedtoasubsequentreversedphasesemi-preparative

HPLCseparationtoyieldpurecompound2(0.7mg).F10(32mg)

wassubjectedtoareversedphasesemi-preparativeHPLCsepara-

tionandledtotheisolationofpurecompounds1(2.8mg),2

(1.3mg)and3(1.0mg)(Fig.1).

Amphimedonoicacid(1)wasobtainedasacolorlessoil.The

highresolutionelectrospraymassspectrumexhibitedamolecular

ion[M+H]+asaclusterofpeaksm/z302.0388/304.0388ina1:1

ratio,anisotopepatterncharacteristicofabrominatedcompound.

Accordingly, based on HRESIMS, the molecular formula

C12H16BrNO3 (calcd for C12H17
79BrNO3

+, 302.0386), with five

degreesofunsaturation,wasdetermined.The1Hand13CNMRdata

displayedresonancesandcorrelationsforonecarboxylicacid

group,one1,2,4-trisubstitutedaromaticring,three methylenes,

oneofwhichwasoxygenatedandtwoN-methylgroups(Table1).

ThebenzoicacidmoietywassuggestedbyHMBCcorrelationsfrom

H-3(dH8.10)toC-1(dC172.6),C-4(dC111.7),C-5(dC157.6),C-7

(dC131.1),fromH-6(dH6.97)toC-2(dC132.2),C-4,C-5andfrom

H-7(dH7.83)toC-3(dC135.3)andC-5(Fig.2).Thechemicalshift

(dC111.7)ofthequaternarycarbonC-4placedthebrominesub-

stituentatC-4.ThesubstitutionofC-5wassuggestedbyitschem-

icalshift(dC157.6)andalsobytheHMBCcorrelationfromH-8(dH
4.21)to C-5.Interpretationofthe 1H–1H COSYcorrelations

between H-8, H-9and H10,revealedthepropylspinsystem

C-8 C-9 C-10.Thesubstitutionoftheamine moietywasdeter-

minedbyHMBCcorrelationsfromH-10(dH3.21)toC-11,C-12

(dC43.9)andfromH-11,H-12(dH2.81)toC-10(dC56.7),C-11

andC-12(Fig.2).

PsammaplyseneE(2)wasobtainedasacolorlessoil.Thehigh

resolutionelectrospraymassspectrumshowedfourisotopicpeaks
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atm/z694.8758,696.8740,698.8723,700.8702,702.8691[M+H]+

ina1:4:6:4:1ratio,respectively,indicatingthepresenceoftwo

bromineatomsinthemolecule.TheHRESIMSallowedassignment

ofthemolecularformulaasC23H27Br4N2O3
+(calcdforC23H27

79Br4-

N2O3
+,694.8750)requiringtendegreesofunsaturation.The1Hand

13CNMRdataof2displayedtheresonancesofatrans-a,b-unsatu-
ratedcarbonylgroup,twosymmetrical1,2,4,6-tetrasubstituted

aromaticrings,five methylenes,oneof which wasoxygenated,

twoN-methyl groups and oneO-methyl group (Table 1).

Fig.1.Structuresofisolatedcompounds1–3.

Table1
1Hand13CNMRdataforamphimedonoicacid(1),psammaplyseneE(2)and3,5-dibromo-4-methoxybenzoicacid(3)(1H500MHz,13C125MHz,CD3OD).

Position 1 2 3

dC dH(JinHz) dC dH(JinHz) dC dH(JinHz)

1 172.6 – 167.6 – 171.0 –

2 132.2 – 123.6 6.52(1H,d,15.7) – –

3 135.3 8.10(1H,d,1.9) 138.1 7.37(1H,d,15.7) 134.7 8.12(1H,s)

4 111.7 – 135.1 – 118.0 –

5 157.6 – 132.8 7.79(1H,s) 156.6 –

6 112.9 6.97(1H,d,8.5) 119.3 – 118.0 –

7 131.1 7.83(1H,dd,8.6,2.0) 156.1 – 134.7 8.12(1H,s)

8 67.2 4.21(2H,t,5.7) 119.3 – 60.8 3.87(3H,s)

9 25.9 2.23(2H,m) 132.8 7.79(1H,s) – –

10 56.7 3.21(2H,t,7.4) 60.9 3.88(3H,s) – –

11 43.9 2.81(3H,s) 41.5 3.51(2H,t,7.1) – –

12 43.9 2.81(3H,s) 34.9 2.82(2H,t,7.0) – –

13 – – 139.9 – – –

14 – – 134.2 7.50(1H,s) – –

15 – – 118.7 – – –

16 – – 152.3 – – –

17 – – 118.7 – – –

18 – – 134.2 7.50(1H,s) – –

19 – – 71.6 4.07(2H,t,5.8) – –

20 – – 27.4 2.15(2H,m) – –

21 – – 57.1 3.07(2H,t,7.3) – –

22 – – 44.3 2.63(3H,s) – –

23 – – 44.3 2.63(3H,s) – –

Fig.2.Key1H–1HCOSYand1H–13CHMBCcorrelationsfor1.

Fig.3.Key1H–1HCOSYand1H–13CHMBCcorrelationsfor2.



Interpretationofthe1H–1HCOSYcorrelationsbetweenH-2andH-

3revealtheconnectivityofC-2toC-3,betweenH-11andH-12,

revealtheconnectivityofC-11toC-12andbetweenH-19,H-20

andH-21,thepropylspinsystemC-19C-20 C-21(Fig.3).The

differentpartialstructureswerethenlinkedtogetherbyinterpre-

tationofthecorrelationsobservedinthe1H–13CHMBCspectrum.

TheN-methylH-22andH-23(dH2.63)showedcorrelationstoC-

22,C23(dC44.3)andC-21(dC57.1).ThecorrelationfromH-19

(dH2.63)toC-16(dC152.3)linkedtheO-methylenetothefirst

1,2,4,6-tetrasubstituedaromaticring.Thesubstitutionofthearo-

maticmoietywassuggestedbythecorrelationsfromH-14,H-18

(dH7.50)toC-12(dC34.9),C-15(dC118.7),C-16(dC152.3)and

C-17(dC118.7),fromH-12(dH2.82)toC-14(dC134.2)andfrom

H-11(dH 3.51)toC-13(dC139.9).TheN-methyleneC-11 was

linkedtothecarbonylmoietybythecorrelationfromH-11toC-

1(dC171.0).Thetrans-a,b-unsaturationwasdemonstratedbythe
correlationfromH-2(dH6.52)toC-1andfromH-3(dH7.37)to

C-1.Thesubstitutionofthesecond1,2,4,6-tetrasubstituedaro-

maticringwasexplainedbythecorrelationsfromH-2toC-4(dC
135.1),fromH-3toC-5,C-9(dC132.8),fromH-5,H-9(dH7.79)

toC-5,C-6(dC119.3),C-7(dC156.1),C-8(dC119.3),C-9andfrom

theO-methylH-10(dH3.88)toC-7.

Psammaplysenespreviouslyisolatedfromtwosponges,Psam-

maplysilla sp.10andPsammoclemmasp.,11areknowntopossess

interestingbiologicalactivities.Toavoidthelimitedsupplyof

materialfromspongecollections,GeorgiadesandClardyhave

developedanefficientsynthesisofpsammaplysenesA(4)andB

(5)as wellasotherderivatives.12,13Theyfirstconsideredaret-

rosyntheticdisconnectionattheamidebond(Fig.4)yieldingtwo

fragments6(or7)and8.Bothofthesefragmentscouldbesyn-

thetizedfromthe2,6-dibromo-4-iodophenol(9).Duetothegreat

similaritiesbetween2,4and5(seecomparisonofthe1Hand
13CNMRdataforpsammaplysenesAandE,Table2)andinthe

lightofthiswork,asimilarretrosyntheticpathwaywithadiscon-

nectionattheamidebondcouldalsobeenvisagedforpsammapl-

yseneE(2)(Fig.5).Althoughsimilartothefragments6and8,the

twosynthons10and11forpsammaplyseneE(2)showsomedif-

ferences.Compound10differsfrom6byamethoxygroupinstead

ofaN,N-dimethylamine-3-propoxygroup.Compound11differs

from8bythesubstitutionsoftheamines,theprimaryamineof

8isreplacedbyatertiaryaminefor11andthetertiaryamineof

8isreplacedbyaprimaryaminefor11.Thus,astheprimaryamine

isnotlocatedonthesameside-chain,theskeletonobtainedafter

thefinalcouplingstepbetweentheprimaryamineofthe‘‘eastern

half”andthecarboxylicacidofthe‘‘westernhalf”,willbedifferent

Fig.4.MainretrosyntheticdisconnectionforpsammaplysenesA(4)andB(5).

Table2

Comparisonof1Hand13CNMRdataforpsammaplyseneA(4)10andpsammaplysene

E(2)(CD3OD).

Position dC dH(JinHz)

2  4  2 4

1 167.6  167.5  – –

2 123.6  124.1  6.52(1H,d,15.7)  6.64(1H,d,15.7)

3 138.1  137.6  7.37(1H,d,15.7)  7.39(1H,d,15.7)

4 135.1  135.8  – –

5 132.8  132.8  7.79(1H,s) 7.82(1H,s)

6 119.3  119.3  – –

7 156.1  154.2  – –

8 119.3  119.3  – –

9 132.8  132.8  7.79(1H,s) 7.82(1H,s)

10 60.9  –  3.88(3H,s) –

11 41.5  59.0  3.51(2H,t,7.1)  3.27(2H,t,7.0)

12 34.9  30.3  2.82(2H,t,7.0)  3.00(2H,t,7.0)

13 139.9  136.8  – –

14 134.2  134.1  7.50(1H,s) 7.59(1H,s)

15 118.7  119.1  – –

16 152.3  153.2  – –

17 118.7  119.1  – –

18 134.2  134.1  7.50(1H,s) 7.59(1H,s)

19 71.6  71.7  4.07(2H,t,5.8)  4.07(2H,t,7.0)

20 27.4  30.5  2.15(2H,m)  2.13(2H,q,7.0)

21 57.1  36.6  3.07(2H,t,7.3)  3.60(2H,t,7.0)

22 44.3  43.3  2.63(3H,s) 2.87(3H,s)

23 44.3  43.3  2.63(3H,s) 2.87(3H,s)

Fig.5.HypotheticmainretrosyntheticdisconnectionforpsammaplyseneE(2).



betweenpsammaplyseneE(2)andpsammaplysenesA(4)andB

(5)(Fig.6).

3,5-Dibromo-4-methoxybenzoicacid(3)wasobtainedasacol-

orlessoil.Althoughknown,nospectraldatahasbeenreportedin

theliteratureforthiscompound.Therefore,asitwasnotpossible

tocompareourdatawiththosepreviouslypublished,thestructure

wascompletelyelucidated.TheHRESIMSshowedaclusterofiso-

topic[MH]-peaksatm/z306.8618,308.8576and310.8582ina

1:2:1ratio,respectively.The molecularformulawasdeducedto

beC8H6Br2O3(calcdforC8H5
79Br2O3

-,306.8611)indicatingfive

degreesofunsaturation.The1Hand13CNMRdataof3displayed

theresonancesofonecarboxylicacidgroup,onesymmetrical

1,2,4,6-tetrasubstitutedaromaticringandoneO-methylgroup

(Table1).Therewasno1H–1HCOSYcorrelation.Thesubstitution

ofthe1,2,4,6-tetrasubstitutedaromaticring wasestablishedby
1H–13C HMBCcorrelationsfrom H-3, H-7(dH 8.12)to C-1

(dC171.0),C-3(dC 134.7),C-4(dC118.0),C-5(dC156.6),C-6

(dC118.0)andC-7(dC1134.7)andfromH-8(dH3.87)toC-5.

Amphimedonoicacid(1),psammaplyseneE(2)arebothbromo-

tyrosine-derivatedalkaloids.ThegenusAmphimedonhasprovedto

beapowerfulproducerofvariousalkaloids withdiversestruc-

tures, such as manzanine analogs or 3-alkylpyridine alka-

loids,3,4,14,15 but this is the first report of bromotyrosine-

derivated metabolitesfromAmphimedonsponges.Someofthese

metaboliteshavealsobeenisolatedfromanOceanapiasp.sponge

andaPsammoclemmasp.sponge,11,16exceptthattheyhavebeen

limitedexclusivelytospongesoftheorderVerongidaandwere

consideredasoneofthe mostsolidchemotaxonomicgroupings

amongthePoriferauntilrecentyears.17

Amphimedonoicacid(1), psammaplysene E(2)and 3,5-

dibromo-4-methoxybenzoic acid (3) did not showin vitro

cytotoxicity against human epidermoid carcinoma KB cells

(IC50>10mg/mL).
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