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ABSTRACT

CHEM CAL | NVESTI GATI ON OF
A RED SEA SPONGE
OF THE GENUS DYSI DEA

by
Tesfaraari am Yosi ef
Advi sort Dr, Tarekegn CGebreyesus

A new hexachl orinated netabolite, for which the
nane dysidinide is proposed, has been isolated from a
Red Sea sponge of the genus Dysidea,

Dysi di mi de was the maj or metabolite obtained from
the ethanol extract of the dried sponge collegted near
Massawa, Repeated col utm chronat ography on silica ge
with pet.ether: chloroformand recryatallization yielded
dysidimde as white needle crystals. |

The structure of dysidinide was deternined by chenia
cal and spectroscopic studies including IR, MS, and ID
and 2D NVNR  The“rel ative stereochenistry at G4 and G5
was deduced from nCe measurements on/ the 4. Acet at e.

,_ 9C|'§ |
F&"E l-'l'(?}f - Ac 3'H3
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| NTRODUCTI ON

The isolation and characterization of natural pro-
ducts from marine organi sns has been a major area of end.
eavour in the past twenty years. Many structurally and
phar macol ogi cal |y interesting natural products have been

i sol ated and characterized, -

The Red Sea being in the Tropics is rich in marine
plants and animals both vertebrates and invertebrates,
It is peculiar in that its salinity is high being second
only to the Dead Sea, It has a pH-range of 7.5 . 8.5,
The Red Sea is rich in coral beds that are convienient
for sponge growth, The nmarine sponges are consideped to
be prinitive organisnms with relatively sinple internal
organi zation. Sponges particularly t hose w thout spis
cul es frequently produce large quantities of secondary
nmet abolites that are thought to deter potential pre.

dators and to inhibit the growth of fouling organisms.2 3

Systematic chenical studies on sponges started in
the years after 1968, but not much has been done on the
Red Sea nmarine organisms., It is only in Egypt and Israel
that work is being done on the northern area of the'sea.
Prof essor Kashman's group in Tel Aviv University has been
worki ng on the natural products of soft corals, sponges
and tunicates of the northern tip of the Red Sea and has
publ i shed interesting conpounds which night have future

economni'c Vval ues. 418



The reasons why people were pronpted in the study
of natural. products of the Red Sea marine organisns are
mainly three, First, the under.water observation that
soft corals and sponges appear to be remarkably free of
predators which led to the hypothesis that chenical sub.
stances toxic to fish mght be responsible for the
protection of the animals. Second, the abundance and
variety of soft.corals in the Red Sea and the fascinating
spectrum of new nol ecul ar structures that appeared from
studi es of soft corals else.where stinul ted the study of
soft.corals. Thirdly, the relatively large nunber of
uni nvestigated sponges in the Red Sea increased the
interest in the study of sponge met abol i t es, 19

The taxononic classification of marine organisms is
mich nore difficult than those of terestrial plants,
Nat ural products study of marine organi sns has contri but ed
a great deal in the systematization of the taxonony of
these organisms. Chenotaxonony has been applied to the
classification of soft.corals of the northern tip of the
Red Sea, L FU

Sponges in general have been the source of diverse
secondary netabolites such as pyrroles, indoles. sesqui =
terpenes, diterpenes and their derivatives, 2= 22 ~Many
sponge netabolites have been found to be biol ogically

acti‘ve.l

In the course of this research work, the chenica



i nvestigation of a Red Sea sponge of the genus Dysidea
has been carried out and has yiel ded several

fractions of which the major constituent is a hexachlo.

rinoted conpound. This has been characterized based on

physi cal , spectroscopic and chenical data.

2, MARINE NATURAL PRODUCTS

2,1 Agrochenicals, Pharmaceuticals and Marine Toxins

from Marine Organi sms

Several narine natural products that have been
i sol ated from al gae and marine ani mal s havo found
appl i cati on as agrocheni cal s) phar maceutical s and as

compounds of ecol ogi cal significance,l23

Experi«
mental evidence from studies in animal behaviour and
natural products chenmistry leads to the conclusion
that chenical communication is the paramount node of
communi cation in nost groups of animals in the marine
ecosystem Consequently, chem cal communication
must be regarded os a very general biological pheno.
menon, 23

Ckadaic acid (1) a toxic marine netabolite was

i solated from the sponge Halichondria okaclai, It

has shown antifungal activity and is under field
test to be used as a fungicide./\



Hp "oH

Anglers In Oepan had long observed that the marine

annelid: Lumbriconereis heteropedaV ‘contained a contact

~ poison for flies and ants, Scientific:interest was
.aroused in 1922} when a certain person who had handled the
‘worms complained about headaches, vonlniting- and respiratory
difficulties, This led, in 1934} to the iselation of
Nereistoxin (2)p the fcexic principle, Its molecular
structure was cerrectly deduced in 16('30'and its Iaborator_y
synthesis followed in 1965/ Nereistoxin is sensitive to
heat: and ox‘yg'en,' thus a stable derivative cartap hydro=. -
chlorjde (3) was prepared. ‘This derivative appeared an -
the market under the trade name “padan” VYVl 1967 and is
effective against larvae of the rice plant: Hter, the rice
plant skipper-_ _a}pd the citrus leaf miner.:l*:25 There aﬁéa
numbear of other agjricultural insecticides whose origin is

from marine organisms;
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A number ef marine natural produefa ore im&d in the
ghormaceutieal. industry, Far instance:;, chemical investi.

gatien of the sponge: Crvptotethis crypita yielded three -

nucleos.ldes‘26 27 (4,13;6) o Baaed on the natural praduofe

i S, g
-

HOCA T ] I
@) /\Ogd
(-

_ methexy adenine: (6) . Stanford Research Inotritute chr»

BXH
3

synthesized 9/\VvD-~ara&in»furanesyi acicmine (V) which is

an antitumor and an antiviral drug fchtsfc came eut under

the nssrn videhsrine in B&Eft, @
s d"if?—f“\
g e

N

Maillus aj twlgaay apongee, saft«ceralo, aea-urebind
and eotherr marine organisms &ra known for thair toxic: |
secondary- metabofllitdt.esdm' Evenihuugh 1t is not well knewn
why theasje: organisms produce those texic metsealitfesv they
seem to have a defensive functions The: secondary metabs:-
lites may aall: os antifsedanfy caparilent fdeterrent) or

toxic to predators In the marine environmenta This gives

a clue to the understanding tsf ecological distribution ef

A 4’3 25
erganlamsv
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2.2 Secondary Metabolites from The Genus Dysidea

—ar

The genus Dysi dea has been the subject of
chemical investigation for the |ast eighteen years,

As a result of these chem cal investigations
many conpounds have been jsolated, characterized and
tested for their biological activities, 22122 some of
the conpounds isolated have shown antiviral,
antibacterial, antifungal, antifeedant, insect
repel l ent and plant growth regul ation activities.30’31’32
The studies sofar carried out hove included three
uni dentified Dysidea sp,, ***32:33 p_anplja®”
P, aronaria351 D, avara,30136 37 D, etheria38 39-40
p_fragillisfD_ herbacea® =7 snd p,_ tupha5®
Ext ensi ve studies have been carried out on Q avara,

D, etheria and D, herbacea,

Terpenes are anong the nost w dely spread
groups of natural products, They are mainly of
fungal and plant origin, but they have also been
i solated frominsects and narine organisms, They
have been reported todate from al gae, coel entrates,
mol | uscs and sponges. Sponges have provi ded
terpenes in large anounts, nost of theﬁ possessi ng
uni que structural features without parallel in

terrostrial sources.,59

The nunber and variety of narine terpenoids
that have been isolate from sponges are |arge, but



thérH has been n(; report on the biosynthetic pathways.
leading to terpenes. It is not yet known whether bio-
synthetic mechanism in marine organisms differ from those
known in terrestrial organisms or whether microsymbionts
participate.'1 Sponges have yielded an astonishing wealth
of secondary metabolites many ef which exhibit in vitroe

activity against o number of terrestrial organisms.59

Furan rings occur freqﬁently although hitherto most
ofT the known furanoterpenes were plant piroducta, But
sponges have: yielded the linear furaneterpenes coﬁtaining

s C~21 atoms which are: the most intriguing compounds from

the biogenetic point. of view. Sﬁéngia nitons for example,

has yielded nitenin (8) and dihydronitanin (9)f°

()

9

Sesquiterpenes are relatively abundant in sponges in
contrast to diht”érpenes and menoterpenes, Furaneid and non
furanoid sesquiterpenes. are very common in the genus
91§l§2§: Except for D, amblia that: has yielded furane
diterpenes, almost ali the species of the genus investi=
gated up> to the present contain furano sesquiterpenes.in

addition to other secondary metabolites. For' instance,

D, _herbacea contains spirdysin (30), a sesduiterpene with




inli«resting structural features, Many of the sesquitrer=-

Many &f the nitrogenous metabolites of sponges: are
thought: to be products of amino acjd biosynthesisy This
seems to. be the case with cyclic peptides .such as (11 and

(12) isolailod frem Tedania ignis, ©1

cH.

) éﬁ
- N

DV* horbacefThas also yielded « chlorinated meiabolitay

diketobdAE)erazin'(l$); derived from tirichlore leuciny

03




.9-

TASLE 1 DisTftftiiJviOtl OF SONi. SESEOUITERPENES AND THEIR DERIVATIVES

IN THE M.NUG DLAIPJIA

S5pxrive Motaboli te

Womrvs apcd | Structure of

niologicaj

Activ'ity

VISIQEA A f\’\’ = E::'
\ L CHI—C=CH-GOH ;
SR 0| e o

AN ,VJ K|~ REGULATOR
N
_ CH

) ~rO 3

; s CJV o - 4,

MimjA | 34 | E) N,

X )
| ) R f - ’ "
BN -~ CHICHIT—3 j
UL !
%\ﬁ/’ ~
KR ?




Sivucie of

cimbtalyatidia

r/;f,? AVA RONE

I

5,_‘4?:\
g i) He- 90y

»
LI

po “f_,‘.f,s_‘;: - "?' g‘f
, TR
L
[ 7 rvaRoL

F

j } i‘“:‘a )Q&Z’Z H
9

) R ng’ F?E*:

i RN
T L VR o

e __j_u.a,,

rf\’ . .C‘ ‘”“F)Ki/ﬁ

g""

\

i

4“.3

NHEF

??5

e
éﬁ"

gty
4

o

a

O

-yt %:j T '
-/ R LR =h

e e

/
e

Biotlogical™

Activity
_,_ﬂgﬁ_ar_t.,.qg(... .

N

EACTERICIDES
VIRUCINDES
FUU NOCIDES

PLANT GROWTH
RECULATORS

e e




-1 -

TABLE‘ 1 ~CONTINUED

Species

D.ETHERIA

Neme af

EK\CH FPERLANFURAN

L 7@@

Stvucture of

Hetabolite,

@ 41

b R NA){AFURAN-B k

NA KAFURA N-3

Biological

Activity

[

ANTIFEEDANT

N _Repovied




TABLE 1. . comrinueD

Namg of Stvucture of Biologicoat

Species Hetabollite Activity ~
e gepovied .

D FRAGILLS —

—
-\-‘H\_ - .
R >4 ANTIFEEDANT

/

/"?
Q. HERBACEA
N

f




TASLE 9§ : LCORTEIUED

Name of

Species

D:HERBACEA

[ U U

-3 -

Styucture af

Met gbolite

Binlogical -

petlivity

S Befoad R

>ToXIC 7O
GOLD FIsH




TABLE 1:.J¥h¢ﬂNUED _

Mgme of

Ypeciag

-

Structure of

Hetgbolile

Re:H jor, B O
bR
. /?

4B 4g

Rletogical -

HNetivity

N Beported .

R - o
o
oo
R' ¢ R




There are many aromatic compounds isolated from marine
sponges. Some of these aromatic metabolities are thought
to be tyrosin and trypotophan derivatives such as (14) and

(15) which have boen isolated from Halichondria melanedacia.ﬁz

o

(14)

i (18) -

The genus Dysidea: has also yielded aromatic compounds

such as polybrominated diphenyl ethers. Some of the
jéolybrominatad diphenyl ethers from Dysidea are iﬁdicated‘
in Table 2, Moreover; the genus Dysidea has also yielded
indoles and polychlorinated metabolitas (See Table 2),

All polybrominated diphenyl ethers from Dysidea ara

biologlcally active as antimicrobal agents,

D, herbacea is extensivaly studied mainly dus to its

wide tropical distribution. It is rich in sacondary
metabolities and has yislded more than 25 novel natural
products, Since some tropical sponges, in particular

D, herbaces, habé‘large Guantities of photosynthetic

micro-organisms and are the source of several different
classes of metabolites, it has been suggested that some
of the metabolites isolated from sponges may be produced

by the apiphytes, Various sample of D, herbacea from

different locations have yielded polybrominated dipheny]l.
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ethers and polychlorinated matabolites derived from

amino acids, The chlorinated metabolites from o, harbacea

show remarkable resemblance to metabolities of blue green
algae, ‘This is particularly true of dyaidin (16) which

is a8 molecule that hears a striking resemblance to the
fetramic portion of Malyngamide (A) (17) from Lyngbye
ma;uscula,64 Malyngamide (A) is an imide of 7.methoxy-
tetra dec~4d-onoic acid (18) . Hfoth (17) and (18) have been

found together in L. majuscula,s5

OCH 3 -

Wl
C\“”’Cq’ Nlo UCF% AAH,
ff \x\77d w{:}4 C;“”“(:F4“““(:F4

AN
- C
! O c,
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3. MATERIALS AND METHODS

TR spectrum (KAr) was recorded on o pYE.
UNICAM Pu 9512 spectrophotometers, Uv spectrum was
recorded on a Philipa PU 8600 spectrophotometer in
methanol solution, Optical rotstion was determinad
on a Perkin Elmer - 24 volarimeter, Melting point
was determined on a Thomas Hoover canillary melting
apparatus and is uncorrected, Mass Snactra were

13

taken with Dupont 21-4918B instrumant, C=MMR

spectra were measured on a Jool FX 90Q at (22,5 MH_)
|

and 3rukar VH-%60 ot (90,0 MHZ) in CixCl 1H NMR

3.
spectra were recorded on a Bruker WH-360 MH_ and

Aruker Wi-400 MHZ instruments in acetone d6 and

CDCl3

parformed on silica qel 60, All solvents used were

resroctively, Column chromatography was

either freshly distilled or analytical reajent grade,

QQllthigﬂLLEKEEE¢t£9” and Fractionation of A

Dysidea sp,

The +rassy shaped, green sponde was collectad
from the Red Sea around the marine 3Jiology Station
of Asmara University (AU) in Massawa at a depth of
2 - 5 meters with the help of a snccimon preserved
in the Department of 3iclogy, AU. A specimen Wr s
preserved in 107 formalin salt water solution and

identifioed as dysi‘lea sp, by Mr, M, Ilan in Tel Aviv




~ 20 -

University, Israel, The sponje was dried on open air

and crushed vith mortar and pestle, 500 qrams of the

dried end crushad snonge was extracted with 2.5 litars
of ethanol (cold extraction). The extraction and fram
cti-nation is shown in Flow-chart 1 on paje 21. This

gave 17 yrams of a black gummy residue., The gumay crude

was partitioned "“aetween water and chloroform (5ee Flow-

A

chart 1)}6 The chloroform extract was concentrated,

column chromatoaraphed on silica gel and eluted with
varying concaensration of pet-ether: chloroform. 100 ml
volumes were collectad and fractions 21 - 28 vielded Tl'

The pet-ether: chloroform 1:1 fractions yielded T, which

i
is a white crystalline solid, It was purified using
repsated coluan chromatogranhy on silica el with pet-
ather: chloroform 1:1 as the solvent system, T,
recrystallized from pet-cther as white neerdles M.n 123 -

124°c  and Tiving a yield of 300 mg,

3.3 Test for Halorjens, Mitrogen and Sulphur

100 mg of T, was treated with 130 mg of a
piece of freshly cut sodium metal in a small test
tube, The bottom of the test tube was hested
gradually to a dull red and allowed to cool for some
time, It was heated again and w-ile still hot
dropped into o small porcelain dish containing 15 ml
of distilled watcr with care, The tuve was broken

up with a stirring rod. The solution was diluted to 30

ml,
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heated to boiling and filtered, The filtrate was tested

for halogens sulphur and nitrogen, For halongens, 5 ml

of the original stock solution was acidified with 3 ml of

2N nitric acid and treated with 4 ml of 0.5 M silver

nitrate solution. A white milky precipitate appeared

confirming Beilstein's test result. For sulphur, 5 ml of

stock solution was acidified with 5 wl of 2M ceetic acid

solution »n ' tresnte.! with a few drons of 1IN lead acatate

solution showing a neg tive test for sulphur, For

nitrojen, 5 wl of the stock solution was treated with a

few drops of saturated ferrous amonium sulphate solution

and a few drops of 30% potassium fluoride solution,

boiled for one minute and ascidified with 30%, sulphuric

acid

lved,

3.4

solution until the ferric hydroxide completely disso-

A prussian blue green solution appeared.67

Acetylation of Ty

85 mqg of T, was acetylated using 30 ml of
acetic anhydride and two drops of pyridiné with
continuous stirring for 24 hrs at room temperature,
The projress of acetylation was followed using TLC,
40 ml of water was added and the mixture extracted
with 50 ml chloroform twice., The combined chlorofornm
extract was washed twice with 40 mls of water and
dried with sodium sulphate, Finally, 5 ml benzene
was added to the dried chloroform extract and the

solvent cvaporated at a reduced pressure, An oily
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residue remained as the acetate which was purified by

)
recrystallizing from n-hexane and m.p 118°C,

Hydrolysis of T,

e =

100 mg of T, was hydrolyzed with 150 g of sodium
methoxide in 50 ml of dried methanol solution, at room
temperature for 24 hrs with continuous stirring, 60 ml
of 2t sodium hydroxide solution was added to the reaction
mixture and extracted with three 40 ml fractions of
chloroform successively, The combined chlorotorm extract
was washed with 50 ml of 2M sodium hy iroxide solution,

Tt was further washed with 40 ml of water and dried using
sodium sulphate. The solvent was evanoraited and a white
powder appeared that recrystallized from pet-ether-

chloroform 1:1 mixture and m.p 155°¢C,

The solvent system used to follow up the purity of the
derivative, the hydrolysis product nnd the compound itself
is Toluene; Ethylacetates Acetic acid in the ratio of
A1:8:1, The Rf values are 0,81, 0.70, 0.55 for the
acetate, the compound itscelf, and the hydrolysis product

respectively,
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4. RESULTS AMD DISCUSSION

"hysical Proparties and Chemical Tests on T

T, is a white crystalline sold m,p 123 - 12400,

( )2« —14,9% (¢ = 1, CHC1lg) and soluble in polar
solvents such as methanol and c“loroform; T1

recrystallizes from pet-ether as needle crystals,

T4 gave a positive 3Beilstein's test in mcthanol
solution, Sodium fusion test gave a positive test
for halogen, The milky precipitate was soluble in
dilute ammonia solution suggesting the precipitatg is
silver chloride, The test for sulphur was negative,
Ty also gave a positive test for nitrogen, Hence,
these tosts indicate the presence of chlorine and

nitrogen in Tl'

Structural Elucidation of T1

The IR spectirum of Ty (Fig, 1) indicates the
presence of a hydroxyl (3540, 3460 cm'i), carbonyl
(broad, 1720 - 1730) and a gem dimethyl (doublet
1380 Cm"i) group, The broadness of the carbonyl
absorption band might indicate the nresence of

more than one carbonyl grOUps.68

The UV spectrum of T, showes an end absorption

at 195 nm,

The CIMS of Ty exhibited a pH® ion peak gt M, 2
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475,9 (See¢ Fig. 2 and Table 4) corresponding to the
molecular formula 015H21CI6N03. The EIMS doesn't show
a molecular ion peak (See Fig., 3), The highest mass
observed in the EIMS is at M/Z 440.5 which is due to

loss of C1 from the molecular ion,

The ion clusters observed in both CIMS and EIMS of
T, offer important structural features in the molecule,
The ion cluster at M/Z 475.9 corresponds to six chlorine
atoms and fits the calculated:yalues 51,2:100:81,2:35,2;
8.5:1.,1:0.06 (Gee Fig., 2). Tﬁe ion cluster appearing at
440.,5 corresponds to five chlorine atoms and the ion
clusters at M/Z 358 and 316 correspond to three chlorine
atoms cach, The ion peak at M/Z 358 is duc to loss of
a C.Cl3 group. Thus, one minght be able to conclude that
there ére two CCl3 ijroups in the molecule.54 Moreover,
loss of one and two mnlecules of HCl is evident from the
ion peaks ot M/Z 439,5 and 404, |

Several important features of the structure of T
i3

1

were obtained from the ““C-NMR spectrum (ee Fig. 4)., The

13C-NMR spectrum reveales 15 carbon signals out of which
five aré duc to guaternary, four due to tertiary, two due
to secondary and four due to primary carbons, The quator-
nary carbon signals at 179,22 and 172,44 ppm aite assignable
to carbonyl carbons, .The pressnce of two CCl; groups

can be deduced from the quaternary c-~rbon signals

at 105,97 and 105,05 ppm.54 This assignment is also




Lo

-

-

UM

SHMULIRG #iaz

MESS SPECT CalTH .
RE-JE 28 19:51:98 +  1: AL ERSE MAE: 448
B22E/8 Qassiae 3m«zpum Chl s CALIT #1m RI1Cs ITESS.
12,5 -
] “* - -
- ' e v b !
Fig. 2. CI-Mass spectrum of .H_H ,
-
ptsi - L
i ZES. 9 -
4 l. _M 216.1 1
Dal-t NM. CN _m v i i
Lodideg  128.3 445 178, Zzs o =78 T , %
a4 13 H u_u T T ‘_W Nq ¥ Ma....w.m:ﬂu T W..b“.l#,_ tr..h.N1 ,..n\ T v .. oY \f.thM _:h \Vrm*ﬂ‘ﬂ oS .WWW-N
Mg 158 200 e A P A R
Lo G 439.9 o es e
4TS,
L
|
0.6 -
J
xSE. 1 N ) i
S, 1
“ . ¢ -
3\” TM T o qh AN R + m“ T muu‘um T T
¥ ¥ 3 T 4 Y L T
- 550 mwa

L]

1

i



-28-

MASS LISy DaTh: SHMULIWC & 3103 Bast M/E: 449
02/28/88 10:51:00 + 1:43 call: CALl1 # 1o R1C: 37054,
SAMPLE: GEB-T1 CI METHANE
110 100 0.00 MINIMA MIN INTEN: 58,
520 # 100  MAXIMA
MABE . % RA % RIC :

128,14 1,15 0. 18

216. 16 4.25 0. 467

252.12 12.86 2,00

253.98  9.22 1,45 | L
R70.18 1.62 0,25 T TG
272.08 . 1.50 0.03

2882.02 17.95 2 go

28%. 14  3.16 0. 50

290.08 1511 2. a7

291.02  2.32  0.34 _ N
292.08  4.01 063 '
316.08 7.05 1,11 : :

318. 10 5.71 0.90

319.90 2,27 0. 34

356.04 1513 2,37

357.22 3.81 0. 5%

358. 12 13.07  2.05

359.16  2.15% 0. 24

260.16  3.83 0. 60

376.00 1.838 0. o0

402. 06 2.44 0.38 . ar

404,10 4. 6% 0. 74

406. 10 i.38B .02

437.90 S$7.57 9.03

43%. 84 100.00 15, 70

441,82 70.%4 11,08

243,76 24.42 3. @3 ,

445,24 217  O.04 .

444,08 1.48 0.3

473.94  39.89 4. 26

475.92 B2 &7 12 97

477.92 68.50 10.7%5

479. 88 29.54 4. 44

4831. 74 6. 91 1. 08

502.04 1.27 0,20

504.08 4.04 0. &3

B06.02 2.5 0. 40

s a
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substuntiated by EIMS;and CIMS ion clusters {see Figs 2
and %}. Out of the four primary signals tvo appeér at
17,29 and 17 .07 ppm. The‘small difference in chemical
shift between these methyls. (0,2 ppm) suggests that these
groups are attached to the quaternary carbon appearina

at 46,53 ppm., Based on thelabove argument, it is possible
to write. the parttal structure (A). C"‘S |

() ““’“C“““CH

|

From the. tertiary carbon signal at 72,98 ppmf the following

bartial structure: (BY can be.déduceﬁQﬁg ' '

(B)
L
[

The sarbon signal at 57,21 ppm can be assigned to a carbon
atom bearing a nitrogen as in the foilowing partial

-gtructure (C)?g

(C) ? -
R

The: vemaihing two tertiary carbon signals at 53,64
and 50.77 ppm may be assigned to two trichloroisopropyl

sioups @s in the partial structure (D).

wy Ll




The.remaining two primary carbon signals at 19,40 and
.24106‘ppm are assignable to the trichloreisopropyl methyl
carbons, The two carbon signals at 42,40 and 33.27 ppm
are due to two methylene.carbsns; The difference in i
their chemical shift (A9 ppm) may suggest. that one of
the' -CH,~ groups is attached to a carbonyl carbon whereas
#he: other is not suggesting fellowing partisl structures

(E and F).

| | | ol
(£) CH;-g - (F) -MCI»EM({'—«

The;canbonyl resonances at 179,22 and 172,44 ppnm

- may be assignable to én ester, @ carboxylic acid and an
amide or imide canbonyl'canbons?g Since the molecule con-
tains three oxygen atoms one can exclude the presence of
an ester or carboxylic acid groups., If the molecule wera
to contain two amide groups, the presence of two nitragen.
atoms would be required, Since-fi contains only one
nitrogen atom, it may be rationalized that the carbonyl
resonances olrserved are due to an imide functionality in
the motecule, Hence, assuming the presence of an imide
and based on the discussion above, oﬂa can write ths

following partial structure (G).
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The double bond equivalent of the molecule shows

the presencs of one ring and two double bonds,

r+ db = 3

A great deal of information asbout the structure of T,
was obtained from its 1H NMR spectrum (See Fig, 5). The
1H NMR spectrum reveals thé presence of two methyl
singlets at 1,14 and 1,16 ppm'SUpport;n§:tha partial.
structure (A). The two methyl doublets at 1,37 and 1,33
ppn (J = 6,4 and 6.3 Hz respectively) are assignavle to
#the two trichloroisopropyl methyl groups. The one-proton
.ddq centred at 3,07 ppi (9 = 9.7, 634 aﬁd 2.6 Hz) is
assignable to one of the trichloroisopropyl methine
protons., The one-proten ddd centred at 2,30 ppm and the
ons=proton ddd appearing at 2,10 ppm (3 = 14,1, 9.7, 4,2
and 14,1, 5.9, 6.2 Hz respectively) are attributed to
the methylené protons not bearing andbarbonyl Qroup
{partial structure r), These methylene protons are
coupled with the one proton ddd signal appearing at
4,40 ppm (3 = 7,6, 5.9, 4,2 Hz), The above arguments

lead to the paFfiél structure (H),

- C‘ZCK3
l

(H) e CH— ot
" | 2 CI: AN

cr-g,H




HNdd

=
]

e

[
<

T

JRECTESUT S S S

e

.

S PUNY

4

:3—
1
4
E

u

—
——

34~

*g *B1g

I

11 10 wnryoads wpN-%

EY
LSl Eard i 1 o™ ~ = Io
fCE I~ FTTIN TG R ALY E
o
r b
£t o
(AR GaN e H .
h fasba ron
L R TR o S | el ALl
ma r RS S —
i Ly

-

T et L
P (0 —ars —HT

-
— rers M
4 LT )
WAL, Lt N

<
rr o, @ o
P g wt <2
i YA

2 o B o T A 4 A R Ry LM b P e m -

ALt
139

L
o
i X
R
L o}
PR
el

0
o

o
lal

-

]

RS

>y

s

5

{

ST A0 Y 1) aan

g
31

4

H




mgg -

The: one~proton double doublet cenired at 4.24 ppm
{0 = 5.2, 7.6 Kz) s coupled with the one-proton doublat.
at 4,90 ppm (3 = 5,2) and with ths one~proton ddd sppearing

‘at 4,40 ppm. It is thus possible to extend partial

structune. (H) to (I). H OH

.The che-proton ddg at 3423 ppﬁ (2 = 9,55 éﬁz{ 1.7 #z) is
coupled with the nemainiéé ﬁrichlcﬁ&iscpnopyr.meth?l
protons &t 1537 ppm (J = 6.3 Hz). It is elss further
coupled with the two protons sppasting at 3.20 and 3.52
ppm(J = 16,97 915 and 16,9, 1.7 Wz respectively) which
ara.mathylenq protons &ﬂaring_anfx,mcarbanyl.grbup;as'iq
partial siructure {EY, These protons. are couplerd with
each other and the large coupling ceonstant (J = 16,9 Hz)
shows that. they are geminal protons suggasting the paféial

structura’(a);J u

* CCl3

(T)H-—«éwm%wcw'
2]

|

CH
3
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"Combining all the ﬁartial structures (A - J) deduced

i 13

from IR, M8, "H and “7C~NMR; one can suggest *‘tho following

structure for Tﬁ (19).

3

I ]
tH
‘;'3 : _ a

(19)




The EIMS also supports the siructure assigned to T1,
The base peook de sy M/G 128, The following Scheme shows

the EIMS {ragmentation patiterns,

o E ~ SO
\oﬁ y G T Ty
-%-)ﬁ 35¢ / Z O
Vs . 404
= ///f %%Cj C:F, ‘
HO (JF}’} g (M ;,.E(“H -
2\ “CH CH [ -y
NSO Z ety T
m et 3 , -
= 31 i 3 : [""I ’
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Further suprort for the structure of Ty hns bLeen

-y and cosy h-13%¢ experiments,

Table 5 gives 1D and 2D MR data, The COSY 1H-iH
a

obtained from CO3Y

spactrum (See Fig, 6) showes correletion between C-4 aznd
C-5 protons, The C~4 proton also correlates with the OH
proton, Furthermore, the correlation of Cu5 and C-6
protons is also ooserved, The C-7 proton correlates
with C-6 methylene and C-11 methyl protons, Likewise,
C~3* methineproton correlates with C~2' methvlens and
C-5' methyl protons,

The CO3Y 1H—130 spectrum of T, shows couplings of
13C---carbons viith iH protons including the long range
interactions (Jee Fig. 7) C-2*' carbon shows long range
interaction with H~0 =nd H~10 protons, C-1' carbon
correlates with C~2' methylene protons, C-4' carbon
shows long ranne couplings with one of the two C-2°
mothylene and C-5 mothyl protens, !'ikewise C-8 c-rbon is
coupled with one of the two C-6 methylenc pirotons and C-11
methyl protons, Moreover, C-3 carbon correlates with H-4,

H-9 and H~10 protons,

Decoupling experiments on T, also indicated

L T

~CH,-C~C- qgrouping. When C-4 proton was irradiated,

L] ]
HoH
C-5 proton apncared as a clean triplet suggesting a

~CH,~CH group. Furthermore, when C-5 proton was irradigted
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TebTe 5 (360 MHz) T°C and M NMR, COSY “BIH and cosy .M
correlationsof T (Acstens) '
l.ong Range CH-correl COSY—;H»1H
C Ne SC & m Eﬁ &'m U(H) 23CH 3JCH1 coqfelatian
2 179 ,84s: | H-4,9,10
] 46 ,55s. H=9, 10 H-5,0H _
4 72,50d 4,24dd  5,2,7.6 ~ H-6,9,10 H-5,6
40H 4,90d 5,2 '
5 57.,64d 4,40ddd 4,2,5.9,7.6 H-4,6,6'  Of H=4,0H
6 33,70t 2,/30ddd 4.,2,9,7,14,1 He11 Ha? 4
H'6 33,70t 2,10ddd  2.6,5.,9,14.1 He11 H-7 4
7 54,27d 3,07ddq  2.6,9.7,6.4 H-6,6%,11 H-5 “H6,11
8 106,975 o H-6, 11
9 19,50q 1.14s H-10,4
10 23,87q 1,16s H=9, (4)
11 16,659 1.37d 6.4 H-6,6 H=7
1¢ 172,39 He2t, 020 :
2¢ 42,00t 3,52brd 16.,9,1.7 Ha5e
o 42,00t 3,20dd  5,9,9,5
I3 51.34d 3,23ddq  1,7,9,5,6.3 H-2','2',5' He2v
4" 105,86s He2t, 120 5"
5 17.00q 1.33d 6.3 ' He2t

dc -
O

J =

i

Z9¢cH
S3eH

i

chemical shift of carbon

(1]

&y

protons

couﬁiing constant in Hz
multiplicity

coupling accross two bonds.

[}

thtee bonds
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OH

, » '
C-4 proton appeared as a clean doublet indicating C = C -
. ¢
HO H

.
group, Hence, «CH,~CH-CH group was evident from the
) ]

.

decoupling spectrum of Ty

The structure assigned to Tifbased on spectroscopic
arguments has also besn supported by converting T, to its
acetate derivative and by degradation to the corresponding

pyrrolidinone by hydrolysis,

Treatment of T4 with acetic anhydride and pyridine
gave a white crystalline solid whose IR absorption band
- showes the disapparance of the OH group. The W nmr of
the acetate reveals an acetylation shift of 1,04 ppmn
downfield for the C-4 proton from 4,15 to 5,19 ppm (See

1

Figy.8}). The SC«NMR spectrum of the acetate ( 20)

displays signals due to 17 carbon atoms (See Fig; 9),

1 3CuNMR data of Ti acetate,

H and 1

Table 6 showes
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Table 6, iH and 1SCMNMR of T1 acetate "H NMMR, 360 MHz in

GOCl, and le»NMR, 22.5 MMz dn COCL,

e TN S £ TR S B+ b w2 e TR ] £ S ik A A

C No '{% %i & . ‘B(HZ)
2 177 .70
3 45,45
4 73.80
40AC  169,8 and 5,19 d 7ot
24,22 40AC=2,20 s
55,18 4,57 ddd 7.4,7.C,2,3
33,89 2,25 ddd 14,5, 6,4, 2,3
1.86 ddd 14,5, 9.8
7 52,98 2.99 ddq 9.8,6.4,2,6
8 104,84 o -
g 19.80 1.28 a8 (Me)
10 20,63 1,24 5 (Me)
11 16,56 1,32 4 6.4
i 172742
2 41,87 3,61 dd 18,1,2,3
3,47 dd 18,1,9.4
3 50,64 3.32 ddg 0,4,6,4,2,3
4+ 105,57
he 17.47 1.39 d 6,4
% = chemical shift of carbon,
8H = o 0T . " protons,
J = coupling constant in Hz ’

m o= omultiplicity,




A& .

Hydrolysis of T, has been carried using sodium
methoxide in methanol solution at room temperature and
gave the corresponding pyrrolidinone,

The i3

C~NMR of the pyrrolidinone shows 10 carbon
signals out of which three are quaternary carbons at
CH
179.69, 44,20 and 106.30 ppm assignable to -C. . o 3

" -L -~ CH

0 3
and CCly groups respectively, The carbon signals at
, Of ccl

76,29, 52,78 and 51,54 ppim correspond to ! and

~C-H ' G-
. . -
n?uH groups respectively, Moreover, the three met:yl
N .
signals appear at-22.4§, 17.60 é;d 15,16 ppm and the one
methylene signal appears at 33,36 ppm. The pyrrolidinone

has the structure (21}, Table 7 shows o and 13C—NMR data

of the pyrrolidinone,

The NMR spectrum of the pyrrolidinone shows a one
proton signal at 6.80 ppm attributable to the NH proton,
The double.doublet at 3,94 ppm and the doublet at 4,30 ppm
are due to C-4 and OH protons respectively, The one;
proton multiplet centred at 3,37 npm ocorresponds to the

CH-5 proton, The signals appearing at 2.22 and 1,60 ppm




,e

Table 7, 3 and .- NR of the hydrolysis product of T
(360 MHz, COCL )
Q No c &om ry &om S{Hz)
1 6.8.br g
2 179,69 s
3 44,20 s
4 76,29 d 3.94 br d 5.1 Hz
4,30 br s (on)
5 51,54 d 3,77 ddd 10.2,5.1, 3,6
6 33,36¢ 2,22 ddd 13,4,10,2,2,4
1.60 ddd 13.4,10.4,3,6
52,78 d 1,93 ddqg 10.4,6.4,2,4
.8 106,43 s } |
9 22.49 q 0.97 s
10 17 .60q 0,96 s
11 15.16 g 1,26 d 6.4

b.= chemical shift of carbon atoms,
L

o

i

toupling constant of protons,

I

m multiplicity,

1
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. are assignable to the C~6 methylene protons, The one-
proton multiplet centred at 1,93 ppm is due to the C-7.
methine proton, There are three methyl proton signals
@ppearing at 1,26, 0,97 and 0.96 ppm corresponding to

C~11, C-9 and ¢-10 on €-~10 and C-9 protens respectively,

T, has four assymetric centres at G4, C-5, C-7 and
C~3* carbens, One can say that T, is fully characterized
when the absolute stereochemistry at these assymetric

centers is fully determined. Noe measuramanits have been

carried on the acetate gf Ti (22) ,°
& 7

N
3




- A .

The 9% enhancement of the C«4 proton signal due to
irradiation of the C-5 proton suggests thet cis relation-
ship exiats between the C-% and C~4 protons, Had there
been a trans-relationship, a 9% enhancement would have
not been observed. Based on the above argument the
relative stereochemistry at C-4 and C«5 is indicated bélow

(23) .

X-tay erystallography would give the absolute

starsochemistry of ?i.

The neme dysidimide has been proposed for Ti, It is
the major secondary metabolite of the Dysides sp.. There

are also some more fractions that are under investigation,
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5. CONCLUSION

Dysidimide is the major secondary metabolite of @
sponge Dysidea sp,., Its structure was determined from
physical, chemical and spectroscopic data, Dysidimide
has four assymetric conters C-4, C=5, C-7 and C-3', The
relative stereochemistry at C-4 and C-5 was determined
from nDe meanurements on dysidimide-4-acetate, .
Dysidimide has been submitted for X-ray crystallojraphy,
Further investigation on the minor secondary metabolities

will be carried out,

Some of the polychlorinated secondary metabholites
of the genus Dysidea have shown toxic activities against
predators such as fish, Toxicity tests will be carried on

dysidimide to see if it also possesses a similar property,
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