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/11.1179/ BROMO COI.EPOUNDS FROM *MARINE Meta 

Toshi IRII*1  • 	•*.. 

(Received July 10, 1969)* 

Seven new compound containing bromine were isolated from red algae 

(the family Rhodomelaceae)  and their chemical structures were elucidated. 

Those new compounds are as follows:' two bromic phenols, 2,3-dibromo-4,5- 

dihydroxybemsaldebyde (2) and 3,4-dibromo-5-(methoxymethyl) catechol C3 3; two 

bromine-contriining seequiterpenoids, laurinterol (141 C 15R190Br, and 

laureuisol [17], I519  OBr; and three bromine-containing cyclic ethers, 

laurenoin [18],  Ci7R2303Br, laureatin (191 015320023 2, and isolaureatin &a.), 

C1e2002Br2 . Also, some other new eubstances related to these bromine-

containing compounde such as laurene [9:1, CeR20, and debromolaurinterol (15], 

were isolated from the algae. Furthermore, aplysin 	aplysinol 15 20 

[12], and debromoaplysin t13] were found as components of the algae. Lastly, 

a tentative idea concerning the biosynthesis of these bromic compounds was 

proposed. 

*1Department of Chemistry, the Faculty of Science, Hokkaido University, 
Nishi-8-ch;me, Kita-jUjii,*Sapporo7shi, Japan. 	. 
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3.. INTRODUCTION  

1.1. Preface  

It is known for long that marine algae contain brolaine. 1)  According 

to the resu.lts of analyses by klin, Ochi and Takahashi, 3) and others,  • 2) 

bromine is usually contained in a large quantity in red algae,  •specially the 

algae of the getnera _Uwe& (Polysinhonia), Ihtliatatsumo (Rhodomela)  and Noko-

girihiba. (Odonthal.ia),  while it is contained in brown and green algae in a 

comparatively szaall quantity. 

Bromine in the sea-water is said to exist mainly as Br ion, and its 

content is only about 63.8 ppm, though larger than that of I- . Row marine 

algae take bromine into their body and in what  foin  they preserve it are very 

' interesting questions. Yet, there have been only a very few studies of the•

bromine-contgining compounds in marine algae. In 1949, Mastaglin and Augier4)  

isolated a substance having the composition of C6Br2 (303102(011)(COOR) from a. 

species of a red alga Itoitzusa (PolVeLphonia),  but they did not elucidate its 

structure. Then, in 1955, Saiti; and Andio5)  isolated 5-bromo-3,4-dihydrov-

benzaldehyde Cl 3 from Moroitogusa (Polysinhonia morrowii),  a species of the 

red alga faidlY FuJimatsunio (Rhodomelacese).  Thin is the first bromic compound 

1)For general information on the componente of marine algae, see: 
a) R. A. Lewin, 	aiolo and Biocheznietry  mm, Academic 

Press, New York  (1962).  
b) Tasuhiko Tsuchiya, eisan-Kassaku ,ehemistry of Marine Producte, 

• Vol. 2, KUseisha, Koseikaku (1962 . 
c) Yatarii Obata, Kagaku. Zaheraistre, 13, 403 (1960). 

2)11. Kylin, Z.  • Physiol.  Chem., 85, 171 (19i3). 

3) Shuichirc-) Ochi and Takeo Takahashi, get:kite:hi,  28, 1 (1933). 

4) 1) •  Mastaglin and J. Angier, Count,. Rend., 2291 775 (1949)• 

5)Tsuneyuki Saité" and Yoshiaki  And,  iikka gap. Chemj, 76, 478 (1955)• 



that was isolated from marine algae:and whose Structure was . alio. elucidated. 
CHO 	 • 	. 

e • 
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OH  
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.In the laboratory'of the preeent author and  bis  assOciates,crganic 

chemical researches have been made-intothe compoSition of marine algae for . 

several:years, and eome information haa been obtained On the bromine-cOntaininig -

organic comPounds in marine  algae. The Presentpaper describee its details. *2  

• The bromine-containing organic compounds  in marine algae that  are 	. 

known at present can be distinguieed into - the following threegroups: 	. 

1) Phenolic compounde, 2) terpenic coMpounds, and 3) cyclic ethereal compounds. 

1.2. Phenolic Bromic Compounde  

As•  mentioned above, Sale, and And isolated 5-bromo-3,44Uhydroxybens-

sldehyde El] from Moroitogusa (Polysiphonia mormii.).... Thereafter, the present 

author and his associatee investigated.aome other speciei  of the same algal . 

family and succeeded in isolating 2,3-dibromo-4,5••-dihydroxybenzaldehyde [2] 

and 3,4. dibromo-5-(methoxYmethyl) Catechol (3) from Pniimateumo-(Bhodomela 

6) 
larix). 	The latter Corresponded to the one.isolated . by  Matsumoto:and • 

•  Kagawa7)  from Hakesakinokogirihiba (Odonthalia corYmbifera).  • 
CHO 	" CH20Me 	- CH2OH • 	CH2OH 	": 	 • 

. 	1 

• , Br.)j 	BrJ\ 	Br\}\ • 	 ,se\ 	 • 

	

'IA 	ill. 	I. 	IT 	I 	II 
Bri‘/ \OH Brot/ \OH •13f// \OSOsK Br"/"B r 

	

ÔH 	ÔH 	ÔSO 3K. 	ÔH 	. 

	

CZ) 	( 3) 	— C 4 ). 	 C 5 ) 

' 	*2The  results of their researches are outlined here on thel'asis of 
their data that have been already publiehed elseihere together with their eome 
unpubliàhed data. 	 - 	. 	• 

6)N. Katsui, Y. Suzuki,  S.  Nitaaura,-and T. Irie,'Tetrahedron,  23, 	. 
1185 .  (1967). 

Takeshi Matsumoto and Shohei Zags», Abstractaof  the presentations 
at the 17th annUal meeting.of the Chimical  Society  of Japan  (195-477 p. 278; - 
Privàte communication. 	• 	 . 



4 
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•Craigie and others8)..11olated 1,2-disulfurio acid hydrogen ester di- h.i180/ 

potisaiuà Bait  [4] of  3,4dibromo57(hydroxymethyl) oataohol from Polvsivhonia 

lanosa and'clarified its structure. • It »ems that thisaompound•probabli has , 	• 

a close reldtionehip with the.carborylio and whioh . had been previOusly isolated' 

by Mastaglin  and bis asàociate. Craigie and othera9)  also:isolated 	 . 

4-hydrarybenatlalcohol [5]i .rom Odonthalia.dentata and Rhodome1a oonfervoides. 

These dibromo-phenole have Structures whiéh are-very closely related to. eaéh., 

other. They  aie aise olosaLy.relatedto Elixhialwae isolated by . Saitô.and 

Ane. .However, nothing has yet been known about .the biosynthetic mechaniam 	. 

of these brOmic compounds of hydroxybentaldehyde or'bengylalcoholand'its 

methyl ether. 	• - 	• 	. 	 • 	• 

1.3. Bromine-containing Sascuiterrienoids . • 

The presence of terpens in marinealgas was pointed out by Heilbron 

0) and his associeteal  . in 1934 ulth reference to a brown ' alga  Fucus  vesioulosue.*3  

Then, in 1951,'TakaCka and Andel)  isolated oadinene and a.  type of sesquiterpena 

alcohol (which was - named "dictyol").from &brown alga Broyahazu (Dictvopterie ' 

divaricata). Thereafter,.An612) 'reported the presence of'sesquiterpene.and 

e)J. S. Craigie, Proc. Can. Soc. Plant Phjaiol.,  6, 16 (1965); J. H. 
Hodgkin, J. S. Craigie, and A. G.  McInnes, 9.1ML..1.- Chem., 44, 74 (1966). 

9)J• S. Craigie and D. E. Gruenig, Scienqe (London), 157, 1058 (1967). 

10 )I. N. Heilbron, P. F. Phipers, and H. R. Wright,  J. Chem. se., 
1934, 1572. 

*3For mpsterpene in marine . algae, there are Katgyama's broad studies 
of brown algae. '' Teruhisa Katayama, IlioauioaaLT-Ap. Fish. Induotri7, 24, 
925 (1959); 27, 75 (1961); and his many other reports. 

11)Michio Takaoka and Yoshiaki Ando, Iiikka  gap. Chem:7, 72, 999 (1951). 

12)ioshiaki Andè, Iftsouioan,  19,  715  (1953). 	. 



( 7) 

- 	L 	 (8) 

PurthermOre,  the • author and bis associates-71solated from:0°1es°.  

sesquiterpone alcohol in the neutral  fraction of the esiential.oil 

(Dictyote didhotoma).  Also, Obeli and YUkume"). reported the presence of. 

sesquiterpene and sesquiterponelalcoh01 in 'a red alga Oosono (laurencia  

elandulifera). However, the Chemical atructures.of - these . Oompounde were:not 

eluoidated4 	 • 

The preeent author and his associates - 	investigated the image- . 

terpene'of Bzoyalueu (Dictyopteris divarieeta),  froe whie they isolated . • 

(-)-1;-cadino1, -  (-)-7i-cadinene, 	 and (-)-cubeirene. 14. They 

also isolated a new sesquiterpone alcohol, dictyopterol [63, and a correspond7 

ing sesquiterpene, ketonic diotyopterone c73. Then, they determined the chem . , 

• ion structures Of these compounds. Compounde [6.]  and  [I] were lehydroxy awl 
l-o7j.genated selinenes, respectively, whiCh ,were:aupposed to'be . forme“rom a. 

iermacrane-rtype • preàursor [83 thrOugh anti-parallel oxidative cyclisation. . . 

13)Titer; Obsta, and Shunichi 	 Cheaj7,-  27, 331 - 
(1953).. 

• ) 

. 	• 	14)T  Iris, K. Yamamoto; and T.,Manamune, Bull.. glmg,Soc. .JaDan,,  37, • 
•1053 (1964). . 

v 	• 
' 5)E. Kurosawa, N. Ina's,  K.  Yamamoto, T. Meneau», and T..Irie, , ibid.,. 

39, -.2509 (1966).. 	' . 

*4The sesquitirpene which the author' and hieaesociates- heepreviouslY 
'reported as (-)-copmene turned out to be Wrcubevene. It is so-correoted.here.. 

. 	• 	16)à) T. Irie, T. .Tanunari,. I.-SUsuki,  N. 1mai, L Kurosawa; and .T. 
Magamune, Tetrahedron  Letters, 1965, 3619.. 

. b) T. irie 0;  T. Suauki,-Y. Insunari, s. XurOsawa, and T. Nanamune, 
Tetrahedron,  25, 459 (1969). 	. 



[74) .X 	R 
C/5)  X- R -H  - 

(Imurenoia glandulifere)  a new seeeuiterpene hydrocarbon, laureate C91 together 

with the bromine-containing oompound laurefloin which will be described -later, 

and then'eluoidated its etructure..: Laurens was euppooed to be formed from  a 

cuparene-type preeureor110] by the 1,2-shift of methyl group. • * 

	

(9)) 	 • 	(9)• 

. • Bromine-containing seequiterpenee are known by the aplysin Ell] and 

aplyeinol [12] which were isolated from alaearin. animal Imefurashi  (kplyeis 

' kurOdai) . by Tamemuta.and Birita. .) ReCently, thee. cOmpoUnde were also • 18 	• 
, 

.found,in a'red alga NiteUdesoso (Laurencia Okmeurai) collected in the Seto 

- Inland-Sea. 19)  'This ie a very intereeting finding because the Amefurashi  - 

lives on the Sozo (Laurel:14W  alage. 

Cif,Y 
• 

[7 b X =Br, Y H 
[12) X = Br, Y =OH 

X=Y.=H 

.Besidee, debrOmoaPlyain c13.3 waS eound in botiihearftel and Mitsu.- 
desom 18)19) . • . . • . , • • . „ o.. 

17)Cf. W. Parker, J.  S.  Roberts, 
331 (1967). 

"As will be discussed later (3.1), formation of a cyclopropane type 
intermediate may be conceivable  hère.  

18)à. Tamamura, Ana  T. Birata, Tetrahedron,  19, 1485 (1963). 

19)T. Irie, M. Slime, and Y. Bletkolin, Allâàe 11001. 12- hoe, 42, 
843 (1969). 

• limite,  Quart.Sély.::. (1,0ndon, 21.1 



(18) 

and Minoru. Suzuki, unpublished. 

• 	Leurinterol [14], a,new bremine containing seequiterpene being a . 

bicyclo [3.1.0] hexane ring iaolsted from Kurososo (k. intermedii)  and Mitau 

desoso, and its.debrominated derivative, debromolaurinterolD5e were. . 

.found to have a Cheiical structure which is very °lonely related.toapIYein. 

Also, itiolmurintero11161, an isomer of laurinterol,Sas been found  as *.. . 

• 21). • Micro-component of Kuroaoso..   

As a sesquiterpene containing broeein atoms•beetles, benzene nucleus, 

laureniel [17] waà'found in Dasoso 
 % 22) Ita structure was -,' 

*found to be related to laurene,Aue.  a vinyl bromide type structure Was con-

ceived for it. /p .U&/ .  

1.4. *Cyclic Ethereal Compounds Containinx Bromine 	 . • 	: 

The aUthor and his aseociates-found.out a cyclic.ethereal compound

containing bromine, laurencin  [18], 	in  Oososo (LaurenciaclialdUlifera). 

TUrthermore, they itioiated from Uraegso 	nipponica)  laureatin [l ]24)25) 	. • 

and isiblaureatint2e )26) which have atructUres closely related to leurencin .. 

20)? Iris,  M. Suzuki, and T. Masamune, Tetrahedron  Letters 1966, 1837. 

21) Toahi . Irie, 

22)T. Irie,  A. Pukusawa, M..Isawa, and 1. Kurosawa, Tetrahedron- Lettera, 
1969, 1343. 

23)a) T. Irie, M. Suzuki, and T. Maeamune, leabeWILIetters, 1965, 1901. 
b) T. Iris, M. Suzuki, and?. Masamune, Metrahedroà,,  24, 41 3 . (19 8)-. 

_ 

24) T. 

 254.  

M4;Isawa, and g. Kurosawa,'Tetrahedron Letters,  1968, 2091. 

Irie, M.,Isawai and E. Kurosawa, ,Tetrahimiron,  in Primes • 

26)T.. Irie, M. Isawa, and E.  %realm, Tetrahedron  Letters, 1968, 2735, 



Then, they elucidated the structures of these compounds. 	. . 	. 	. 

I 	These compoUnds were  supposed to'be formed probably via epoxide froi.. 

.,a common.precursor, hexadecar4,7,10,13-tetraehoto acid. [21] irld..ch is an un. 

. 	: 	• 	 ' saturated fatty acid found in marin 	26)27) e algae. 
, 

CH3-CH2-(ÇH=CH-CH2).-CH2-COOH: 

' ' 	• 	(2.0 . 	. 

• As described above, the. bromic coMpounds in marine algae.thàt are 

known today are not many as yet. The-bromine atoms in the:particlea Of:theae 

coMpounda,:including those.into which structural reeearches are in progreeS 

in the laboratory Of the .authOr and bis  associates, seem-to be 'explicable  if  

.itotay be supposed that they are introduced in :4 form of .bromohydrine via the 

position in which . the phenolic paeicles can easily be brominated, 	 . 

•opoxide from double bonds. 	 . 	• . 	 • 	• 

' 

	

	. In the following chapters,  some  main  bromic' compounds of those that 

hair(' been briefly describefabove will be,diacussed-in.reference to•their 

.isolation end structuraldetermination. 	 ' 

2. 'EUENOLIC COMPOUNDS CONTLINING.BROMINE6)  • 	• 	. 	• 

• .Through the treatment as outlined  in Table  1, two  types of  newhromo- . 

•phenols (4.e) were isolated in a crystallized fOrm'from 8 kg of.air-dried 

-specimen, of the Pudimatsumo  . (Rhodomela.larix - (Turner)  C...../igardb.) collected in 

Hakodate Bay in Jim», -.: 	 • 

Bromophenol-A[2],. C7H403Bre  ap 203, 205°C (yield, 1.2_g) turnde dark 

green with iron chloride (11I)• and was readily soluble in a Sodium carbonate'  

27. )Professor Siramart.Jones, PXivate Communication; Cf. Chemistry  in 
Britain, 2, 6 (1966)..' 
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(25g) 	acid s  
(1.2 g) 

W..xture (1)1 • 
' (2.2 g) 	, 
Halogen test (+) 

•
-Çrom ilt0Et 

I reetystalOzed 

Etherlutor= 

Table 1: 

Yulimatsumo  (Rhodos:E.la  larix  (Zing) C. Agardh) 
(air-dried specimen, 8 kg 

I extracted lee eb)er 
.tn. Sei 	appart‘1144. 

%solved raction 

Li
saaleed LeM rneihanol (ca. 30.0 

Yoom ternperattAre for  j men& 

fraction 

Litheel witl -1N Wet 
teker coneentretked -to ea. 1/2. 

Panic  i  Alcaline 
fraction)  aqueoue 
(140 mg) solution 

Ether"  solution 	Methinol 	 Unsolved • 	• 
• 1 Methanol 

-solution 

cweeetnerted•ca, 41 
Lebder rec4ceà.  res. utre■ ; *le 
541a.rXted v.hsolved «eule*ibrt 'eikered;•

solvemt ev4p9iTatea under reduced 
etesu.re 	reedue extratekea Wieh 
+Wier rjefte9( 

I
r solUtion-II 	Unsolved 

fraction 
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(

1 
Bal À) 

 mP  203205
0 

 C. 
 (1.2 g) 

ch3=ic 
acid solution 

I exbac-ted with ether 
after alkalized5the 
biler evaforeited., 

slxizen vet>, ether 
aféer eacIriked Lee, 
6H-Hce; the-eMer 
evapona-ted. tear 
dried, 

ether soas 
evaporated 
after dried. 

(—) 

rPhenolio I 	(Pale! 
taixture 

Halogen test (+) a very 
small 
quantity 
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• .% 

aqueOUs solution.- Its color-reaction to T011ens'.,reagent and to'2,3,5-tri-

phenyltetrasodiumchloride was positive...Prom ità UV' 	(MOE) net (8): 	• ' 

332 (6400),. 294 (8400), 240 (2680°)Q ' '(0.1N.NaQH-RtOR) 404 . (14400), 274 . 	. 

,(10600)J  and  IR spectra[?# * <nnjolb. 3300 (010,.1645 (00),. 1595, 1574, max 	. 

3503, 876 comi (benZenenUcleous)], itleas inf•rred to be .dibromoprotocate-. H 
chualdehyde. This inference was supported by the'fact that.a formyl group . 	• 

fOrms.acetal With methanol, but not fluoreeing ketagine with hydrazine.: . 

The  position -of the two bromines-was then determined as 2,3-dibromp-4,5- 	lp..1V32/ 

dihydroxybenzaldehyde (5,6-dibromoprotocatechualdehyde)bydirectlY.Comparing • 

.its dimethyl.ether, 213.128-129°u [MR: one R signal :due to an 'aromatic ring . 

 at 1-.6.15; 6.13 (each 3H, s)] with its.synthetic , product. 

. . Dromophenol-» [3], C8H803Br2,•mp 129,130°0 (Yield, about 300:m) was 

ieolated from the acidic fraction of the methanol,extracts of the •alga. From 

ite•UVL,,, • mg . (6):•292 (.3500), 230 (12000); -A Na0H-Et0H) . 303 (7300), 

•269 .(10300).]  and IR spectra[y 	3455, 1608,1.575, 1428,1467i:920,  878 °n71.1 

it was infermito be 3,4-dibrom0-5-(methoxymethyl) catechol, the same  sub-

stance as Matsumoto and Kegema7 )  had previously isolated frOm Hakeeskinokogi- • 

rihibe(Odonthelia cOrymbifera). It was identified  as  such by direCtly com- - 

paringsits dimethyl derivative, mp 71 ,-72°.C, afforded Upon-methylation with . 

dimethyl*sulfate, With its synthetic product. • • - 

3. LAURINTEROL, DEBROMOLAURINTEROL,  S AND LAURENISOL  

20) 3.1. Laurinterol and Debromolaurinterql  

Air-dried specimen of the Zuroeozo  (L. intermedia Yamada) collected 

in August in Oehoro Bay, Hokkaidii, was  soaked in methanol at room temperature 

for 20 days. Then, the extracted liquid was filtered, and the filtrate was 

concentrated under reduced pressure. The brown syrupy residue was then taken 



into ether, and the ethereal solutionwws dried .aftei.:washed suOceeiively 

.with a.dilutesodium . hydroxide solutiOn..dilute.hydrechloric acid, and water. 

The neutral fraction•of the brown oily.residue after.the removal of the ether • 

was then chropiatographed on silica-gel, and the effluent with - n,-hexanebensene 

(1:) was collected and purified by similar chromatography for several times. 

Thus, laurintero1 . C14],,C15R190Br (e 296,.294),  p 54 ,-55°C, [x]D.+13.3e , efts' 

obtained; the yield was about .o.24 of the air-dried.specimen. Its•VT, IR, 

and NKR spectra (Figure 1) supposedly indicate& the presence Of M trieUbstituted -

phenol greeP. 	(Rte ieu (8); 225 (7100),. 283 (2200),.289 (2100)0d 	• 

(CRO13); 3600,,1610,, 1495,. 1152 cm7 1 ; -c5.14 . (114 e). 3.58 (44.8)i -2 .53 (2lip .  

4 , an aroMatic methyliroup EL.7.78 (311,  s)].  two tertiary-methyl groups • - • • 

58.66,• 8.71. (each 3R, a)], and.a oyclopropane  ring  El.; • 3060, 1025 cm-1 ; * 

 *V9.48  (211, d, J. = 6.5  op),  about .8.9 (114 ul.).]. Nesidee, taking into•conaid- 

oration the result of analysis of its mataspectrum, it was sUppOsed that 	• 

laurinterol may have a structure similar:to that . of aplYsin  Eu], 18)  except 

its possession•of a phenolic hydroxyl grOnp and a oyclopropanè ring. Forthe -

purpose of finding .the relationship.between laurintérol and aplyain, therefore, 

laurintercl acetate was treated with k-toluenesulfonic acid in - acetic acid at. . 

50°C for 24 . hours. .Then, aplysin, C 15H19OBr, mp 95°C,Me-86.1° .,..was affordml 

a . good yield. 

• on 

ConsequentlY, the structure  of laurinterol [14] was clarified, and a 

hint was gained for finding the process of the biosynthesis- of aplysin. As to 

the stereochemistry of laurinterol, even ite absolute configuration has been 



Figure 1: MIR epectrum.of laurinterol [14] :(60 MO, CC1 . ) 
.4 

determined by  Robertson  and hie aaeociatee28)  as a resUlt  of  their Xr.-rmy. 

analyeie of liturinterol acetate, C1e2102Br ' 1111). 93^a93.5°C. g›.1)+11.1°  (mono-

clinic eyetem) (Figure 2).. àmcording to this, the methyl Amoup at  C-]. and 

the methyl group at C-2 are ei to each other so .» to Imp, while the aromatic 

ring and the myclOpropane ring become«. 	 . 

. 	• 

Figure 2: *7;ray analeeie of laurinterel ametate28) 

28)&. P. Cameron, G. Ferguson, J.  11 Robertson, 
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Figure 3: UMR spectrum Of laurenisol [17] (60  Mc, coi 4 ) 4 

Together With liurinterol, a new phenolicSesquiterpene conteining 

no bromine, debromolaurinterol [15], 
C151120

0' )(1.-12.2°, was iàolated from . 

the:neutral  fraction of the'Kurosono specinen, FOr this-isolation, the  

product by acetylation of a crude sample of laurinterol.*ae:carefully chromato-. 

graPhed on silica gel, so as to lead to.the isolation Of twe kinds of acetatesi 

i.e., laurinterol acetate and debromolaurinterôl acetate. • Then, hydrOlysie • 

of the latter acetate readiliaffOrded debromolaurintérel. [151 a#ich has a' 

phenOlic hydroxyl group (V3680,.3060, 1185 oi-1). Its spectrum was similar 

to  that of laurinterol E143 in the higher magnetic -field regiOn.- In the.low 

magnetic field region, however, the former showed signala due to three . aromatie 

protons appeared at-r3.70:.(1H, br. s), 3.51 (111, br. d, jut 7.5 cps), and 

2.77 (1H, d,  J 7.5 cps),-instead of two singlets ,(each 1H) at1r3.58 and 

.2.53 in the latter. This spectral pattern of [15] was then -attributed to 

1,2,47triaubstituted benzene ring. Frog these reaulte,. it was inferred that. • 

this phenolic compound must be e,debrominated substance  of laurinterol. - thià 

inference  was  substantiatedly the reduction of laurinterolto debramolaurin-

terol in a . good.yield with lithium aluminium hydride. Also, as in  the case 



•  of leurinterol, the treatment.  of debromoleurinterol with 2-tolueneesu1fonic • • 

acid in acetic icid afforded debrOmoaplysinfl3]. 19  

:The bicyclic •[3.1.0] heZene ring obeerved in laurinterol [14] and 

debromolaurinterol [15] is not only noticed as a fora of pr . liecrsor in the bio-. 

synthesis toward the eplysin type as mentioned,above, but also it is very 	• 

interesting for its conceivable role as an intermediate .  in the-biosynthesis 

from the cuparene type to the,leurene type. 

euparene 
type . 

•lautrinterol, Laurene 
type 

• The absolute configuration of the methyl group at 0-1 in cuparene was 

determined by %sell andBrdtman
29  ) by relating it to (+)-camphor. The abso-

lute configuration of the methyl group at 0-1 in laurene iras  determined by 

relating laurene to cuparene.
16b)30) Also, the absolute configuration of the 

methyl group at 0-1 in laurinterol was determined on the basis of the result 

• of X-ray analysis as mentioned above,
28)  so that it was shown that the methyl 

group has the sanie stereo-configuration as the methyl  groupa  at 0-1 in cuparene 

'and laurene. However, the stereo-configuration of the methyl group at C-2 was 

found in cis with that at C-1 in 1aurinterol, whereas in trans  in the came  of 

16b)30) laurene. 	• 

' 	29  C. Enzell and H. Erdtman, Tetrahedrol4  4, 361 (1958). • • 

3°)T.Irie,  T. Suzuki, e.atii,:and E..Ebroseea, Tetrahedron Letters, 
. 1967, 3187. • 
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3.2. Laurenisol22) • • . 

Together With lauren, laureatin, and isolaureatin„ a new bromine- 

' containing sesquiterpenoid, lerenisol, was isolated  in  a crystallised  for 

 from:the neutral.  fraction of. the methanol extractà from Utasoso  (Laurencie, 

 nipponica Yamada)'in es. 0.00e yield.' . . 	 - ' 

Pro  m ità Ifir[4 	278,285 qu - (E 2600,'2600 ]and ra Spectra .5./ .  max . 

3610, 3340, 3070, 1640, .1620,•1583, 1513,,1418,, 1254, 1156, 1133, 1/19,,953, 

. - 850, •810  eM711 it was 'inferred that lagrenisol E171 g1el90Br, WO-85.9° ,' 

.hai . a dote)» bond with a 2,56-disubstituted pheneel grOUp.,. Its •NKR spectrum • 

(Figure 3) showed signala due te.a secondary•methyl, a tertiary methyl, and 

•.an•aromatic.methyl group atir9.30 (d, e. 7 .ope),  -8.81 (s), 
respectiVe1Y, end.three:aromatic protons at1c3 ..65.'‘ (br. 8),'3.44 (br. 

•cps), 3.10 (d, 0T = SOW.. Furthermore, the UMR'spectrum'showed three•one-' 

proton signals.at Z-6.89 (ci,J= "it 7, 1  ~p), " 5.70 (br, s), and 4.02 .  (finely.• 

splitted- doublet, IT= 2•cps), whioh•were attributed to the protOn.Of:.:C.B7C113 , 

that of.phenolic.0g, and that of .:C=CHBr, respectively. The upfield shift of 

the Secondary methesignal wàs attributed .to an.anisotropic effect  of • the •- 

..aroeatio  nucleus, as in the case of laurens. 16)  Therefore, it wasinferred . 

. that the aromatic  ring and thamethyl grouP must be  in 	to each .other.' • 

• . .14surenieol is unstable in normal temperature and - eo eaSily. changeabler. 

as Will be described beloW,wherees its acetate, C17/12102Br- (e• 338 ' . 336), 	• 

mp 102.5 ,103% is stable. In theinespectrum•of this acetate,  the signal 

- due to the proton of 0=COBr:(fienly splitted doublet,V = 2 cps) was also 

shown at 't4.00. The crystals of laurenisol 'changed i.nto att.oily Mixtàre .  • • 

after placed :Overnight in a  desiccator at.room temperatilre under reduced'. - 

pressure . . 'Purification  of this mixture . bY chromatography affordedtwo types' .  . 
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of bromo-ethers . [22] and [23] aWitaprineiPalsoomponents. ',CoMpound.[22], 

Cle190Br (Mt 296, 294), CaJD+22.2°,. showe i  in ite UV P‘  

3500),] 	 . 1622, 1577. 1504, 1411,.1252, 1240, max • 

. 866,811,  767 . ce-1] àpectra the presence - of - an aromatic 

278, 287-leu(E 3400, 

1167, 1084, -1019, 966; 

ether.  groupend  the  

(17) 

abeence . of both hydroxyl, and carbonyl-groups. -In its.NKR epectrum, on the 	./P.1184/ 

other hand, it showed the presence of a secondary methyl (t9.27, d, 1,7 = 7  ope),  

a tertiary methyl (28.66, a), an aromatic methyl (27.77, a), and three 

aromatic protons (153.57, br. 8; 3.51, br. d, .7= 8 cps;  and'  3.16, d, 

brm 8 ops). The NKR spectrum also showed AB-quartets (2R,  J m 10 cps) at 

26.59 and 6.49, which were attributable to the methylene protons of -C-0 2R Br. 

The other bromo-ether [23], an ieomer of [22], Mowed in its spectrum at't4.97 

a signal  (finely aplitted doublet, Jul 14 cpe) attributible to the proton at 

the root of the bromine in ..011-C23r, instead of the LB-quartets. 

Treatment of the bromo-ether [22] with sine and acetic acid follovei 

by acetylation afforded a phenol acetate [24] having an exocycliemothylene 

group E0) 1656, 879 cm-1 ; 5.24 (111, br. a), 5.15 (1E, br. a)]. Upon treatment 

of this phenol acetate with acid,•the exo-metbylene moved into the ring, so 

that the acetate changed into an isomer [25] (2. 8.69, 8.38, each 3a, a) having 

a tetraeubstituted double bond. This relationship is similar to that between 

lauren and isolauren. 16)  The isomeric cyolopentene [25] was then treated with 

2-to1uensu1fonic acid in acetic acid at 50°C for 24 hours to afford debromo-

aplyein [13]. According to these chemical and spectral data, the formula [17] 

was given for laurenieol. 
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The structure of laurenieol [17]Inis observed to be closely,related 

to those of lauren [9] and lsurinterol  [141. Aleo, the characteristic "*"...-CalCHISr 

grouping in [17] was found in natural matters for the first time. These 

observations are very interesting from the point of view of biosynthesis. It 

was then suggested that the exo-methylene probably becomes a broMohydrine via 

•epoxide, when dehydration occurs to fora this grouping. 

"-It° 
- (17) 

. 	This supposition.was supported by the fact that eUparotin acetate 

	

.having an exocyclic epoxide structure . and its.correeponding eupachlOrine 	, 

acetate of chloihydrine were found in the : Same  plant. i) 	 •-. • *- 

' 	• As mentioned earlier, aplysin [11], debromdaplyginlliiand aplysinol 

[12] were isolated from a marine animal Amefurashi  Willod.akurodaii  and aloe . 

-their structures were determine&by.Yamamura and Hirata. 1"8.)  It is-interesting 

that they were.isolated alào from a red'alga Mitsudesoto (LaurenCia O1ramurai). 19)  

Although the 20-aPlysin126] vhich .was isolated also,frOm the AmefUrash,i  by 

- 	- 	• 	- Hirata and hie associates32)   .hag not yet been - isolated from -marine algae, it 

in conceivable . that tither the aplysin itself Or its prebursor may belPreeent 

in marine algae:' 	• 	• 	• 	 - 

S. M. Kupchan, J. C. Hemingway, J. M. Cassadyp  J. R. Knox,  A. T, 
McPhail, and  G. A. Sim, j. Am. Chem.  Me., 09, 465 (1967); S. M. Kupchan, 
J. E. Kelsey, M. Maruyama, and J. M. Cassidy. geze..eku. Letters,  1968, 3517. 

• . 	32) • Matsuda,' Y. TOmiie, -  S. -Umamura,  and T. Hirata, Chem..Commu., 
1967, €98. 



• .LADRENCIN,'LZURRATIN, ARDISOLABREATIN  

. The three typee of cyclic ethereal:bromic compounds thatare related 

to each . other etructurally,•laurencin [18] 3).1aureatin. [19], 24. )e)  and-ieO7 

leureatin [-12101 .25)2)  were found in the marine'algwe of:the:genus:30i° (.4MR7 . 	. 

rencia.).  Furthermore, there.was found anothertype of broMine+Uentaint4g . 

 compound•that is Oloselyrelated to theee compounds', and- researeesinto. its 

etructure has.been also. in progress. It must be noted here that, as will be 

'described bedew, the MR .end NMDR were very.useful for -determining the stric-

tures of - these compOunds, and also that the prior ieolation of laurencin and 

 subsequent detereination of its structure, though accidentalommeconvenient 

for proceeding the following experimenteen the other compounds. 	: 

4.1. Leurencin2.3. )  • ; • 	 • 

. 	Air-dried specimen - (8.5 kg) of the ,Oosozo (Iautencia Klandulifera  

Kützing) collected in Oshoro Bay, Bokkaidi,,was soaked iwice in methanol at  

room temperature for ten days. Then, the methanol solution was Concentrated - 

under reduced pressure, and the brown 'syrupy residue was- taken into.ether. • . 

The ethereal solution was then washed successively with Mg potassium hydroxide 

solution, 111.hydrochloric aeid, and.water to remove iteacidic and'basio 	. 
• 
components. After eireporation of the ether, a yellow oily neutral frectioà 

3)Toéhi .Irie and MinorU ' euzuki,pmeblished.. 
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•(Oa. 90 g) wasObtained., This neutral-fraction-was then ohromatographed On 	• 	• 

•ailici gel. Firet,:the above-mentioned aesquiterpene hydrocarbon, lauren 	 . •

• .waaisolated together with paraffin from•the effluent with n*exane.. Then, • 

33). 

	

type. of brômic sesqUitirpene ketone, C1ee30Bri-  . waiieolated. from : the- 	• 

•effluent with nhexane-benzene (da. 9:1), and its I:true:raid: being Lives- ' 	• "-. 

- tigated. From  the effluent with n-hexane,bensene (ca. 5:1), theni . .laurenoin 	• 

' 18 was isolatedin &crystallised. form. fhe.yield . was 'about 4.5-g.• Also, 	. 

'cholesterol was isolated frms the effluent•with bensene. 	• . 

	

Laurencin [L8], C
lï 
11230

3. 
Br, was isolated as  large•rhombic Orystals • • . 	. . 	 - 

of mp 73^-740C.000D+70.e,  by recrystelication from methanol. ,Tha XE in4 '• 	• 

.:CV•spectra of EIS] indicated.the presence  of .a  terminal methYne.W3285, 

- 	 -1% 
2100 cm 1.  trans  and Cis double bonds (1)304°, 950,i50 cm .1, a conjugate  • 

..dieneor enyile . (,1 ' 224  z, .S 16400;;I 	232 qn,.E 11000)",.and . an acetoxyl 	•• 

group.(  Y1735 om-1). .The presence  Of theee groups was then aubstantiated by 

the NKR spectrum (Figure 4): -  From the .  NKR.spectrUm, it-aleo became clear 	' 	•• 

that the presence  of four olefinic protonsia shown-by the eignalle atl>3.85 	• . 

(111, esx, 	15, 7, 7  ope), /- 4.1 (2R, 1), and 1'4.48 (111, finely.splitted 	. 	• 

doublet,.j= 15 cps).. These signals were given the symbols.(A).; (B), and (C), /p:1185/ 

resPeOtively,. so that the protons corresponding to them'could be.referred to 	. 

accordingly in such a way as, for _instance, the proton corresponding to (A) 	• 

being referred to as R-1(as shown -in Figure 4).. From the values of the.coupl- - . 

ing constants. of (A), (B), and (C), it. was inf•rred that R-A andIk-C are the• 

protons in à trans double bond while R-B is  the proton in a gleinuble bond, ' 

and that a methyl group ia present next to thé carbon with R-A. ,Purthermore,. 

from the fact that R-C.is finely"splitted, -  this  we:: attributed tO a 10254-raaes 

coupling. These points w•re sàbstantiated by the deooupling study which will 
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Figure 4: NMR and NMDR spectra of laurencin EDB] (100 Mc, 01C13  

be described later.: The.IE, doublet (17= 2  ope)  at.T7.17 (G) was supposed to 

indicate the proton of a terminal methynerit.dieappeared bi reduction aS will 

be deécribed later. The 3E, singlet.at /.7.97 (I) obviously indicated the 

methyl of aeetoxyl, and the signal due to . the proton at the root of .its. 

acetoxyl group appeared at't .5.02 (D) as IR, sextet (gj = 8,.5, 5 cps). The 

IR, sextet (gj = 9, 3, 3  ope)  at at5.93 (B)Vras supposed to indicate 

'the proton at the root of bromine, but thin will be diecuéeed later. Taking . 

into consideration the steep 3E, triplet (Jr. 7,. 7 -cps) at 29.02 (N), the 

IH, heptad (,y = 14, 7, 7, 7; 7  ope)  at t8.44 ,(N), and the partly hidden 1E, 

decade (or dodecade)at .V8.0 (11') altogether, thie was inferred to be the proton 

of an ethyl group. This inference was - aleo substantiated by the.decoupling . 

 study whiéh will be described'below, and supported later by the isolation of 

propionaldehyde on ozonolysie of laurencin. 



• 	On mild hydrolyeis*6  in a methanolic petaseium hydroXide solution, 

laurencin [18] afforded deacetyllmurencin E271 0 ,11' 0 2  Br,. whiCh was unorye- 21 	• 

tallisable and:reconverted into the original aietate [18] by treatmeltwith 

acetic anhydride and pyridine. The BMR spectrum of .[27] was not much•different 

from that of [19]; in the fOrmer, however., the signal at't 7.97.(I) had die-

appeared and the  • ignal at 25.02 '(11)  iras  shifted to a higher  field, 6.5  (1R, 

•-m). This subetantiated that the above-mentioned signal ai ir5.02 . (D) in the 

,NMB spectrum of .1aurencin corresponds to the peoton at the•root  of the  acetOxyl 

group and, therefore, that thé signal at /:5.93.(E) 'corresponds to the proton 

.at the root of the bromine. • • • 

Laurencin C18] became octahydrolaurencin [28 ],A17R3103Br, by consum7 

ing four moles of hydrogen when•hydrogenated in acetic acid ethyl over Adams' • 

catalyst. The UV spectrum of [28] &Owed only the terminal absorption, while 

its IR spectrum indicated the presence of an acetoxyl group W1735, 1237 cm71). 

In the-NMB epectrum of [283, the signale corresponding to those of (D),. (e),  

and (X) in the spectrum of [18] were  observed, though theywere shifted to'a 
• . 

slightly higher  fields, . -t 3.21, 6.13, and- 8,02, respectively, while the signals 

due to the olefinic protons in (A), (B), and (0) and the signal in .(G) in the  

spectrum of [18] had disappeared, thus proving the signal (G) to be due to 

the proton of terminal methyne. Also, corresponding to -a complex signal (3R, 

(F) including (F')). st Z-ca. 6.4.,.6.9 in the spectrum of [18], only a 2R, 

multiplet Centered at Z•Ca. 6.5 was found  in the  spectrum of [28]. .The dis-

appeared signal (F') due to 1R was. attributed . te the proton at theallylic 

*6 
The alkali treatment of laurenoih under1\  considerably strong  condi- 

tions  affords an allenè -type compound (/.)1950.cm 
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position. This will be discussed later. 

On hydrolysis, [28] afforded octahydrodeag•tyllaurencin [291 C 1-H 0
2 
 Br, 

, 29  

K1)+29.4. Its NMR spectrum showed :deals dus to two methyl groups ("C9.06, 

br. t; 8.97, t, J = 8.8 cps), a aecondary hydroxyl group (1C7.76, 1H, 8; .0t 

about 6.3, 1H, m), and the proton at the root of bromine  ('about 6.0, 1H, m). 

Its acetylation recovered the original [281 

On the treatment with lithium aluminium hydride in thermo-tetraberc-

furan, [28] was debrominated and became hydroxyether 501 Cl5H3002, which 
was then acetylated by the • ordinary method to give mostomyether [31], Cl7R3203 

 [P1740 on-1 ;2,6.48 (2R, n), 5.15 (1R, m)]. Compound [30], i.e., octahydro-

deacety1debromo1aurencin,M D +21.3° , V3570, 3480, 1190, 1090 om-1 , exhibited 

in its NMR spectrum two methyl groupe (1- 9.06, 3H, br. tOC9.00, 3H, t), 

secondary hydroxyl groups ( .1'7.64, 1H, br. 8;7.6.66, 1H, m), and two protons 

at the root of ether (/.about 6.7, m). Oxidation of this compound with 

chromic acid in acetic acid, afforded propionio agid, caproic acid, and adipin /p.1186/ 

acid. The propionic acid together with the above-mentioned propionic aldehyde 

afforded by the ozonolysis of laurencin indicated the presence of ethyl groups 

within the particles. The caproic acid indicated the presence of penthyl 

groups, and the adipin acid was suppoaed at least to indicate the presence of 

the group of C-(0112) 4-C. 

In comparison of the NKR spectra of the ibove-mentioned laurensin and 

of its derivatives, the chemical shifts of their corresponding protons were as 

shown in Table 2. Within the range of 't laurencin [8j and deacetyl-

laurencin [27] ahowed 3H, while all the ootahydro-compounds>11291  [J  and [31] 

ahowed 2H. This 2H was attributed to the protons at the root of ether, while 

the 1H (P') at Pr• ca. 6.8 of the 3R in [18] was attributed to the proton at the 



(i) 

became clear: 
HL HA 

11 1, 	Hc  
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allylic s positien whiOh had àhifted to an unusuagy iower magnetic field. T#ese • 

(r) and (L') were-examined further in toms  of  theresulte .Of their decoupling.. 

Table 2t UMR sp cetra (t) of laurenoin and ita dirivativee 

	

eanystita A B 	c 	D 	D 10 	E 	F 	F' 	G 	K Kih) 	L 	L'  M 	N 	N'O .' 

(18) 3.85 4.1 4.48 	5.02 	- 	5.93 6.6 6.8 7.17 7.97 	- 	7.6 	8.0 8.44 9.02 	- 

(27) 3.85 4.1 4.63 	- 	6.06 	6.5 	6.6 6.9 7.38 	- 	7.77 7.4-4.8 8.5 8.5 9.04 	- 

(28) - 	- 	- 	5.21 	- 	6.13 6.5 	-- 	- 	8.02 	-- 	 ? 	? 	9.00 	9.07 

(29) - 	- 	- 	- 	6.0 	6.13 6.6 	-- 	- 	- 	7.76 	- 	8.6:8.6. 8.99 	9.013 
(30) - - 	 - 	6.55 	- 6.7 - - 	- 7,64 	 ? 	? 9.00 9.06 

(31) - - - 	5.15 	- 	- 6.6 - 	7.95 - 	 ? 	? 9.05 9.05 

	

a)  >CHOH. 	b)  OH. 	c )  -(CH2) 4CH3. 	 • 

On the'basie of the foregoing resulte,:the following partial struc-

tural formula  was  given for laurencin [18]: 

3 -CH2-(C=C) 

-CECH 

2-CH.CH- (cis e4Xteirans) 

C17H 2302Br--ç>cHoçocH, 

>CHBr 	 . 

>CH-O-CH< (ea 1, ,  it --CH 2-0- - C ) 

CH2-CH2  

Examination of the decoupling results was helpful for formulating 

this partial structure. The decoupling data were an shown in Figure 4 and 

Table 3. 

When (G) wae - irradiated, the fine splitting of (0).disappeared-to 

become a simple doublet (J.  = 15 . cps). Whan-(0) .  was irradiated, the  ..2 cps 

coupling of (G) disappeared to become a.singlet. • Thie sUbetantiated the - conm• 

jugation of the trans double bond and the terminal acetylene bond: Aleo, the 

above-mentioned supposition Of the presence of methylene group adjacent to 

R-A was substantiated by the result that (A) became a wide-doublet (3 = 15 

cps) when (L) was irradiated. Thua, the following partial structure (i) 



following partial structure: - 
—c  (HE)i —0— à—.0 

. à 
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Next,: when (D), i.e., the . proton at the root  of the adetoxyl gro4P, 

wae irradiated, (F) and (L) &owed significantObange. On the other hand, 

when-(F) and (L) was irradiated,.(D) : cbanged into a quartet (4I 8, 5 cps) 

and a wide doublet Ge . 5 ope), resPectively. 'Ibus, the folloWing.partial 
structure (ii) became clear: 

HF HD HL 
—0— à- 

6Ac 

-Then,.fOr the purpoee of inVestigating-the region aroundlt 5.93 (E), • 

the proton at the.root of bromine, (E) was irrediated.. : As the reeult, changes. 

in (F), (F') and (L) were observed. On the : other hand,,(E) was .decoupled• 

reapectively to a- wide triplet (17 m 3, 3 cps), a Wide quartet (1; m 9, 3 epos), 

and a quartet (47 m 9, 3 ope)  by the irradiation  of ' (r), (F') ind (4). The . 

Shift of H-F', the proton at theallylio position, to an unusually lover ime 

nétic field was supposed to be.caused probibly . by the bromine. lhethermore, - 

when  (F') and (L) lare irradiated, - changes occurred not'Only in their eignale 

but.also in (B). . From these results, the following partial structure (MI)" 

became clear: 
FIB 	FIB Efi, '11 E  1 F 

cis I.
' HF' Bi 

Because. both (D) and (E) were decoupled when the - signal  (i') due  to the 

proton at the root of ether was irradiated, there was,no posibility of the - 

( ii) 

Therefore, (ii) and (iii) were combined into the following (iv): 

HE HE HL HE HF 	 HL 

— à--==à — à à à —0 — à à — à*—(C=C) (iv) 
• 	 (cis) 	I 	I 	I  

HF,  Br 	()Ac  HL 



As mentioned above, when (B) was irradiated, changes occurred nbt. ogy 

in (P') and (L) but:alsoin the pattern around "r7.8. Àssuliguite 'changing 

signal as (LI), this was supposed probably to  b~  one of the Be of the *ethylene 

at.the allylic position adjacentto  the 	double bond. This (L")was.ob- 	• 

served to be changedalso by the irradiation of (P),. BecaUse (L") was  over- 
. 

lapping with other  signale  So that the condition of ite coUpling vas not  clear, 

nothing decisive•could be found. Rowever,.taking into'considerition the fore- . 

going results, the following (v) was conceivable as its.skeleton: ' 
. 	H, 	HI;  11L".  HF 

• ( v) 
(clis) 	1 	- 

HL 

The ihifting of the H-L" signal, one of the Bs of the methylene at 

the-elylic position, to a higher magnetic field, "r 7.8, muet be attributed 

to a deehielding effect of the double bond. Since the ea double bond of  (V) 

and the min double bond at the left end.« (iv) must be the same, (v) was 
supposed to link with the left end of (iv) while the right aide of (v) was 

supposed to correspond to one of the carbone  at the root of the ether of (iv). 

Also, the 0* at the right end of (iv) was supposed to correspond to the Cle at 

the left end of (i), and, accordingly, (i) was supposed to link to the right 

end of (iv). 

Next, as mentioned above, the IR, septet of (M) end the 1R, decade 

(or dodecade) of (L') were attributed to the methylene of ethyl group.  mi 

was substantiated by the results that both (M) and (L') became quartets by 

the irradiation of (N), while (N) was decoupled to a sigglet when (M) and (LI) 

were simultaneously irrediated. This means that these two methylenic hydxogens 

are magnetically unequivalent to each other. Besides, from the result that 

changes occUrred in both (M) and (L') also  by the irradiation of (P), this 

•/p.1187/ 



Table 3: NKR spin decoupling results of laurencin [18] (100  Mo,  CDC13 
 ). 

Irradiated.proton 
Observed 	-Kultipecity' Splittingb) 
proton 	change" 	decoupled 

(cna)  

; 

	

- 1 - 	7.17 (G) 	G-15 	-CECH 	 4.48 (C) • 	 dec->sex 	 2 

. 

 

	

2a 	4.48 (C) 	C-13 	-CH=CH- 	 7.17 (G) • 	d->s 	• 	2 

' 	b 	 1 	 3.85 (A) 	 SCX-9t 	 15• 

	

C 	 • 	 7.6 (L) 	• 	(ch) 	 v. s. 

	

3a 	3.85 (A)  •  C-12 • -CFI=CH- 	 4.48 (C) 	 dec-->s(br) 	 15 

	

b 	 t 	 7.6 (L) 	 (ch) 

	

4a 	5.02 (D) 	C-10 	-CH(OAc)- 	 6.6 (F) 	• 	(ch ? ) 	• 

	

b 	
t 	 7.6•(L) 	 (ch) 

	

5 a 	5.93 (E) 	C-4 	-CHBr- 	 , 6.6 (F) 	 (ch)  • 

	

b 	 6.8 (F') 	• (ch) • • 	

. 

	

C 	 7.6 (L) 	 (ch) 

	

6a 	6.6 (F) 	C-3 	)CH-O--CH< 	5.02 (D) • 	sex->q . 	• 5 

	

' b 	 and 	 5.93 (E) 	 sex->t(br) 	 9 

	

C 	• 	 C-9 	 8.03 (L') 	• 	• dec->sex( ? ) 	3 

	

d 	 8.44 (M) 	 sep->sex 	 7  

	

•  e 	 7.6 (L) 	' 	(ch) 

	

f 	 7.8 (L") 	 (ch) 	• 

	

la 	6.8 (F') 	C-5 	allylic 	 5.93 (E) 	 sex-->q ( ? ) 	 3 

	

b 	 proton 	 4.1 (B) 	 (ch) 	• 

	

c 	 7.6 (L) 	 (ch) 

	

8a 	7.6 (L) 	C-5, 	allylic 	 3.85 (A) 	 sex->d 	 7, 7 

	

b 	 C-8 	protons 	 4.48 (C) 	 dec->q 	 1.5, 1.5 

	

c 	 and 	 5.93 (E) 	 sex->q 	 3 

d - 	 c-11 	 5.02 (D) 	 sex->c1( ? ) 	 5, 8 

	

C 	 4.1 ( B) 	 (ch) 	• 

	

f 	 6.6 (F) 	 (ch) 

	

g 	 6.8 (F') 	 (ch) 

	

9a 	4.1 ( B) 	C-6 	-CH=CH- 	 6.8 (F') 	 oct( ? )->q 

	

b 	 and 	 c 	 7.6 (L) 	 (ch) 

	

, c 	 C-7 	 7.8 (L") 	 (ch) 

	

10a 	9.02 (N) C -1 	-CH2-CH3 	 8.44 (M) 	 sep->q 

	

; b 	 8.03 (L') 	 dec->q 

11 	7.17 (G) 	and 7.6 (L) 	 4.48 (C) 	 dec -*d 

12 	6.6 (F) 	and 7.6 (L) 	 5.02(D) 	 sex->s(br) 

13 	8.44 (M) 	and 8.03 (L') 	 9.02 (N) 	 t->s(br) 
_ 	. 

a) Abbr.: "s" means singlet; "d" doublet; nt" triplet; "q" quartet; "aex" 
sextet; "sep" septet; "oct" octet; "dec" decade; "br" - broad; "ch" change; 
"?" means that the multiplicity is not clear. 

h) Abbr.: "v.s." means "very mall coupling constants". The error limite; 
+ 0.5 cps. 

11.■••••■■■••• 

ethyl group vas supposed to link with one of the carbone at theroot of the 

ether. Tàking account of all the foregoing reaults together, [18] end [32] 

remained as possible structures f6r laurencin. 

7, 7, 7 	! 
7; 7, 7 
2, 1.5, 1.5 I 
5, 5,8 	■ 
7, 7 

■ 



(rde 43) 

lee 275 

nile 327,225 

bad. 156.5) 	mie 215  

0 	- 

(m/e 219. 217) 	 (wilt 190  .138) 

f 	1 
( We 63)  

"'Hu» 
Br 	HF 14r 	.11 

* /C\. 	
° 

c-0"/  

—Bm 	.0Ac 

' 

114  HA  

--Hc 
• 

Hc  

' 

re  • 

' I 	' 

Br.  H. 	• 	-^H« 

(32) . 
(18) 

Ho 	HI. HA 	
...- 

i •■•••••••••• 

AC He. 

It was impossible by.  the  abovementioned methoeto determine the. 

foregoing alternative, because there was no differenoe between the chemical 

Shifts of the 11-7 protons. HoWeVer, this Problem was eolved because their 

shifts  in the solvent were different from each other. That is; beeauee . the 

chemioal  shifts of the two 	were divided into.two  par in the epectrum in 

benzine,  2'6.95  and 6.62, it turned out after decoupling of these that the 

former coupled with (D) while the latter with.(E), (L') and (14). Acdordingly,. 

the formula  >lima given for laurenein. 	. 

This structure of laurencin was supported also by its  mass  spectrum. 

That is; the main fragment ionà of the mass spectrum of.laurencin (Figure 5,. 

A) may beAihown as folio:re ([ ] Shows metastable ions): . 

/p.1188/ 
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441 e 109 

Aleo, the mass spectrua (Figure 5, 13) of octabydrodebromolaurencin 

C31j is explicable in terms of the following fragmentations: 

The strong peak at eve 123 may be at*ributable to the loss of 1120 
from pve 141, as demonstrated by the appearance of a  • metastable ion peak at 
r74 107.5. 
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Lastly, aa to the stereochemistry of laurencin, the hydrogens at C-3 

and C-4 were suppoeed from their coupling constants to be in trans  poeition 

to each other, but the stereo-configurations at C-3 and-C-4, and at C-9 and 

C-10, were not clear. 

Figure 5: Mass spectra of (i) laurencin DI.8 .] and (B) octah,ydrolaurencin [31]. 

Soon after the publication of. a 'preliminary report on the structure 

23a) of laurencin by the author and bis  associates, 	Xray analysis of laurencin 

was done by Prof. Robertson and his - research associates.. Frum its results, 

.the plane structural formula proposed by  the  author and his associates proved 



correct, and also the relative stereo-structure [18-1] was c1arified. 34)  

. 	Therefore, if the abeolute configuration of any.one of the four - 

asymmetric centers .  could be determined,the absolute.structure of : laurencin - 

muet accordingly-be determinable. For thià reason, the'absolute configuration 	, - 

at C-10 was inveetigated by the following method, and it turned out-to have a 

- R-configuration. That is; octehydroaciethyllaurenein. [293 -was changed by 	- 

Pielog's method into phenyleyoxy].ic acid ether [33 ], -which was acted on by 

methyl magnesium iodide and then.hydrolyzed to afford levorotatory atrolactio 

acid [34].  Thus, it was determined that laurencin has the absolute structure 	, 

shown by the foregoing [18-A]. 

- 	Furthermore, the absolute  structure 	laurenoin was recently inves- 

tigated by Means of three-dimentional 1-ray analynis by Fnrgusonnnd  hie  aseo- 	• 

ciates, 35) and the result also indicated that the asyl'êtric C at C-10 has a 

R-configuration,  thus corresponding to the regult obtained by the author and 

his associates by means of chemical method.. 	 O 	 /p.1189/ 

Laurencin is an 8-meMbered cyclic ether which had not  beau  found in 

natural matters, having a peculiar structure With the aide-chains of terminal . 

. 	. 
34) A. F. Cameron, K. K. Cheung, G. Ferguson, and J. M. Robertson,. 

Chem. Commun.,  1965, 638. -  

35)Private communication-from Dr. G. Ferguson. 
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Figure 6: X-re,y analysis of laurenein t183 4  

conjugate enyne bonds. Asmentioned above, this wee supposed to be formed 

from hexadec&407,10,13-tetraene acid via decarbonic . acid and epoxidation of 

double bonds. This  was.  more  clarified through the examination'of lanreatin 

and isolaureatin.. 

4.2. Laureatin and Isolaureatin  

On the supposition that there must be some other compounds related to 

laurencin [18], bromic components in the marine algae of mainly the genus 

Sozo (Laurencia)  and its near genera were investigated. Then, as described 

earlier, laurinterol wae found in the Kurososo  (à. intermedia) collected in 

Oshoro Bay, and also several bromine-containing aesquiterpenic compounds  such  

as laurinterol, aplysin, and aplysinol were found in the Miteudeeoao (Laurencia 

Okeurai)  collected in the Seto Inland-Sea. Tot, no bromic eompounde related 
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*8 
to laurencin were than found out. 	Thereafter, two new bromine-containing 

compounds related to laurencin, i.e., laureatin and isolaureatin, were ieolated 

from the ITrasozo  (L. iiimonica Yamada) collected at the Nobeji Beach in Hako-

date Bay. The method of ieolation was almost the same as that in the case of 

laurencin. That is; the neutral fraction Of the methanolic extrants was 

chromatographed and, after removing the effluents of paraffin, laurene [9], 

laurenisol [17], etc., a crudely crystalliaed  substance  which was positive to 

the halogen test was yielded from the effluent with e-hexane-benzene (1:2). 

This crystallized product was a mixture of two types of isomers having the 

composition of 015112002Br2 , from which laureatin [19], mp 82 ,,-, 83°C,[011p +96° , 

and isolaureatin [20], mp 83-,-84°0,[01]D +400 , were isolated in the yielde of 

• 0.05% and 0.02% (of the air-dried apecimana), 

ing recrystallisation from the methanol. 

The UV spectra of,laureatin [19] and isolaureatin [20] were almost 

the same; 	223, 229 lu (E 12400, 10300) and 2 	223, 229 mg (E 12800, 

10400), respectively. Their absorptions were very similar to those of lau-

rencin [18]. Also, the presence of peculiar absorptions of the terminal 

methyne at 1./3,300, 2150  cm 	>3300, 2100 cm-1, respectively, in their 

IR spectra was the same as in the case of laurencin. Furthermore, the NNR 

spectrum of laureatin (Figure 8) showed a 1H, sextet, (.7-= 11, 7, 7 cps) at 

.r3.97 (A), a 1H, finely splitted doublet ( I' = 11 cps) at dr4.47 (B), and a 1R, 

doublet (eT = 2 elm) st 7'6.94 (I). The NNR spectrum of isolaureatin also 

*8 
Aplin and his associates investigated the components of L. Pinnati - 

fide collected on a coast of England,  bût  they could not find any acethylenie 
compounds related to laurencin. Cf. R. T. Aplin, L. J. Durham, Y. Kanazawa, 
and S. safe, j. Chem. .§9.91. (0), 1967, 1346; Private communication from Sir 
Ewart Jones. 

respeotiiiely, by carefialy repeat- 
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showed almost the same signals, which also'indicated the presence of the-groUp . . 

of -CH2-OBA7OHB44H, as in the Case of laurencin... This  was substantiatedby . 

their decoupling results. However, whether the double .bond . is  MA or trans,  

could not be determined because of J .  ut 11^.12 cps and also becauee of the 	- AB 

presence  of. other absorptions at the region arounà 1. , 950 cm-1  in the IR spec-

trum (Figure 7). Thereafter, the geometrical isomers of liureatin and iso- 

laureatin whose respective JAB  is 16 cps were found in the name marine alga, 

though in S very small quantity, 36)  so that the double bond can now be con-

sidered to be  ois in the case of laureatin and isolaureatin. But the cause  •  

of the chemical shift of H-1 of the terminal methyne to a considerably lower 

magnetic field, t6.94, is • not yet clear, although it may be attributable to 

the double bond being cis. 

Because neither hydroxyl gToup nor carbonyl group were found in lau-

reatin and isolaureatin (IR, NMR), their two oxygen  atome  were suppoeed to be 

ethereal. This supposition Vele substantiated by their IR and »MR spectra. 

That is; the IR spectra showel absorptions of 3.i 1140, 1086, 1045, 975 *9cm71 , 

while the NMR spectra showed in the region of 50-'6.5 the signals of 6E 

which were attributable to the protons at the root of ether and those at the 

root of bromine. Of these protons, if two were the protons at the root of 

bromine (.:CHRr), the remaining 4H would then correspond to the protons at the 

root of ether. In the case of isolaureatin, these protons could not be analysed 

because the signals of 4E  of the 611 were overlappilgone another in the NMR 

36)Tashi Irié, Akio Fukuzawa, and Eteuri Kurosawa, unpàblished. 

- 
*9The  absorption ofv975 om

1  will be described later. 
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•spectrum (Figure 11). In the case of laureatin, on the other hand, there were 

three lE septets at 25.12 (0). 5.46 (D), and 5.87 (F), one bread 111 quartet 

at 2- 5.62 (E), and two partially oyerlapping 111 multiplets centered at tea. . 

6.2 (G) and 6.35 (R). As will be described later, because the 15 carbon atoms 

of laureatin and of isolaureatin were combined together in a straight-chain 

•fors, the possibility of the following partial structure was excluded: 

> C -Br, 	7CH2Br 

. 	/P.1190/ 

Accordingly, those six protons were maalyzed as follows: 2.)M1-0-CMK:mnd 2::CRBr. 
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Figure 7: IR spectra of (A) laureatin [19], (8) hexahydrolaureatin [35], 
(C) bezahydrobiadebromolaureatin [43], and (D) hydroxyether [44 1 . 
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Figure 8: NMR and NMDR spectra of laureatin [19] (100 Me). 

FUrthermore, in the NMR spectrum of laureatin, the 311 triplet at 4r8.93 (M), 

and the two 1R multiplets at Zoe. 8.15 (Li) and  8.3(L2)  were attributable 

to the protons of ether group, while the complex 3H multiplets at 4rca. 7.2 

(J) and 7.5 (x) were attributable, as will be described , later, to the protons 

of the two methylenic  groupe  between the carbons bearing an ethereal oxygen 

and the carbons to which a bromine was attached and aleo to the two allylic 

protons. 

Laureatin [19 1  when hydrogenated over Adams! cata ].yst, became hexa-

hydrolaureatin [35], C1e2602Br2 , by .consuming .  3 moles of hydrogen. The IR 

spectrum (Figure .  7) of [35] indicated the preeence of oxyde  groupe  (1i1144, 

1078, 1050, 975, 965 om' ). In its NMR spectrum (Figure 9), on the other 

hand, the signala  corresponding to those-of (1),.(B), and (I) in the spectrum • 

of laureatin disappeared, shile a wide 3R triplet attributable to the methe 

group at the end of alkyl group and a peik-due to.  the  methylenic.prOtons (6R) . 



• 

; 

-A AU )‘Ad . A 
irr. D irr. 

fkl■ 
irr. C irr. E 

C 	.D  E 	F 
4.97 	5.23 5.41 	5,74 

1, 	I: 
8.1 8.3 

W 
7.1 	7.3 

G. 	H 
6.15 6.39 

M 

irr. G 

	

irr.  K 	irr.L irr.L .  

jil\&  M A FlUk 

	

irr. F irr. H irr.G irr. C 	irr. E irr, D 

Juj  

4  
1()'‘.h61 	

8L.1.5fie 

Ls 

" 

-5  

. 	irr.L irr.P 

P M N 
8.57 8.87 9.05 

(17:1)1 ki 

• 

35 

were  shown at ID 9.05 (N) and st 8.57 (p), reepœictively. lam, instead of the.  

complex 3R signals at *E" 7.2 (J) and 7.5 CO in the spectrum of laureatin, 

signal.  of 2R multiplets appiared at 2"7.1.(J') and 7.3 CO, so that 2H of 

the 6R in (J) and (K) were supposed to be corresponding to the protons at the 

allylic position and the remaining 4H to (J') ami (K') of hsxahydro compound. 

This observation will be further examined later. In the hexahydro compound [351 

the signals in the region of D4.8--6.5, i.e., those due to the protons at the 

roots of bromine and ethereal oxygen, were divided into considerably clear 

independent signal!' (100 Mc). That  il; the 1H signals corresponding reopectively 

to those of (C) to (R) in the spectrum of laueatin were observed on the eeptet 

(4T m 8, 5.5, 2.5 cps) ate4.97 (C), the septet (47' m 7.5, 6, 1.5 cps) at 2'5.23 

(D), the wide quartet (117 = 5, 5, 4 cps) ate 5.41 (E), the eeptet (d7 = 11, 

8.5, 2.5 cps) at It 5.74 (F), the quintet (47 2. 10, 5, 4 cps) at T6.15 (G), 

and the septet  (j=  7.5, 6, 1.5 cps) at'r 6.39 (R). 	• 	 /p.1191/ 

r .  

Figure 9: NMR and NMDR spectra of hexahydrolaureatin £353 (100 Mc) 



Table 4: Spin dedoupliniothexahydrolagreatin [35] (100 Kei CDC1 3) 

Irradiated proton 
Obeerved• Multipecity Splitting 
proton .ehangeq" 	. doccupled 

• .(530a.  
7 
7, 7 

' 10, 4 
10, 4 
5 
5 
5, 4 
5, 4 
11, 8.5 
11, 8.5 
2.5 
2.5 
8, 5.5 
8, 5.5 
7.5, 6 
7.5, 6 
1.5 
1.5 

, 7.5, 6 
7.5, 6 
6, 6 

8.87(M) C- 1 -CH.:1-CH3. 1 8.1 (L) : 	; (ch) 

	

i 8.1 ,  (L)  C-2  -èH2 -q-13 1 8.87(M) 	: 1 

	

.' .1 :6.15(G) 	qui.,->t 
6.15(G) C: 3 H*b) 	". 	8.1 (L) 	(ch)  

1. 	 5.41 ( E) 	q(br)-->t(br) 
1 5.41(E)  E-4 H* 	6.15(G) . 	qui->q 

7.3 (K') ; 	i  m--*d(br) 
7.3 (K')  C-5  -C}12- 	5.41(E) 	q(br)-->cl 

	

5.74(F) 	I. sep -->d 
5.74(F)  C-6 H* 	, 7.3 : (-1( 1 ) 	i m-->cis 

• 4.97(C) 	Isep7>t(br) 
4.97(C) C - 7 H* . 	5.74(F) 	, sept(br) 

• 17.1 ( J') 	(ch) 
7.1 ( J')  C-8 -CI-12-i 	:4.97(C) 	sep- .d  

, 	 :5.23(D) 	sep->s(br) 
' 5.23(D)  C-9 H* 	7.1 ( J') 	m->cis 

	

6.39(H) 	sept(br) 
: 6.39(H) C-10 H* 	• 5.23(D) 	sep->t(br) 

	

. ; 8.3 . (L') 	(ch) 

	

' 8.3 (L) C-11 C1-12-'S 6.39(H) 	sep->s(br) 
8.57(P) 	-C1-1 2- 	.: 19.05(N) 	. t(br)->s 

; 	1 	• 	,.  

a) For abbreviations, refer to the note of Table 3. "qui" means 
quintet; "ds" double doublet. 

b) Proton on the carbon atom coupling with bromine or ethereal 

The results of the spin decoupling experimenta on hexahydrolaureatin 

were as shown in Figure 9 and Table 4. In ihort, it became clear that hexa-

hydrolaureatin [35] has a straight-chained carbon skeleton, and that two 

bromine atoms and two ethereal oxygens couple with aome of the C-3, C-4, C-6, 

C-7, C-9, and C-10. Accordingly, the formula [35] can be expressed by the 

following formula [5 -I]:
*10 

m 	ai m (E) 'Oc 1 (e) (c) 	) ( )) 00 (u) (P) (N) 

CS.- 	-  
I 	I 

I 	I 	••• 
.B Br 0 0 

(35-A) 

*10For.  instance, (K) in the NKR spectrum indicates the signal 
corresponding to its proton. 

canna. 



(35) X= Br 
•(43) X 

RO H 
CHI-CH2-CH=CH-CH2-CH=Ca-CH2- à - à - (C H2) 4CH3  

11CR 
• (36) R H 

(37) g-Ac 
HO H 

à H3 (CH2) 7— à —7 à — ( C1-12) 4C Fla 

(3■ 11 

• HO H , 
CH3  (CH2) 2-CH- (CH2) 4- à à - (C H2) C H3 

(e  

(44) 

. Then, in order to determine the coupling position of these bromines •  

and ethereal exygens, the following experiiente were conducted: 

(i) The compound [35] was treated with sinc.and acetic acid and then 	- 	• 

hydrogenated.with dilute alkali, so that glycol [361 C15R2802(e 240), was • 

afforded. The multiplets at e6.61 (2R) and 4.54 (e) in the UMR.spectrum of • 

[36] were attribUted to the protons at the root of hydroxyl group and the , 

o].efinic.protons, respectively. .In the NKR epectrum of•its diacetate [37], • . 	• 

C19R32
0(le 324), the wide peak (210eentered at.e 7.28 was attributed"to.the-

methylenic protons between.two double bonds. Also, in the NMR epectruk,.sig-

nals due to .the four protons at the allylic position and to the ‘o protons 

at the root of acetoxyl group were shown at 1.7.6 ,,, 8.2 and' at Tea. 5.1, ree-

.pectively. , By *contact catalytic reduction the . uneaturated glycol [36] became /n.1192/ 

a saturated glycols [38], C15H3202 (M+  244), ap  54 1"•' 5 5 °C [Dap -25.40 . The 

structure of [38] was.inferred from the mass !weer= of itelsopropylidene 

derivative [39],[0ap-35°,  and.then determined by oomparing iteith the eatur. 

rated glycol [40] that was - derived from l•urmacin [18]23)  by'the method as. 	• 



CFT. 
• (39) 

(C110,ell 

,i/. 171  

cum 	°. 	C.HiÇHÇHCsHzt  

Cille--  CH —CM— CM' 
\ +/ 

0 
• H 

ogl e 227 

tee 59 

faie 269 

—CH,- C.-0 

will be mentioned later. That is; the mass spectrum of [39] allowed peculiar 

peaks at:We 269, 227, 213, 171, and 59, corresPonding to the following frag-

ment ione: 

From  the foregoing results, the formula [36] was determined for the 

unsaturated glycol. Another possible formula De] was ruled out on the 

basis of the data of the NMR spectrum of its ac•tate. That ia; if the formula 

[3e] were given, its' acetate WaS to have eieat hydrogens at the allylic posi-

tion, so that it would be inconsistent with the observed NKR spectrum. 

• CH 3-CH 2-CH=CH-CH 2-CH-CH-CH2-CH=CH-(CH2)4C1-13 

ÔH 

C36 7) 

On the other hand, ootahydrolaurencin 0281 which was yielded from 

laurencin 1183 by contact catalytic reduction, was treated with sine and 

acetic acid and then hydrogenated with alkali, eo that an unsaturated glycol 

[41] was affordeà. The saturated glycol [40] d•rived frâm [41] by contact 

catalytic reduction, 15R2802(ke.  240), ap  54 ,- 550C, was then regarded as an 

antipode of. [38], becauee its IR (in chloroform) and NMR spectra were D540+25.5 ° , 

corresponding completely to thoee of [38]. Also, the isopropylidene derivative 

[423 of [40] corresponded campletely to [39]in the IR, NMR, and mass spectra, 

[Dael.34.5° , so that it was groved to be an antypode of [39]. As mentioned 

earlier, the prior determination of the abeolute structure of laurencin led 



Brt H 	1.4— H 

H 	 q-0Ae 
O:f1. 

 

CH.-H  
— Cm CH 

(18) 

28) 
Z. 'Ac011 L 

HO-  C11— OH 
C.H. 

(CH1)4CHa 

(41) 	, 

39 

to the determination -of the structure of the glycol  [4o3,'andits two sgri". 

Metrical centers were then supposed:to. take a leceolifigtu•ation respectively, 

so that those of 1381 could be given a S-configuration respectively. 

0 ÇH --OR 
C.H. • 	• 	(CH,),CH. 

.(28) X=Br,R=Ae 
(45) X=Iir,11.--- H 
(46) X.--, R=H 

H OH 

61:1 
(40) . 

• mccii,),--cli-cli-tcn);c14, 
b 

CH. . 	- • 

• (42) 

Conaidering from the structure of the unsaturated glycol 563, it was 

unconceivable that:the. two bromine atomn of hexahydrolaureatin [353 : couple 

with their adjacent 'carbons. Therefore,.the structure of hexahydrolaureatin 

was supposed:to be either [35-13] or [35-01 . 

Pr- 
' 	 I 	I 

' 
Br 	 .  

? bki 	• t 

CH, 	H -C H-C1-12-C12.- 	 CH, )4CH. 
14  Br 	- 

(ii) The hexahydrolaureitin [35] was treated with Raney  nickel in 

'alkaline ethanol, and two kinde of producta were afforded. One of them was 

hexahydrobisbromolaureatin [43], C1,28 o2  (e 240), the IR spectrum (Figure  : 

7-C) of which indicated the presence of oxyde groupa  . (1r1152, 1061, 1040, 

955 em71). The other was hydroxy ether [441 C.„ID 1130 02  (te 242), 
the. IR : spec- 

• lv 
trum.of whiéh indidated the.preeence of a hydroXyl groUp (2/3460:cm-  ) and 

oxyde groups (L1132, 1082, 1060 cm-1). The sass spectra Of [35] and [43] 

(35-4) 



revealed the presenee of groUps CH3  -OE2  -Car-(n4 277 and 275 due to (le -  • 

C5E6Br)) and CH34112.-CH2(We 197. due  to (le - c3g7)),. respectively. Lithe 

mass spectra of ectahydrolaurencin 1'281 ootahydrodeacethynaureneti [45], 

and'oetahydrodeacethyldebroMolaurencin [46], on the other  band, the peak» due' 

to .(e - C2E5) appeared, but no peaks correspending to (le C
3-6 

 Br) or (if — 
.. 	• 

C5H7) were shown there. ' Pros  these results, the structUre of [55] Must be 

either [35-D] or D5-El. 

	

I 	I 
CH,-C1 2-CH-CH-C11 	 C ,-CH-CH-CHI--C-(C143);CH, - 

	

Ili 	I 
....= 	4) 

Br 	'35-D) 

.. Br r-,---- o H 	• 

CH 3-CH,-CH-CH-CHi-C 1 -CH-Ca-C=C-(CH;),,CH., 
II 

Br ' 	   . 	. 	(35-E) 

(iii) The MR spectrum of hexahydrobiedebromolaureatin [43] exhibited 

a oharaoteristic two-proton multiplet at .r  ci. 7.4 (J') and four one-proton 

signals at r5.29 (C), 5.58 (D), 5.83 (E), and 6.72 (E). The latter four 

protons were assigned as those corresponding to (C), (D), (E), and (1) in the 

55]. *11 spectrum of 	This aasignment was 'confirmed by the spin decouelmg 

study. These results indicate that the bromine atom must be attached to C-6, 

and, therefore, the structure of [55] should be either[55-7] or [55-C]. 

[35-F] has a structure of 7 membered-5 membered cyclic ether, while 

[55-d]  has a structure of 8 membered-4 membered cyclic ether. Although these 

types of systems have so far been unknown, the 8 membered-4 membered structure 

[35-G] may ,be considered to be reasonable for [55] on the basis of the follow-

ing reasons: (a) In the MR spectra of laureatin [19], hexahydrolaureatin 

*11„  (C) and (E) changed into - broad multiplets. 
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/p.1193/ 
Br 	 OF! 	- 

. 	 I 	• 	1 	 I 	I " 
,O1-13-CH,-CH-CH-CHr5H-CH-CHI-O--Ç-(CH).CH I  

Br 1 	1-1--O 	• 
(35-F) 	' 

Iiir 1--? H 

C113-CF12-CH-CH-CH,-CH-C1-1-CH,-C-C-(CH,).CH, 

Br 1 	
1 1 
H  

(35-G) 	 . , 

[35], and hexahydrobiedebromolaureatin [43], the protons 11-C and 11-D were 

shifted to extraordinarily low magnetic fields as those at the root of ethereal 

oxygen.  This downfield shift can be well explained by the assignment of thos•, 

as et-protons of a 4-membered cyclic ether. 37  (h) The chemical shift of the 

signals due to the protons H-J' and its pattern in the NKR spectra of hexa-

hydrobisdebromolaureatin [43] Can also be well explained, if they are located 

on thep -position of the same 4-membered cyclic ether ring. 37a)37e) Th s 

aasuption was confirmed by the decoupling study (Figure 10). (c) The strong 

absorptions neal975 cm-1  in the IR apectra of DOI [351 and [43 ]  are 

37b)37d)37e)38> characteriatic to C-0 stretching vibrations in a 4-membered cyclic ether. 

From the foregoing results, the formula [35-G]  was given for hexahydrolaureatin. 

The masespectrum of the derlvative of laureatin which will be mentioned below 

can - also be explained well.byithis formula.' 	 . 

Hexahydrolaureatin N; when boiled:with an ethanolio potassium hydro-
oxide solution, afforded dehydrobromohexahydrolaureatin1471,01532502Br 

37) a) Cf. N. S. Bhacca, L. F. Johnson, J. N. Schoolery, IMR Spectra 
Catalog, Spectrum No. 33. 

h) Cf. F. Piozzi, 	Quilice, T. Jjello, V. Sprio, A. Melera, 
Tetrahedron Letters, 1965, 1829. 

0) R. C. Cookson, T. A. Crabl, J. J. Frankel, J. Hudec, Tetrahedron 
Supul.,  No. 7, 335 (1966). 

d) Cf. J. N. Hanifin, E. Cohen, Tet 	ntâttkt&R4 1966, 5421. 
e) Cf. Yukio Noichi, Nikko Dap. Chem , 88, 565 (1967). 

38) Cf. G. M. Barrow, S. Searles, J. M.'Che.  Soc., 75, 1175 (1953). 
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Figure 10: MR spectrtun of hexahydrobisclebromolaureatin [433 (100 Mc) 

318, 316), which was then attempted to be hydrogenated in acetic acid over 

Pb-C catalyst, but ended in giving too many products without any satisfactory 

result. Then, the hydrogenation in acetic acid was done over platinum catalyst, 

so as to yield two products, hexahydromonodebromolaureatin [48 ],  015E2702Hr 

and hydroxybromoether [49],  015H2902Br (1/3450, 1057, 972 cm-1). The latter 

showed the signal due to the proton on th • or -position of a 4-membered cyclic 

ether at t.5.33 in its NMR spectrum and the presence of groups 061112Br- and 

0
6 
H
13 

 0- in its mass spectrum. 

From these results, the formula [35-q] was given for hexehydrolsureatin 

and, therefore, the formula [19] for-laureatin. 
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Next, as to isolaureatin [20], 
C15R20°2Br2' " 83-84°C ,  FX10-40°,  

its UV and IR spectra were very similar to those of àaureatin [19], se men-

tioned earlier, and its mass spectrum also showed the fragmentation similar 

to that of laureatin as àhown by many peaks due to common fragment ions 

(Figure 11). The NMR spectrum of isolaureatin (Figure 12) showed  'absorptions  

of an aoetylenic proton at -r6.94 (1R, d,j = 2 cps), two vinyl protons at 

dt3.96 (1H, sex, «I = 12, 7,  Topa)  and Z- 4.45 (la, finely eplitted doublet, 

= 12  ope), and methyl protons at 7'8.94 (311, t, J = 7, 7 ope. These are 

very similar to the case of laureatin [20].  In addition, the  signale  appeared 

4 the region of 2 .5.T 6.6, whiéh Were corresponding to the protons at the 

root of bromine or ethereal oxygen, were  also  of 611, but they were eo over- . 

lapping one another except at T. 6.51 (1H, Pr, t,  J = 6.5,  6 .5 cps) and D6.23 

dt). that they coulenot be analyzed. Nevertheless, from the féregoing' 	• 

results, isolàureatinT20] was supposed to have the groUpinge of -CH2-03411-CH  

/p4194/ 

mie 	 • 	 • • 	 .• 

Figure 11: Mass spectra of (A) laureatin [19] and ieolaureatin [20 .. 
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Figure 12: NKR spectrum of isolaureatin [20] (100 Mc,  0C14). 

4 

and -CHBr-CH2-CH3  as in • the case of laureatin [19] and also  • to have a struc-

ture closely related to the latter. 

" By contact catalytic reduction, isolaureatin [20] ecame hexahydro-

isolaureatin [50],CID26023r2'  which indicat the  e presence of oxyde groups 

(>1140, 1120, 1092, 1075 cm-1) in its IR spectrum and showed in its NKR spec-

trum two methyl signals at Z-9.08 (3H, br, t) and 8.93(3H,.  t, J = 7, 7 ope), 

a methylenic 6H signal at D8.65, and signale  attributable to the protons at 

the root of bromine or ethereal oxygen at t4 6.69 (IH, t, - ; = 6.5, 6.5 cps), 

26.2 (1H, n:), and 2 5.7-6.1 (4a, 

Treatment of [50] with sine and acetic acid afforded an unsaturated 

glycol [36], which then gave the corresponding saturated glycol [38] on contact 

catalytic reduction. These glycols and the impropylidene derivative of 1)83 

were identical with those derived from hexahydrolaureatin in all respectS. 

Therefore, the structure of hexahydroieolaureatin [50]must be represented by 
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either [35-F] or [35-6].  Treatment of [50] with  Raney nickel and alkali than, /p.1195/ 

afforded hexahydrobiedebromoisolaureatin [51] in a good - yield.. This result 

is.definately different from the case of [35]..- The NKR spectrUm of [51] showed' 

only  four 111 isignals at D6.73 (br. t),  6.2  (br. m), 5.98 (br.. , t), and 5.77 

(br. m) in the low magnetic field below er 7.8; no nignals were found in the 

region around 7.4. From these observations, it was aOncluded that hexahydro-

isoluareatin cannothe a stereo-isomer.of bexahydrolaureatin [35], and  also 

 the possibility of the formula [50'] was excluded on the basis of the. évidence 

that will be described below. -. Consequently, the following formula [50] irea r 

 given for the structure of hexahydroisolaureatin. 

As for the evidence, treatment of [50] with an ethanolic potassium hydroxide 

solution effected its dehydrobromination and yielded dehydrobromohexahydroiso-

laureatin [52], C15 H25 02  Br. After hydrogenation of [52], its product of a 

saturated bromic ether E551 was treated with sine -acetic acid and then acetyl - • 

ated to afford an unsaturated acetoky ether . [54], which was further hydro- 

, + .genared to a saturated acetoky ether [55], Cl7H320301 284). This acetoxy 

ether was found to be identical in all respects with the'specimen prepared by 

acetylation of the hydroxy ether. [44] whiah Was obtained femn the above-mentioned 

hexahydrolaureatin [35] upon treatment with Raney nickel in ethanol. Accord-

ingly, the formula [50] was given for hexahydroisolaureatin. 

In order to substantiate the foregoing result, the following experiment 

was conducted. That is; dehydrobromohexahydroisolaureatin [52] was hydrogenated 

over 5% Pd-C catalyst to hexahydromonodebromoieolaureatin [53] and a type of 	. 
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—0  CM*, 	'
CH 

(44) (SS) 
CIHI  

Br 

is,/plo, • 
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• 	KOH—E(OH 
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0' `CM.. 

(5.1) 

In Z.v•Avrat 
rv 

c, 
(43)  

C11111 

' 	Raney Ni • 

t35)  Et0H 

0 C.K, 

(54) 

. tyre% 

(5:3) + 14, Rt 
'Jr)  

Raney Ni 

. hydroxybromo ether.  [56],  015429o2Be. Then, the hydroxy ether [57],,  C155002  

(Mt. 242), afforded on debromination of [56] with Raney  nickel, eihibited in . 

its mass spectrum  the peakadue to (Mt «-05R11) and (Mt - C611130), supporting 

the formUla of its structure.. 	 " 

From all these results, the formula [50] was determined for hexahydro-

isoluareatin, and, therefore, •  the formula [20] for ieolmmreatin. , 	. 

As have been mentioned above, it became clear that the stereochemistry 

of the asymmetrical centers C-9 and C-10 in laureatin [19] and isolaureatin 

[20] taken a S-configuration. In the case of laureatin [19], however, the 

hydrogens at C-9 and C-7 were considered to be cis to each other, while the 

bromine at C-6 and the ethereal oxygen at C-7 were considered to be in the 

relation of,near antiparmllel to each other, eo that both C-6 and C-7 could 

be supposed to have a R- configuration. F1rthermore4  from the fact that the 

C-4 protons  '(H-s)  were shown to be shifted to extraordinary low magnetic 

fields in the NMR spectra Of laureatin [19], hexahydrolaureatin  S [35], and 

hershydromonodebromolaureatin [481 theee hydrogens were located to be close 
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to the oxygen  atome  of the oxycetate ring, ao that the memmetrical center Cf. 

C-4 could be supposed to have eR,configuration. For these reasons, therefore, 

the formula [19aj.was given for the Stereoitructure of laureatin. 

thwformula r20a] was einsidered to be suitable for isolaureatin. 

• Br il  • 

Br.A.---'\■ 11 1111 	 — 
• 

H701. errk"  • 

de—u— CH, 	Cm CH 	 ''CIL 	Cm  CH• 

I 
• . 	 - Ca, 

• (seal 
 

(20 .).  

Lastly, it was SuPpoeed that laureatin [19]. and .  isoleureatin [4 may 

he:biosynthesi sed through decarbonization and epoxidation Of double.bomde from 

a'common.precursor, hexadgica-4,7,10,13-tetraene acid, as Was aleo suppOsed for 

laurencin. Thun, it might-be expected that euch a.precurSor will be discovered 

. in marine algae. • • : . . 
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