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Seven new conpounds c.ontaining bronino véro 1uolatod from rod algu

E (the fam:l.ly donelaceg) and their c.henical structm-ea nro olucidatod

Those new conpounds are as followaz ' two bromic phonolo, 2 3—dihrouo—4 5~ -

dihwdroxybensa.ldehyde (2] and 3, 4—dibrono—5—(nethomthyl) catochol [3] tvo o

'bromine—containing sesquiterpenoids, lmrinterol [14] C 9 » and

15 19031-, and throo bromine—contd.n:l.ng cyolic ethera, :

laurencin [18), Cyqp305Br, Laureatin [19] 0153200 x,; and 1solaurestin. [20]

153200231' 2

laurenisol [17] ¢

uso, 80me othor new subatancu rela.tod to thno bro-ine—

. containing conpounda such as laurene [9], clSHZO’ and dobmlolaurintorol [15]

15 20°? \rere isolated from the algae. l‘urthonoro, aplyain [ll] aplyad.nol -

' @.2] ‘and debronoaplysin:[lﬂ were found as oonponenta. of the algu. ' Lastly,

"a tentative idea ooncerning 'bhe biosynthuia of these bmlic coupounds was

propoaed
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bromne-containing compounds in marino alga.e. . In 1949, Hastagl-in and Augier

1. INTRODUCTION -
. . r
'1.1. Prefggo } . _ _ . _ ‘
It is lmoun for long that ms.rino algs.e contsin bronine.l) Acoording

to the results of analyses by Xylin, ) Oohi snd Tahhuhi,3) and others,
3 bronine is ususlly oontainad :Ln a large quantity in red o.lgae especially ths"

algae of the genera _I_g)_gu_s_g (Po;xsipho_n_ig) Miutw (Rhodonolu) and lloko-.

g_::nhiba (Odonthali ), vhile it is containod in brown snd groen ulgae in a.

_ oomparativoly small quantity.

Bromine in the- sea—vater :Ls said to- exist nain.ly as Br ion, and its o

content is only .about 63.8 jo though_larger. than that of 1 . " How marine

. algae take bromine into their body snd in vhs;t form they.preserve it are very

‘:mteresting questions. Yet there have been only a very few studies of the

isolated a substance having the conposition of CsBr (8031{) (OH)(COOH) fron a

speciee of a red alga Itggg (p o;xsighonia), but thsy did not elucidate its
=5)-

structu.re Then, in 1955, Saito and Ando isolated 5—bromo—3 4-dihydron—
benzaldehyde [1] from Horoitoggsa (p olxeimnia wii), a species of the *

red alga family\&j‘ SUMoO ( domelgeg) l'his :l.s the firat brolio conpound

l)'li'or general information on the components of marine algse, see: -

a) R. A, Lewin, Physiology and Biochenigt;x of Algae, Academic
Press, New York (1962).

'b) Yasuhiko Tsuchiya, Suisan—&%a]m Cheaistry of Hsrine Pmduct]

- Vol. 2, Koseisha, Koseikaku (1962). :

c) Yataro Obsta, Kagalal [onemistry/, 15, 403 (1960).

)H. Kylin, Z. Puysiol. Ches., 83, 171 (1915)
" B)Shuichiro om and Takeo ‘!akahaahi, gz , 28, 1 (1933)

~._4)P. Mastaglin .and J. Ang:ler, _gp_t_. Rond., 229, T3 (1949)

S)Tsxmeyuki Sa.ito a.nd Yoshiaki -Ando, Hikks. [ap. Chen] 76, 478 (19‘55)

4)




that was ilolated fron nerine slcee nnd vhoee etructnre m also elucidsted.
' : CHO S .

\‘ ~._.: _ r/i\/ﬂ\OH

: 2 o o czj A
In the 1aborstory of the preeent anthor snd his eeeocietos, orgenio
' chemical reeea.rchee have been me.de into the oonposition of larine alga.e for
several years, end some infomtion has been obtained on the bronine-conteininc"
"organic compounds in marine elgae. The present peper describes its deta:!.).e.*2

The bromine—oontaining organic conpounds :Ln narine a.lga.e the.t ere

known at present can be distinguished into the folloving three groups:

: 1) Phenolic conpounds, 2) terpenic oompounds, and 3) cyclio ethereal oonpounds.

: 1.2, Phenolig Bronic Communde ‘
As mentioned e.bove, Saito end Ando isole.ted 5—bromo—3 4~dihydronbens~

' aldeliyde [1] from noroitomee (Po;xsiphonie mor_gg ) Thereafter, the present '
.anthor and his aesociates investigated soue other species of the same algal

 family and eucceeded in isolating 2, 3—dibron0-4 5-dihydroxybenzaldehyde [2]

and 3,4—d1bromo—5 (nethoxynethyl) catechol [3] from ggg; (Rhod omela

larix).’ 6) The 1atter corresponded to the one. isolated by Matsunoto and -

Kagawe 7) from Hakesakinokog;;g a (Mont_ggy, mg_b;f_og)
' CHO '~ - CHOMe - CHOH = . CHOH
BroA 'Br\ D BRA AN
Br/\/p\OH Br’\/\OH Br/\/n\oso,K Br/l\/\nr
OH . oH © 0sOK OH

€23 ¢y e Y

o ‘z'l;he results 6f their researches are outlined. here on the basis of ‘
their data that have been a.lready publiehed elsevhere together vith their some
unpublished data. C

6)N Katsui, Y Suzuki, S. Kitanura, end '1‘ Irie, Tetra.hedron, 23,
1185 (1967). :

)

&t the 17th enmel meeting of the Chamiosl Soaiety of g_.m (196?57 p. 278;
_Private communication.

Cf. Takeshi Hatsumoto and Shohei Kagawa, Abstracts of the presentations '




1934, 1572.

" of brown algas.’
- 925 (1959); 27, 75 (1961); and his many other roports.‘ .

4

N

| Craigie and otheras) isolated 1, 2—disnlfur1c aoid hydrogon oster di- /p.ueo/
potuaiun salt (4] or 3, 4—dibrono-5-(hydr01ynothy1) oatoohol fl'Ol _g;z__ﬂx_o_m
lanosa and clarifiod its structure. It aoeu that thia conpound probably has i -

a oloae relationship vith the- carbowlio aoid which had boon proviousl.y 1-olatod _. )

by Haataglin and ‘his aasociate. Cra.ig;le and othorsg) also iaolatod 3 S-dibrono—
4-hydroxybenzilalcohol [5] froa 9,@2951_;_; tgtg and Rhod Lg oonfe;_vg; os.
These dibromo-phenola have structures \rhioh are vory c].o-ely relatod to oa,ch
othor. They are alao closely rolated to [ljvhich wo.e iaolatod by Saito. and

Ando. - Hovever, nothing has yet boen lmm about the biomthetic nechanian

of these bromic conpounds of hudroxybenza.ldehydo or benzylalcohol and its '

methyl other.
1.3, romine-coﬂtaim" Se 'gg piterpe noids

The presence of terpene in marine algae vas pointed out by Heilbron A

and his aasociatesm) in 1934 with reference to a brown alga Fucus nuiggoma.

Thon, in 1951, 'raka.oka and Andon) ieolatod cadineno and a typo of seaquiterpeno .

alcohol (which was' named "dictyol") from a brovn alga __M (Dicﬁmpteris

divari cata)( . Thereafter, Andolz) reportod the preaonoe of - sesquitorpone and

o 8)J. S, Craigie, Proc. Can. Soc Plant m_];., 6, 16 (1965), J. H.
Hodgkin J. 8. Craig:i.e, and nd A. G. MoInnos, __g__{ Chem., 44, 74 (1966).

9)J. S. Craigie and - D. B. Gruenig, m_ (Lond on), 157, 1058 (1967)

10)1, M. Heilbrom, P. F. Phipers, and E. R. vright, 3. Chem. Soc.;

.*31"01' mgﬁ?terpone in- larino alga.o, there are Kataym s broad studies
Teruhisa Eataysms, Nissuisan /Jap. Fish. Induatrx7, %,

11)

12 )Yoshiaki Anda, __M 19. 715 (1953)

Michio Takacka and Yoshiald. Ando;. Nikica [ Jap. Ghon] 72, 999 (1951) -

D ]




_ se-quitorpone alcohol in tho neutral fraction ‘of the omntial oil fro- ;]i- ‘

gusa (Diotyota dichotons). Aleo, Obata and n;hmm roportod the prosence of.
sesquiterpene and seaquitorpene alcohol in a red alga Ogsozo (m_
glanduli ren). » Eowever, the chemical atmcturu r those conpounds were not
eluoidated. - ’

The preeent author and his asaociatuu) 15)

terpene of __M (Dictyopteris g_i_n;_i_gg,) from which they isolated

'( )- 8-cadinol, (- )-T;-—cadineno, (+)- B-—elenom, and( )—cubevene. 4 Thny

- ~also isolated a new sesquiterpono aloohol, diotyoptorol [6], and a correspond-
ing sesquiterpene, ketonio diotyoptorono [7] Then, thoy doternined the cheu- i
- ical atructures of these oonpo\mdn. Conpounds [6] and [7:] vere l-hydroxy and
l—oxygemtod selinenen, rospectively, vhich ‘Were suppoaod to be fomod fro- a .

| ‘gemaorane—type precureor [8] through anti-pu'allol oxidativo oyoli:ation. .

oH v f
:_H"'_

Mrthernore, tho amthor and h:i.s uaociatuls,)

isolatod fron _0_9_;9___

s, 13)fqtars outa," a_nd smmiéhi hxhuh:\.,ﬁg [Igrio cn.-J,-'z'l, 331 |
1953 , , . » » 3L
- 1053 (1964)

: 15)E Kurosan, H. qu, K. Iauloto, '1‘. Huammo, and 1‘. Irio, i’bid.,
39. 2509 (1966). . , ,

4'1'he sesquitorpm vhich tho nnthor and his a.uociatea had’ prov:l.ouul:

-reported as (- )-—copaeno turned out to be (=)-cubevens. It is 8o corrected here.

" 16)4) 1. Trie, Y. Yasunard, I. Susucl, N. Inai, B, Eurosaws, and T.
§ Hasanune, Tetrahedron Letters, 1965, 3619.. : :
: . b) T. Irie, N Susuki, Y. Ilw.nari, E. I(u.roaawa, and T. Huamno,

. Tetrahedron, 25, 459 (1969)

:I.nvoutigatod the .o.qu- o

14)'! Irie, K. Yananoto, and T. Hummo, Bull g_gn Soc. g;_m 37,

e et e
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( Laurenoia gland g era) a new aeaguitorpom hydrocarbon, lmrono [9]. togothor
vith the bronine-containing compound lanronoin which will bo dosoribod htor, ‘
and thon eluoidatod its stmture Lannno was amppoud to be formed fron a

I cuparono—tne preour-or [10] by the 1,2-shift of uthyl groﬁp 17) *5

(10}

- Bromine—cont;ining oesquiterponoa are knmm by the aplyli.n [11] and
aplyaiuol [12] which were isolated rron a nrine mul _A_g___gh_x_ (_m
' Xurodat) by Tomawura and Hirata.ls)_.v Recently, these conpoundu were also
'.found in a red alga Hitsudesog_.g (w _M) colloctod in th. Soto
- Inland—s“.”) This is & very intemuting r.mm; booo.uu ’che heturuhi

livos on the Sozo ( Laureng: g) alage.

. CII] X = Br, Y= H BN GLS] X-:Br, R=H - ]
© {123 X=Br, Y= OH ’ [15; xs_R -H - -
_'fz'«'] X=Y=H: ) B

Besides, debronoaplysin [13] was found in both M nnd m ‘

18)19)

17)0:. V. Pa.rker, J. 8. Roborts, R. Ramage M Rcv ( on), 21,
331 (1967) | o .

*5

» . “As will be discuuod later (3 1). metion of a cyclopropane typo
'intemediate w be conceivablo here.

18)s. Yanaxmra, and Y. Hiratn. r.t;_g n, 19, 1485 (1963).

. 19)1-. Irie, M. Suuk:l., and Y. Hayahxa, M ggg M ___mx_z_ 42.
- 843 (1969)

.. P i
L




| Laurintarol [14]. a new bronine oontnining aesquitorpeno hn.ving a . e
' btoyelo L3. 1. o] henno ring iaolatod from _I_n_mgg_ (; M and __g , :
deso:o, ‘and :m debrominated derivaﬁ.vo. dobmlaurintoml [15]2") were - -
‘ _.found to hava a chemical atmotnre vh:l.ch ia vory cloaely rohtod to aplyd.n
uso. 1aolnurinterol 161, an isomr of lanrintorol. hu boen fonnd asa-
nicro—conponent of Lu_xggg& 21). A
Aa a aesquiterpene oontaining bronine a'bona bosidoa benun. xmclm,
laurenisol [(17] wes found 1n _m (_ _:_:j_.mgg) 22) Its struct\m m

“found to bo related to 1aureno, and a vixwl bmnidc type ltmcturo was oon-

.*.'I -

| ca:lvodforit.- } ' I . /p.llBl/

[16) L “7‘

' lts) '
C L4, Aelio Etﬁe 1 Compounds COnt . ‘B o "
| _ The author and his usociatoa found out a oyolic ot.horoal co-pound
contetagng brontne, lawsencta (18], ta Gosose (aurencts glantiliters).
‘hrthemore, they isolated from _&ma (L. m_) Llaureatin [19]2") 2 )
’ and isdlaureatin [20]25)26) vhioh have atructurcs closely rola.tod to 1a.umncin..

| 129‘)'!.‘- Irie, 'H. Suzuki, and !. !(ua-mm, _g_m_ n Letters, 1955. 1837,

2L)poani. Irde, and ninom Susuki, unpublishod

22)

) T. Irie, A. Pukuzawa, M. In\m, a.ud ]. Knroun, _Mg__mu
: 1959, 1343, -

23)a) '1‘. Irie ')I. Sumk:l., a.nd . !uoumo, _ﬂnm_h_o_tm 1965, 1901. :
b) T. Irie, M. Su:uki, and T, Humn., W 24, 4193 (1958) h
2 1ite, M. Izexa, and E. xuroma. g_g_tm_o_gm_ Lettera, 1968, 2091.
25')'2. Irie, H.VIzawa, and E, ;u:om!. _'1'22'11.1_0_4:9.!, in press. -

2)1. Irie, M. Izava, and B. Kurosava, Tetrahedron Letters, 1968, 2735.




‘l'hen, thsy elucidated ths structures of thoss conpounds.

’l‘hcse co-pounds vere supposed to he forlod prcbsbly via epoxidc fron ..

f‘.a couon prccursor, hcndocs—4 7 10 l3-totrsonoic acid [21] vhich is an un~ " |

saturated fatty acid found in marisie algse. 26)27 )

cn,-cng-(cr{ GH—GH )4 CH;-COOH
' EZI}

As dsscribod sbove, the bromic conpounda in u.rinc algae that are -

) kno\m today are not nsny as yet. 'I'he bromino utons in the: particles of thsso.‘

_conpounds, including those into which structural rssoarches are in progress

.in the 1aboratory of the anthor snd his s.ssocistos, ‘seem to be erplicablo if

'_ .it may be supposed that thsy are introducod in a forl of bronohydrins via ths

, position in which the phenolic psrticlcs can sasily bs broninsted, or. via
'.epoxide from double bonds. | | o

. In the folloving chaptsrs, ‘some msin bronic colpounds of those thst
have been br:.efly described above will be discussod in. rcfercnce to thsir
..isolation and structursl determination. L

2. PHENOLIC CQ!POUNDS CONTAIHING BRQ&_I_NES) '

. Mhrough the treatment s outunod in ’!.‘abls 1, o types of new brono- S

“phenols (A, B) vere isolated :m a crystalliud forl ‘from s kg of. sir—driod

. specimen of the mgg sumo (Eh Rhodon i.e M.L ( ;) C.. Agardh) collected m'

a Hakodate Bay in Juno.

Bromophenol-ifzj, 0734033r2, np. 2o3~205 c (yiold 1.2 g) turned datk

' grcen vith iron chlorido (III) and vus rccdily solublc in a sodiun carbonste

c : 27)
_Britain, 2, 6 (1966).

Profossor Sir Enrt Jonss, Privsto conunicstion, Cf. Chemi st;x in




| T_abié-l:

air-driod spoc:l.non

c. Agardh)
8kg) . .

extmoted with sbher -
nd Salhlet 5pmra‘kus

Ethar Jolution-I

%henwf‘t)«?NHC( : S
nfter anuntmted to ea. 1ﬂ

| derocﬁloﬂc ’ Ether ‘aolution -

acid solution - '

exﬁrwm‘:ed w»thcther

after alkalized 5 the
sthor emyomtec}‘

' Ghakcn uith 1N NNOH
(50om@) &ree_umes.

: Methanol

Un-olvod i‘raction -

| saaked w-%h methanol (c,a\ 30L)
| ot room i:emparatum or 1 rnontl\

Un.olnd
fraction

' oonccntm'hed tocai4s -
‘under reducedcpmsur?, the

: separated unsolved fraction "’\Fé&red
the solvent evapotrated under reduced

lolntion

: Basic . Al'icaliho' ’g{;?.i; { Prassure; the residue e,xhacted. u)nbh
‘fraction/ aqueous. = ‘molution ‘ : “"”"J" UK. . o
| (140 '_8)' ' solution ' A Ethh- aolntion—II Unaoi.vod
Shw m wor | ohe m ‘ | PR : fraotion
w [ Y [ 2 r vas ™ same
A 2?(3 &udg.:itﬁ:& Mporjrtied_ way ns. Ether Solution-1. ;‘%ﬁw‘:'g‘w)
‘,gvapgmzhed.n& | Mfeerdned. - '2?30; aaiﬁ:co:ew |
e ' _ ' tra n extIa !
L . [Neutral )] “1‘11" oith ether* afber the -
Aoidic ] eutral . )] raction (3 mtion (B | ether soubion dred, |
\fraction (A)) Ufraction (A : the solvent evaporated;”
- G3e) . (Be) - S the vesidue Cpowdery)
. Co -Halogen test (-) mc\ry:i‘alhzed from
Lo Mwormrl:dgmphed o acetie aa\A.\ .
) ohellica gel mue P&l‘i 10] : 3
Eﬁﬂtic] [Phenyl— nbl:l.c )]
a - acetic Lﬂ Halocon tnt (+ a nry
(5 &) acid (2.25' | - small
(1.2 g) Halogen test (+) ‘ qu&ﬂtit!
' . vecrystal lized . Ohroma '
" | from AcOEt, on silica gel 3 i:he :
B . bromo-phenolie (400mgy
fractjon recrystalii
) 'F)M GﬂHs\ o
[Bromophonol A [BronophmloB]
“mp 203~-205°C" mp 129~130%" .
(12 e) (300-c “ftrans-
Aconitic]
acid O
np 188~-189°C

(300 ne)




.
.

o ‘eqtieéus eeiutioti. Its color reaction to Tollens' reagent and to 2 34 5—tri— |

bﬁeh&lfetrasodiﬁn chiloride was po.itive._ From 18 UV [;\ (EtOH) e (8):

a 3352 (6400), 294 (8400), 240 (26800)..1 (01K n.on-ston) 404 (14400). 2'74 |
(10000 and TR speotra [y, (mado2)s 3300 (0B), 645 (0), 1595, 1574,

) 1503, 876 -cm -1 (bensene nucleoue):l it was infemd to be dibronoprotmte—

' 'I'he poeition of the two bromines was then detenined as 2 3—-dibrono-*4.5- ’ /p 1182/ }
dihydroxybenzaldehyde ( 5 G-Mbmmpmtocatechualdehyde) by d:l.rectly oomparinc |
C its dinethyl ether, mp 128~129 C [H!R one H aignal due to a.n aromatic ring

A>at 6.15, 6. 13 (each 3, e)] vith its syntnetio produot. |

’ isolated from the aoidic fraction of the metha.nol extracts of the algn From -
ite UV[R m (e) 202 (3500). 230 (12000) Apax (o.m an-ntoa) 303 (7300).

stance as Hatsunoto and Kagawa 7 had previoualy isolated fron akesakinolmg._
. rihiba (Odont_g_gia cogmbifegg) "It was identitiOd as such by directly con- :

dimethyl sulfat_e, with its e_ynthe_tic p:_r_oduct. -
3 LAURINTEROL, DEBROMOLAURINTEROL. AND LA.URENISOL

'3..1. Laurinterol and Debromo te 1

in Avgust in Oahoro Bay, Hokkudo, ve.e uoeked in nethanol at room temperature‘ :
for 20 days. 'l‘hen, the extracted liquid Vae filtered, and the filtrate was

. concentrated under reduced presaure. The brom eyrupy residue wu then taken

10

)

. 'ehualdehydo. This inference was supported by the faot the,t a foml group

fome acetal uith methanol, but not fluoresoing ketuine vith hydrasine

Bmmophenol—B [3_‘[, 08380331-2, mp 129.130°C (yteld about 300 lg) was

it was infemd to be 3,4—dibrono—5-(methoxylethyl) oatec.hol, the une sub-

paring its dimethyl derivative, mp ‘71~ 72 C, aﬁ'orded upon methylation with

_.20)

Air—dried lpecilen of the m (L. _g______egg Yanada.) colleoted ~




into ether, and the ethereel solution was dried after wuhed eucoeeeively V

with a dilute eodiun hydroxide eolution, dilute hydrochloric e.cid, and uter. o

" The neutrel fraction: of the brown oily residue after the removal of the ether
 was then ehromtographed on silica. gel, a.nd the emuent with' n-heune-benuno
. (1:1) was collected and pnrified by similar ohromatography for ssveral tinee.

'_ Thus, laurinterol [14], 153190131- (8" 296, .294), =p 54~ 55 %, Bl +13.3°, was
| '_vebtained the yield vas about 0.22% of the air-dried epecinen. Its UV, I8,

and NMR apectra (Figure 1) mppoeedly indicated the preeence of a trimbetituted‘

phenol group [,z (EtOH) e (e): 225 (7200), 263 (2200), 269 (2100) Yonr

- (cuc13) 3600, 1610, 1495, 1152 om ,’cS 14 (m, ), 3 58 (JH. s). 2.53 (18,

, e)] , an aromatic nethyl group Ez-7 78 (3, e):l two tertiary nethyl groupn -
[7;8 66, 8.71 (ee.ch 3H, a)] snd a oyclopropane ring EJ 3060, 1025 cm 1;‘
7,-9 48 (2H, d, J = 6.5 cps), about 8.9 (m, n)_J Beeidee, teld.ng into coneid—A
eration the reeult of ane]yeie of ite mass epectrun, 1t vas :upposed the.t A |
lwinterol may have a structure siniler to that of e.plysin [ll] exoept

itas _possession- of a pheno}ic hydroxyl group ‘and a oyclo_prop_an_e ring.~ !'or the

purpose of finding the relationship between laurinterol and aplysin, therefore, -

laurinterol aoete.fe was treated with fteluehemlfedie acid in acetic acid at

50 C for 24 hours. ‘Then, aplyain, 155 OBr, mp 9500,[Q]p—86.1°, as afforded.

)@Hpﬁ;ﬁ

111]

a good yield.

Consequexitly, the etrueture- of lwrinterel [147] was clarified, and a
hint was gained for finding the prboeie ef the bilosynthesis of aplysin, As to

tﬁe stereochemistry of lmu'inte_rol,' even its absolute oonfiguratipn has been -
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l‘i.sﬁ-z:il: R spoétrul of 1mxxfint'e;'ol [14:[ :(60 !o. C‘CIQ S

‘ detérnin&d by Robertson and his ﬁsgociqfoséa.) u a r_osi;it of thoir 'X-;ray,_._
maiysia of laurinterol acofhte, 0i73é1023r; ‘19.93‘\' 93;50(,*', I:Ot]P-c-ll.lo (lono—
olinic system) (I"igure 2). A_ccordin.g- to thi_s. the methyl ::group aLtvc‘v-lma e
the n;thyi_ group at C-2 are cis to each other so as to bep, while the aromatic

ring and the cyclopropane ring become O. R

!

Figure 2:  X-ray enalysis of laurinterol scetateZd)

28)A F. Cameron, G. Ferguson, J. X Roberta_oﬁ, G_hg,__c_mg. y. 1967, M.
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Figure 3: NMR spectrum of laurenisol [17] (60 Mc, cc1,)

| '.l’ogethor with laurinterol, a new phenolio iasquiforpehe containing
no bromine, debromolsurinterol [15], °15“ao° [odp-12.2°, vas Lmolated fron -

" the neutral fraotion of tho Kurosozo specinen, For this isolation, the

product by a.cetylat:.on of a crude sanple of 1anrintoro1 ua ca.remlly chmuto-—
~ graphed on silica gol, 80 as to lead to the ilolation of t\ro kinds of mtateu, :
i.e., laurinterol acetate and debromolwrinterol aoeta.to. Then, hmdmlysia

of ‘the latter acetate readily afforded d.bronolmrinterol [15] vhich has a-
-phenolic bydroxyl group (v 36&), 3060 1185 ca ) ‘Its upoctm was sililar :
‘to that of 1aurintorol [14] in the highor nagnotic fiold region. - In the low
magnetic field rog:i.on, honvu-, ‘the fomr lhmrod signala due to three aro-atic |
protons appeared at‘rB 70 (1H, br. s), 3. 51 (IH, br. d, f = T.5 cpl), .

2.7 (m, 4, J = 7 5 cps), mtoad of two 'inglots (ea.oh 13) at 7 3. 58 and -

2. 53 in the latter. E Thia apectral pa.ttern of [15] was thon attributed to

1,2, 4-trisubstitutod bonzeno ring. l‘rol these results, it was in:torrod that
this phenolic compound nust bo a debroninatod subatanoo of 1aurinterol. mu
‘inference was substantiatod by tho reduction of 1onr1nterol to debronolmrin—

terol in a good yield w:_Lth lithiun qlunini\p l;ydrido. ~Also, as i,n tho‘capo,




ot lenrinterol, the trestwent of debrosolaurinterol with _g-tolneneomuonio .
- acid in soetic scid a:t‘forded debromoaplyain [l 19) |

| ‘The bicyclio [3. 1.0] hexane ring obeerved in lanrinterol [14] ond
.dobronolaurinteml [151 is not only notioed ee a form oi‘ precureor in the bio-
synthesis tova.rd the eplyein type as nentioned- above, but also it is m-y :

interesting for its oonceiveble role as en intomdiete in the bioeyntheeil o

fronthecuperenetypetothelaurenetype

Ouparene ' Lmrinteml Lunrene ‘
The absolute configuration of the nethyl group nt c-1 in cuperene was

‘2

determined by Eazell end Erdtnan 9) by relating it to (+)—canphor. e abso-

lute configuretion of ‘the methyl group at c-1 in laurene ‘was deternined by

16b)30)

relating 1aurene to ‘cuparene. Aleo, tho a.beolute configuration of the .

methyl g'roup at C-1 in lmrinterol wae deteminod on ‘the basis of the reeult '

28)

- of x—ray analyeie as mentioned nbove, ‘80 that it wu ‘shown that the nethyl -

group has the eene etereo-oonfiguration as the nothyl groupe at c—1 in cuparene»'

and 1aurene. However, the etereo-configuretion of the nethyl group a.t c—z was _

found in cie with that at G—l in 1uurinterol, vhereae in tr_a_n_q in the oase of

laurene. 15b)30) ’- S

29)0. Enzell and a. Erdtnan. ___t_l_'gLe_d_xgn 4, 361 (1958)

30)'.1'. Irie; T. Suzu]d., 8. T3, and B xuoun, etrggedron Letters,
1967, 3187 = | .




o aronatic nucleus, as in the caso of laurone

TR
3.2 I;aureniso;.z)- B |
 Together with lau.ren, 1aureatin, and i-olaureatin a new “bromine-

" containing sesquiterpenoid, lmrenisol, was :L.olated :Ln a cryatallisod forn -
i from’ the neutral. fraction of the nothanol extmta from U M (M
_n_;m oa Yanmade) 1n ca. o.oovt yield., . |

| h'onits UV[){ 2'78, 285&1(82600 2600)]andIRapectr¢ [y
3610, 3340. 3070, 1640, 1620, 1583, 1513, 1418, 1254. 1155, 1133, 1119, 953,
850, 810 om ] it was inferrod that leurenisol [17], Gyt OBr, [a]p+85 9°, |

_has a double bond with a 2 5—diuubatituted phenol group. ] Its NHR spectm :
(]?‘igure 3) showed signala due to a secondu,ry nothyl, a tertiary lothyl,

" an aronatic methyl group at 79.30 (d. J’ 7 cpa), 8. 81 (s), and 7, 7 (s),. o |
| _reapoctively, a.nd three a.routic protons at‘b}.65 (br. u), 3.4 (br. d, T =8
* cps), 3. 10 (3, .r 8 cps). Purthemore, the MR spectrun slioved three one-
 proton signals. at 76.89 (0, T =7, 7, 7 opa), 5.70 (br. 8), and 4.02 (tinely -
| splitted doublet J = 2 cps), which were attributod to tha proton cf /Cli—CK3

'that of phcnolio oa, and that of ,cacusr, rnpectively 'rhe upfield sh:l.:ft of A

~_tha seconda.ry nethyl aignal waa attributod to an. anilotropic offoct of the .

. 16) '!hore:roro, it taa :I.nferrod .

";.that the amaticringmdthenethylgroupmstbe in_q_ggtoowhothor.

Laureniaol is unatable in nornal teuperature and” 80 oaaily chanseablo

aa w:i.ll be deaoribed below, \rheraaa its acemo, 171121023:: (n+ 338, 355),

B np 102, 5~103 c ia stablo. In tho N!R spectnm of this mtato, the aicnal ‘

’due to the proton of >C=CHBr (finely splitted donblot J - 2 cpa) was alao
_shown at 7:4 00. The crystals of lau.reniaol chnnged into an oily nixture
' after placed overnight in a desicca.tor at room tonperaturo under reduced

B .-press.ur_e.. Punfication of thia nixturo by ehroutography afforded two typen o
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of brolo-ethora [22] and [23] as its prinoipcl oonponnntl. _Oo-pou.nd [22].

15“19°Br (s 296. 204), Eon]p+22 2°, -hond in its OV [1 278, 287 - (g 3400,

3500)] and Ix[v 1622, 1577, 1504. U1, 1252, 1240, 1167, 1084, 1019, %65,
- 866, 811, 76T cm :| npectra the prosonca of an arontie ethor group and tho

' absenco of both hydroxyl and carbonyl groupl. _ In its. m npoctrun, on tho /p.1184/

othor hand, it ahovod the prcunco of a aeeondary ntlvl (ro. 27, d, J - 7 cpS)’ '

a tortiary nothyl (‘2‘8 66 a), an- aronatio nethyl (t'7 ‘77, l), and. threo
aromtic protona (3. 57, br. a,' 3. 51, br. 4, J=8 cps, and T 3. 16, d,

| .T 8 ops) Tho m spectrun also ahovod AB—quartots (ZE, = 10 opl) at |

76,59 and 6. 49, whioh were attributable to tho mothylene protons of -q-cn Br. o

'l'ha other brono-ether [23] an. 1aoner of [22] ahovdd in its lpectnm at T4.97
‘a signal (finely aplitted doublet .T =14 cpn) attributablo to.the proton at .
the Toot of the bromine in m-MBr, instead of the AB-quertets.

| | Treatment of the brono—other [22] with xinc and mtic acid follovod

- :by acatylat:lon afforded a phonol acetate [24] having an exocyclionothylam

group EJ 1656 879 om -1

of this phanol a.cetata with acid, the oxo-uthgl.no ‘moved into th. ring, B0

that the acetate changod into an isomer [25] (z 8.69, 8:36; each 3H, s) having

a totraaubatituted double bond. Thia rolationnhip ia ainilar to that betwoen 2

'16)

A lanren and 1solauren. The 1aonoric cycloponteno [25] m thon troatod vd.thi .

o g-toluenaulfonic acid in acetio acid at 50 c for 24 hours to afford debro-o—

_ aplyain [13] Acoording to. theu che-ica.l and spectral data, the fomh [17]- SN

wa.a givcn for laurenisol.

O—CHBr
o un : [23] _ o (24)

an ﬂm,; ﬂ {H‘—? % R

s 5 24 (lE, br._s), 5. 15 (l.H, br. s)] Upon trutunt* |

[191 L
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1‘ The 'Stchture.'of lmrexiiaol fl?] .m obdorvod to‘ be .clo'-e"ly relatod

= .i'to thoue of lanron [9] a.nd lmrinterol [14]. Al.o, tho cho.ractoristie :c-cnnr': »

.grouping An [17:] was found in natural mttora for tho ﬂrst tino ‘.!'hose

obsorutions are nry interesting from tho point of view of biosynthosis. It .'

. ‘vu then suggoatod that the exo-uothylm probably cho-os a bro-ohydrim viu :
‘epoxido, whon dehydration ocours to form this gronpin¢ |

Qs

CH:Br

: This mppoaition was mpportod by the fact that euparotin acetato

N having an oxocyclic epoxido structur- and its. oomiponding eupaohlorinc

acetate of chlozzhydrine were found in the same p1.nt.51)

© As nentioned earlier, aplysin [11], dobmnoaplysin [13] and aplyoinol o

[12] were isolatod fron a marine an:l.ul & (Amgggm;) and also S

~-their structures vere deterninod by Iaumra and Hirata.{'s.)

'that they were holated also from a rod uga Mitsudesozo (Laure Mg._a_ ai).
Although the 20—ap1ysin [26] which was isolated also from the ____umgu. by

It is :!.ntorestins

- Hirata and his asscciate 32) has not yet boon iuolatod fron u.rino llgu it
is coneeivable that oither ‘the aplysin itself or it- precuraor nay bo proaent ‘

inmarinealgae

" 31)5. M. Kupchan, J. C. Hemingway, J. X Cu-ady J. R. Knox, AT,
HOPh&il, and G’o A- Sil, l h g!_c mo, ”7 465 (1%75 s' H' xupch‘n

.J. B. Kelsey, M. Maruyanma, and J. M. Casudy _m_ n Letters, 1963. 3517.

.32 )H. Matsuda, Y. 'I.‘omiie, S. Ianmra, and 1. Eirata, Chen._ _C_q!g.,
195'7, 898-_ : . : '
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4. N Lwnm'nm AND - 150

_ The three typoa of oyclic othoroal bronic co-ponnds that lro rola’aod “
to each other atructurally, laurencin [18]23) lan.reatin [19] 2‘)25) and m-i :
laureatin [20), ,25)26) vere found in the urino ugao of the gemu Sose (;_g— |
__rg_n_q:_l._g)u Mrthcmoro, thero vas found anothor type of bromino-—oontaining |
compound that is closely relatod to thoae conpounds, and rosurcho- into ita ._ .
'structure has. been also. in progreas. It nust be noted horo that ‘as will bo |
described below, the m and NMDR were very. usei’ul for dotorninine tho struc-

tures of these conpounds, und also that the prior iaolation of laurencin and

subsequent detemination of ita atructure, though accidontcl, weYe convoniont e

' ror proceoding the folloving exporimentc on the other colpound-.
. 4.1. Lanrencin 3)
Air-dried specimen (8.5 ks) of the Oososo Qwﬁ_sl._&m
. »Kﬁtzing) collocted in Oshoro Bay, Holcka.ido, vas soaked twice in methanol &t

- ‘room- temperature for ten da,va. Then, the nathanol aolution wua concontratod

- undor reduced pressure, and tho brown sy'rupy roaidue vas takon into ethor., '

The ethereal solution was thon vuhed succoaaivoly vith 5% potusiun hgd:mxido
solution, 1N hydrochloric acid, and vater to relovo its acidic and’ basio

components,‘ After evaporation of the othor, a yollov oily neutral fraction

Co-

33)0osnt Irie and Minoru Susuid, wnpublished.
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s (ca. 90 &) was obtainod._ Thi: neutrql fra.ction was thon ohro-atographod on -

-a:llica gol. !‘iret, the abovo-lentioned uaqu:ltorpem hydrocarbon, lauren [9],

was isolated togethgr with paraffin fron tho offluont with n-hoxano '.l'hon,
a type of bronic sosquitorpeno ketOne, 15H2503r,3?) wu i-olated fron ‘the

- effluont with n-hexano-benzone (ca. 9:1), and its ttrucgure is boing invoa-

'tigatod. Fron the effluent with n—hoxano—bonum (ca. 5:1), thon, _lanroncin '

' 18 vas isolated in a crystallizod fom. !!ho y:lold 'u about 4.5 g. Also,
" choluterol was iaolated fron the offluent with bonleno. o

' Laurencin [18], C)fiy0 Br, was isolated as ln'ge rhonbic crystal. .
of wp T3~T4°C, [oCID+70.2 ) by recrystallization fron methanol, The IR - |
-V spectra of [18] indicatod the prosonco of a tominal uthyno (V 3285, .

2100 em 1Y), trans end cis double bonds (3040, 950, 750 cal), a conjugate

. . -diens or enyne u 224 wa, € 16400; Zmn 232 w, s nooo), and an acetoxyl

group . (V 1735 cm ) "The proaenco of those groups vas then mbatantiatod by '
the NMR spectrun (Figure 4). Fron the NMR. apectrun, it al.o became clear
that the presence of four olefinic protons ia sho'n by tho signals ut?} 85

(18, sex, J'- 15, 7, 1 cps), T 4.1 (?.H. m); and ?4 48 (IH, finely aplittod

doublet, J = 15 cps) Thue signals were gim the aymbols (a), (B), and (c) /p.1185/

reapectively, 80 that the protons corroaponding to them could be referrod to

accordingly in such 8 way as, for inltanco. the proton correapond:l.ng to (A)

being referred to as H-Aas shown in Figure 4). From the values of the. ooupl- .

ing constantsf of (A). (B), and (C),A it was inferred that H-_A and H-C are the:

protons in a trans double bond while E-B is thé-px_'oton in a cis @ouble bond,

and that a methyl group is ?maont next to the carbon with H-A. Furthermore,
from the fact that H-C is finely splitted, this was attributed to a long-rangs

coupling. These points were substantiated by the decoupling étudy which will

wr

L Pkt IR T




Figure 4: mam NMDR @e_etrgbf leurencin [18] (100 nc cnd13)

be described 1at§r. The- m, doublet (F=2 cps) at 77.17 (G) was supposod to
indicate the proton of a terminal methyne it disappeared by roduction as vill )
be described later. The 3, uinglet at T 7. 97 (K) obviounly mdic.tod the
methyl of acetoxyl, and the -1gnal due to the proton at tho root of its-
acetoxyl group appeared at1?5 02 (D) as tH, ‘sextet (J' 8, 5, 5 cps)

similat 1H, sextet (J =9, 3, 3 ops) at T5.93 (E) was supposed to indicate
'the proton at the root of bronine, but this vill be diacussed later. !aking
into conszderation the steep 3H, triplet F=17,1 cps) at 29.02 (N), the

1H, heptad (J = 14, 7, T, T, T cps) at 7 8.44 (M), and the partly hidden 1H,
decade (ox-QGdﬁcadewxﬁ-f‘S o (L") altogéther, this was inferred fo be the proton
of an ethyl grbup. This inferenco was also -ubstantiatod by the decoupling
study which will be described belov, and -upportod later by the i-olation of

' propionaldehyde on ozonolysia of laurencin.



On nild hyarolisis*ﬁ in a nothanolic potusiun mroxiao solution.
laurencin [18] afforded doacotyllnuroncin [27] 01511210 Br, which was uhorys-
tallizable and. reconverted into tho origina.l wotate (18] by troatnnt with
acetio anhydride and pyridine. The NMR spoctm of. E27 ] vas not much. different
Afron that of [18]; in the former, houowr., thc lignal at T 7. 97 (I) had d:la-
a.ppeared and ‘the signal at 75.02 (D) vas shiftod to a highor field, 6 5 (m,
'm). This subatantiated that the abow—montionod signal at T5. 02 (n) in tb.o .
NMR. spectrun of 1aurencin corresponds to the ptoton at tho root of the acetoxyl :
" group and, therefore, that the aignnl at ‘b Se 93 (E) corruponds to the proton
at the root of tho bromine. ' ‘ y _ .

Laurencin [18] becane octahyﬂrolaurencin [28] clvﬂno_),nr, by consum-
ing four moles of hydrogen whon hydrogenatod in acetic acid ethyl over Adau' ‘
catalyst. The v spectmm of [28] showed_ only the tem;i.nal nbsorption', \;hil_.e
its IR spectrum indicated the pres@nce of an Acotoi;l group ()117’)"5,' 1237 ca'lf).'
In the NMR spectrum of [28], the signals cbmgppndi_ng to those of (D) .. (), |
"and (K) in thé spectrum 61" [18] were observed, thoﬁgh they. were sh‘ifted to a
slightly higher fields, P 5 21, 6 13, snd 8, 02, mspectivoly, 'hilo the Bignala
due to the olefinic protons in (a), (B) and (c) and the sigual in (G) in the
spectrum of (187 had dlsappqa.red, thus proving the signal (G) to be due to |
the préton of 'tAermi..ria.l methyne. " Also, corresponding to a.com.ple'x signal (33,_

" (F) including (F')) at 2 ca. 6.4~6.9 in t'he spectrum of [18] only a 2H,
multiplet centered at 7 éa. 6.5 was found in the upectrum of [28]. The dis-

appeared signal (F') due to 16 vas. attributed to ‘the proton at the allylie

*G'I'he alkali treatment of laurencin underloonsiderably atrong condi-
tions affords an allene-type compound (31950 ca )e.
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poait:lon. This will bo discusaod lator. o : : .
- on hydrolysis, 28] afforded ootahydmdeacotyllmmoin [29] "15“29"23"'. e

[01]0+29 4. Its NMR spoctrun showed signals duo to tuo nothyl groups (79 06,

br. t, 8.97; t, J =8.8 cpl), a secondary mmxyl group (‘b7 76 m, s; 1-

about 6.3, 1H, m), and the proton at the root of bro-ino (‘tabout 6.0, 1E, n)
o its acetylation recovered tho original [28] N

" On the treatnont with 1ithiun alu-iniul hydrido in themo-—tetrah:dro—
furen, [28] ves dobron:l.natod and booano hydroxyothor ]:30], 533002, which

was then. aoetylatod by the ordinary method to give aootoxyethor B, 171132 5

(1740 oL 06,48 (28, w), 5.15 (11, n)] Compound [30], 1.e., ootanydro-

~doacety1debromo1anrencin, [ot]D+21.5 , v.3570, _3480, 1190, _1090 om 1

, sxnidited

in its NMR spectrum two ;nothyl grouﬁg (79.0s, 3&, br. t;T9.00, 3, t), |
secoﬁdary hydroxyl groups (7T 7.64, 1H, br. s;7T 6. 66, 1H, n), and two protona L

at the root of ether (% sbout 6.7, u). Oxidation of this compound with -

~chronic acid in acetic acid, affordod propionic acid, caproic acid, and adipin /p.ues/
s.c:!.d. The prop:lonic acid together with the abovo—lontioned propionic aldohydo
~afforded by the ozonolysis of laurencin indioatod tho presence of ethyl groupa .

with:l.n the particles. The oaproic a.oid 1ndioatod tho proaence of ponthwl

groups, and the adipin aoid was aupposod at loa.at to indicate tho proaenco of

the group of C-(CH2)4 ,

In comparison of fhe mm spcctra of the above-nentionod lauroncin and
of its derivativos, the ohemioal shitts of their corresponding protona were as
shown in Table 2. Withia the range of T 6. 5~6. 9, laurencin [8] and doacetyl—
leurencin [27] showed 5H, while all the oct.hydro-conpoundsfzal [291 [m]and k1
showed 2H‘_. This 2H was attribnted to the protons at the root of other, while

the 1H (F') at T ca. 6.8 of the 7H in [18] was attributed to the proton at the




a.llylic position vhich had uhifted to an unuaually louer nagnetic fiold.

(F') and (L') were . exnined further in tem of the results of thoir deooupling )

.2’3..

These

'ra.hlo 2: NHR spectra. (‘t) of laur'ncin and its diriutivu ,

Comparnd A B ¢ . p Do & F

P N")\'

P66 KOK® L Lt M N
"C18) 3.85 4.1 448 502 — 59 6.6 6.8 7.7 1.9 — 7.6 8.0 8.4 9.02 -~
C27) 3.85 4.1 463 —  6.06 65 6.6 6.9 7.38 —  7.77.7.4~7.8 85 85 9.04 —
8 — — '— 521 — 613 65 — — 802 — - ? 2 9.0 9.07 .
29 - = - — . 6.0 6.13 6.6 . — — —_ . 176 . = 8.6° 8.6. 899 '9.08
) — — — — 65 — 67 — — @ — 764 — P2 9.00 9.06
3 — — ‘— 515 = .. — 66 — —  7.95 = — — % ? 9.05 .9.05
a) YCHOH. 5) OH.. - ¢) -(CH)CHi.. ‘ ' :

. On tho baaia of the forogoing resulta, the following partial struc-' '
tural t’ormula va.s given for laurencin [18]

-CHg -(C=C)
-C=CH
. 2 -CH= CH— (as B XU lrans) '
Cy;Hy3O03Br=( YCHOCOCH, ° : R

|yCHBr - c. =
YCH-O-CH( (% %\13-CHp-0-C-C)

’ ~CH,-CH, B C

Exanination of the docoupl;mg reuults vaa helpful for formulating
this partial atructure. The _decoupling_data were as shown in nm ‘4 and :
Table 3. 4 | |
When (G) was irradiated, the fine Qpii'ttmg of (C) disappeared to
Abecoine a émpie doublet (J = 15‘¢ps).. Hhen(c) was irradiated, the 2 cpa

coupling of (G) disappeared to become a .singlet. This subbfantiatodthe'coz_:—

jugation of the trans double bond and the terminal acetylene bond. Also, the
above—mehtioned supposition of the presence of n_othyléne group adj;cent to
H-A was substantiated by the result that (A) became a wide doublet (J= 15

- ‘cps.) when (L) was irradiated. Thus, the following partial structure (i)

became clear:
ar Hy Ha

¢ _&x—G=C=-C=C—Hg : NEOREN
' | - :
I‘IL HC ’
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| Noxt when (D), i.e., the proton at tho root of tho acotoxyl group,
was i 1rradia.ted (r) and (L) showed significant ‘change. On- tho other hand,
when (F) and (1.) was 1rradiatod, (D) . changed into a quartot (J 8, 5 opl)

a wide doublet (J = 5 ops), rupectiwly. '.l‘lms, the fpuowing,p.rtul ‘
structure (11) becale clear: ' | T |

B .
R __o_._lc_._lc____lc_-(c-xc) . v (ii) '
- OAc H - :

" Then, for the parpose of investigating the 'rogion ".'.rouimt 5.95 (B),

the proton at ‘the. root of bromine, (E) uas irradiated.. As the rosnlt, changas
in (¥), (#') and (L) were observed. On the other hand, (E) was doeonplod |
~ respectively to a~wido triplet QJ =,3._3 cps), a wide quartet (J =9, 3 cps),
and a quartet.(J ; 9, 3_cps) by the 1rf$digtion of'(r), (Ff) and (L). :
shift of H-F', the' proton at theallylic poaiti@n, fo an mmaually i&p& nag-
netice field was supposed to be causod probably by the bro-ino. furfhar-oro,-
when (P') and (L) were irradiated, ohangou occurred not only in their signall
. but also in (B). ~From these results, the folloting Miﬂ structure (1ii)
beoa_ﬁe clear: » ~- | ’ | | |
: Hy  Hp Hu Hp Hr

c==c-C—c-c——o—-~ N GH!
cis ! ’ .
HF' Br_ )

Beoause. both (D) and (E) were_élecoupléd when the aignal _(!‘) due to the
proton at the root of ether was irradiated, there was no posibility of the

following partial structure: ' " C
. : .~ —C(Hp);—0—C—C

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

Hg Hp Hy Hg HF Hr -Hp H
- _c==c_c_c—c-o-c—.é——c*-(c—c) (iv)

() }!Ipl Br ' - OAC HL




. at the allylic pontion udjacent to tho cls doublo bond. m. (r.") was. ob—

nothing decisiva could ba found Honvor, taking into oonsideration the fore- -

'the allylic position, to a higher nagnetic field, T 7.8 mst be attributed

‘supposed to correspond to one of the carbona at the root of thp ether of (1v)

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

5

As nontioned above, when (B) was irrad:l.a.tod, ehanges occurrod not. only

in (!")and(L) but alsointhepatternaround‘t?.a. hmingitschanging '. o

aignal s (L"), this was aupposod probably to be one of the Ha of tho lethylone

semd to be changed also by the 1rradiation of (¥). Becauu (L") m over-

lapping with other signals 80 that the condition of ite coupling was ‘not cloar, . '_f’r:'

going resulta, tho following (v) vas conce:lvablo as :I.ts ukaleton. ' _' o ,:. ’

' Hp ' HB HL“ Hy

GG C——C o— N f(i,')' o . A
Ty - o - : o -

The shifting of the H-L" aignal. one of the Hs of tho mthwlone at

to a deshielding effect of the double bond. Since the _c;l__ double bond of (w)

and the cis dmible bond at the left a':d of (iw) luat be the ssme, (v) was

supposod to link with the left end of (iv) while the right sido of (v) vas

Also, the C* at the right end of (iv) was uupposod to comapond to the C* at
the left end of (i), and, accordingly, (i) was mpposod to link to the r:lght
end of (iv) | | A .
Next, as mentioned above, the 1, aeptot of (n) and the 1H, docado - /p.0187/
(o'x; dodecade) of -(L') were attributed to the methylene of ethyl group. !'his \ |
was substantiated by the results that both (M) and ~(i.7)~b‘ecane quartets by
the irradiation of (N), whil_e (¥) was decpdplod to a simglet when (M) and (')
vore similtensously irradisted. This means that these two methylenic hydrogens

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




 Table 3:

R spin decoupling results of lam'encin [18] (1oo xc. cncl )

S - Obsemd Kultip city Splittim]
Run o Irradiatod_ p;'otoz} proton: ) % dooouplod
1 T 7.17(G) C-15 -C=CH T 448 (Cy - dec—ssex -2
{ 2a 4.48 (C) ©C-13 ° -CH=CH- T (GY . d-s -2
b S £ 3.85 (A) © sex—t. | - 15

c . o B © 7.6 (LY . . (ch) S s
. 3a 3.85 (A)  C-12 -CH=CH- 4.48 (C) ~ dec—s(br) 15
! b T b S76 (L) “(ch) . :
4a 5.02/(D) 'C-10 -CH(OQAY)- 6.6 (F) -~ {ch?)
b : St 1.6 (L) (ch)
5a 5.93 (E) C-4 . -CHBr- i 6.6 (F) . (ch) -
b 6.8 (F) * (ch) -
- ‘ _ : 7.6 (L) S (ch) o
. Ba 6.6 (F) C-3 . YCH-O-CH(¢ ~5.02 (D) - . sex—rq 5
b ‘ and E s 5.93 (E) sex—>t (br) . 9
c c-9 , 0 8.03 (LY decosex(?) 3
; d 8.44 (M) " sep-dsex ST
fe 7.6 (L) * (ch) -
Pof o ‘ 7.8 (L™ (chy -
i Ja 6.8 (F) C-5 allylic 5.93 (E) E sex—>q(?) : 3
L b - * proton . 41 (B) (ch). . : :
c . _ ' . -7 7.6 (L) (ch) ,
8a 7.6 (L) G-5, allylic 3.85 (A) - sex—d 7, 7
b . ‘G-8 protons : 4.48 (C) dec—q ' . 1.5, 1.5
c . and - , " 593 (E) " sex—q 3
4 - c-11 ) 5.02 (D) - sex—d(?) 5, 8
e ' : : ~ 4.1 (B) (ch)
£ 6.6 (F) (ch)
Pog 6.8 (F) " (ch)
" 9a 4.1 (B) G-6 -CH=CH- ) 6.8 (F) . oct(?)—q 7
b- ' and- ¢ ; 7.6 (L) (ch) .
c o G-7 -o7.8 @ ¢ (ch)
10a 9.02 (N) C-I -CH,-CH;, 8.44 (M) sep—q 7, 7, 7
i b ' : . 8.03 (L") dec—q A A
‘11 7.17 (G) and 7.6 (L) 4.48 (Q) dec—d ' 2, 1.5,
12 6.6 (F) and 7.6 (L) 5.02 (D) sex—»s(br) " 5,5 8
13 8.44 (M) and 8.03 (L) L 9.027(N) t—>s(br) - 7, 7
a) Abbr.: "s" mesns singlet; "d" doublet' "g" triplet; “q" quartet; "sex"

sextet; "sep" septet; "oct" octet; "dec" decade; "br"- broad; “ch" change;
""" neans that the multiplicity is not clear. -

b) Abbr.: "v.s." means "vory small coupling constants".
J + 0.5 cps.

The error limits;

ethyl group was supposed to link with one of the carbons at the root of the

ether, Taking account of all the foregoing results together, L18] and [32]

remained as possible structures fér 1aurencin
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T . I . o ,
He _C==C__ /:w . . . \c/ \J/“L R oo : ‘
H7 T\ B - R o ' ~ . :
_'Br\ He H’\C Ho He b Hr'\J: i 1<Hr " He H H, Ha :
/C\c/ \é-——é— ==C— —EC—H’c AR o....‘;___.é__. —bmc—c=Cck,
H.—C —Hu AAC l!ll. l!k - . B{ \“‘ . H\.'-{; —Hu éM H. ’ . i

' w _ v C“- o R

It was mposaibie, by -the abovo-nentidnoq mothod to determine the
foregoing alternative, beosuse there was mo difference between the chemical
shifts of the H-F protons. However, this problem was solved because their
shifts in the solvei:t were different from each other. ~That 183-' because the |
chemical ahifts of the two H—F were d.ividod into. two partSin the spectru- in
benzeno, T 6 95 and 6.62, :i.t turned out. after decoupling of theso tha.t the
former coupled with (p) while the latter with (E) (L) and (u) Accordingly
the formula [18] was given for leaurencin. |

This strusture of leurencin was supported also by its naba_spactrunﬁ.‘
That is; the main fragment ions of the mass spectnm of“ laurencin (I*‘igure 5y -

A) may be shown as follows ([ ] shows metastable ions):

_ -y /p.1188/
. CH,~C=0 (/e 43) .
Br 3 “»._ét m/e 275 .
& LS S
. OCOCH h
,(.)C : \ m/e 327,325

{nse 2&5:1 ~CH,COH

B . -

Br—l_- . Tnieises] . ™e 218
o
0 >
(/e 296,284) )
KN . :
ST |
B =1 . —:Lb . m/e 109
Br 6/ . . Br 6 [mfe 63) .
(mfe219,217) (w/e 190,288) ‘ :

. -
Also, the mass spectrum (Figure 5, B) of octahydrodebromolaurencin

: [31] is explicable in terms of the .follo'ving fragnentations:*?

A *7The strong peak at m/e 123 may be atbributable to the loss of Ha0-
from m/fe 141, as demonstrated by the appearance of a- netaatable ion peak at
e 107 5- .
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Lutly, as to tho ateroochuistry of launnoin, tho hydrogonn at 0-3'_.
and 0-4 were supposed fron their coupling constants to be :Ln j;gz_l position
to each othor. but the storeo—conrigurationa_at 0-3 and C~4, and at 0-9 and

C-10, were not clear. -

A = S - ) 5 <
- g 5 . - g
z = & £ ‘ 88 S
heed 88 &ay & = & S
1) © A &< &
s oo Hlg 3 ,
350 330 B 2% S .
= S L.
3 =% = .
z Us £%
5 . e
N AN ~ -
s 14 Ll (KT ET AR T 1 . .
230 260 240 220 200 180 160 140 120 100 80 0. 40
3 ~ o
B - 6 g
= g A
= 5| -
¢ =
<}
- &
-~ ‘g 8§ 2?3z
=2 = = 8 = = =
w %z |5 |
A, ~a t:l‘ T\ PO EY J it ul [} i
280 250 240 220 200 180 160 :
: mfe 4

Figure 5: Mass spectra of (A) laurencin [18] and (B) octahydrolaurencin [31].

Soon after the publioation of a prolininary report on the structure
of laurencin by the author and h:l.s uoociatesah) X-ray analysis of lauroncin
was done by Prof. Robertson and his research associates. From i_ts resul‘ta,

- the plane structural formula proposed by the author and his associates ﬁrovod

. . -5




(18-A) ‘. B

Therefore, if the absolute conﬁguration of any one of ths four
asymmetrie centera could be detemined, .the abuolute structura of. lmronoin
‘nust accordingly ‘be doteminable. Por this reuon, -the’ absolute conﬁ.guration
at C-10 was Mveatigatod by the folloving nothod, and it turnod out to havo a
| ‘R—configuration. That is; octahydroacothyllmrencin [28_] was changod by

Prelog s method into phenylglyoxyli_c acid sther [33]_, -which was acted on by

methyl magnesium iodide and then hydrolyzed to afford levorotatory atrolactic

acid [34]. Thus, it was dstermined that laurencin has the absolute structure
shown by the fqregoing ]:lB-A]._ ‘ : |
Furthermore, the absolute structure of laurencin was mcently'inv;l;
‘tigated by niéans of three-dimentional x-rmf MSia by P@rguson ‘and his auo-
ciates,?>) and the result also indicated that the asyptric C at 0-10 has &

R—configurat:.on, thua corresponding to the result obtained by the author and

his associates by means of cheancal mthod ‘ /p.1189/_

La.urencin is an 8-membered cyelic othor vhic.h had not been found in

natural matters, having a peculiar structure with the side-chains of terminal

34)). . Cameron, K. K. Cheung, G, Yerguson, and J. M. Robertson,
Chem. Comnun., 1965, 638.

35)Private comnication fron Dr. G. Ferguson.

e~ .




]

OH

' | I
~“).“ —= HOOC-C-CHy |
0COCOGHs oco—.%-c.u. CH, i

CH,

.(..3.4)

oonjugate enyne bonds. As nontioned above, this was snpposod to be fornod
from hexadeca—4,7,10 13-tetraene acid via decarbonic ac:ld and epoxidation of
double bonds. This was more clarified through tho emination of laureatin

and isolaureatin. _

4,2. Laureatin and Isolaureatin
On the supposition that there must be some cther compounds related to

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

Sozo (Laureppia) and its near genera were investigated. Then, as described
earlier, laurinterol was found in the M(L intermedia) collected in
Oshoro Bay, and also saveral bronine-containing aoaqui.terponic compounds such
as 1aurinterol, aplyein, and aplysinol were found in the nitaudogggg (g urencia
. Okesural ail) collected in the Seto Inland~Sea. Yet, no bromic compounds related -
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to 1aurencin were .then Ifound out:.*8 Thereafter, tvm ‘new bmnine-centaining

conpounde related to 1aurencin, L.e., laureat:l.n and ieolauree.tin, \tere ieolated

‘ _,fron the Urasozo (L. _l:_l_gmg;__g Iama.da) colleeted e.t the Kobeji Beach in Hako-

date Bay. The nethod of iaolation vas. alnost the same as that in the case of
laurencin. That is; the neutral fraotion of the nethanolic extracts was
chromatographed and, after removing the effluente of pareffin, 1eurene [9]
laurenigol [17], etc., a crudely crystallized substance which was positive to
the halogen test was yielded from the effluent with n-hexene—ben:ene (1:2).
This crystallized product was a {mi.xture of two types of ieoners having the
‘composition of C,_H_0.Br., fron; which laureatin [19],- ep 82@83°C,EO(JD +96°,

15°20°2°T2 A
and isolaureatin [20], mp 83~ 84_00, [odp +40°, were isolated in the yields of

"0.05% and 0.02% (of the air-dried specimens), respectively, by carefidly repeat-

ing re_crystallization from the methanol.

The UV spectra of laureatin [19] and isolaureatin [20] were almost .
the same; 2 pax 203, 229 e (€ 12400, 10300) and 2 .~ 223, 229 mu (€ 12800,
10400), respeotive]y Their absorptione were very similar to those of Aau-
rencin [18J Also,. the presence of peculiar abeorptione of the terninel

-1

methyne at 1./3 300, 2150 cm and » 3’500, 2100 cm ", reepectively, in their

IR epectra was the same as in the case of 1anrencin. mrtherlore, the NMR

~ spectrum of laureatin (Pigure 8) showed a 3H, sextet, (J-= 11, 7, 7. cps) at

73,97 (A), a 1H, finely-split.ted doublet (J = 11 ops) at T 4.47 (B), and a 1§,

doublet (J = 2 cps) at 7 6.94 (I). The NMR spectrum of isolaureatin also

Aplin and his associates investige.ted the oomponente of L. Pinnati- -
fids collected on a coast of England, but they could not find any acethylemc '
compounds related to laurencin, Cf. R. T. Aplin, L. J. Durham, Y. Kanazawa,
and S. Safe, J. Chem. Sog. (C), 1967, 1346, Private comminication from Sir

_ Bwart Jones.
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" showed alnost the same aignals, which aluo :Lndicated the presoncc of the group"~ -

. of -CH ~CH AaCHB-CECHI as in the ease of lanmncin. This was substantiatod by »

their decoupling rosults. However, whether tha double bond is gi._g or M ’
could not be deteminod becauu of J < ll~12 ops and also bocause of the -
Presence of other absorptions at the region aroundv y950 ca in~ the IR speo-%

tm.(l'?iguro 7). Thereafter, the gaometrioal ieonefa of 1ailreb.tii1 and igo-

laureatin whose respective J AB is' 16 cps were found in the aane narino algo., o

though in a very small quantity, %) 80 that the doublo bond can now. be con-
sidered to be cis in the caae of laureatin and isolnmatin But tha cause
of the chemical shift of H-1 of the temina.l nothwne to 8 conaiderably lower
magnetic fleld, 't 6.94, is not yet olear, although it may be at‘_tributab]:o to |
the double bond being cis. » » ' B | B
Bocausé neither hydroxyl gfoup nor ocarbonyl group were found in lau-
'reatin and isolsureatin (IR, NMR), their two oxygen atons wer'e supposod to be
_ethereal. This supposition was substantiated by thoir IR and NMR spectira.
That is; the IR apectra,showed absorptions of 3 1].40, 1086, 1045, 975*901 1;
while the NMR spectra' showed in the region of 7 50~6.5 the signals ‘of SH |
" which wers attributable to the protona at the root of ether and thoso at tho

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

bromine ( :(I!Rr)', the remalning 411 yould then correspond o the protons at the

root of ether. In the case of isola'mreatih, theae"protona could not be analyzed

because the signals of 4H of the 6H were overlappiig:one another in the NMR

3)poghi Irie, Akio Fukuzawa, and Etsurd Kurosawa, unpublished.

*9The absorption ofy975 an_l'_ will be described later.
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' spoctrul (Figure 11). In the case of lanroatin, .on tho other hand, thero voro
" three 1H septets at —rs 12 (¢), 5.46 (D), and 5. 87 (7), one bread 1| quartet
at 7 5. 62 (B), and two partially overlapping lH multiplets contorod at -z~ ca.
6.2 (G) and 6.35 (H). As will be described 1ator, because the 15 carbon a.tou
of. 1aureatin and of 1solanreatin were co-binod togothor in a straight—chain
- form, the possibility of the folloving partial -tmcturo vu oxcludod: A ‘
o ;'CH_"O"(C.:’_C' }C B,, ._"CHgBY | |

€ /p.1190/ .

Lccordingly thoae mix proton.e were -a.lyud as follm: 2 \GH-O-CH’ and 2 ,CHBr.

PR S L TS G W 1 :
4000 3200 2400 1900 1700 1500 - 1300 1100 900 700
3600 2800 . 2000 1800 1600 1400 1200 1000 800

v (cm-)

" Figure T: IR spectra of (A) laureatin [19], (B) hexahydrolanreatin E35]
(c) hexahydrobiadobromlanroatin [43]), and (n) hydmxyethor [44].
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Figure 8: NMR and NMDR spectra of lsureatin [297 (100 me).

Furthermc;re, in the NMR spectrum of -ia.u:eafixi, ‘the 3H trip]..eti at T 8;93 M),
and the two 1H multiplets at 7 ca. 8.15 (Ll) and 8.3.'(1.2) were attributable
to the prot,éns of ether group, whj.ie .the complex 3H mlt;i.plefs af “Z‘ca.‘ T.2
(3) and 7.5 (K) were attributable, as will be desoribed.later, %o the protons
of the two methylenic groups befweexi the carbons bearing Anﬁther_eal oxygen
and the carbons to which a brﬁminé was att'aphed’ahd also to the two allylic
protons. | _ - |
Laureatin [197], when hydrogenated over Adams' ca%a‘lyaf, became hexa-
hydrolaureatin [35], C 15 260 By, by ~c‘onsuning';3 moles of hydrogen. The IR
spectrum (Figure 7) of [35] indicated fhe presence of oxyde groups (1144,

1078, 1050,‘9"75. 965 cn‘l‘l). In its MR spectrum (Pigui'e 9), on the other

hand, the signals corresponding to those of (1), (B), and (I) in the spectrum '

of laureatin disappeared, while a wide 3H triplet atiributable to the methyl

group at the end of alkyl group and & peak due to. the methylenic protons (6H) .

i
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vere shown at 7 9.05 (K) and 7 8,57 (P), respectivaly. Also, instead of the
complex 3H signals at 7 7.2 (J) and 7.5 (K) in the spectrum of laureatin, |
signals of 2K mu'pm, appeared at 7°7.1.(J') and 7.3 (K'), 8o that 28 of

the 6H 'in- (7) and (K) were suppoaﬁ to be corresponding to the proton- at tho
allylic position and the renaining 4n to (J') and (K*) of hexahydro oonpound .
This observation will be further exsmined later. In the hexahydro compound 5],
the signals in the region of 7 4.8~6.5, i.e., thoao duo to the protona at the
roots of bromine a.ud ethereal oxygen, were ‘divided into comiderably cloar . .
independont signals (100 Hc) That 18; the 1H signals comsponding mspgctinu
to those of (C) to (H) in the spectrum of laureatin were observed on the septet
(J = 8, 5.5, 2.5 ops) atT4.97 (C), the septet (J = 7.5, 6, 1.5 ops) st 7 5.23
(D), the wide quartet (F=5,5, 4 6ps) af_'t 5.41 (EB), the ’@p“t (J =1,

8,5, 2.5 cps) at?5-74 (¥, the quintet (7 = 10, 5, 4 cps) at ‘t‘,6.15 (),

and the septet (J = 7.5, 6, 1.5 opa) at 7 6.39 (H). - | /p.1191/
! o \ﬁ', M _- . 857 ss1 o0
hohd A sl J\J“\. e M
ire. FireHireG ier. C irr. E ire. D irr. C irr E irr. G . )

MM ﬁm b
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Figure 9: NMR and NMDR spectra of hexahydrolsureatin [35] (100 Mc)




Table 4: Spin d.o.coup_ling‘of‘he.x_ahyd.roimﬁn -[35:‘ (100 Me, ch13)

Irradiated proton Observed: H\lltichity Splitting

proton . doc(;ouplod

., 8.87(\) C-1 -CH:-CHy1 8.1 (L) i " (ch) o7 LA
l8.1(L) €C-2 -CHe-CHa| 8.870M) |t 7,7 F
o ‘ 54 85(G) | Tquist : ‘10, 4 A

6.15(G) C-3 H*» & 8.1 (L) (ch) = .. 10, 4 - b !
I » 3 5.4I(E) | q(br)—st(br), 5 .
| 5.41(E) C-4 H* | 6.15(G) | quimg 5

B : i 7.3 (K'); ;m—>d(br) -5 4

7.3 (K') G-5--CHp- | 5.41(E) ja(br)—>d 5 4. -
. _ . 5.74(F)  sep—d 11, 8.5 .

5.74(F) GC-6 H+* LY "m—>ds 1, 8.5 '
: _ - L 4.97(C) . sep->t (br) 2.5 .
"4.97(C) C-7 H*" 5.74(F) |- ' sep=st(br) 2.5
: o LTI Eh) 8 5.5

7.1 (J) C-8 -CHy . 14.97(C) sepo>d 8,. 5.5

: ] 5.23(D) sep—s(br) - i. . 7.5, 6

5.23(D) C-9 H* | 7.1 Y mods 7.5, 6

_ ©6.39(H) ! sep-»t(br) s

;16.39<H) C-10 H* % ;g.gagjg : .s(c%—»_t(br) ) S - R

! - . 1183, (L) - i (ch) . 7.5, 6.

8.3 (L) C-1:CHy - 16. 39(H) sep—ss (br) 1 7.5, 6

| 8.57(P) -CH- ! |9 05(N) ' ‘t(br)—»s o 6, 6

a) For abbreviations, refer to the mte of ';l‘ablo 3. qui” means.
quintet; "ds" double doublet. .
b) Proton on the carbon atom coupling with brom.ne or etheraal oxygean.

The results of the spin decoupling experimenta on hexahydrolauroatin '
were as shown in Figure 9 and Table 4. In short, it became clear that hexa.— :
hydrolaureatin [35] has a 'straight-chained ca.rbon nkel'oton,- ‘and that -two
bromine atons and two ethereal oxygens conplo with some of the 0—3, 0-4, 0-6,
¢-7, -9, and ¢-10. Accord.ingly, the forsmula [35] can be expressed by the

following formula [35_A]._,_ o o
o . ’ M) W W (B (K} (H @ @) @ (L) AR Ny
*H,— C'Hy~—~C'H—C'H — ~CH~C'Hy—~CH~C"H-C"H,"(CH )1 C"Ho
CH— C'H,——CH (E'Hv CH—H-CH C'th <I:'H(% _ ;- (CHa )y
N, - ~— . —
Tk EYY

(35-A)

*0poy instance, (H) in the ‘NMR apectrul :Lmhcatos the signal
corroaponding to its proton. B




(35) X=Br
(43) X=F

NeON
E RO H
CH,—CHn—CH—CH CHg—CH*CH-CHz—C c (CH. CH, .
© HOR,
(%) R=H.
{37) R=Ac
HO H : Lo
' CHu(CHz)v-(:lf(:l—.(CHg);CHa
“H OH.
- .
. HO H
CHQ(CHZ)S CH (CHz)g—C C (CHQ)ACH;
H-

o
. Then, in order to determine the ooupling poeition of thease bronines ,
and ethereal exygens, the following experiments were conducted.
(1) Tme conpound [35] was treated with sino. and acetic goid and then

hydrogenated with dilute alkali, so that glycol BGJ, 05l 60 (n 240), was

afforded. The multiplets at 7 6. 61 (23) and 4.54 (4H) in the NMR. spectrus of

[36] were attributed to the protons at the root of hydroxyl group and the
olefinic. protona, respectively In the NMR epectm of its diecetate [37], 4
19 32 4
methylenic protona between two double bonds. Alao, in the EMR lpectrun, sig-

‘nals due to the four proton- at the allylic poeition and to the two pnotons

(" 324), the wide pesk (2:) centered at 7T 7.28 was a.ttributed to the

at the root of acetoxyl group were shown at r7.6~8,2 and at Tea. 5.1, res-

_peotively. ' By contact cstalytic reduction the unsaturated glycol [36] became

a saturated glyool‘ [38], (n 244). mp 54~55°C, [0, -25.4°. The

C15%52%
struoture of [:38] waa inferred from the mass spectrnm of its -isopropylidene

derivative 397, [odn -35 , and.then deternined by oonparing it with the aatu-_

rated glycol [40] that was derived from laurencin [18]23) by the method as.

/p.ll92/ :

:’.
3
2
(; ‘
A?.)
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will be mentioned ‘la‘.tor. ‘ That ‘is; the la.n .lpocfr'ul of- [39:[ Mld peculiar

'i)eaks at mle 269, 227, 213, 171, and 59, oorro-ponding to the following frag- |
'nent ions: o | o . -
cn,(cﬁx)%m—;—fcm).m : aﬁ,,—i%xeé.u,,

. (39}

7 m/e 209
‘i . o 1 . ' I-CH'-C-O
; © (cH)COH . o e :
! - co“u'f \t*:/ - o

m/e 59 \
. H
u/em
From the foregoing results, the formula [36] was determined for the
unsaturated glycol. Another possible formula [36'] was ruled out on the
basis of the data of the mm apeotrum of ite acotato. That. is; if the fonnla
[36 '] were given, its acetate was to have eight hydrogona at the allylio posi-

tion, 80 that it vould be inconsistent vi’ch the observed N!(R spoctrul

CH;, CH.-CH=CH- CH;—CH CH CH;—CH CH (CH,)GCH, '
OH OH :

€367 o

On the other hand, ctahydrolaurencin [28], which was yielded from
la.urencin [18] by contact catalytic reduot:lon, was treated with sinc and
. acetic acid and then hydrogenatod with alkali, 80 that an unsaturated glycol
[41] was afforded. The saturatod glycol [40] derived from [41] by contact

oatalytio raduction, (H 240), mp 54~55 C, was then rogarded as an

%15%26%
antipode of. [38] because its IR (in chloroforn) and mm spectra were [u]p+25 59,
corrasponding conpletely to thouo of [38] Alao, thn :Laopropylidene derivative
[42] of [40] corroaponded conpletaly to [39] in the IR, NMR, and mass spectra,
[oz]D+34 5%, 8o that it vas provod to be an anitypode of [39]. As mentioned

earlier, the prior dete_mination of the absolute structure of laurencin led .
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to the determination of the structure of ‘the glycol l:40] 'and-iti two asym-
mctrical oonters wers then. tmpposed to takc a _&—eonfiguration roapectively,

so that thoso of [38] could be givon a S-configu.ration ro-pectinly

Qé -0Ae - XQ H-OR

CH-CcH - GH- © (CH).CH

p-cmcH  (28) X=Br.R=Ac <
18 " (45) X=Br,R=H

(46) X=R=H
- ' oH
(25) ZiAcOH, -‘*—’-"Lhcv.(cn.),——é‘—c}—(cn,)‘cu._

o 40" tr-0H B A
CH .(CHI)ICHI . . . e0) .

L A |
' * CHy(CHy);—CH-CH—(CR:)iCHy

o
{42)

Considering from the atmcture of the unaaturated glycol [36], it was
unconceivable that the two bromine atoma of hexahydrolmreatin [35] couple
with their adjacent carbons. Therofore, the stmcture of hoxahydrolauroatin
vas supposed to be either [35-B] or EBS-C] |

Br. r——~o H
cm—c&—qw-qn—cm% QH{H, g:—(f—(cm).cﬂ.

h "o - S
T (35-B) . . S ;
Bl‘ R R

: H :
CH, -CH;—CH'CH—CH,—CX CH—CH,—(;— ’(CH:LCH.

Br T
’ (-su C)

OO S

- (i1) The hexahydrolaureatin [35] ves treated with Raney nickel in
"alkaline ethanol, and two kinda of producta were afforded. One of theu vas

hexahydrobiabromolanreatin [43] C]_SB 0. (x" 240), the IR apectrun (Figure

28 2
- 7-C) of vhich indicatod the prosence of oxyde groups (y 1152, 1061, 1040,
955 cm 1). The other - vas hydroxy ether [44_], 151! (H 242), the IR spec_

trum.of which indicated the prosence of a hydroxyl group (p 3460 om l) and

oxyde groups (11132, 1082, 1060 cm ) The mass spectra of [35] and [43]

triemsn e




| revealed the breaence of groups CHfCEé—CﬂBr—(We 277 and 275 due to (l("' -

csasnr)) and ca3-'¢n ,~CH (m/e 197.aue to (M -"csav)),‘ respectively. In the
" mass spectra of octahydrolaurencin [28], octahydrodea.cothyllaurencin [45],
and’ oetahydrodeacethyldebronolauroncin [45]. on the other hand, the ‘peaks duo '
to (K - czas) appeared, but no peaka oorroaponding to (n - caasnr) or (n -
03117) were shown there. ' Fron these resulta, the structure of [35] mst b
either |_35-D] or [35-E]. -
SB[ 0 H : B
CHrCH,—CH—CH CH- CH—C:’—CH,—?—C—(CH,TCH; - -

‘H
Br (35-D)

Br r‘-——? H
CH; CH,-CH-CH CH:—CH CH—CH; -C—C—(CH.)‘CH;
Br '

[95-1‘:]

(1i1) The FMR apectrum of hexahydrobiadobmmolmmatin [43] oxhibitod
a characteristic two-proton mnltiplet at T oa. 1. 4 (J') and four one-proton |
signals at 7 5.29 (C), 5.58 (D), 5.85 (E), and 6.72 (). The latter four -
protons were assigned as those cérraspoﬁding 'té (c'), ‘(D) (E), and ‘(H) in the
spectrum of [35_] 11 ‘rhis aes:.gnment was confimed by the spin docouphag |
.study These results indicate that the bronino .atom nmst be attached to c-b,
 and, therefore, the structuro of [35] ahould be either L35-r] or [35-(;]

[35-—1‘] has a structure of T nemberod—‘j mberod cch.ic ethcr, while -
E}S-—G] has a ét’ructﬁre of 8 iembefed-4 membered cyclic other. Although _t'hose.
types of systems have ao far been unknown, the 'Bimen'\b_erod-4 népbefed 'atructure
[35-] may be considered to be ressonabke for [3] on the basis of the follow-

 ing reasons: (a) In the NMR spectra of laureatin [19], hexahydrolsurestin

") N o
~ and (E) changed into broad multiplets. -
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Br’ - ' OH .
' ,cu,—cn,—cn—cmn,-cu CH—CH,—(;-—(I‘,—(CH }.CH
Br :

/pnies/

(35-F)
T
] T
CH,—CH;—(%H -CH-CH,-CH-CH- CH;—C—C—\CH,) CH,
Br H (!) -
: (35—G]

[35], and hexnhydrobisdebromlaureatin [43]. ‘the protons HE-C and H-D were -
shifted to extraordinarily low nagnetic fields as thoaa at the root of othnrenl
oxygen. . This downﬂeld nhift can be well explainod by the aasignlent of thoao,
as 0!-protons of a 4—mombored cyclic ether.37) (b) The chemioal shift of the
signals due to the protons H-J' and its pattem in the NMR spoctra of hon—
hydrobisdebromolaureatin [43] can also be woll oxplainod, if they are located
on the 3 -position of the same 4-mberod cyclic ether ring. 37 8)3 79) This :
' aasuption was confimed by the deooupl:l.ng study (Figure 10). (e) The atrong
sbsorptions near, Y975 et in the IR spectra of [3,9], [35], and [43] are
characteristic to 0-0 strotohing vibrations in & 4-membered cyolic ether. m>37d)37°)38)
From the foregoing results, the formils [35-G] was glven for hexahydrolsureatin, |
The mass spectrum of the derivﬁtivé of laureo.tin ﬁhi_ch will be mhf@onod below
oan‘also be sxplained well.by this formla. o " s
 Hexshydrolaureatin [35], whon boiled with an etharolic potassium hydro

oxid_e solution, qfforded dehydrobronohexabydro_lm_xreatin [47], 015325023r (ot

37)&) Cf. N. S. Bha.cca, L. F.. Johnson, J. N. . Schoolory, m Spectra.
. Catalog, Spectrum No. 33.
b) Cf. F. Piosgi, A. Quilico, T. Ajollo, V. Sprio, A. Melara,
Tetrahedron letters, 1965, 1829, : :
0) R. C. Cookson, T. A. Cra.bl, Je Jo !‘rankol, Je Hudec, '.l‘.trahodz'on

Suppl., No. 7, 335 (1966). ‘
&) Cf. J. W. Hanifin, E. Co 29_ Lr_e;t;_?gx_g_ tter 1966 5421.
e) Cf. Yukio Noichi, _1_;1& Jap.- Chem 1967 . S

38)01‘. G. M. Barrow, S. Soarloa, J. g Chem Soc., 5, 1175 (1953)
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" Pigure 10: NMR spectrum of hexahydrobisdebromolaureatin [437] (100 Me)

318, 316), which vas ‘then attemﬁted to be hydrogenated in acetic acid over

- Pb-C catalyst, but endod in giving too lany pmducts vithout nny satiafactory
.rosult 'I'hen, the hydrogenation in. acatic acid was done over platimm catalyst

80 as to yield two products, hexahydromonodebro-olaurutin [48), C..H,0Br

157272
a.nd hydroxybromoether [49] 0153290231' (2/3450. 1057, 972 cm 1). The latter
showed the aignal due to the proton on the ol -position of a 4~nenbered cyclic
ether at + 5. 33 in :Lta NMR spectrun and the prosonce of gmups C6ﬁlzBr- and

CGH 0— m its nass spectrum. B

13" ' ‘ .
. B.r y
’ » . @Qﬂu p\aﬂu CyHui

\ Gn

- From these rcs_ults, the fornmla [35—6] vas givon fo;' hexahydrolmdgtizi

and, therefore, the formula [19] for lmureatin.
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Next, as to isolaureatin [20], C,H.0 Bra, mp 83~-84°C, [oJp+40°,

1572072

its UV md IR apectra were very aimilar to thoee of iauree.tin [19], u men-

' to that of 1aurea.tm as shovn hy many peeks. due to comon fragment ions

'tioned earlier, and its mass speotrum alao showed the fragnentation einilar

(!‘ignre 11). The NMR spectrum of teelaurea.tin (!'igure 12) _showed ebeorptione-‘ .

of an a.oetylenic proton at 6. 94 (11, d, J = 2 cpe) tvo v:l.nyl protone at'

3.96 (1H, sex, J = 12, 7, 7 .cps) and 14 45 (18, fimy ephtted doublet,

J = 12 cps), and nethyl protons at 8. 94 (3H. t Jd = 7, T cpe) 'l'heee are

very similar to the case of laureatin [20] In eddition, the eignale a.ppeared

in the region of ‘b 5 7'\-6 6, which were correaponding to the protone at. the

root of bromine or ethereal oxygen, were aleo of 6H, but they wers 30 over-

.lapping one another except at T6. 51 (lH br, t Jd = 6 5. 6.5 cpe) and T 6. 23

g N
512 : o :
E B 2E =
L o DS
g . gg
- - 88
L
z =
= - o
N (SR S
e, .
§ 828 B8 i
[N PP PPT T | (R IIL( ; ! ; j

247

245

165
' 147

327(M"-CsH)

320 300 280 260 . 240 0. 200 -
N . . m/e’

Figure ll: Mass .epeotra of (A) laureatin A[19] and isolaureatin [20].

320 300 280 - 260 240 220 - 200 180, 160 . 140 . 120 100 80 -

B0 160 140 120 100 80

' (~1H, dt) that they could not be analyzed Nevertheleee, from the foregoing

' reeults, isolaureatin [20] was euppoeed to have the groupings of —Clz—c!b-CH-CECH

/p.n94/
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Figure 12: NMR spectrum of igolaureatin [20] (100 Mc, 0014).‘

2 73
turo closely related to the latter.

and -CHBr-CH ~CH, as in the case of laureatin [19:] and also to have a stmc-—

By contact catalytic reduct:.on, isolaureat:.n [20] became hexahydro

isolauroatm [50], 153260 Br2, Ihich indioatod tho presence of oxyﬂo groups

(¥1140, 1120, 1092, 1075 cm 1) in its IR -pectrun and showed in its NMR spec-
trum two methyl signals at 29.08 (33, br, t) and 8,93 (%, t, J (O cps),

a methylenioﬁH signal at T 8. 65, and signnls attributablo to the protons at :
the root of bromine or ethoreal oxygen at T 6.69 (1H, t, J = 6. 5, 6. 5 ‘cps),

7 6.2 (1g, m), and 7 5.7~6.1 (4H, m). :

Treatment of [(50] with ginc and acetic acid afforded en unsaturated

. glycol [36] vhich then gave the corrouponding uturated glycol [:38] on contact
 catalytic reduction. 'l‘heae glycola and the. iaopropylidene derivative of [38]
‘were identical with _thoaq derived from hoxnhyd:olaureatin in al} respects.

. Therefore, the structure of hexahyﬂi'o':l.-olwre&tip [507mmst Abe'r_e’prevsen‘tegi by

o g B et e et e st nr o

e e rep e eogreat i .




‘genared to a saturated acetoxy ether [55:] 0173

45

either [35-1‘] or [35-6]. Treatnent of [50] vith Raney nickel and alkali then /p.1195/

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

isdefinately different from the case of [35].. The NMR spectrum of '[51] ahoved'

‘only fowr 1H signals at 76.73 (br. t), 6.2 (br. -), 5. 98 (br.-t), and 5. 77

(br. n) in the low magnetie field below 7 7.8; no cignale were found in the _
region around Te 4. l‘rom these observations, it vae concluded that hexahydro—

isoluareatin cannot be a stereo-isomer of hexahydrolaureatin [35] and alao

~ the possibility of the fornmla' ESO'] was exoluded on the basis of the evidence

that will bYe described below. Coneequently, the following fomula [50] was -

given for the structure of hexahydroieolaureatin

fjs =W ﬁ

" (50 X=Br
(51) X=H

As ror the evidence, treatment of [50] with an ethanolio potassium ‘hydroxide
solution effected ita dehydrobromnation and yielded dehydrobronohexahydroiso—-

laureatin [52], 0153250231-.  After hyd.rogenation of [52] its product of a

. saturated bromic’ ether [53] was. treated with sinc-aoetic acid and then acetyl—

ated to afford an unsaturated acetoxy ether [54] uhich was further hydro-

52 (n 284). This acetoxy

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

.acetylation of the hydroxy ethor.[44] which was obtained from the above-mention_ed

hexahydrolaureatin [35] upon’ treatment vith Raney nickel in ethanol. Accord—

ingly, the formula [50] was given for hexahydroieolaureatin. |
In order to substantiate the foregoing reault, the following experiment

was conducted. That ie, dehydrobronohexahydroisolaureatin [52_] was hydrogenated

- over 5% Pd-C catalyst to hexahydromonodebronoiaolaureatin [53] and a type of
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= : P - -QHn - C. . 0 "CGH.
A G L RSO
- Raney Ni ’ ’ ’ C .
35) E:(;HI ’ . . "JM\ ’
- ' . (AT
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.hydroxybromo ether [56], 0153290233. Then, the hydroxy ether [57]. 15H300
(n* 242), afforded on dobronination of [56] \rith Ranoy niokel, exhibitod in

its nass spectrun the poaks dueAth(M ,_¢5 11) and (" -'_QGHIBO)’ supporting

the formula of its atructure

g Ni
. " I’ic. (53, Rnnty i
RS ]

S
AN

[57] -

_ From all these resulta, the foruula [50] was deternined for hexahydro

'-iaoluarea.tin, a.nd, therefore, the fomua [20] for isolulreatin. C

Aa have been mentionsd above, it becane cloar that the ateroochsmistry
of the asymmetrical oenters c-9 and c-1o in 1an.reatin [19] and isolaureatin

(20 takes a S—configuration. In tho caso of lauroatin [19], howewr, the

-hydrogens at 0—9 and G-7 were considarod to bo cis to each other, uhile the

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

relation of  near antiparzuel to each othor, 80 that both c-6 a.nd C-T7 cauld -

A‘be supposed to- have a R- configura.tion. hxrthomore/, from the fact that the

Cc-4 protons (H—E) were shown to be ah:l.ftod to oxtraordina.ry low magnetic

_fields in the NMR spectra of 1aureatin [19], hoxahydrolmxreatin [35] and

hexahydromonodebromolaureatin [}8]. thaao hydrogena vore located to be cloae

£



AT

to the oxygen atoms of the oxycetane ring, 80 thot.tho oiypotrioal center of '

C-=4 could be supposoo to have o‘.-g-oonfigoration; For those moona‘, thorofor'e, _

the formula [19a] was glven for the sterec-structure of laureatin. -Similarly,
the formula [20a7] was .onsidorod t_o be suitable for isolaureatin.

Br H .
.
Hal " HH
a’L W " é— WO UM fac:
cn. “e=CH " ‘CH, C=CH
Br—(ll- .

Lestly, it was supposed that laureatin [19] and isolaureatin [20] may
%o blosynthesiged through decarboni'z'ation ood'epoxidation of dov;blo ‘bonds from

a common - precursor, hoxadoca-4 7 10, 13-totraono aoid, as was also aupposod for

1aurencin. Thus, it might be oxpocted that such a- procuraor will bo diucoverod '

‘>in marino algao.
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