
CONF’IGURATIONS OF HAuxiENATED 
CHAMGRENE DERIVATIVES FROM THE MARINE ALGA, 

LALmENcLA GLAND- -G’ 

Maoy batopenoted clJmigreoc dcrivalivcs have bao 
isolakdfromtbemarhw v-- (Rbodomelscere; Bhodophyta).z- In Ihe cmlmc of oar 
ccmthwd saw3ies of cJum@m dtzhtivm, we have 
repo?ed& strucmaof fourcbunioreadypebfonm- 
sesqunapeaes,isolatedfromL~em~10 
-bmmo-3,4-qxxy-a-cbunipnae(l),~~ 
(2),10-bromo-a-c~-4-ooe(3)andl0- 
bmlo-~-chmigml-4-ooe.7**~,aa 
CXtthVCStUdyOftlkCllydlWhOllpUtOfthClk?&Sl 
L?ssehloiloftbiaJgakdtotbeisolatimof4,10- 
dibromo-3-chloro-a-~(1)andlO-komo- 
a-chsmilgeac(~,prcviouslyisdatedfromL~ 
altdLspcck,~titbe(3utlofcatif~ 
WelweehicidaMtheabsolutc~of1,t3, 
4andSbyX-raydi5achamlysismdtkc9mical 
mealods.neprcseatpapcr~tbeiso~tbe 
structurcsalldthe~~oftbesehelogeaated 
chamigrcm in derail. 

Stnwtun of IO-bnnno-3.4-rpaxys-~~n?ne (1,” 
1~Bmal*3,4epoxy-Q-c~, c,rHsoBr, (AI+ 

300 and 2!98), m.p. 53-w, [U]D - w, shows no OH nor 

4 5 6 

AC 1. 

a23 



Table 1. ‘~NMR~of I 

6 li!ultiplicity Assignment 

141.6 

: 

C-7 

119.2 
61.9 : 

Cc::0 

58.7 55.5 s ::j 
43.0 s 42.5 9 C-6 and 11 

35.7 t 
29.4 t 27.8 t C-l, 2, 5. atid 9 

26. s 
25.4 
22.3 

20.6 17.9 

t-l 

: 
9 Q 

c-14 
c-15 

C-12’ and 13 

hladcrtoeh&iatctheatNcturcofl~tbc 
abwh&Mntkmrrk*l.aaiagkuystalof1wa8* 
jcctcd to X-ray diihdon analysis. 

CMorkss, phtdikc crystals of 1 were obtained by 
cdugahotmethawtdutioatoroomtemperature.A 

hgkcryatalwitbdimat8hofabo4tto.4xo.4xo3mm 
wa8udforthex-ray ~t.ccll~ 
andredectiw~wm~uredona~u 
folIr&~~QlKondhtioo(A= 
1.54178AI m witb a iip crystal. The 

m/c 133 m/e 175 

!schu 1. 

m/c 218 

BR 



(8) ~ydrorpa atolm 
-_--_-.-__-_ .--------- 

AtOm x Y 2 611 611 683 612 611 623 
-_. - __._ -. -..--.-- -._-_ -. .-_.-_-- 

Br 

0 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

cc101 

cc111 

C(I2) 

C(l3) 

CC141 

C(lS) 

-1776(l) 

1225(r) 

-363(S) 

-759(S) 

195(6) 

1168(S) 

1173(4) 

432(4) 

1215(S) 

lOSl(8) 

14S(9) 

-725(6) 

-219(4) 

S90(6) 

-1153(6) 

2148(7) 

-83(10) 

1878(l) 

-153(4) 

874(4) 

16(6) 

-607(S) 

-S81(4) 

-26(r) 

827(3) 

16370) 

2361(S) 

2493(S) 

1771(4) 

8S3( 3) 

684(S) 

147(4) 

1609(6) 

-1411(7) 

201(l) 

7299(6) 

.5615(E) 

6396(g) 

6791(g) 

5651(a) 

4095(8) 

4064(7) 

4199(9) 

3313(14) 

2039(14) 

2146(g) 

2319(7) 

841(9) 

2290(10) 

5456(12) 

7776(12) 

103(l) 

75(3) 

730) 

64(4) 

79(4) 

69(4) 

56(3) 

55(3) 

68(4) 

112 (6) 

136(a) 

830) 

56(3) 

81(4) 

75(4) 

98(S) 

138(E) 

68(O) 
66(Z) 
4w 

71(4) 

55(3) 

44(2) 

39(2) 

32(21 

40(2) 

37(21 

39(2) 

41m 

35(2) 

65(3) 

48(3) 

64 (3) 

74(4) 

270(l) 

163(7) 

1X(9) 

161(g) 

167(g) 

179(10) 

169(E) 

148(7) 

196(10) 

306(17) 

309(19) 

202(10) 

165 (8) 

153(9) 

2lS(ll) 

237(l)) 

201(14) 

16(l) 
-11(S) 

18(S) 

-32(6) 

-29(a) 

-3(S) 

6(4) 

l(4) 

-17(S) 

-41(7) 

-21(7) 

9(S) 

-6(4) 

la(6) 

-27(6) 

-47(7) 

-Sl(lO) 

-73(2) 

-57(E) 

50(10) 

22 (10) 

-26(11) 

-44(10) 

17(9) 

13(8) 

ll(10) 

-6(17) 

-37(21) 

8(llI 

-7(9) 

lO(11) 

-64(12) 

-40(l)) 

8(18) 

66(l) 
-20(7) 

-20(O) 

4(10) 

12(9) 

-18(E) 

-18(7) 

-29(a) 

-S2(8) 

-19(11) 

28(12) 

6(8) 

-21(7) 

-3S(9) 

3(9) 

-S6(12) 

36(13) 

\ttm x Y 7. B Atom x Y 2 B 

II( I:11 -lob(g) 120(7) S29(16) 6(2) H(12b) 137(O) 114(7) 102(1S) 6(2) 

Il(lb) 2(9) 119(7) 634(14) 5(2) H(12c) 30(9) 86(7) 39(1S) 6(2) 

Il(?O) -128(6) -34(S) 581(10) 3(l) H(13a) -109(9) -54(7) 238(14) 5(2) 

Il(tb) -12S(ll) lS(8) 744(17) 7(t) H(l3b) -159(9) 18(7) 83(14) S(2) 

H(4) lSS(9) -126(7) 525(X) 6(2) H(13c) -156(11) 14(8) 290(17) 7(2) 

H(Sa) 73(6) -46(S) 304(10) 4(l) H(14a) 201(9) 155(7) 616(14) 6(2) 

H(Sb) 189(8) 14(61 383(11) 4~21 H(l4b) 242 (10) 210(E) 532(17) 70) 

H(8) 148(9) 290(7) 339(14) 6(2) H(14c) 263(g) llS(7) Sll(l6) 6(2) 

H(h) 40(12) 241(9) 113(18) 7r31 H(15a) 67(15) -178(13) 801(24) lO(4) 

H(9b) -33(14) SlO(l2) 213(23) lO(4) H(lSb) -66(12) -171(10) 724(20) 8(3) 

H(10) -108(g) 189(7) 29S(lS) S(2) H(lSc) -3S(8) -129(a) 848(13) S(2) 

H(12a) 70(7) 8(6) 88(12) 4(2) 
- 

1’*3. B~~(A)Imd~(det):kut-rqtrucrcrtimrtcd~dnhtionruclinaia-tbaec 
--- 

C(l)-C(2) 1.520(10) C(2)-C(l)-C(6) 118.215) C(6)-C(7)-C(I4) 118.0(6) 

C(l)-C(6) 1.556(8) C(l)-C(2)-C(3) 113.1(S) C(8)-C(7)-C(14) 119.4(7) 

C(2)-C(3) 1.508(10) C(2)-C(3)-C(4) 116.3(6) C(7)-C(8)-C(9) 12S.S(7) 

C(3) -C(4) 1.468(s) C(Z)-C(3)-C(lS) 117.3(7) C(8)-C(9)-C(10) 110.9(7) 

C(S)-C(l5) 1.489(13) C(t)-C(s)-0 112.8(a) C(9J-c(1o)-c(l1) 113.716) 

C(3) -0 1.462(g) C(4)-C(S)-C(15) 121. S(7) C(9)-C(lO)-Br 108.9(6) 

C(4)-C(5) 1.499(9) C(4)-C(3)-n 60.1(4) C(ll)-C(lO)-Br 113.0(4) 

CO)-0 1.466(8) c(ls)-c(3)-o 115.3(7) C(6)-C(ll)-C(l0) 107.0(S) 

C(5)-C(6) 1.567(7) C(S)-C(4)-C(5) 122.0(S) C(6)-C(ll)-C(l2) 111.2(4) 

C(6)-C(7) 1.547(8) c(3)-c(4)-0 59.7(4) C(6)-C(ll)-C(13) 110.1(S) 

C(6)-C(l1) 1.590(S) C(5) -C(4) -0 119.3(5] C(1o)-c(l1)-c(12) 109.3(S) 

C(7)-C(8) 1.322(10) C(4)-C(S)-C(6) 118.5(S) c(lo)-c(11)-c(13) 110.7(S) 

C(7)-C(14) 1.493(11) C(l)-C(6)-C(5) 111.50) C(12)-C(ll)-C(13) 108.6(S) 

C(8)-C(9) 1.492(15) C(l)-C(6)-C(7) lOS.S(S) 

C(9)-C(10) 1.509(11) C(l)-C(6)-C(l1) 113.50) 

C(lO)-C(11) 1.526(8) C(S)-C(6)-C(7) 108.7(4) 

C(lO)-Br 1.994(7) C(S)-C(6)-C(11) 107.9(4) 

C(ll)-C(12) 1.540(9) C(7)-C(6)-C(11) 109.40) 

C(ll)-C(l3) l-543(8) C(6)-C(7)-C(8) 122.6(6) 



826 Y. Buxalxlud 

‘lhresnltaarcgiveniaTabksUamlPi&2.’fbcH 
atamsarcdewtedbytheaumbcroftheCatomtowhich 
theyarcattackd,su5xedbya,b,c,whaencccuuy. 
lbealwIopkauiirotropictkrm8lpsnmetenam 

hvk!wof’~NMRstudyrtudy8bkshtlled.rwtwcof2 
walddbertzpMedas10-bmtDo-4-chlofo-3- 
Iiydroxy-o-cbam&lcaaditw8llddtnitelycoafirmed 
bythetrc&wtof2withpotawhhydroxitk. 

T&b% ‘~NWtstmdmmof2 

ti~distancesaod~arcallwahinthe 
Ob&?IVCdrrrqle.‘0l%CcyclobexesreriDgtaLec~- 

bdkhif Cd- with t&e qlo) and cxll) atom8 
lyhg0259aad0J18rj,rboveandbl?lowtllebl!8tplaac 
tluoughtkq6),co,~andco~;~~,q5) 
awl q13) atoms an eqaataially or p=VdY 
bomkdtotlli8riug.onthcotkrheod,thecyclohelurae 
rhgldoptsa8omewhatMenfx$twist-boatcaafor- 
mathlwitilanfgpro~two-foldrotatiollaxisnm- 
n&thlghtbemiddlcpohtsoftbeql~aDd 
q4)-q5)bonds.Thecpoxyoatomisverycbxetothe 
ql)atoQl&rdistance~279o~ 

6 Wltiplicity Assignment 

139.9 122.0 : ::; 
71.9 c-3 
66.1 : c-4 
61.2 d c-10 

48.1 S 42.7 S E:L 

39.1 

36.2 t 35.9 

31.6 
25.8 

t I 

t C-l, 2, 5, and 9 

t 

24.7 : 
c-14 
c-1s 

22.1 q 17.3 
9 

C-12 and 13 

C(6)-C(l)-C(2)-C(3) 51.6 C(ll)-C(6)-C(7)-C(8) 21.9 

C(l)-cc-)-C(3)-CO) -32.8 C(ll)-C(6)-C(7)-C(14) -161.6 

C(l)-C(2)-C(S)-C(lS) 171.6 C(l)-C(6)-C(ll)-C(l0) 68.1 

C(l)-C(2)-C(S)-0 33.9 C(S)-C(6)-C(ll)-C(l0) -167.8 

C(2)-C(3)-C(4)-C(S) -5.3 C(7)-C(C)-C(~ll-C(lO1 -49.7 

c(ls)-c(3)-c(4l-c(s) 149.3 C(7)-C(6)-C(ll)-C(l2) h9.6 

o-c(3)-c(4)-c(s) -107.7 C(7)-C(6l-C(ll~-C(lS) -170.0 

C(2)-C(S)-O-C(4) -108.3 C(6)-C(7)-C(ll)-C(9l -2. S 

c(ls)-c(3)-o-c(4) 113.2 C(l4)-C(7)-C(S)-C(9) -178.9 

C(3)-C(4)-C(S)-C(6) 27.6 C(7)-C(8)-C(9)-C(l0) 12.4 

0-C(4)-C(S)-C(6) -43.1 C(8)-C(9)-C(lO)-C(l1) -44.4 

c(s)-c(4)-o-c(3) 112.1 C(8)-C(9)-C(lO)-Br -171.3 

C(4)-C(S)-C(6)-C(1) -9.4 C(9)-C(lO)-C(ll)-C(6) 64.2 

C(4)-C(S)-C(6)-C(7) '106.8 c(9)-c(lo)-c(11)-c(l.) -56.3 

C(4)-C(S)-C(6)-C(11) -134.7 c(9)-c(lo)-c(11)-c(13) -175.9 
C(l)-C(6)-C[7)-C(8) -100.7 8r-c(lo~-c(ll)-c(6) -171.1 

C(S)-C(6)-C(7)-C(8) 139.5 



ncmildtmtmmtof2with596-~ 
hydroxide gm a dehydroclhhtioa 

epoxy-a-cha&me(1)bytbemixedm.p.aadbya 
comparisondtbClRdPh!lR8pCChaDdtbBopthl 
rotatimwitbtho#ofaaaatbdc~Tbiseasy 
cp0*fotmatioa~tb8tt+kidalado~ 
yw&y&~~;*mfwradeuily . 

~erchotbu, 
wbenthey&mct. 

ontbc-of*coldamrtiooof2,tbc 
PMRspcctNmhasgiventheinf-ThcPMR 
spcctmd2sbowedtbc chkmmdhpfotalat4.67 
(dd.J=9J,93,co4AiDgwithtbeadjacaltmcthcth~ 
proton&Tlli8coupliug~ue~ - 
twi8tlingform,hwhkhthedibedIdaa#kbcmcnthe 
ChloromethineptotoD8tG4aadOaeOftbCdjrcent 

lWthylaneplOtllU~GSbV~dandtbSt~ 

tbepmtonatG4andtbeotbcrofmcthykacpfotamis 
8lUUIhd14lP.“IIltlllattCU#todWifyt&cdgldOO 
0fthearadthmf~andtbe~~~ 
ofEriq&westudkdtbcPMRspedlumd2iotbe 
prcacmxofsbiftrtqcat,Eu(fodb(%bks6ad7). 

Thhiftreegalt~imjkatet&tthe~ 
chemistry0ftkair~llatariali0dkcblaomethme 

protoackdygivlE3thetypkalLToup&conrbntfor 
axial H (dd, J-12.0, 5.0). In addith, the cqmtahl 
aatmoftbeOHgroupisindkaWbythekssinducal 
sbiftsfortbcaxiaiprotomatG1adG5tbmthcat 
C-2andG4aadahobytbccqmlinducedshiftsforboth 
axiaimdcquatarial~atC1a~dG5.” 

IllestereochcmisbyofElingill2isDowsbotwn 
provisiodyasthef~7~3).‘Ihe~e 
fomluk8suxMtobe~ylmfa~,siaa 

tbe cquatdd Me @oup at G11 to the a at c-4 arc 
rscognizedOOthD&hgltlOddOllthCOtberhpndit 

,bappmottlulttheshapcofEringinformuk7fll@ 

+a+lychqcsiBtwktWformtorclkvethe 
~mcbonbctwcmt&McgoppatG7aadhvoaxd 
bydmga1satG2mdC4.Pormula9,wbicbposacssthc 
twiatbatformforsriq.~eow~ropoacdmed~ 
fl!rolo,~tbclutemcm 
groapatG7andtwoaxklhydmga1satG2andG4in7 
mdpcdtth#tkcuqdiW-Q=9.5,9J)fortbe 
-po(ma-collpkd~~.~~~ 
mcthykocgroupatG5.Prant.bcsc~ 
aaa~t&ttbcdonMtialofEriagin2charIgcsto 
olumalchairfomlfromtwkt-boatformduripsthead- 
ditko of shift m#alt of Elq& because of Qewly 
mm-f no&odd - of WfoW-pkx, 
and tttua tbe change of coupling calstaat of the 
chkmdhcprotoll,J=95,9J+120,5.0(onaddition 
ofthesMtfcqae),issmoathlyexpkincd. 

~b4omovcr,iIltbcPA4R8pectmmof5tbes~ofthe 
ok5nkMeatG7appcarsioco1dwdyIow6cld 
~withtbO6CafthCotbacompounds,1,3andS 
(‘hbk8).‘fhindown&wshiftiscasilyexplicabkbyt& 
raumtbattbeak3ukbfcatG7isintbcsihmth 
chedtothOHgmupiufommk9.Thisasm@oois 
lmppoedbytbchydragmahof2withPtozykkling 
thedihy&ocampod(1o).IathePMRspectNmofl~ 
the couphg - (ad. J= 11.4 5.0) of the 
chkromethineprotoaatc4~vealsthattkahas~ 
eqmtadodt8tkaandtbeclmu@ofcoupl@cob 
strnt(93,95oa2~11.0,5.0oa1.)seemstobecaused 
bythc~ofJB-ringcoaformathfromtwistboat 
form (fafmda 9) to nlrmal chair foml (folmuk 10) 

afooeoftbetwohWachabctwccnthcMegroupatC-7 
and two bydrogcns at C-2 and C4 in 7. 

~~voO-bmu!o-Wcham&ren~ (3)‘. 
e Cl&OR, (M’ 300 

alMl298), m.p. 78-W, ro1rrti sbmwd the pmulct of 

la Cb41 13.74 C5--HW 6.15 

b c5-aw 5.07 

2a c5-U(u) 6.15 Cb-ii 13. IL 

b C+al) 5.07 

3a c+4 5.07 Cb4 l3.7b 

b y(u) 6.15 

ba C2-B(a) 10.90 c2-U(w) 9.90 

b cl-s(u) --Lb 

sa C2-S(.q) 9.90 c2-ho lO.90 

b C1--8h) -5. b 

6a Cl-II(u) 4. b C2-Wa) 20.90 

b +w 9.90 

dd(J-14.12) * dd(?) 

dd(J-lb.51 * d(J-lb) 

dd(J-12.5) . br s 

dd(J-lb.)) * br . 

dd(J-12.5) . d(J-12) 

dd(J-14.12) . br d(J-12) 

bt d(J-lb) -. br . 

ch 

5 

12 

lb 

5 

lb 

lb 

br tW,, 33) +dd(J-12.4) 

dJ 

lb 

br ‘oh 33)-m+ 2b) 

br d(J-14,s 24) * br d(J-14,s 20) 



etl(C.w, 0 0.25 ml* 0.5 mh 1.0 vh 

Cmtm b 6 A0.25 
6u 6 4;s 6 61.0 

Ku 

cl-q(a) 

Cl-‘2!(.9) 

C2qga) 

c2-‘2!w 

c3-q3 

C,-‘?! 

c,-q(a) 

Cp?$nl) 

Cp?!, 

Cp?! 

c9-% 

%o-= 

cl,-c3(=) 

Clp?!,(W 

-3.7 -1.6 
1.6 1 

-2;1 

-2.9 -1.0 
1.9 1 

-1.3 

6.30 -4.4 

1 
-4.7 

5.20. -3.9 

1 
-4.2 

2.36 b.74 -2.54 

4.67 9.32 -4.65 

2.20 4.21 -2.01 

2.20 -3.7 -1.5 

2.00 2.92 -0.92 

5.20 5.51 -0.31 

-2.5 -2.a -0.3 

4.47 5.01 -0.54 

0.96 1.62 -0.66 

1.22 2.07 -0.85 

-5.k -3.5 
t 

-3.8 

-3.1) -1.9 

t 
-2.2 

lO.90 -9.0 

t 
-9.3 

9.aO -7.9 

1 
-u.2 

7.95 -5.65 

13.74 -9.07 

6:15 -3.95 

5107 -2.87 

3.79 -l.79 

5.82 -0.62 

-3.2 -0.7 

5.55 -1.08 

2.23 -1.27. 

2.69 -1.67 

-7.3 -5.4 

d - .7 

-5.1 -3.2 

t 
-3.5 

14.60 -12.7 

I 
-13.0 

16.20 -14.3 
t 

-14.6 

11.40 -9.10 

28.68 -14.01 

8.19 -5.99 

6.65 -4.45 

4.79 -2.75 

6.10 -0.90 

-3.5 -1.0 

6.10 -1.53 

2.94 -l.98 

3.82 -2.66 

Ao’25 I 6 
Bu 

-60.25 

cc14 
Aoe5.6 

lu(fod)2’ Lu 
-60.5 

Ccl4 Cu(fod)2* 

7 9 



J. 0.93, x.10 l.?Cfbt rf 

I O.%, 1.22 i?.W[br tf 

3 o.u7. 1.20 LfS(br s) 

I 0.95. 1.22 c&Z.O(br a) 

iI 0.92, 1.10 Lb4cbt 8) 

E LO?. Lx6 I.tSfd,J*7.0 II3 

P 1.07r I.&i t,2l[d,J-7.0 R3 

4.32fdd.3-8.wLD If*> 

b*4?fdd,J=lo0.0.3.0 Ii* 4.bXddrJ3r4.P.S Btf 

4.53(dd.J-S.7.8.3 Br) 

4.42tdd.J.10.0.7.0 Ilr) 4.78UdrJrll.3,U.IS Us) 

4.bP(dd,J-S.O,?.S itd 

4,15tdd,J-l2*O,LP art 4.23Wd,P11,@,3.O Its1 

4.2lfdd,J-l2.0*kO &I 4.291dd,J-13.0,C.O iirZ 



(a) KOH/CH3OH (b) BF3-etherate/C6H6 

(c) Zn-dust/CH3COOH 

_ . . . 
wbtmo-cl&~ @&ii 78-w (from lid% 

&a; ralrlrs (c. 2.49; w, Amu mm’ (r mi JR vz 
l@S, 1183,1033,892# Ml, 818 ml 79Scm-‘, v= m3,139S, 
1m 11833,890, MO and 8lOcN’; mau, m/e NO, 298 (IA+. 23), 
243.241 (6), 219 (loa), 218 0,201 (42), ln (a 175 (14), 164 
~lrr(~m(4s),l33(u),119(~la(u),91~~n(~, 
69mrodSSo.(polmd:c,6omH,7.83x 

IMxbmmo-~~ (1); cdarbm oil; [&‘- 
IC (c, MS); IR vf: 1389, 1081. ml. 991.97s. 837,818 sod 
l#)csl-‘;PIIIR,d09J(3H,:),1~~H,1),1~~0sr),eou) 
(3H. b. s). 4.42 (1 If. db J = 10.0 Md 7.0Hz). 4.78 (I If. dd. 
J-kJrod~~)rads~(lH,m);mur,rrJI~4oo.398,346 
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