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AMract-Five polybrominated oxydiphenol derivatives have ken isolated from various Great Barrier Reef 
collections and one Fijian collection of the sponge Dystieu herbacea: 3.4.4’$,6,6’-hexabromo-2, 2’-oxydiphenol 
(ll), 3,4’,5,6,6’-pentabromo-22’-oxydiphenol (121, 3.4’,5,6,6’-pentabromo-2,2’-oxydiphenol l-methyl ether (13). 
3,4.4’,5.6’-pentabromo-2,2’-oxydiphe,nol I,l’-dimethyl ether (14) and 3,4’,5,6’-tetrabromo-2,2’-0xydiphenol I’-methyl 
ether (15). 

The structure of the first member of this series is determined by a new method involving “C spin-lattice 
relaxation data. The contributions of nearby hydrogens to quaternary carbon spin-lattice relaxation times are 
calculated for various possible structures and compared with the experimental data, leading to an unequivocal 
proof of structure. The struclurcs of the remaining compounds in the series are established principally by analysis 
of ‘T chemical shifts and ‘%J-‘H coupling constants. 

The sponge @W&U herbocea has been the subject of 
five previous studies’-‘. A collection of D. herbum 
from the Caroline Islands in the Pacific Ocean yielded 
the series of polybrominated diphenyl ethers 14, the 
structures of which were established by the synthesis of 
various representatives’. More recently, separate collec- 
tions of D. herbuceu from the Great Barrier Reef gave 
the novel tetramic acid derivative dysidin 7: the hex- 
achloro-metabolites dysidenin 8,’ and isodysidenin 9,’ 
and the diketopiperazine 10.’ It is evident from these 
reports that D. herbaceu is a chemically diverse species, 
that several distinct species exist which are mor- 
phologically indistinguishable, or that different algal or 
bacterial symbionts associated with the sponge are 
responsible for the significant variation in major secon- 
dary metabolites among different collections of the 
sponge. 

There are two main aspects of the present report. It 
describes the isolation and structure determination of 
five polybrominated oxydiphenol derivatives 11-15 from 
a number of collections of D. herbacea from the Great 
Barrier Reef as well as one Fijian collection. Compounds 
11-15 are related to the diphenyl ethers 14 isolated 
previously from 0. herbaceu, but differ in that they are 
all oxygenated on both phenyl rings instead of only one. 
As well as this, a method of structure determination is 
described which employs 13C spin-lattice relaxation data 
for quaternary carbons. This approach is used to est- 
ablish the structure of the first member of this series of 
compounds (ll), the remaining structures being solved 
principally by analysis of %‘H coupling constants. The 
isolation of another brominated oxydiphenol derivative 
(la), also from D. herbum, was reported recently by 
usa6 

1: 3.4,5.2’,4’-penlabromo / ’ 
2: 4.5,6.2’,4’-pentabromo 7 
3: 3,5,2’,4’-tetrabromo 
4: 4,6,4’-tribromo 
5: 3.4’-dibromo 
6: 6,4’-dibromo 

9 
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Brominated oxydiphenol derivatives were obtained 
from collections of D. herbacea made at Lizard Island 
and Feather Reef on the Great Barrier Reef, at a site 
near Gladstone, and at Nasese Point, near Suva. Freeze- 
dried sponge was extracted with dichloromethane, the 
extract chromatographed on silica gel, and the individual 
metabolites separated by PLC or HPLC on silica gel. 

3,4,4’,5,6,6’-Hexabromo-2,2’-oxydiphenol (11). Struc- 
tural elucidation using “C spin-lattice relation times. The 
molecular formula C12H,03Bra was established by high 
resolution mass spectrometry and suggested a structure 
similar to those previously established for I-6. The ‘H 
NMR spectrum showed resonances due to a pair of 
metrr-coupled protons at 6 6.36 and 7.21 (both doublets, 
.J = 2 Hz), indicating that one benzene ring is completely 
substituted. 

Table I shows the relevant 13C NMR parameters for 
the parent compound 11 and a derivative lla in which 
the two OH protons have been replaced by deuterium. 
Comparison of the “C-‘H spin coupling constants for 11 
and lla shows that they are not affected by replacement 
of the OH protons with deuterium. This indicates that the 
OH protons of both rings are exchanging too rapidly at 
33” to participate in measurable “C-‘H spin-spin coup- 
ling. The absence of measurable 13C-‘H coupling for 
peaks 1,4, 6-8 and 10 (Table I) requires that they be 
assigned to carbons of ring A (structure diagram). The 
resonances of the remaining six carbons (peaks 2, 3, 5,9, 
1 I and 12) all exhibit ‘%‘H spin coupling. Peaks 5 and 9 
are assigned to the two H-bearing carbons on the basis of 
their large 13C-‘H coupling constants and short “C T’ 
values (see below). Peaks I4 are assigned to O-bearing 
carbons on the basis of chemical shift,’ and the remain- 
ing quaternary carbon resonances 6-8 and 10-12 are 
assigned to brominated carbons by elimination, this 
assignment being confirmed below by “C Tl values. 

In order to determine the substitution pattern in the B 
ring it is necessary to differentiate the ether carbon 
resonance from that of the OH-bearing carbon. The effect 
of deuterium substitution on 13C-‘H coupling constants 
is negligible in the present case, and the effect on chem- 
ical shifts (Table l), while it suggests that peak 3 rather 
than peak 2 be assigned to C-l’, is not convincing. 

OR OH 

Br 

Eir 

12: R=H 
13: R= Me 

OR OMe 

Br 

Br 

Br 

15: R=H 
16: R=Me 

However, the effect of deuterium substitution on the “C 
spin-lattice relaxation time of the C-l’ resonance is quite 
significant. The following discussion outlines the basis for 
its interpretation. 

Many different relaxation mechanisms can contribute 
to the relaxation of 13C nuc1ei,8*9 but the spin-lattice 
relaxation of most H-bearing carbons is dominated by 
13C-‘H dipoledipole interactions with directly-bonded 
hydrogens.%” Relaxation of quaternary carbons is also 
dominated by 13C-‘H dipolar interactions in many 
cases,g’2 at least at low magnetic field strengths where the 
chemical shift anisotropy relaxation mechanism’ can be 
safely ignored.‘3*” 

When a molecule is undergoing isotropic rotational 
reorientation, the contribution of ‘%-‘H dipolar inter- 
actions to Tl of a “C nucleus (under conditions of 
complete proton decoupling) is given by eqn (1). 

where yc and YH are the gyromagnetic ratios of “C and 
‘H, respectively, rcHK is the distance from the 13C 
nucleus to proton K, and x is given by eqn (2), 

7R is the correlation time for rotational reorientation of 
the molecule, and oc and on are the resonance 
frequencies in radianslsec of 13C and ‘H, respectively: 
Equation (I) was derived for the case in which internal 
motions are much slower than the overall rotational 
reorientation of the molecule.’ 

In the case of H-bearing carbons, only interactions 
with directly-bonded hydrogens have to be considered, 
and eqn (1) becomes, 

; --_ 
I 
- fb h2Y~Y2HXel (3) 

where N is the number of directly-bonded hydtogens and 
rCH the C-H bond length. In the absence of internal 
motions eqn (3) can be used to obtain rR from the 
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measured T, values of H-bearing carbons. For 11 in 
DMSO-d6 only one of the methine carbon resonances is 
sufficiently well resolved to permit an accurate T, 
measurement. Therefore it cannot be established that 11 
behaves as an isotropic rigid rotor in this solvent. 
However, both resonances are resolved in lla and they 
have equal T, values (Table l), suggesting that this 
description is an acceptable approximation. 7R values of 
0.45 and 0.33 nsec are then obtained for 11 and 118, 
respectively, from eqn (3) by setting rCH = 1.10 A. 

These rR values satisfy the “extreme narrowing” 
condition 

(W” + O&R2 Q 1 (4) 

Thus, the resonances of H-bearing carbons experience 
the maximum nuclear Overhauser enhancement (7) of 
I .99 in fully protondecoupled spectra (Experimental). 
The contribution of ‘%‘H dipolar interactions to T, of a 
quaternary carbon is then given by eqn (5), 

Experimental values of TP are given in Table I. These 
values are valid regardless of whether or not relaxation 
of the quaternary carbons is dominated by 13C-‘H 
dipolar interactions. However, TFH values obtained for 
resonances with large nuclear Overhauser enhancements 
are subject to smaller percentage experimental errors 
because of the error of about %0.3 in experimental 
intensities. 

In the case of quaternary carbons the contribution of 
%‘H dipolar interactions to spin-lattice relaxation is 
weak because of the dependence of T, on the sixth 
power of the C-H distance (eqn (I)). An important 
consequence of this sixth power dependence is that the 
major ‘%‘H dipolar contributions to spin-lattice 
relaxation times of quaternary carbons come from pro- 
tons two bonds removed (typical rCH = 2.15 A). For 
example, a proton three bonds removed and having 
rCH = 3.1 A contributes l/9 as much to relaxation as a 
proton 2.15 8, away. Applying this to the present case, it 
can be predicted that TfH for the two OH-bearing car- 
bons should increase significantly upon deuterium sub- 
stitution because the number of hydrogens two bonds 
removed would decrease by one. Indeed, now that 7R is 
known, it is possible to calculate this change fairly 
accurately from eqn (1) because distances from protons 
that are two bonds removed and attached to oxygen are 
typically abut 2.0 A”Q’“. Thus, the OH proton should 
contribute 4.0 set to TFH of the carbons attached to OH 
groups in 11. 

The effects of deuterium substitution on TfH values 
are readily calculated from eqn (6). 

[TCH (OH)]-’ = [T?” (ll)]-’ - (TyH (lla) x “&]-’ 
(6) 

the correction to TyH values in lla being necessary to 
account for the difference in ‘tR values. The calculated 
values are given in the last column of Table I. Two 
peaks, I and 3 have TyH (OH) values near 4 set and are 
therefore assigned to OH-hearing carbons. This confirms 
that each ring contains one OH substituent. 

The remaining substitution pattern in ring B follows 
readily from TyH values. In lla, one proton two bonds 

removed from a quaternary carbon (typical rCH = 2.15 A) 
should contribute 8.4 set to TfH. Comparing this with 
the TFH values obtained for lla (penultimate column in 
Table I), it follows that the OH-bearing carbon (peak 3) 
has no o&o proton in 1111, the ether carbon (peak 2) and 
one of the ring B brominated carbons (peak I I) have one 
each, and the other brominated carbon (peak 12) has two. 
This is consistent only with the substitulion pattern in 11. 
However, it should be emphasized that once the 
assignment of the OH-bearing carbon had been 
established the substitution pattern in ring B could have 
been obtained from long-range “C-‘H coupling con- 
stants (discussed below). 

It now remains to determine the substituent pattern in 
ring A. The OH-bearing carbon and ether carbon of this 
ring give rise to peaks I and 4, respectively, the 
brominated carbons to peaks 6-8 and 10. Data in the last 
column of Table I show that deuteration has an even 
stronger effect on Ty” of peak 4 than it does on peak 2 
(the ether carbon of ring B). This immediately suggests 
that the OH group in ring A is ortho to the ether carbon 
as in ring B, as the proton of a meta substituted OH 
would have a negligible effect on TyH. However, before 
drawing this conclusion, it is necessary to establish 
that the OH proton of ring B cannot approach the ether 
carbon of ring A closely enough to account for the effect 
of deuteration on TF” of the latter. This is 
achieved as follows. In lla, TFH for peak 4 is 26.8sec 
(Table I), which corresponds to one proton 2.6A away 
or two protons 2.9 8, away (eqn (I)). There are only two 
non-exchangeable hydrogens in the molecule, one of 
which (W-H) must be > 5.5 A from C-2 in any con- 
formation. Thus, the other proton (C3’-H) must be about 
2.6 8, away from C-2. From a Dreiding model it is clear 
that, in any conformation where this condition is 
satisfied, the C-l’ hydroxyl proton cannot approach C-2 
more closely than about 3 A. Experimentally, the change 
in T?” of peak 4 when going from 11 to lla (Table 1) 
indicates that a OH proton must be about 2.5 A away 
from C-2 in the dihydroxy-form. Therefore, the OH 
group must be ortho- to C-2, this C-H distance being 
about 2.5 A. 

It should be emphasized that weak contributions of 
13C-‘H dipolar interactions to overall “C relaxation, 
such as those of H-3’ to C-2, must be interpreted with 
considerable care. In the present example the inter- 
pretation is unequivocal because lla contains only 2 non- 
exchangeable protons. Furthermore, the use of a deu- 
terated solvent precludes the possibility of effects due to 
solvent-bound protons. A factor which could in principle 
affect our conclusions is intermolecular association, 
which might bring protons from one molecule close to 
quaternary carbns of another. This possibility is 
neglected here for two reasons: (i) the available evidence 
indicates that overall reorientation in solution is ap- 
proximately isotropic, a situation unlikely to apply for 
associated species, and (ii) if “stacking” interactions 
were significant, they could be expected to affect the 
relaxation of other quaternary carbons in ring A except 
C-2, which is not the case experimentally (Table 1). 

Thus, the structure of 11 has been determined entirely 
by analysis of 13C spin-lattice relaxation data for qua- 
ternary carbons. This has been possible without 
reference to data on model compounds and without 
invoking arguments based on analogy with other mem- 
bers of the series (see below). Furthermore, no material 
was consumed in this analysis. 
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resonances and the tong-range couplings to the 
brominated carbons can then be satisfied only by placing 
the Br substituents at C-3 and C-5, thus establishing 
structure 15. 

3,4’J,6’-Termbromo-2~-oxydiphenol I, 1 ‘-dimethyl 
ether (16). The structure of this metabolite was solved 
independently by analysis of ‘?Z spin-lattice relaxation 
data and “C-‘H coupliilg constants’ without reference to 
the above series of compounds. However, the 13C NMR 
data in Table 2 show that its structure could have been 
solved by analogy with those of 11-15. 

The brominated oxydiphenol derivatives described in 
this paper are all oxygenated on both phenyl rings. The 
compounds isolated by Sharma and Vig’ from D. her- 
bocea collected in the Caroline Islands are oxygenated 
on only one phenyl ring. In the accompanying paper,*’ 
Faulkner et 01. report the isolation of a number of 
brominated oxydiphenols (including 11,12 and 16) from 
Phyllospongia foliascens. 

CONCLUlHNG REMARKS 
The structures of 11-16 have been determined using a 

combination of 13C chemical shifts, 13C-‘H coupling 
constants and 13C spin-lattice relaxation data. The use of 
relaxation data in this way represents a novel approach 
in this field. Previously we have shown that the tau- 
tometic form of I-methylisoguanosine in solution could 
be defined by quantitative analysis of the contributions 
of exchangeable protons two bonds removed from the 
four quatemary carbons in the purine ring to spin-lattice 
relaxation of the Iatter.19 The application of such tech- 
niques to determination of the structures of 11 and la” 
represents an extension of this approach, and provides 
an opportunity to evaluate it. 

The major drawback of any technique which employs 
Y spin-lattice relaxation measurements on quaternary 
carbons is that such measurements are time-consuming. 
However, this is to be balanced against the need to 
record spectroscopic data on model compounds or other 
natural products related to the compound of interest, to 
carry out chemical modifications on the parent com- 
pound, or to attempt to obtain crystals suitable for X-ray 
crystallographic analysis, all of which are often neces- 
sary using conventional approaches to the solution of 
unknown structures. It should also be noted that the 
accumulation and processing of spin-lattice relaxation data 
is automated on modern spectrometers, whilst data inter- 
pretation is straightforward and not dependent on the 
availability of data for model compounds. 

The method is not applicable to all problems. It is most 
useful in fairly rigid systems, such as those encountered 
here, in which carbon-hydrogen distances can be esti- 
mated with some certainty. We have applied this method 
successfully to a number of marine natural product? in 
combination with analysis of “C-‘H coupling constants. 

The optimal magnetic field strength for the deter- 
mination of 13C-‘H dipolar contributions to spin-lattice 
relaxation times of quaternary carbons has not been 
determined. At high magnetic field strengths the chemical 
shift anisotropy relaxation mechanism becomes 
significant.‘3*‘4 While this in no way prevents the deter- 
mination of TF” values, it requires that more accurate 
NOE values be obtained in order to maintain an accept- 
able accuracy in calculated Tf” values. The higher sen- 
sitivity of high field NMR spectrometers and shorter 
experimental Tl values at high field may ensure that the 
necessary accuracy is maintained without increasing 

the spectral accumulation time. Nevertheless, it is worth 
noting that spin-lattice relaxation measurements on 
spectrometers operating at low to intermediate magnetic 
field strengths represent a potentially valuable ap- 
plication of such instruments, for which access time is 
likely to become increasingly available during the next 
few years as more high field instruments come into 
service. 

EXPERMENTAL 
M~renbls. All solvents used were of analytical grade. All hii 

performance liquid chromatography (HPLC) was carried out on 
a Whatman Magnum 9 IO/50 partisil semi-preparative column. Plc 
and tic separations were performed on Merck Sii silica gel 
plates. Dcuteratcd solvents ( > 99 atom % D) were obtained from 
Merck, Sharp and Dohme, Montreal. 

Isolation of brominated oxydiphrnol derivatives from Dysidea 
hetbacea. Freeze dried D. hrrbocea (Soog., RRIMP Museum 
specimen number FN 1775), collected on Feather Reef, east of 
Innisfail, Queensland, Australia, was milled and slowly per- 
colated with dichloromethane (5 I) followed by methanol (5 I) to 
give, after evaporation in vocuo. extracts of 12g and 13g, res- 
pectively. The CH& extract was triturated with CHC13 (150 ml), 
the mixture filtered and the solids washed with CHCIj to give a 
pale green powder (4g) which was shown by tic to be a 9:l 
mixture of 11 and the pentabromo-metabolite 12 (silica gel run in 
CH12C11: EtOAc, 3: I). Two recrystallisations from acetonilrile 
gave pure 11 (2.6 g). 

Further supplies of 11 (0.5g) were isolated from the mother 
liquors derived from the acetonitrile crystallization by plc on 
silica gel (CH&: EtOAc, 4: 1). A further 1.5 g was obtained 
from the MeOH extract by chromatography on Sephadex LH 20 
in MeOH to give a mixture of 11 and 12 (2.5g) which was 
processed as above. 

The CHCll soluble material remaining from the isolation of 
crude 11 was preadsorbed on silica gel (Merck Kieselgel H, 4Og). 
the solvent removed under vacuum and the remaining powder 
added to the top of a short column of silica gel Weselgel H. 
2OOg) dry packed into a Buchner funnel under vacuum. This 
column was developed by application of vacuum with CH& 
hexane (I: I, 500 ml), CH& (700 ml) and EtOAc-MeOH (Ii). 

Evaporation of the CH&hexane fraction gave an oil 
(700 mg) which was separated by plc to yield 16 (200 mg) and a 
tribromodimethyl ether (IOmg) which was not characterised 
further. 

The makrii eluted with CHICI (1. IO g) was separated by plc to 
yield IS (200 mg)and 13 (30 mg) together with fats and sterols which 
were not investigated further. 

Extraction of 75gm freeze-dried R. herbocea collected at 
Farmer’s Point, near Gladsone, Queensland (RRIMP museum 
specimen number FN 1864) with CHICll pve an extract containing 
a single brominated oxydiphenol. Separation on plc afforded 70 mg 
of 15 as a wax. 

A further sample of D. herbaceu collected near Nasese Point, 
Suva. Fiji (SOg dry weight, specimen A/16-11-78 held by K. D. 
Croft) was extracted with CH2C12 to give 4.5g of extract. 
Separation by silica gel chromatography and plc. as above, gave 
11 (1.2g), 12 (0.3g), 13 (41 mg) and 16 (20 mg) together with 
mixed fractions containing 14 and 16, which were separated by 
preparative hplc using EtOAc-hexane (1: 10) with injection 
volumes of 400~1 of a 10% soln. Quantitative separation was 
realised to yield 320 mg of 16 and 170 mg of 14. 

3,4.4’j,6b’-Huobromo-2j’-oxydip~~ol (11) recrystallized 
from acetonitrile as colourless prisms m.p. 194-195”. (Found: C 
21.2; H, 0.8; Br, 70.7%: C12H,0aBr6 requires: C. 21.3; H, 0.6; Br, 
71.0%). ‘H NMR(CD,OD): 86.36 (IH, d, I = 2 Hz), 7.21 (lH, d, 
J = 2 HZ). IR spectrum (nujol): v,,, 1580 (b), 1480, 1425, 1405, 
1265. 1220, 1205, 950. 930, 840, 770, 690 cm-‘. UV spectrum 
(MeOH): AIuI sh 290 (E UOO), 297 (E 6200) nm; (MeOH/NaOH): 
A 315 nm. High resolution mass measurements: Found: 
6??5221, C’&0’7SBr?‘Br’ requires: 67 1.5235; Found: 673.5230 
Ct2H,0,~Br,“Br requires: 673.5216; Found: 675.5172: 
C&,O,~Br~‘Br~ requires: 675.5195. 
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3,4’,5,6,6’-Pentabromo - 22’ - oxydiphcnol(12) separated from 
CHCls to give colourless crystals, m.p. 18~184”. ‘H NMR spec- 
trum (CI&OD): S 6.47 (IH, d. I=2Hz), 7.27 (IH, d, I=ZHz), 
7.46 (IH, s). IR spectrum (Nujol): v,, 1590, 1575, 1545, 1480, 
1235, 1205, 995, 940, 925. 840, 760, 705~114. uv spectrum 
(MeOH): Aanr sh 289 (< 4500), 298 (E 5600) nm; (MeOH/NaOH) 
A 314nm. High resolution mass measurements: *Found: 
5g.x6120, C12HqOlfPBrl”Brl requires: 595.6110; Found: 597.6100, 
C’zHJ01’9Br2”Br3 requires: 597.6091. 

3.4’.5,6,6’-Pentabromo-2,2’-oxydiphcnol I-methy/ ether (13) was 
recrystallised from CHCI, to give colourless crystals, m.p. 202- 
204”. ‘H NMR spectrum (C&OD): 6 3.80 (3H, s), 6.50 (lH, d, 
/ = 2 Hz), 7.31 (IH, d, I = 2 Hz), 7.70 (IH, s). Mass measure- 
ment, found m/c 606,608,610,612,614,616, C,3H703Brs requires 
606.608,610,612,614,616. 

3,4,4’,5,6’-Pentabromo-22’-oxydiphenol l,l’-dimethyl ether (14) 
separated from CHCll to give colourless crystals, m.p. 142-144”. 
‘H NMR spectrum (CDCl& 6 3.72 (3H. s), 3.96 (3H, s), 6.43 (IH, d, 
I = 2 Hz), 7.25(IH.s).7.31 (lH,d,l= 2 Hz). IRspectrum(Nujol): 
v,, 1565,1430,1395,1350,1285,1260,1245,1220.1200,118& 1035, 
1000,935,885,835,825,760 cm-‘. UV spectrum (MeOH): AMI sh 
282 (c 3200). 290 (c 4OOO), 299 (c 3000) nm. High resolution mass 
measurements: Found: 623.6432, C,,HP0~79Br3”Brl requires: 
623.6424; Found: 625.6422, Cl,HP0179Br:‘Brj requires: 625.6403. 

3,4’,5,6’-Tetrabromo-2,2’-oxydiphenol I’-methyl ether (15) was 
obtained as a pale green wax, m.p. 32-33”. ‘H NMR spectrum 
(C&OD): 6 3.% (3H, sl, 6.53 (IH, d. I=2Hz), 7.10 (IH, d, 
I=2Hz), 7.25 (IH, d. I=2Hz), 7.30 (lH, d, I =2Hz). IR 
spectrum (Neat): Y,, 1580, 1490, 1470, 1430, 1410, 1390, 1285, 
1260, 1220. 1020, loo0, 930, 920, 840, 760, 700. 68Ocm-‘. UV 
spectrum (MeOH): Y, sh 284 (c 38OO), 291 (E 4100)nm; 
(MeOH/NaOH)A,, 291, 307nm. High resolution mass 
measurements: Found: 529.7188, C1,HsO~~Br,*‘Br’ requires: 
529.7182; Found: 531.7160, C,~H,0~“‘Br~‘Br2 requires: 531.7163; 
Found: 533.7148, Cl~H,,0~‘9Br,“Br, requires: 533.7142. 

3,4’,5,6’- TetmbJomo-2,2’-oxydiphenol I ,l’-dimcthyl ether (16) 
was obtained as an oip. ‘H NMR spectrum (CDCI& 63.80 (3H. s), 

3.93 (3H, s), 6.42 (IH, d. J = 2 Hz), 7.07 (lH, d, .! = 2 Hz), 7.34 
(IH. d, I= 2 Hz), 7.44 (IH. d, I = 2 Hz). High resolution mass 
measurements: Found: 543.7332, Cl,HlOO,“Br~“Br, requires: 
543 7340. Found. 545 7313 C,,H,oOlnBrz*‘Br 
545173201 Found: 54717294: C,,H’&~Br,“Br~ 

requires: 
requires: 

547.7299. 
Methods. UV spectra were measured on a Hitachi EPS3T 

recording spectrophotometer, IR spectra on a Hitachi 285 spec- 
trophotometer. and mass spectra on a VG Micromass 70/70 F 
system. ‘H NMR spectra were measured in the continuous wave 
mode nn a Jeol MH-100 spectrometer operating at 100 MHz. 

‘F NMR spectra were obtained at 15.04 MHz on a Jeol FX-60 
spectrometer incorporating a 4OOO-Hz bandpass crystal filter 
(Jeol), and operating in the pulsed Fourier transform mode. 
On-resonance, imise-modulated proton decoupling was used un- 
less otherwise indicated and IOmm o.d. spinning sample tubes 
were used. Probe temp was 2630“, except for the T, and NOE 
measurements on 11 which were made at 33”. The sweep width 
was 2500Hz in all cases. Spectra were accumulated in 8192 
timedomain addresses (giving a digital resolution of 0.61 Hz 
after Fourier tranformation), except for T, measurements on the 
H-bearing carbons of 11, where 4096 timedomain addresses 
were used. Spectra were processed with I.0 Hz exponential 
broadening. Chemical shifts were measured digitalty and are 
reported in ppm downfield from internal TMS. The solvent CD3 
resonance at 39.5 ppm was employed as primary standard. Esti- 
mated accuracy is 0.1 ppm. 13C-‘H spin-spin coupling constants 
were measured from spectra recorded with proton irradiation 
gated off during data acquisition, and on during the remainder of 
the cycle. 

Spin-lattice relaxation times were determined by the inversion- 
recovery method.” in which a (180”+9fP-t), pulse sequence was 
employed. The delay time, 1. between each 90” radiofrequency 
pulse and the following 180” radiofrequency pulse was greater 
than 5 times the longest T, being measured in all cases. The 
width of a 90” pulse was 17psec. T, values were determined 
from the least squares slopes of plots of In(Mo-M,) versus T 

where M0 is the thermal equi&rium value of the magnetisation 
and M, is the initial value of the’magnctisation following a w 
pulse at time T. Only values of 7 c T, were employed in c&tit- 
ing final Tl values. Separate sets of inversion-recovery sequences 
were used for measuring H-bearing and quaternary carbon T, 
values in each case. The T, of peak 10 of compound 11 was 
estimated by subtracting the height of the fully-relaxed H-bearing 
carbon component from the measured height at each 7 value. A 
slight chemical shift difference between the two components in 
118 prevented application of this procedure. The relaxation of 
the brominated quaternary carbons was observably nonex- 
ponential.‘3*16 but no attempt was made to analyse the data to 
obtain more than one relaxation time. Estimated accuracy of T, 
values is 10%. 

Integrated intensities were obtained digitally from fully-relaxed 
spectra recorded with 90” radiofrequency pulse excitation. 
Resonances of H-bearing carbons were shown to have the full 
NOE by comparing intensities in spectra recorded with complete 
proton decoupling with those in spectra recorded with proton 
decoupling gated on only during data acquisition.P The experi- 
mental intensities reported in Table 1 (fuIly decoupled spectra) 
were adjusted to give a value of 2.99 to the intensity of peak 5. 
The intensity of peak 10 in each case was estimated by assuming 
that the methine carbon peak 9 had an intensity of 2.99. Esti- 
mated accuracy of integrated intensities is +0.3. In the case of 
peak 4 of compound 11 and peak 2 of llr the normalised 
integrated intensities were 2.7 (Table l), and two Tf” values 
were calculated from eqn (5) by assuming tht 2.7 represented the 
full NOE or a real deviation from the full NOE in each case (Table 
1). 

Compound 11 was deuterated by incubating in DMSO-d, 
containing 10% 40 for 30 min at 30”, then adding excess D@ 
and lyophilising. The dried sample was dissolved in DMSO4 
containing 7% 40 for the 13C NMR measurements. 
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