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ABSTRACT 

The synthesis and characterization of E- and Z-3,4-bis(4-hydroxy- 
phenyl)-2-hexene (E- and Z-pseudo-DES) and of Z-3,4-bis(4_hydroxyphenyl)- 
2-hexen-l-01 (Z-1-hydroxypseudo-DES) are descrzbed. These compounds are 
useful as probes in the study of hormone action. 

INTRODUCTION 

The potent synthetic estrogen diethylstilbestrol (DES) has been 

the subject of much recent investigation due to its involvement in human 

canc:er etiology [l]. A large body of information has been developed 

concerning its metabolism [2], and continued attention focuses on the 

biological properties of DES analogs and metabolites [3]. Recent re- 

ports describe the syntheses of several of these compounds [4]. 

Recently, synthetic work in our laboratories has been directed 

toward preparation of a number of labeled and unlabeled DES metabolites 

and related compounds. l-Hydroxypseudo-DES has been reported as a uri- 

nary metabolite of mice [S], but its configuration is not known. We 

have synthesized and characterized the Z-isomer for use in various bio- 

logical studies. The two isomers of pseudo-DES were isolated by tedious 

procedures as early as 1940 [6], and it was recognized that there were 

great differences in their estrogenicity [7]. The configurations of 

the isomers were not known until the recent report of Airy and Sinsheimer 

[gl , which describes the isolation of one isomer and determination of 

its Iconfiguration as z. We herein report a useful preparation of both 

E- and Z-pseudo-DES. 
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RESULTS AND DISCUSSION 

H- and Z-Pseudo-Des 

The readily available a-desoxyanisoin (1) [9] (Scheme I) is a con- 

venient starting material for many DES-related compounds, and in our 

hands Wittig ethylidenation or Grignard addition-dehydration provided 

E/Z mixtures of O,O’-dimethylpseudo-DES in good yield. However, depro- -- 

tection using a variety of reagents resulted in at least partial double 

bond isomerization to DES. Therefore, or-ethyldesoxyanisoin was demethyl- 

ated using lithium thioethoxide in refluxing dimethylformamide [lo]; 

treatment with boron tribromide or hydriodic acid failed to effectively 

remove the 4-O-methyl group from the benzoyl ring. The resulting di- 

phenol 2 was converted to the bis&-butyldimethylsilyl) (TBDMS) ether 3 

{ll] in 64% yield from ff-ethyldesoxyanisoin. Wittig olefination using 

ethylidenetriphenylphosphorane provided, in 85% yield, a clear oil con- 

sisting, by BPLC analysis, of two components in the ratio of ca. 3:7. - 

The 60 MHz NMB spectrum of the mixture included two doublets (J 9 7 Hz) 

at 6 1.88 and 1.48, shifts reasonable for the vinyl methyls of the ex- 

pected g- and Z-pseudo-DES derivatives 4a and +, respectively. This - 

determination rested upon correlation with the NMR shifts of or-(Q) 

and 8-(5,%) dienestrol [4b] and with other trisubstituted A2 E/Z olefin -- 

pairs. The 3:7 product ratio evident from HPLC was confirmed in the 

NMB, which revealed that the predominant isomer possessed the 9 config- 

uration. 

Reaction on the other hand of disilyl ketone 2 with excess ethyl- 

magnesium bromide followed by dehydration using thionyl chloride in py- 

ridine gave a moderate yield of E/Z-pseudo-DES disilyl ether mixture -- 

which BPLC and NMB analysis indicated was a ca. 1:4 mixture, predominat- - 

ing in the Z-isomer. 
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TBDMSCl 

-- 
Imidazole TBDMso~oTBDMs ,‘I ~I;~e~ 
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4b - 5b - 

Scheme I. Synthesis'of E- and Z-Pseudo-DES. - 
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Repeated recrystallization of the 1:4 mixture provided material 

which contained * 95% Z-isomer, but separation of isomer mixtures was 

more effectively carried out using reverse phase medium pressure liquid 

chromatography (MPLC). Chromatography of lOO- to 200-mg quantities of a 

mixture as described in the Experimental section provided the first elut- 

ing Z-isomer in I 99% isomeric purity. Reinjection of the E-enriched 

fraction usually provided E_-isomer in 2 99% purity. 

Deprotection of the separated isomers with tetrabutylammonium fluo- 

ride in TRF [II] provided high yields of E_- and Z-pseudo-DES (5a and 5b) - - 

as crystalline solids. The IR, mass spectral, and RMR (250 MHz) data 

for the Z-isomer are consonant with those reported by Airy and Sinsheimer 

181. The mass spectra (70 eV) of the two isomers are nearly superimpos- 

able, and the IR and W spectra are very similar. However, the RMR spec- 

tra are distinctly different (see Experimental). It is interesting to 

note that the vinyl protons at C2 (see Figure 1) possess nearly the same 

chemical shift in the two isomeric compounds @, 6 5.55; 3, 6 5.57), a 

finding contrary to that predicted upon consideration of empirical addi- 

tive increment correlations alone [8,12]. These relative shifts are 

6 5’ 

E_-Pseudo-DES Z-Pseudo-DES 

Figure 1 



analogous to those for the equivalent protons in methyl E- and z-3,4- 

bis(4-methoxyphenyl)-Z-hexenoate (6 5.76 and 5.78, respectively), re- 

ported by Goswami et al. [13], and of ring hydroxylated E- and Z-pseudo- 

BE9 1141. On the other hand, the shifts of the methine protons at C4 

have the expected relationship to one another (E_: 6 3.98; z: 6 3.31) 

with the one having the vinyl methyl group on the same side of the 

double bond (E-pseudo-DES) shifted well downfield relative to the other. 

In fact, it is this proton which seems to show a diagnostic chemical 

shift, appearing for the Z-isomers of a number of similar compounds at 

6 3.2-3.5 and for the E_isomers at 8 3.8-5.2. 

Expansion of the aromatic regions of the 250 MHz spectra (Pigure 2) 

alllows some relatively straightforward assignments. For the E-isomer of 

pseudo-DES, the downfield (S 7.02) multiplet, representing two hydrogens, 

and its companion at 6 6.74 comprise one AA'BB' system, while the sets 

at S 6.695 and 6.59 make another. The additional 0.7 Hz splitting of 

the 7.02 signal indicates benzylic coupling [IS] to an exocyclic hydro- 

gen, which must be the C4 methine. Therefore, the 6 7.02 signal arises 

from the C2",C6" hydrogens and that at 6 6.70 those at C3",C5". The 

AA'BB' systems at 6 6.695 and 6.59 represent the hydrogens at C3',C5' 

and C2',C6'. In the spectrum of the g-isomer, long range coupling of 

the downfield two-hydrogen signal at 6 6.93 is smaller than 2. 0.4 Hz 

and not readily observable in this spectrum, but Airy and Sinsheimer ]8] 

have assigned this to CZff,C6~r on the basis of an NOB measurement. The 

four hydrogeas of the CS-phenyl ring fall coincidentally into a singlet 

at 6 6.71. 
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I I I I I I I I I I I I I 1 I I I I 
6.96 6.90 6.62 6.74 6.66 

Figure 2. Aromatic Regions of NMR Spectra (250 MHz) of 
E-Pseudo-DES (top) and Z-Pseudo-DES (bottom) 
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Z-l-IKydroxypseudo-DES 

The synthetic method, outlined in Scheme II, commenced with the 

disilyl ketone 2. Paralleling the work of Goswami 9fi a&. 1131 on the 

‘v3-l P '""""v?l BrCHA!OOCH,z! 

SOCl2 
-- 

PY 

OTBDMS 

LAH 

> 

Scheme II. Synthesis of ~-l-~ydrox~se~do-YES. 



corresponding dimethyl ether, the two-carbon side chain was added in a 

Reformatsky reaction using methyl bromoacetate, in 70% yield. The dia- 

stereomeric alcohol mixture 5 was dehydrated using thionyl chloride in 

pyridine, providing 1 as mainly the Z-isomer, as determined by compari- 

son of the NMR chemical shifts of the C4 methine (S 3.38) and the ester 

methyl group (3.47) with those of the corresponding dimethyl ether of 

Goswami et al. I_- (6 3.34 and 3.40, respectively, as opposed to 6 5.31 and 

3.60, respectively, for the E-isomer) 1131. Lithium aluminnm hydride 

reduction gave the allylic alcohol in 82% yield, and deprotection gave 

~-l-hydro~seudo-DRS, m-p. 167-168', in 20% overall yield. As with 

the pseudo-DES isomers themselves, the mild desilylation conditions pro- 

vided final product without,double bond isomerization. 

EXPERIMENTAL 

Melting points were determined on a Thomas Hoover Capillary Melting 
Point Apparatus and are uncorrected. Ultraviolet-visible spectra were 
recorded on a Varian Super Scan 3 spectrometer. IR spectra were ob- 
tained on a Beckman AccuLab 1 infrared spectrometer in solution or as 
nujol mulls. Mass spectra were determined by direct inlet with a Varian- 
MAT-A double focusing mass spectrometer or a Varian-MAT Cl?4 single focus- 
ing mass spectrometer and Finnigan/Incos 2400 data system at 70 eV. 
Proton RMR data were recorded at 60 H&z on a Varian RM 3608 spectrometer 
reporting chemical shifts downfield from tetr~ethylsilane or at 250 
MIiz on a Bruker WMT 250 spectrometer. HPLC was performed on a Varian 
Model 5020 with a Schoeffel Model SF7700 detector at 254 nm. MPLC was 
carried out using a Michel-Miller type glass column, 37 x 350 mm, 
packed with Chro-Media reverse phase LRP-1 with a guard column, Michel- 
Miller type glass, filled with the same material. An I?MI Lab Pump Model 
PP-SY-ICSC with Lo-Flow kit was used to Pump the solvent. 

Lithium thioethoxide (6.2 g, 91 r&moles, prepared by reaction of 
ethanethiol with n-butyllithium) was added to a solution of a-ethyldes- 
oxyanisoin (_I) [9T (5.0 g, 18 mmoles) in 100 ml of dry dimethylformamide 
and the mixture brought to reflux. Monodemethylation was complete within 
3 hr, but heating was continued for a total of 18 hr to com@ete the de- 
methylation. Water wss added to the cooled solution, and the mixture 
was extracted with ether. The aqueous layer was acidified with dilute 
BCl and reextracted with 3 x 100 ml of ether. The combined organics 



were washed with water, &fed (MgSG~), and evaporated in vacua to give -- 
a yellow oil. This was dissolved ia 100 ml of dimethylfo~amide and 
treated with ~-buty~dimethyl~hloros~la~e (7.2 g, 48 mmoles) and imidaz- 
ale (6.5 g, 95 mmoles) at room temperature. After 3.5 hr, water was 
added and normal workup with ether yielded a colorless oil which was 
purified on a silica gel column eluted with I:1 CH&ls:hexanes to pro- 
vide 4.3 g (64% yield) product 2 as a colorless oil. 
R = 0.56; IR = h 

TI$(Si02, CHsC12) 

Ci51*), 6: 
1678, 1600, 1520, 1.270, 925, 950 cm ; NMR (60 MHZ, 

0.15 (Ftx6H, SiCHs), 0.18 (s, 6H, SiCHs), 0.82 (t, J = 7, 3H, 
C4-Hs), 0.91 (s, 18H, r-Bu), 1.55-2.22 (m, ZH, C3-Hz-), 4.18 (t, J = 7, 
XH, CZ-H), 6.66 and 7.78 (AA'BB', JAB = 8, 1-phenyl ArH), 6.60 and 7.02 
(AA'BB', JAB = 8.2, P-phony1 A&). 

Wittig Reaction of Ketone 3 - 

To (ethyl)triphenylphosphonium bromide (2.3 g, 6.2 mmoles) in 160 
ml of dry ether was added 1.55 M It-butyllithium in hexane (6.5 mmoles) 
under an argon atmosphere. After stirring 15 min the homogeneous red 
solution was treated by slow addition of a solution of ketone 2 (2.3 g, 
4.75 mmoles) in 50 ml of ether. The reaction was refluxed 1 hr, quenched 
with water, and worked up in a normal fashion. The crude product was 
purified by chromatography on silica gel eluted with CH$ls:hexanes 1:9 
to give 2.0 g (85% yield) of G,O~-bison-butyldimethylsiIyI)-pseudo~DKS 
isomer mixture. The 60 MNz NMR indicated an E/Z ratio of 68:32 by in- 
tegration of the vinyl methyl doublets at 6 1:87 and 1.47, respectively. 
TLC: Si&, CHsCf2:hexanes 1:1, Rf = 0.75. 

Grignard Addition"Dehy~ratio~ of Ketone 3 

Ethyl Grignard reagent, prepared from 3.2 g (20 mmoles) of ethyl 
iodide and magnesium in anhydrous ether was treated dropwise at O" with 
a solution of 3.4 g (7.0 mmoles) of ketone 2 in 50 ml of ether. Aftor 
the addition was complete, the mixture was heated to reflux for 30 min, 
coaled, and the reaction quenched by addition of water and saturated 
NH4Cl. Normal workup and passage through a short silica gel column pro- 
vided the mixture of diestereomeric alcohols as a nearly colorless oil 
(3.4 g). TLC showed a sing;? component, and IR showed the absence of 
carbonyl stretch at 1678 cm . 

To 1 g of the product dissolved in pyridine (2 ml) under an argon 
atmosphere was added thionyl chloride (0.4 ml). After stirring 2 hr at 
rooo\ temperature, water was added and the mixture was extracted with 
1:l benzene:ether. The organic layer was washed, dried (FIgSO,), and 
the solvent evaporated in vacua. The residue was purified by chromatog- 
raphy on silica gel elutedwith CH&12:hexanes to provide 0.58 g of 
clear oil (56% yield). NMR analysis (60 N&z) showed an E:Z ratio of 
22:78. 

-- 

maration of K- and ~-O,O'-Bis(~-b~ty~dimethyls~lyl)-pseudo-D~S 

The medium pressure (50-120 psi) chromatographic separation was 
carried out using a system consisting of a glass Michel-Miller type col- 
umn (37 x 350 mm) preceded by a 25-ml capacity precolumn, both packed 
with Whatman ChroMedia LRP-1 (X3-24 pm) equilibrated with 97% methanol. 



One-to two-hundred-milligram quantities of the disilyl ether mixture 
dissolved in a minimum of 1:1 THF:methanol were injected at a flow rate 
of 1.8 to 2 ml/min 91% methanol. Examination (BPLC or NMR) of fractions 
collected during product elution between 18 and 22 hr usually revealed 
that the bulk of the first-eluting Z-isomer could be collected with 
little or no contamination by E_-isomer. The later eluting isomer usually 
contained 10 to 20% Z-isomer, but reinjection of such g-enriched material 
usually resulted in purification of the E-isomer to the B 99% level. 
Isolated from several injections were 314 mg of Z-isomer (4b) and 278 
mg of E-isomer (4a), both of > 99% purity by HPLC (LDC Sphzisorb Cla 5 
pm, 15 cm x 3.6 z ID, 90% ethanol at 1.0 mllmin, 5: Rf = 20.3 min; z: 

Rf 
= 18.7 min). 

E-O,O'-Bis(&-butyldimethylsilyl)-pseudo-DES (4a): RMR (60 MHz, 
ccl*): 6 0.15 (s, 6H, Sic&), 0.18 (s, 6H, SiCHa)~O.90 (t, J = 6, 3H, 
C6-Ha), 0.96 (s, 9B, t-butyl), 0.99 (s, 931, t-butyl), 1.55-204 (m, ZH, 
W-l&), 1.87 (d, J = 7, 3H, Cl-H&, 3.91 (dd, 3 = 6, 8, lB, C4-II), 5.49 
(q, J = 7, lH, C2-Xi), 6.47-7.07 (m, 8H, A&); MS, m/e (X): 437 (22.9), 
496 (52.0), 469 (X5.2), 468 (40.83, 467 (lOO.O), 249 (39.3), 248 (lQ.O), 
247 (82.0), 191 (41.7), 73 ($.9>; IR (neat) 2955, 2925, 2860, 1600, 
1509, 1260 (br), 920, 845 cm . 

Z-O,O'-Bis&-butyldimethylsilyl)-pseudo-DES (e): NMR (60 MHz, 
CCL‘&: 6 0.17 (s, 12H, SiCHB), 0.87 (t, J = 6, 3H, C6-II,), 0.97 (s, 
188, &-butyl), 1.48 (d, J = 7, 2H, Cl-Ha), 1.52-2.02 (m, 2H, C5-Hz), 
3.23 (t, J = 7, C4-li), 5.50 (q, J = 7, C2-K), 6.40-6.96 (m, 8H, ArH); 
MS, mle (%?: 497 (23.0), 496 (51-l), 469 (15.2), 468 (41.3), 467 
(UN;;), 249 (37.1), 248 (19.4), 247 (80-Z), 191 (41.6), 73 (94.6); IR 

: 2960, 2930, 2860, 1605, 1505, 1260 (br), 925, 845 cm . 

&-Pseudo-DES (&) 

A 238-mg (0.48 mmole) portion of the disilyl ether WBS dissolved in 
2.5 ml of dry THF and treated with 1.2 mmoles of tetra-n-butylammoniu 
fluoride in TBP. After 1.5 hr the solution was diluted with water and 
worked up with ethyl acetate to give 157 mg of oil. Trituration with 
hexane and recrystallization from ethyl acetate-hexane provided 88 mg 
(68%) of E-pseudo-DES, m.p. 139-141°, as white microcrystals (lit. I61 
143.50). HPLC analysis (PPorasil, 3.6 mm x 25 cm, 3% isopropanol in 
isooctane, 2.0 ml/min, A = 254 nm, =Z 9.6 min) indicated a purity of 
L 98%. NMR (250 MHz, acetone-ds): 9 0.89 (t, J = 7.4, 3B, C6-He), 1.63 
(m, 1, C5-H), 1.87 (in, lH, G-H), 1.88 (d, J = 7.2, 3B, Cl-R3), 3.98 
(dd, J = 5.7, 8.3, lH, C4-H), 5.55 (q, J = 7.2, lH, C2-B), 6.59 (m, 2H, 
AM), 6.72 (m, 4H, ArH), 7.02 Cm, 2H, A&), 8.12 (s, OH); MS, m/e (%): 
268 (49.6), 240 (17.4), 239 (lOO.O), 145 (42.4), 135 (27.5), 133 (54.5), 
107 (42.42, 105 (12.2); W (EtOH), nm (8): 284 (sh), 279 (3620),_$30 
(15,200); IR (nujol): 3300, 2960, 1625, 1605, 1530, 1235, 845 em . 

Z-Pseudo-DES (s) 

In the same manner as the other isomer, a 296-mg portion of g-0,0'- 
bis(r-butyldimethylsilyl)-pseudo-DES was deprotected and the crude prod- 
uct triturated with hexane to yield 108 mg (67% yield) of Z-pseudo-DES, 
m.p. 15O-151.5* (lit. 163 153*). HPLC analysis as on the g-isomer (no 
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difference in retention time) indicated a 2 98% purity. NMR (250 MHz, 
acetone-de): 6 0.85 (t, J = 7.3, 3, CB-Ha), 1.48 (dd, J = 7.0, 0.9, 
3H, Cl-Hs), 1.65 (III, lH, C5-II), 1.76 (m, lH, C5-H), 3.31 (t, J = 7.3, 
lH, C4-H), 5.57 (dq, J = 7.0, 0.9, lH, C2-H), 6.70 (m, 6H, ArH), 6.93 
(m, 2H, ArH), 8.03 (s, OH), 8.13 (s, OH); MS, m/e (%): 268 (52.7), 240 
(17.9), 239 (lOO.O), 145 (40.8), 135 (29.3), 133 (59.9), 107 (42.5), 
105 (12.2); IJV (EtOH), nm (E): 
(nujol): 

283 (sh), 278 (2980), 229 (165003i IR 
3310, 2940, 1615, 1600, 1510, 1450, 1250, 1230, 830 cm . 

Methyl 3-Hydroxy-3,4-bis(4-~-butyldimethylsilyloxyphenyl)hexanoate (4) 

To zinc metal (22 g, 33 mmoles) under a nitrogen atmosphere was 
slowly added a solution of ketone 2 (4.3 g, 11 mmoles) and freshly dis- 
tilled methyl bromoacetate (5.0 g, 33 mmoles) in 10 ml of benzene. Ex- 
ternal heating was used to initiate the reaction, and after the addition 
was complete, the mixture was refluxed for 1 hr. The reaction was 
quenched with saturated ammonium chloride solution and worked up by 
ether extraction, etc., to provide 4.3 g (70% yield) of the diastereo- 
mera of 6 as a clear oil. The 60 MHz NMR spectrum is similar to that 
reported-for the aromatic dimethoxy analogues [13]. The material was 
used without further purification in the next step. 

Methyl 3,4-Bis(4-f-butyldimethyIsilyloxyphenyl)-2(Z)-hexenoate (2) 

Compound 6 (3.0 g, 5.4 mmoles) was dissolved in 12 ml of pyridine 
and treated wi'ih 0.78 ml (10.7 mmoles) of thionyl chloride at room tem- 
perature for 15 min. Water was added and the reaction was worked up 
via hexane extraction. TLC analysis (SiOz, CHzClz) indicated partial 
deprotection, and the product was resilylated by the usual procedure. 
The resulting crude product was purified by column chromatography (SiOz, 
1:1 CHzClz:hexane) to provide 0.45 g of ketone 2 and 1.35 g (46% yield, 
or 62% based on recovered starting material) of rr,$-unsaturated ester 

Assignments of Z-configuration was based on NMR comparison to E_- 
and Z-methyl 3,4-bis(4-methoxyphenyl)-2-hexenoate [17]. 

:8H t butyl) 1 52 2 06 ( 
CDCl;): 

NMR (60 MHz, 
6 0.17 (s, 12H, SiCHa), 0.88 (t, J = 7, 3H, C6-Ha), 0.97 (s, 

(s,'3H-COOCHsj, 5.90 ( 
m, 2H, C5-Hz), 3.38 (t, J = 7, lH, C4-H), 3.47 

s, lH, C2-H), 6.53-6.96 ($1 8H, ArH); IR (nujol): 
2960, 2940, 1730, 1605, 1505, 1260, 925, 845 cm . 

3Bis(4-t-butyldimethylsilyloxyphenyl)-2(2)-hexenol (8) 

Ester 7 (1.35 g, 2.5 mmoles) was dissolved in anhydrous ether and 
treated portionwise at room temperature with lithium aluminum hydride 
(190 mg, 5.0 mmoles). After 10 min the reaction was quenched by addi- 
tion of saturated ammonium chloride solution and water. The mixture 
was filtered and the solids rinsed with more ether. The filtrate was 
dried (NazS04) and stripped of solvent to provide alcohol g as a color- 
less oil (1.05 g, 82% yield). HPLC (5 pm Cra reverse phase, 90% meth- 
anol in water, A = 254 MI) indicated a purity of 98%. NMR (60 MHz, 
CDCls): 6 0.16 (s, 12H, SiCHs), 0.87 (t, J = 7, 3H, C6-Ha), 0.98 (s, 
18H., t-butyl), 1.50-2.08 (m, 2H, C5-Hz), 3.30 (t, J = 7, C4-H), 3.90 
(d, J= 7, 2H, Cl-Hz), 5.70 (t, J = 7, lH, C2-H), 6.46-7.02_jm, 8H, ArH); 
IR (neat): 3340, 2970, 2940, 1605, 1505, 1260, 925, 845 cm . 



Z-X-Rydroxypseudo-DES (2) 

A 1.00 g portion of 8 was deprotected by use of excess tetra-n- 
butyl.ammonium fluoride in TBF Ill], yielding a clear oil. Trituration 
with hexane solidified the material, which was recrystallized from ethyl 
acetate-hexane to provide Z-l-hydroxypseudo-DES (381 mg, 69% yield) as 
coLorLess needles, m.p. 167~168O, purity 2 98% by BPLC (5 J.Irn Spherisorb 
Crst 35% methanol in water for 15 min, then 70% methanol in water for 
2: mp, h = 254 nm, RT = 20.0 min). Ki%R (60 @LIZ, acetone-ds): 6 0.85 

= 7, 3H, E6-Ba), 1.75 (m, ZR, C5-Bz), 3.33 It, J = 7, lR, C4-H), 
3.i5 (s, lK, aliphatic OB), 3.91 (d, J = 7, 2B, Cl-&), 5,68 (t, J = 7, 
lH, C2-II), 6.52-7.16 (m, 8H, ArH), 8.17 (s, ArOB); MS, m/e (%I: 284 
(4.7), 266 (48.5), 237 (60.0), 151 (X4.6), 149 (14.2), 135 (100.0), 121 
(16.2), 119 (15.4), 107 (72.1); UV (EtOH), run(a): 284 (sh), 278 (3110), 
23$1(16600); IR (nujol): 3380, 3240, 2940, 1600, 1515, 1460, 1380, 1250 
cm . 

This work was supported by National Institute of Environmental 
Bealth Sciences Contract No. NOl-ES-0-0007. 250 MHz NHR spectra were 
made by Dr. David L. Harris, University of North Carolina. 
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