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Abstract-Incorporation of 2H and IsO of [2-“C, 2-‘H,] and [I-“C, lnO&acetate into citrinin (1) was 
detected with “C-NMR through ‘H-“C coupling and isotope shift induced by ‘H and ‘80. Another 
possible multiple labelled acetate, [ I-“C, “01-acetate, was tested for its potentiality as a precursor to trace 
the fate of acetate oxygen. “C-“O Coupling in “C-NMR was too small to be. detected, however the 
incorporation of “0 was directly measured with “0-NMR. Unusual “0 chemical shift values of citrinin 
(II were accounted for bv the nresence of keto-enol resonance forms which was verified by the C-O bond 
lengths determined by g-ray :dnalysis. 

Citrinin (I), a yellow crystalline compound first iso- 
lated from Penicillium citrinum, is produced by a 
large number of fungi belonging to Penicillium and 
Aspergillu.s.2 It showed broad antibiotic activity, but 
its nephrotoxic properties prevented its application as 
a drug.’ Extensive feeding and degradation studies 
have shown that citrinin (1) is derived from one acetyl 
CoA, four malonyl CoA and three C, units.e An 
assembly pattern of five acetate units was un- 
ambiguously shown by an incorporation experiment 
with [I, 2-“C&acetate.’ An investigation of metabo- 
lites of Penicillium citrunum and of its mutants was 
carried out to find intermediates of dtrinin (1) bio- 
synthesis, however all the isolated compounds were 
not the intermediates of biosynthesis.’ Recently, the 
intermediary stage ofcitrinin (1) biosynthesis has been 
investigated with labelled advanced precursors and the 
results obtained suggest that a keto-aldehyde (2), 
4,6-dihydroxy-3,5-dimethyl-2-( I-methyl-2-oxopropyl) 
-bcnzaldehyde, is an immediate intermediate released 
from the enzyme template of polyketide bio- 
synthesis.” I3 In previous papers, we reported the 
application of multiple labelled acetate, [2-“C, 2-2H,], 
[ I-“C, ‘“Oj and [I-“C, “01-acetate, as tracers in the 
biosynthetic. studies of polyketides.‘“‘Y This paper 
describes the full details of studies on citrinin (1) 
biosynthesis with multiple labelled acetate. Dis- 
cussion will be made on the scope and limitation of 
‘*O and “0 labelled acetate in biosynthetic studies. 

Staunton (‘r al. briefly discussed the “C-NMR 
spectrum based on the “C--“C coupling data of 
citrinin (1) enriched with [I, 2-“C,]-acetate.’ In view 
of possible obscurity involved in the assignment of 
C-S, C-6, C-7 and C-8 given by Staunton er al., the 
authors performed single frequency decoupling to 
C-l I Me protons. When the C-l I Me protons (6 2.02) 
were irradiated selectively, the intensities of signals at 

122.6, 139.2 and 183.7 ppm increased‘3.6, 1.7 and 
2.5-fold, respectively, while those at 100.0, 107. I and 
177.2 ppm remained unchanged. Enhancement of 
signal intensity in selective decoupling is caused by 
the disappearance of long range coupling and by the 
nuclear Overhauser effect (NOE). The two pairs of 
carbons (C-S, 6 and C-7, 8) deriving from the same 
acetate units should be alternated from the assign- 
ment given by Staunton ef ~1.~ The signals at 122.6 
and 183.7 ppm showing 3.6 and 2.5-fold enhance- 
ment in signal intensities upon selective irradiation at 
C-l I protons should be assigned to C-5 and C-6, 
respectively, because they should be closer to C-l 1 
than those at 100.0 and 177.2ppm. 
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’ 

Citrinin (1) 

Based on this assignment we tested the potentiality 
of multiple labelled acetate in obtaining further infor- 
mation on the biosyntheisis of citrinin (1) through the 
detection of 2H, “0 and ‘“0 incorporation. Various 
kinds’ of multiple labeiled acetate were mixed with 
[ I-“Cl-acetate and separately added daily for ten 
days to stationary cultures of Aspergillus terreus 
(ATCC 24839) grown on a modified Czapek-Dox 
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Table I. Assignment for ‘%-NMR of citrinin (1) 

Carbon Chemical shift 1 
JC_C(Hzja 

Signal enhancement 

'prom' 
on irradiation at 2.02 (told) 

5 

< 

4a 

5 

6 

7 

0 

Ba 

9 

10 

'1 

12 

162.9 

61.0 

34.5 

139.2 

122.6 

183.7 

100.0 

117.2 

107.1 

18.2 

9.4 

16.4 

174.' 

69.6 _b 

37.6 

40.9 

40.9 

56.9 1.7 

56.9 3.6 

63.6 2.5 

63.6 I .o 
69.6 1 .o 
37.6 

a Coupling constans reported by Staunton et al.7 -- 

b Not determined. 

medium. The cultures were harvested 2-6 days after 
the final administration of the labelled compounds. 
Labelled citrinin (1) was isolated from acidified cul- 
ture medium by ethyl acetate extraction followed by 
a column chromatography on acidified silica gel. One 
culture flask containing 150ml medium yielded ap- 
prox. 150 mg crude citrinin (1) and final yields after 
recrystallization were 30-50 mg (Table 2). 

The incorporation of ‘H from [2-l%, 2-‘H,]-acetate 
into C-4 and C-9 hydrogen was readily demonstrated 
by a marked decrease of signal intensity in the 
“C-NMR spectrum of citrinin (1) labelled with 
[2-“C, 2-‘H,]-acetate in comparison with those of 
citrinin (1) labelled with [2-“Cl-acetate. From the 
decrease of signal intensities the ratios of ‘H retention 
vs “C at C-4 and C-9 were calculated to be 41 and 
W’& respectively. A higher ‘H retention at C-9 is a 
result of the reaction mechanism of polyketide bio- 
synthesis. C-9 is derived directly from acetyl CoA 
forming a starter unit, while C-4 is introduced ria 
malonyl CoA and present in a middle of polyketo- 
chain, indicating much higher possibility of exchange 
of hydrogen. In the ‘H-non-decoupled “C-NMR 
spectrum (25.05 MHz) ‘-‘C-‘H signal of C-4 was 
directly observed as a triplet (J = 20 Hz) centered at 
33.7 ppm between a “C- ‘H doublet (J = 132 Hz) 
centered at 34.1 ppm (Fig. 2). An upfield shift by 
0.4 ppm is a normal isotopic shift value of “C bearing 
one ‘H. However, the held covering the “C-‘H signals 

of C-9 showed too complicated signals to be inter- 
preted. The results are well in accord with those 
suggested by Staunton et al., who observed the 
incorporation of acetate hydrogen by using ‘H-water 
for culture medium.’ 

33*7 wrn 

(J=20 Hz 1 

Fig. I. ‘H--“C Signal of C-4 in the ‘H-non-decoupled 
“C-NMR spectrum (25.05 MHz) ofcitrinin (1) labelled with 

[2-“C. 2-!H,]-acetate. 

fiblc 2. Feeding experiments with multiple labelled acetate and incorporation into citrinin (I) 

Na acetate Feeding days Yarvested day Yield(mg' Enrichment a/C 

1 Cl-‘%I 100 mg 9th-19th 21st 46 7.3 

2 c2-'3Cl '00 mg lOth-Zlst 27th 33 4.6 

3 cz-'SC, 2-2H,l 100 rq IOth-21st 27th 32 5.2 

4 Cl-'3c 

w3c: 

'60,l 150 rg lOth-'9th 22nd 51 9.8 

5 '60,l 25 n-g lOth-19th 21st 50 1.5a 
"on-lsbelled acetate 75 mg 

6 c'-'3C, I701 '00 mq 'lth-19th 26th 46 6.7 

a Caluculated tram specific incorporation ratio of 14C based on the amount 01 13C. 
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Next, we studied the origin of 0 atoms of citirinin 
(1). It contains three 0 atoms possibly derived from 
acetate. Risely and Van Etten demonstrated that ‘“0 
induced isotope shift in ‘C-NMR could apply in the 
study of 0 exchange kinetics in an acid catalyzed 
exchange of t-butanol OH group.“‘This was followed 
by the reports of Vederas ef ul. and Risely and Van 
Etten. They reported the values of lRO induced iso- 
tope shift of “C signals of various compounds.” *’ 
Their earlier reports tempted us to explore the possi- 
bility to use [I-“C, ‘X02J-acetate as a precursor to 
detect the integrity of “C-“0 bond of acetate in 
polyketide biosyntheses. Since the incorporation ra- 
tios of labelled acetate into citrinin (1) were particu- 
larly high, an incorporation experiment with [1-“C, 
‘*O,]-acetate was carried out as a case study for 
tracing the fate of acetate oxygen. ]I-“C, ‘*O,]- 
acetate was prepared by an exchanging method 
from [I-“Cl-acetate (90 at. 7;) and [“O]-water 
(99 at. ~/u).z’~2x In order to determine the isotopic 
composition of this labelled acetate, [I-“C, ‘“OJ- 
acetate was converted into a p-phenylphenacyl ester 
and measured a high resolution mass spectrum. This 
labelled acetate constited of 74.6”/, of [ 1 -“C, ‘*Oz] and 
16.4”: of [I-“C. ‘“Oj-acetate. 

Thus prepared [ I-“C, ‘XOJ-acetate was mixed with 
unlabelled acetate and measured ‘%-NMR spectrum 
(25.05 MHz) to clarify if it is possible to detect shifted 
signal induced by ‘“0 with a 25.05 MHz spec- 
trometer. The ‘3C-‘n0 signal of the labelled acetate 
was observed I.5 Hz upfeld to the corresponding 
“C-‘60 signal. This result encouraged us to attempt 
detecting ‘“0 incorporation with a 25.05 MHz 
“C-NMR spectrometer. [1-“C, ‘X02]-acetate was 
pulsely added to the culture of A. ferreus as in the 
case of [2-“C, 2-‘H&acetate. We feel the figures of 

enrichment per carbon, calculated from the specific 
incorporation ratios of 14C without taking any con- 
sideration for randomization, are always higher than 
those observed in ‘“C-NMR spectra. Although 
shifted signals were accompanied by several small 
satelites, the ‘“C-‘*O signals ‘were clearly detected at 
C-3. C-6 and C-g in the ‘)C-NMR spectrum 
(25.05 MHz) recorded under a conventional mea- 
suring condition of 6000 Hz spectral width and 32 K 
data points (Fig. 2a). The same sample of enriched 
citrinin (1) was then submitted for a measurement 
with a 50.31 MHz NMR spectrometer with an ex- 
pectation to observe better resolved shift signals. The 
spectrum was recorded under a conventional mea- 
suring condition of 10,000 Hz spectral width and 
32 K data points. The signals corresponding to C-l, 
C-3. C-6 and C-8 are shown in Fig. 2(b). The results 
clearly demonstrate that the integrity of “C-‘*O 
bonds at C-3, C-6 and C-8 was maintained and that 
the quinone methide structure of citrinin (1) is formed 
by the elimination of a hemiacetal OH at C-l in an 
intermediate (3). A biosynthetic scheme proposed by 
Staunton et al. and Scolastico et al. was confirmed by 
a completely different approach.‘2,‘3 Later. it became 
possible for us to access to a 100.7 MHz NMR 
spectrometer. The “C-NMR spectra of the same 
sample of citrinin (1) enriched with “C-‘“0 were 
measured with 3000 or 4OOOHz spectral width and 
32 K data points. One of the spectrum covers the 
signals of C-l, C-6 and C-8, and the other that of C-3. 
As it appears in Fig. 3a the shifted signals of C-3, C-6 
and C-8 were disturbed by the excess incorporation 
of labellcd acetate, resulting in multiplet peaks due to 
long range couplings. This problem was readily 
solved bv using diluted labelled acetate to decrease 
the possibility of simultaneous labelling in the same 

Scheme I. Biosynthesis of citrinin (1). 
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b 

Fig. 3. “C Signals of citrinin (1) at 100.7 MHz; (a) Labelled with non-diluted [I-‘%, ‘Q-acetate, (b) 
Labelled with [I-“C, ‘SOJ-acetate diluted with three times amount of non-lab&xl acetate. 

Table 3. l)C-% Signals observed in the ‘)c-NMR spectra of citrinin (1) enriched with [I-T, %&acetate 

Carbon Chwnlcel shift "C-'60 Shift(Hz) '60 Retention 

(PPm) 25.05 WI,? 50.31 ml2 100.7wi2 

I 162.9 _a _a _a 

3 81.8 I .I 2.1 4.2 66 I 

6 183.7 I.1 2.1 3.9 89 I 

8 177.2 I.1 1.7 3.9 85 I 

(0.38)b (0.06jb (0.25)b 

I! 13C-1*0 Slgnal was not detected. 

b Errors In Hz calculated from data points. 

spectrum (54.26 MHz) recorded with 40,000 Hz spec- 
tral width and 16 K data points and three “0 signals 
were observed at 148, 179 and 279 ppm as shown in 
Fig. 4. They are tentatively assigned according to the 
reported chemical shift data of “0-NMR 37.3* 
“O-Chemical shift is very sensitive to a change of 
electron density on 0 atom. The chemical shift of C-6 
oxygen (279 ppm) is unusually high as a CO and that 
of C-8 unusually low as a OH. ERects of OH 
substitution at the orrho of the CO groups of ben- 
zaldehyde and acetophenone were available and the 
values of higher field shift caused by forming 

chelation with OH groups were 67 and 62ppm, 
respectively,39.q indicating that unusual chemical 
shifts of C-6 and C-8 of citrinin (1) were not merely 
caused by the presence of strong H-bonds with C-12 
carboxyl group. Winter and Zeller reported the “0 
chemical shifts of benzoylacetone (4) being 294 and 
239 ppm,4’ and accounted for their unusual chemical 
shifts by a hybrid resonance structure obtained by a 
low temperature X-ray analysis. In order to clarify 
the relationship between CC) bond length and 
“O-chemical shift in citrinin (1) the authors per- 
formed single crystal X-ray analysis of citrinin (1). 
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)=0(279) -OH (179) 

r !I 

i- I I I I I I -, I I I, I&, , I, I , , , I , 

450 LOO 350 300 250 200 150 100 50 0 ppm 

Fig. 4. “O-Power NMR spectrum (54.26 MHz) of citrinin (1) labelled with [I-“C, “0)-acetate. 

The crystals grown in chloroform was suitable for citrinin (1) as it appears in Table 4. The results 
X-ray analysis. The structure was solved by the direct indicate that the structure of citrinin (1) is not a fixed 
method and the final R value with anisotopic tem- structure, but the actual structure is visualized as a 
perature factors for C and 0, and isotropic for H was resonance hybrid somewhat between the two extreme 
0.0518. Computer generated drowing and bond structures (la and lb), as benzoylacetone (4) is a 
lengths are shown in Figs. 5 and 6. A very good resonance hybrid of the two structures (4a and 4b). 
correlation was found between “0 chemical shifts This also explains unusual “0 chemical shifts of C-6 
and C-O bond lengths of benzoylacetone (4) and and C-8. Foregoing results clearly demonstrate that 

CI lRlNIN CL3 HI4 05 MN-250 2=4 P212lZl S/3/16 

Fig. 5. Computer generated PLUTO drawing of the structure of citrinin (I) obtained by X-ray analysis. 
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Fig. 6. Bond lengths of citrinin (1). 

[1-‘3C, “01-acetate can be applicable in tracing ace- 
tate oxygen in polyketide biosynthesis, though 13C is 
used only as a monitor for carbon incorporation. 

EXPERIMESTAL 
Ldwiled ronrpnund~. [I -“C]-Acetate (30 at. 5;). [2-“Cl- 

acetate (90 at. yi). [‘“O]-water (99 at. y@ and [“O]-water 

(30 at. 16) were obtained From B.O.C. Ltd. (Prochem.), 
London. [ I-“C]-Acetate was purchased from Radio Isotope 
Center, Japan. 

Prepurutiun oj multipfe lubelied ucetate. The preparation 
methods of ‘IC and @O or I70 labefled acetate by an 
exchanging method under an acidic condition are very 
similar. Here a procedure to prepare [I-“C. ‘RO,J-acctatc is 
described as a typical example. [“O]-Water (99 at. ?;; 
0.0625ml) was saturated with HCI gas at 0” and then 
[ I-‘Y:]-acetic acid (90 at. 7:: 0.05 m mole) and [ ‘*O]-Hz0 
(Y9 at. ‘I;,; 0.25 ml} were added to HCI saturated [‘XO]-HtO. 
The mixture was sealed in a glass tube and heated at 110’ 
for 24 hr. The mixture was neutralized with NaOH powder 
and evaporated to dryness under a reduced pressure. The 
residue was extracted with abs EtOH and [I-“C. 
‘XO,J-sodium acetate (6Omg) was obtained as a foam on 
removal of &OH. In order to measure the isotopic 
composition, it was converted into p-phenylphenacyl acc- 
tate. A mixture of [ l-“C, ‘QJ-sodium acetate (10.8 mg). 
p-phenylphenacyl bromide (6.9 mg). 1%crown-6-ether 
(4 mg). benzene f I ml) and acetonitrile (1 ml) was refluxed 
for 2 hr. After usual workup, p-phcnylphenacyl acetate was 
recrystallized from EtOH to give colourlcss crystals of m.p. 
106-107~ (27.2 mg). The high resolution mass spectrum 
revealed that the labclled acetate consists of 74.6?/, [I-‘%, 
“02], X.40/;, [ixOzJ and 16.47; [I-%, ‘KO]-acetate. 

Incctrporation experiment. Aspergilh terrewn ATCC 
24839, maintained on potato dextrose ager slant, was inoc- 
ulatcd in a modified Czapck-Dox medium (150 mh’flask) 

Table 4. “C and “0-NMR chemica] shifts and C-O bond lengths 

Chemical shit (ppm) C-O Bond length IA) 

1x 
I70 

Citrinin(l) 

C-l 162.9 148 1.32 

c-2 183.7 274 1.28 

C-8 177.2 179 1.315 

Benzoylacetone(41a 

c-1 183 239 1.292 

c-3 193 294 1.278 

8 The data were reported by Winter and Zeller ot . 

la 

@.H 

c”““‘- I 
A.1 3 

/ 

44 

lb 

H.. 
cl 

o$;.i 1 1 3 

\ 
I 

4b 

Rg. 7. Resonance formulae of citrinin (1) and benzoylacetone (4). 
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containing glucose 50 g, NaNO, 2.0 g, K,HPO, I.0 g, KCI 
0.5 g, MgSO., 7H,O 0.5 g, FeSO, 7H,O 0.01 g, ZnSO., 7H,O 
0.01 g. CuSO, SH,O O.oOSg, malt extract 0.5g and yeast 
extract 0.2 g in I I. H,O and grown stationarily at 30”. Only 
a typical feeding experiment is described here. [I-‘%, 
%&Na acetate (25 mg), non-labelled Na acetate and 
[I-“Cl-Na acetate (IOnci) was dissolved in 5 ml H,O and 
administered to the culture (150 ml medium) each 0.5 ml for 
IO days starting from the 9th day after inoculation. The 
culture was harvested on the 21st day. The culture medium 
was acidified (pH 3) with 4-N HCI and extracted with 
AcQEt (I 50 ml x 2) and AcOEt layer was further extracted 
with So;, NaCO, (I 50 ml x 2). Alkaline aqueous layer was 
then acidified with 6N-HCI to pH 3 to liberate free citrinin 
(1) and extracted with AcOEt. Organic layer was washed 
thoroughly with H,O, dried over Na,SO, and evaporated to 
dryness. The residue was dissolved in CHCI, and chro- 
matographcd on acidified silica gel (impregnated with 0.5 N 
oxalic acid). A yellow band eluted from the column gave 
crude citrinin (I) (147mg). Upon recrystallization from 
AcOEt gave golden yellow needles of m.p. 161-162”. 

.&fats and NMR spectra. Mass spectrum was recorded on 
a JEOL DX-200 equipped with computer data processing 
system. “C-NMR spectra was recorded on a JEOL FX-100, 
Vartan XL-200 or JEOL FX-400. “0-NMR spectra was 
recorded on a JEOL FX-9OQ or FX-400. 

X-Ray ana/.v.sis of cirrinin (1). The crystals of 1 grown in 
CHCI, was found suitable for X-ray analysis. The crystal is 
orthorhombic. space group P2,2,2, with four molecules in 
a cell of dimension, a = 12.238(6). b = 13.4521(7), 
c = 7.3000(4) A. Dx = 1.38 cm-land V = 1201.8 A’. A total 
of 1336 reflections was recorded within the 0 range of 3-60”. 
The structure was solved by the direct method (MULTAN) 
and refined by the block-diagonal least-squares (BLS). An 
R value was 0.0522 for 1336 reflections including aniso- 
tropic temp factors for I3 carbon and 5 oxygen atoms, and 
isotropic for I3 H atoms. Further refinement with 8 times 
BLS and one of methyl H atom not found before was placed 
on the calculated position to give a final R value of 0.0518. 

Acknowledgements -The authors thank Dr. M. Matsuo of 
Tokyo Metropolitan Institute of Gerontology and JEOL 
Co. Ltd. for the measurement of “C-NMR (50.31 MHz) 
and “0-NMR (12.15 MHz) spectra. A part ofthis work was 
supported by a Grant-in-Aid of Special Project Research on 
Biomimetic Chemistry by the Ministry of Education, Sci- 
ence and Culture. 

REFERENCES 

‘Biosynthesis of Natural Products 13. For part I2 see Ref. 
18. A part of this study was reported as a preliminary 
communication; Ref. 16. 

‘W. B. Turner, Fungai Metabolites, p. I2 I. Academic Press, 
London (1971). 

‘R. Bastin. Bull. Sot. Chim. Biol. 31, 865 (1949). 
‘A. J. Birch, P. Fitton, F. Pride, A. J. Ryan, H. Smith and 
W. B. Whally, J. Chem. Sot. 4576 (1958). 

‘E. Schwenk, G. J. Alexander, A. M. Gold and D. F. 
Stevens, J. Biol. Chem. 233, I21 I (1958). 

‘0. R. Rodig, L. C. Ellis and 1. T. Glover, Biochemistry 5, 
2451 (1966). 

‘J. Barber and J. Staunton, J. Chem. Sot. Chem. Commun 
IO98 ( 1979). 

‘R. F. Curtis, C. H. Hassall and M. Nazar, Ibid. (C) 85 
(I 968). 

‘R. H. Carter, M. J. Garson and J. Staunton, Ibid. Chem. 
Commun 1097 (1979). 

‘“J. Barber and J. Staunton, Ibid. Chem. Comm. 552 (1980). 
“L. Colombo. C. Gennari. C. Scolastico. F. Aranozzini and 

C. Merendi, Ibid. Chem. Commun II32 (1986). 
“J Barber R. H. Carter. M. J. Garson and J. Staunton, 

Ihid. Perkin I, 2577 (I 98 I). 
‘jL Colombo, C. Gennari, D. Ptenza, C. Scolastico, F. 

Aragozini and C. Merendi, Ibid. Perkin I, 2594 (1981). 
“U. Sankawa, H. Shimada, T. Sato. T. Kinoshita and K. 

Yamasaki, Tetrahedron Len. 483 (1977). 
“U. Sankawa, H. Shimada and K. Yamasaki, Ibid. 3375 

( 1978). 
. 

‘“U. Sankawa, Y. Ebizuka, H. Noguchi, Y. Ishikawa, S. 
Kitagawa, T. Kobayashi and H. Seto, Heterocycles 16. 
II15 (1981). 

“U. Sankawa, H. Shimada, T. Sato, T. Kinoshita and K. 
Yamasaki. Chem. Pharm. Bull. 29. 3536 (1981). 

“U. Sankawa, H. Shimada and K. Yamasaki, Ibib. 29,360l 
(1981). 

“U Sankawa. H. Shimada, T. Kobayashi, Y. Ebizuka, Y. 
Yamamoto, H. Noguchi and H. Seto. Hererocycles 19, 
1053 (1982). 

mJ. M. Risely and R. L. Van Etten, J. Am. Chem. Sot. 101, 
252 (I 979). 

2’J. C.‘ Vederas, Ibid. 102, 374 (1980). 
*rJ. Diakur. T. T. Nakashima and J. C. Vederas. Can. J. 

Chem. 58,’ I311 (1980). 
2’J. M. Risely and R. L. Van Etten, J. Am. Chem. Sot. 102, 

46&9 (1980). 
24J. M. Risely and R. L. Van Etten, Ibid. 102, 6699 (1980). 
2’R N. Moore, J. Diakur, T. T. Nakashima, S. L. McLaren 

and J. C. Vcderas, J. Chem. Sot. Chem. Commun 501 
(1981). 

26J. M. Risely and R. L. Van Etten, J. Am. Chem. Sot. 103, 
5633 (1981). 

27Ming-Daw Tsai, Biochemistry 18, 1468 (1979). 
2RP. D. Boyer, 0. J. Koeppe and W. W. Luchsinger, J. Am. 

Chem. Sot. 78. 356 (1956). 
“J. C. Vcderas and T. T. Nakashima, J. Chem. Sot. Chem. 

Commun 83 (1980). 
“R. N. Moore, J. Diakur, T. T. Nakashima, S. L. McLaren 

and J. C. Vederas, Ibid. Chem. Commun 501 (1981). 
“C R. Hutchinson, M. M. Sherman, J. C. Vederas and 

T: T. Nakashima. J. Am. Chem. Sot. 103. 5953 (1981). 
‘2C R Hutchinson, M. M. Sherman, A. G. ‘Mclnnks, J. ‘A. 

Walter and J. C. Vederas, /bid. 103, 5956 (1981). 
)‘M. P. Lane. T. T. Nakashima and J. C. Vederas, Ibid. 104, 

913 (1982). 
“T. T. Nakashima and J. C. Vederas, J. Chem. Sot. Chem. 

Commun 206 (1982). 
“J. G. Hill, T. T. Nakashima and J. C. Vederas, J. Am. 

Chem. Sot. 104, 1745 (1982). 
xM. Brore and Z. Lui, J. Phys. Chem. 73, I600 (1969). 
“J. W. Emslog, J. Feeney and L. H. Sutcliffe, High Resolu- 

tion Nuclear Magnelic Resonance Spectroscopy, p. 1045. 
Pergamon Press, New York (1966). 

38T St. Amour and D. Fiat, Bull. Magnetic Resonance 1. I I8 
(1979). 

“‘C Delseth Thi Thanh-Tam Ngnuyen and J-P. Kintzinger, 
Help. Chi;. Acra 63. 498 (1980). 

dDr. E. St. Amour, M. I. Burgar, B. Valentine and D. Fiat, 
J. Am. Chem. Sot. 103, II28 (1981). 

“W. Winter and K. P. Zeller. 2. Narurforschung 34B, 1606 
( 1979). 


