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However, in wet tetrahydrofuran or toluene, the reaction takes
a different course: LMoYO(OH)(SPh) is detected directly via
its EPR spectrum (g, 1.953; a(***"Mo), 43.3 X 10~ cm™; a('H),
13.1 X 10 cm™! in toluene; cf. refs 11 and 12). This species
cannot be generated from preformed [LMoYO(SPh)],0 under
the same conditions, and the reaction would appear to involve an
intermediate aquo—Mo(IV) complex:

LMoYO(OH,)(SPh) + LMo"'0,(SPh) —
2LMo"O(OH)(SPh)

Certainly, LMoYO(OH)(SPh) can be trapped oxidatively as
LMo"'0,(SPh) with O, in 85% isolated yield. Water, not di-
oxygen, is the source of the oxo ligand: use of H,"®0 (95 atom
% 80) under anaerobic conditions with a prolonged incubation
at the Mo level followed by admission of !0, provides material
enriched with 80 atom % 0.4 Use of H,'70 (51.5 atom % "Q)
leads to clearly resolved !"O structure in the EPR spectrum of
the LMoVO(OH)(SPh) intermediate (a(}’0), ca. 7 X 10~ cm™;
cf. ref 15). The two-electron Mo"! to Mo'V step is slower than
the one-electron Mo!" to MoV step preventing direct access to the
putative LMo'YO(OH,)(SPh) intermediate. In the presence of
dioxygen and an excess of PPh,, production of OPPh, is catalytic
in Mo. Initial experiments indicate that at least 100 turnovers
are possible with 98% isolated yields of OPPh,.!6

We have also achieved the first isolation of a dioxo~Mo(V)
complex by the one-electron reduction of LMoO,(SPh). Estimates
of the relevant one-electron couples in MeCN suggested that the
right-hand side is favored in the following equilibrium:

LMo¥10,(SPh) + CoCp, = [LMoYO,(SPh)]" +

[CoCp,]* K, ca. 10}

In acetonitrile, mixing of the reactants on the left-hand side leads
to the rapid precipitation of green, microcrystalline, air-sensitive
[CoCp,] [LMoYO,(SPh)] (Cp = #°-CsHs").!”  Isotope ('*0)
labeling studies unambiguously identify a strong v(MoO) band
at 767 cm™ in the anion and provide evidence for a second »(MoO)
band at 864 cm™, the assignment of which is complicated by
interfering [CoCp,]* and "SPh bands. These values are extremely
low in energy relative to those observed in LMoY'0,(SPh) (922
and 889 cm™!) and are consistent with the weakening of the Mo—O
bonds expected due to population of the three-center 7* component
of a cis-MoO, bonding scheme. In MeCN, cyclic voltammetry
reveals the separate and characteristic MoV'0,/MoV0, and
[CoCp,]*/CoCp, couples associated with the component ions.

Dissolution of [CoCp,][LM0O,(SPh)] in CH,Cl, at room
temperature initially produces a broad EPR signal (g, 1.920;
a(®**"™Mo), 41 X 107 cm™; W5, 1 mT) characteristic of
[MoYO,]* centers.!!'2 Over time, the signal is replaced by that

(14) Under anaerobic conditions, tetrahydrofuran (10 mL) and H,'®0
(0.16 mL, 9.0 mmol, 95 atom % '80) were added to a mixture of LMoO,-
(SPh) (0.240 g, 0.45 mmol) and PPh, (0.062 g, 0.24 mmol). After stirring
for 7 h, 'O, was bubbled through the solution which rapidly turned from
dark-green to dark-brown in color. Column chromatography (silica/toluene
in air) yielded a major dark brown fraction, which was collected and evap-
orated to dryness. Recrystallization from CH,Cl,/MeOH gave a 76% yield
of 80 atom % '*O-enriched LMoO,(SPh) (enrichment estimated by simulation
of EI mass spectra). The infrared spectrum of the sample exhibited at least
six bands and shoulders assignable to the '$0'¢0, 3090, and *0'%0 isoto-
pomers.

(15) Wilson, G. L.; Kony, M.; Tiekink, E. R. T.; Pilbrow, J. R.; Spence,
J. T.; Wedd, A. G. J. Am. Chem. Soc. 1988, 110, 6923.

(16) A mixture of LMoO,(SPh) (0.05 g, 0.094 mmol) and PPh; (2.45 g,
9.4 mmol) in tetrahydrofuran (20 mL) and water (0.34 mL, 20 mmol) was
stirred at 40 °C while being continuously purged with oxygen. Thin-layer
chromatography revealed the quantitative conversion of PPh; to OPPh, after
10 h; workup permitted the isolation of OPPh; in 98% yield. The reaction
does not occur in the absence of catalyst.

(17) A solution of cobaltocene (0.14 g, 0.74 mmol) in dry, deoxygenated
MeCN (10 mL) was added to LMoO,(SPh) (0.20 g, 0.37 mmol), and the
mixture was stirred for 0.25 h. Green microcrystals were filtered off, washed
with MeCN, and dried under vacuum. The yield of [CoCp,][LMoO,(SPh)]
was 0.19 g, 70%. Anal. Caled for C;H3;BCoMoN¢O,S: C, 51.47; H, 5.16;
N, 11.62; §, 4.43. Found: C, 51.23; H, 5.28; N, 11.90; S, 4.33. Cyclic
voltammetry (MeCN, 0.1 M Bu,NPF). E,;, -1.05 (Mo"/Mo"), -1.23
(CoCp,*/CoCp;y), —-2.16 V vs Ag/AgNO; (0.01 M).

of the conjugate acid LMoYO(OH)(SPh) via reaction with trace
H,0. Upon freezing this solution at 77 K, the highly anisotropic
spectrum of [LMoVO,{SPh)]~ (g values; 1.991, 1.931, 1.843)
appears, presumably due to the equilibrium being shifted toward
the conjugate base by freezing out of H,O.

Dioxygen rapidly and quantitatively oxidizes [LMoYO,(SPh)]
to LMoY10,(SPh). Reaction of [LM0oYO,(SPh)]~ with Me,SiCl
produces LMoYO(OSiMe,)(SPh) in 92% isolated yield. When
these reactions are performed on 20 labeled anion there is no
significant loss of the label in the products. The related
LMoYO(0OSiMe;)(SCH,Ph) complex may be similarly produced
and has been characterized by X-ray crystallography.'® In turn,
LMoO(OSiMe;)(SPh) can be reduced to LMo!'YO(SPh)(py)
(Scheme II) by reaction with CoCp,. Notably, we have been
unable to observe any two-electron (i.e., oxygen atom transfer)
chemistry with [LMoYO,(SPh)]". This may be the reason that
[MoY0,]* centers have never been detected during enzyme
turnover.
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The oxothio~molybdenum(VI) active site proposed! for oxidized
xanthine oxidase and related enzymes is supported by EXAFS
studies? and, indirectly, by strong EPR evidence for [MoYOS]*
and [MoVO(SH)]?* centers in enzyme'-* and model systems.>*
However, [MoOS]?* complexes are extremely rare and are gen-
erally quite unstable.* Thus, the synthesis of a model for the

(1) (a) Williams, R. J. P.; Wentworth, R. A. D, In Proceedings of the First
Climax Conference on the Chemistry and Uses of Molybdenum; 1973;p 212,
(b) Molybdenum Enzymes; Spiro, T. G., Ed.; Wiley: New York, 1985. (c)
Bray, R. C. Quart. Rev. Biophys. 1988, 21, 299.

(2) (a) Bordas, J.; Bray, R. C.; Garner, C. D.; Gutteridge, S.; Hasnain,
S.S. J. Inorg. Biochem. 1979, 11, 181. (b) Bordas, J.; Bray, R. C.; Garner,
C. D.; Gutteridge, S.; Hasnain, S. S. Biochem. J. 1980, 191, 499. (c) Tullius,
T. D.; Kurtz, D. M.; Conradson, S. D.; Hodgson, K. O. J. Am. Chem. Soc.
1979, 101, 2777. (d) Cramer, S. P.; Hille, R. J. Am. Chem. Soc. 1988, 107,
8164. (e) Turner, N. A ; Bray, R. C.; Diakun, G. P. Biochem. J. 1989, 260,
563. (f) Cramer, S. P., Wahl, R.; Rajagopalan, K. V. J. Am. Chem. Soc.
1981, 103, 7721. (g) Hille, R.; George, G. N.; Eidsness, M. K.; Cramer, S.
P. Inorg. Chem. 1989, 28, 4018.

(3) (a) Wilson, G. L.; Kony, M ; Tiekink, E. R. T.; Pilbrow, J. R.; Spence,
J. T.; Wedd, A. G. J. Am. Chem. Soc. 1988, 110, 6923. (b) Wedd, A. G.;
Spence, J. T. Pure Appl. Chem. 1990, 62, 1055. (c) Singh, R.; Spence, J. T.;
George, G. N.; Cramer, S. P. Inorg. Chem. 1989, 28, 8. (d) Wilson, G. L.;
Greenwood, R. J.; Pilbrow, J. R.; Spence, J. T.; Wedd, A. G. J. Am. Chem.
Soc. 1991, 113, 6803,

(4) Xiao, Z.; Enemark, J. H.; Wedd, A. G.; Young, C. G. Work in
progress. Complexes such as [{HB(Me,pz);}MoOSX]" and {HB(Me,pz);}-
MoO(SH)X (X = SR") may be generated in solution and have been char-
acterized by EPR spectroscopy.
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Figure 1. Molecular structure of 3. Bond distances (&) and angles (deg)
include the following: Mo—Q(1) 1.702 (4), Mo—-S(1) 2.227 (2), Mo-S(2)
2.431 (2), Mo-N(11) 2.388 (5), Mo—N(21) 2.204 (5), Mo-N(31) 2.280
(6), S(1)-S(3) 2.396 (3), P(1)-S(2) 2.052 (2), P(1)-S(3) 2.007 (3) and
S(1)-Mo-S(2) 92.5 (1), O(1)-Mo-S(1) 102.4 (2), O(1)-Mo-S(2) 100.9
(1), Mo—-S(1)-S(3) 115.5 (1), S(1)-S(3)-P(1) 98.1 (1), S(2)-P(1)-S(3)
113.7 (1).

[MoOS]?* enzyme center remains a significant and unmet
challenge, one frustrated by the reduction of Mo(VI) by the
formally S?" thio ligand and the reactivity of the thio ligand itself
(vide infra). We report here the characterization of an octahedral
[MoOS]?* complex and crystallographic evidence for the stabi-
lization of the thio ligand through a weak intramolecular sul-
fur-sulfur interaction. This work bears directly on the very re-
active nature of the [MoOS]?* moiety and its possible stabilization
in enzyme systems.

Oxygen atom transfer to the oxo~molybdenum(IV) complex
{HB(Me,pz),)MoO(#*-S,PPr',) [1, HB(Me,pz),” = hydrotris-
(3.5-dimethyl-1-pyrazolyl)borate] produces the dioxo—~molybde-
num(VI) complex {HB(Me,pz),}MoQ,(n'-SP(S)Pr’;) (2).°
Similarly, sulfur atom transfer from propylene sulfide to 1 results
in the formation of the oxothio~molybdenum(VI) complex {HB-
(Me;pz),}MoOS(n!-SP(S)Pr’;) (3).” The infrared spectrum of
3 is characterized by bands due to the HB(Me,pz),™ and S,PPr/,”
ligands, a low-energy v(Mo==0) band reflecting a considerably
weakened Mo==0 bond (930 vs 960 cm™ for 1) and a band
assigned to the Mo=S fragment (465 cm™!). 'H NMR spec-
troscopy reveals that molecules of 3 are chiral with C, symmetry.
The electronic spectrum exhibits bands due to S — Mo LMCT
transitions, consistent with a thio~molybdenum(VI) species.

An X-ray diffraction study® of 3 reveals a distorted octahedral
complex composed of the tridentate HB(Me,pz),” ligand, a rel-
atively®®® long terminal oxo ligand (Mo—O(1) = 1.702 (4) A),
and a novel fragment formed by weakly associated thio and
n!-S,PPr')” ligands. The short Mo—S(1) bond distance of 2.227

(5) Holm, R. H. Coord. Chem. Rev. 1990, 100, 183,

(6) (a) Laughlin, L. J.; Young, C. G. Unpublished results. Analogous
dithiophosphate complexes undergo this reaction: (b) Roberts, S. A.; Young,
C. G,; Cleland, W. E,, Jr.; Ortega, R. B.; Enemark, J. H. Inorg. Chem. 1988,
27, 3044,

(7) For 3: Complex 1 was prepared using the method developed for di-
thiophosphate complexes.®® A solution of 1 (1.00 g, 18.0 mmol) in 1,2-di-
chloroethane (15 mL) was treated with propylene sulfide (0.70 mL, 90 mmol)
and refluxed for 1 day. The resultant dark yellow solution was eluted with
dichloromethane on a silica column, and the product was collected as a yel-
low-orange band. Recrystallization by dropwise addition of methanol to a
saturated dichloromethane solution produced red-brown crystals: yield 78%;
mass spectrum m/z 624 (85) [M]*; IR (KBr) »(BH) 2550 m, »(Mo==0) 930
s cm™!; '"H NMR (CDCl;) 6 5.94, 5.92 and 5.51 (s, 3 X 1 H, 3 X CH of
HB(Me,pz);7), 2.77, 2.73, 2.22, and 2.10 (s, 4 X 3 H, 4 X CH; of HB-
(Meypz)y7), 2.39 (s, 6 H, 2 X CH, of HB(Me,pz);7), 1.58 (dd, 3 H, Jey,-p
= 19 Hz, Jogy.n = 7 Hz, CH; of S,PPri,"), 1.53 (dd, 3 H, Jepu,p = 19 Hz,
Jens-u = 7 Hz, CH, of 8,PPr'y), 1.22 (dd, 6 H, Jey,.p = 19 Hz, Jopyn =
7 Hz, 2 X CH; of S,PPr’,); electronic spectrum (CHzélz) Anm (e M em™)
530 (sh), 450 (3320), 350 (sh), 335 (5740). Anal. Calcd for
C, H3sBMoNOPS;: C, 40.52; H, 5.83; N, 13.50; S, 15.45. Found: C, 40.30;
H, 5.88; N, 13.38; S, 15.26.

(8) Crystallographic data: 3, C;H;sBMoNOPS;, fw 622.5, monoclinic
f{ace group P2,/n with a = 12,601 (1) A, b = 10.899 (1) A, ¢ = 20.595 (3)

, 8 =90.09 (1)°, ¥ = 2828.5 A3, and D, = 1.462 g cm™ for Z = 4. The
structure was solved using the Patterson method and refined by a full-matrix
least-squares procedure, using 2390 data, to a conventional R value of 0.041
(R, = 0.041).

(9) Nugent, W. A.; Mayer, J. M. Metal-Ligand Multiple Bonds, Wiley,
New York, 1988; p 164.
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(2) A is consistent with significant # bonding between these atoms,
as is the case with thio~molybdenum(IV-VI) complexes (Mo=S
range 2.09-2.13 A'%) and non-oxo complexes such as {HB-
(Me,pz),}MoCI(S,) (av Mo-S = 2.19 A!!), However, complex
3 is the first octahedral oxo~molybdenum complex to reveal such
a short Mo-S distance. The Mo~S(2) bond distance of 2.431 (2)
A is slightly shorter than Mo~S bonds in related complexes.®® The
lengthening of the Mo~N(n1) bonds in the order Mo—-N(11) >
Mo-N(31) > Mo—~N(21) indicates that the trans influence exerted
by the Mo—~O/S bonds increases in the order Mo—O(1) > Mo—-S(1)
> Mo-S(2). The S(1)-S(3) distance of 2.396 (3) A is extremely
long compared to sulfur-sulfur single bonds in related Mo com-
plexes (2.0-2.10 A'216) and elemental sulfur'’ but is comparable
to the long (2.39 A) S-S partial'® bond in the dithionite ion
[0,SSO,]*.!®® a species which is susceptible to S-S bond
cleavage.'® The P-S(3) bond is also significantly shorter than
the P-S(2) bond.

Extreme canonical structures A and C, formal [Mo"'OS(n!-
S,PPr'))]* and [Mo™O(#*-S;PPry)]* complexes, respectively, may
be written for 3; the actual structure may be described as a

i / N NI
Nivi_g ~Md p— IV S,
Mo~ > P— oM P—
2 N N AN
S S D (= S S
& S(3)py
A B C

resonance hybrid dominated by A.'® In molecular orbital terms,
3 is most appropriately described as an oxothio~molybdenum(VI)
complex stabilized by a dative interaction involving the filled donor
S(3) p, orbital and the acceptor #*, LUMO of the [MoOS]**
fragment (B, the view is along the Mo=0 bond; L is defined
with respect to this bond). Such an interaction accounts for the
long S(1)~S(3) distance, the S(1)-S(3)-P(1) angle of 98.1 (1)°
and, through population of the Mo==S =* orbital, the lengthening
of the Mo=S(1) bond relative to those more typical of thio~
molybdenum complexes.!® The reaction of the Mo=S =* LUMO
with solution species (e.g., “S” to form S,> ligands®) or ligands
(e.g.. S,;PR,”) may indeed dominate the chemistry of the
[MoOS]?* fragment. Thus, while an attractive strategy for the
synthesis of [MoOS]?* species, sulfur atom transfer to oxo~mo-
lybdenum(IV) complexes may be expected to yield alternative
products when reaction of the nascent [MoOS]?* center is possible;
consequently, crystallographic characterization of reputed

(10) Young, C. G.; Roberts, S. A.; Ortega, R.; Enemark, J. H. J. Am.
Chem. Soc. 1987, 109, 2938.

(11) Young, C. G.; Mclnerney, I. P.; Bruck, M.; Enemark, J. H. Inorg.
Chem. 1990, 29, 412.

(12) Sulfur-sulfur distances in Mo complexes of the following ligands are
given in parentheses: S;CPh‘ (av 2.05 A),? 8,C=S8? (ca. 2.0-2.1 A),4
Sz 0 3CR,% (av 2.068),"° S, and ¢-RSSR (av 2.05 A).!¢

(13) Tatsumisago, M.; Matsubayashi, G.; Tanaka, T.; Nishigaki, S.; Na-
katsu, K. J. Chem. Soc., Dalton Trans. 1982, 121.

(14) (a) Coucouvanis, D.; Draganjac, M. E. J. Am. Chem. Soc. 1982, 104,
6820. (b) Coucouvanis, D.; Draganjac, M. E.; Koo, S. M.; Toupadakis, A.;
Hadjikyriacou, A. L. Inorg. Chem. 1992, 31, 1186.

(15) (a) Halbert, T. R; Pan, W.-H.; Stiefel, E. I. J. Am. Chem. Soc. 1983,
105, 5476. (b) Pilato, R. S.; Eriksen, K. A.; Greaney, M, A.; Stiefel, E. I ;
Goswami, S.; Kilpatrick, L.; Spiro, T. G.; Taylor, E. C.; Rheingold, A. L. J.
Am. Chem. Soc. 1991, 113, 9372.

(16) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R. J. Chem. Soc., Dalton Trans. 1989, S1.

(17) Sulfur-sulfur distances in the various allotropes of sulfur range from
1.99 to 2.18 A, (a) Greenwood, N, N.; Earnshaw, A. Chemistry of the
Elements; Pergamon, Oxford: 1984; p 769. (b) Rayner-Canham, G.; Kettle,
J. Educ. Chem. 1991, 49.

(18) (a) Harcourt, R. D. J. Mol. Struct, (Theochem.) 1989, 186, 131. (b)
Kiers, C. Th.; Vos, A. Acta Crystallogr., Sect. B 1978, 34, 1499. (c) Lynn,
S.; Rinker, R. E.; Concoran, W. H. J. Phys. Chem. 1964, 68, 2363.

(19) Assuming double and single sulfur-sulfur bond distances of 1.89 (for
gaseous S,) and 2.05 A, respectively, the equation D(n) = D(1) —0.66 log n,
where D(n) and D(1) are the bond distances for bonds of order n and 1,
respectively, may be derived. This gives an estimated bond order of 1/3 for
the S(1)-S(3) bond in 3. A bond order close to 2 can be similarly derived
for the Mo—S(1) bond. See: Pauling, L. The Nature of the Chemical Bond,
3rd ed.; Cornell: Ithaca, NY: 1960; p 239,

(20) Yan, X. Y,; Young, C. G. Aust. J. Chem. 1991, 44, 361.
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[MoOS]%* complexes is highly desirable.

Stabilization of enzymatic [MoOS]?* centers through an active
site interaction, possibly with cysteine sulfur or molybdopterin,
provides an attractive reconciliation of the extreme reactivity of
such groups and their presence in nature. A potential interaction
between the [MoOS]?* center and the dithiolene moiety of Mo—co
is reflected in recently reported ene—1-perthiolate—2-thiolate—-
molybdenum(IV) complexes.!>® We have demonstrated that the
stabilization of a [MoOS]?* fragment by a sulfur-sulfur inter-
action only slightly perturbs the Mo==S bond; it is especially
significant that the Mo~S(1) distance in 3 falls within the range
of Mo==S distances found in molybdoenzymes and that this range,
in turn, does not extend into that established crystallographically
for cis-oxothio~ or monothio~molybdenum complexes.!®2! Given
an O=Mo=S--X fragment in the active site, it would be possible
to account for other enzyme behavior by postulating the severing
of the S.+X interaction upon reduction or initiation of catalysis
(through population of Mo=S =#* to produce a nucleophilic S
center). Finally, 3 reacts quantitatively with cyanide to produce
1 and SCN~ via a short-lived intermediate; in the presence of water
and oxygen this reaction yields 2 in a process which mimics the
deactivation of xanthine oxidase upon cyanolysis.??
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(21) (a) Miller, A.; Diemann, E.; Jostes, R.; Bogge, H. Angew. Chem.,
Int. Ed. Engl. 1981, 20, 934. (b) Bristow, S.; Collison, D.; Garner, C. D.;
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DNA replication is fundamental to the storage, transfer, and
enactment of the genetic information which defines living or-
ganisms. Template-directed reactions which model DNA rep-
lication have received a great deal of attention'™* and have gen-
erally involved the irreversible coupling of activated constituents
to form complementary products. In an effort to better define

(1) Stribling, R.; Miller, S. L. J. Mol. Evol. 1991, 32, 282, 289.

(2) Inoue, T.; Orgel, L. E. Science 1983, 219, 859. Wy, T.; Orgel, L. E.
J. Am. Chem. Soc. 1992, 114, 317. Zielinski, W. S.; Orgel, L. E. Nature 1987,
327, 346. Zielinski, W. S.; Orgel, L. E. J. Mol. Evol. 1989, 29, 281. Haertle,
T.; Orgel, L. E. J. Mol. Evol. 1986, 23, 108.

(3) von Kiedrowski, G.; Wlotzka, B.; Helbing, J.; Matzen, M.; Jordan, S.
Angew. Chem., Int. Ed. Engl. 1991, 30, 423. von Kiedrowski, G. Angew.
Chem., Int. Ed. Engl. 1986, 25, 932. von Kiedrowski, G.; Wlotzka, B,;
Helbing, J. Angew. Chem., Int. Ed. Engl. 1989, 28, 1235,

(4) Visscher, J.; Bakker, C. G.; van der Woerd, R.; Schwartz, A. W.
Science 1989, 244, 329.

(5) (a) Hong, J.-I; Feng, Q.; Rotello, V.; Rebek, J., Jr. Science 1992, 255,
848. (b) Nowick, J. S.; Feng, Q.; Tjivikua, T.; Ballester, P.; Rebek, J., Jr.
J. Am. Chem. Soc. 1991, []3, 8831.
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Figure 1. Thermodynamic cycle.

essential features of the DNA polymerization reaction, we have
developed a template-directed reaction in which the irreversible
coupling step is preceded by an equilibrium between the transiently
coupled and uncoupled substrates.® This equilibrium allows the
thermodynamics of substrate—template association to direct
product formation.

3’-Allyl-3’-deoxythymidine® was incorporated through solu-
tion-phase synthesis® at the 3’-terminus of a DNA trimer and
5’-amino-5’-deoxythymidine!%!! via solid-phase synthesis'? at the
5’-end of a separate trimer. The aldehyde was unmasked by
oxidation of the allyl group with OsO, and NalQO,.!> The trimers
were synthesized and allowed to equilibrate’ with their imine
hexamer product, 1, under aqueous conditions, both in the absence
and presence of the complementary hexamer template. The

reactants, template, and product can be assigned to a thermo-
dynamic cycle (Figure 1) where the DNA association equilibria
were estimated from literature data for the corresponding all-
phosphate-linked oligomers:!* K, = 0.8 (DNA ternary com-
plex);'*!3 Ky = 5 X 10° (DNA duplex); K, = 107 (imine con-

(6) Chow, S. A,; Vincent, K. A; Ellison, V.; Brown, P. O. Science 1992,
255,723. Cech, T.R. Proc. Natl. Acad. Sci. U.S.A. 1986, 83, 4360. Terfart,
A.; von Kiedrowski, G. Angew. Chem., Int. Ed. Engl. 1992, 31, 654.

(7) Sheeran, D. J.; Mertes, K. B. J. Am. Chem. Soc. 1990, 112, 1055.
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