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Phenylphosphonate 1 was synthesized in five steps from triethyl 
phosphite and methyl 5-bromopentanoate.18 Phosphonate 1 was 
coupled to the carrier proteins bovine serum albumin (BSA) and 
keyhole limpet hemocyanin (KLH) in dilute aqueous HCl, pH 
5.0, with l-ethyl-3-(3-(dimethylamino)propyl)carbodiimide, 
followed by exhaustive dialysis against aqueous 10 mM phosphate, 
150 mM NaCl buffer, pH 7.4. Quantitation of the hapten/carrier 
ratio afforded ratios in the range 15:1. BALB/c mice were im
munized with the KLH-phosphonate conjugate emulsified in 
complete Freund's adjuvant. A fusion with Sp2/0 myeloma as 
the fusion partner was performed by the standard methods,1 and 
13 IgG's were purified from ascitic fluid by affinity chromatog
raphy on protein A-coupled Sepharose 4B1 and dialyzed ex
haustively against reaction buffer (20 mM Tris-HCl, 20 mM 
NaCl, pH 8.5). The homogeneity of antibodies was determined 
by HPLC.19 

The rates of hydrolysis of phenylacetate 2 in the presence (k^) 
and absence (/cuncat) of antibody were determined at 35 °C, pH 
8.5.20 Of the 13 antibodies isolated, five (38%) were found to be 
catalytic. Lineweaver-Burke analyses of the antibody-catalyzed 
reactions afforded values of kat between 0.3 and 18.8 min"1 and 
Km values between 157 and 534 ^M. The fact that a high per
centage of those antibodies isolated were catalytic may reflect that 
the tetrahedral phosphonate is a dominant structural and recog
nition element of this simple hapten. The IgG 20G9 has a k^ 
of 18.8 min"1 and a Km of 157 ^M, which corresponds to a rate 
constant enhancement factor of 14700 over the uncatalyzed re
action.20 A K1 of 39 nM for phosphonate 1 was determined from 
Henderson plots21 at 60 and 168 nM 2 for this antibody. 

Antibody-containing micellar solutions were formed by injecting 
an aqueous antibody stock solution into an isooctane solution of 
50 mM bis(2-ethylhexyl)sodium sulfosuccinate (AOT)/water.23 

Antibody-catalyzed hydrolysis of 2 by the antibody 20G9 was 
observed at Wo values between 21 and 31 (Figure 1), which is 
consistent with the Wo values forming the highest concentrations 
of reverse micelles as judged by UV absorbance. At a Wo of 23, 
Lineweaver-Burke analysis of the 20G9-catalyzed reaction af
forded a fccat of 3.89 min"1 and a Km of 569 /xM. While these 
results demonstrate retention of antibody activity in an isooctane 
bulk solution, detailed comparisons of catalytic rates in aqueous 
buffer and reverse micelles are complicated by the unknown pH 
and substrate concentrations inside the micelles. The changes in 

(18) Methyl 5-bromovalerate and triethylphosphite were heated to reflux 
for 14 h, and the resulting product was distilled to afford the phosphonate 
triester. The ester was hydrolyzed with concentrated HCl (100 0C), con
centrated in vacuo, and converted to the acid chloride by treatment with 
thionyl chloride at reflux. The acid chloride was purified by distillation and 
subsequently converted to the phenyl triester by treatment with phenol (150 
0C, 4 h). The ester was chromatographed on silica gel (Merck 60, 7:3 
ether/hexanes) and subsequently hydrolyzed with 0.1 M aqueous NaOH (100 
0C, 12 h). The reaction mixture was cooled, neutralized, applied to a 
DEAE-Sephadex column (HCO3" form), and eluted with a linear gradient 
of 0.0-1.0 M triethylammonium bicarbonate, pH 7.8. The phenylphosphonic 
acid was concentrated in vacuo, applied to a Dowex 50 (Li+ form) column, 
and eluted with water to afford analytically pure hapten. 

(19) Antibody was eluted from an ABX column (7.75 X 100 mm; J. T. 
Baker) with a linear gradient of 25 mM (2-[Ar-morpholino]ethanesulfonate 
(pH 5.7) to 1.0 M sodium acetate (pH 7.0) at 1.0 mL/min over 30 min. 

(20) Initial rates were determined spectroscopically (270 nm) at pH 8.5 
and 35 "C. Reactions were initiated by adding 50 iiL of a 8.6 ^M antibody 
stock solution to 1000 y,L reaction buffer. Substrate concentrations (1% DMF 
final concentration) were determined spectroscopically (264 nm) and ranged 
from 42 jiM to 1.40 mM. The uncatalyzed rate was determined between 5 
and 40 mM Tris-HCl buffer concentrations (pH 8.5, 35 "C) and extrapolated 
to zero Tris-HCl, affording a value of km of 1.28 X 10"3 min"'. Protein 
concentrations were determined via bicinchoninic acid method22 and compared 
to a standard bovine IgG solution. 

(21) Henderson, P. J. F. Biochem. J. 1973, 135, 101. 
(22) Smith, P. K.; Krohn, R. I.; Hermanson, G. T.; Mallia, A. K.; Gartner, 

F. H.; Provenzano, M. D.; Fujimoto, E. K.; Goeke, N. M.; Olson, B. J.; Klenk, 
D. C. Anal. Biochem. 1985, 150, 76. 

(23) Antibodies were solubilized in micelles by either (a) adding 3.5 ^L 
of a 185 MM stock antibody solution (20 mM NaCl, 20 mM Tris-HCl, pH 
8.5) to 1000 ML of an isooctane solution containing 280 uM 2, 50 mM AOT, 
and the appropriate concentration of water to yield Wo values between 11 and 
36 or (b) adding 10 iiL of a 70 MM stock antibody solution to 1000 /iL of an 
isooctane solution containing 10 ixL of water, 50 mM AOT, and varying 
concentrations of substrate. 

Km and fccat may also reflect the increased solubility of phenyl
acetate in isooctane relative to water (partition coefficient is 7), 
resistance to mass transfer across micellar boundaries, and/or 
possible changes in antibody structure within reverse micelles. 
Interestingly, spontaneous hydrolysis of phenylacetate 2 was not 
observed in reverse micelles containing buffer, a noncatalytic 
antibody, or hapten-inhibited catalytic antibody. 

In conclusion, we have demonstrated that a catalytic antibody 
retains activity when solubilized within reverse micelles. Optimal 
antibody activity was observed at a Wo value of 28, consistent 
with the increased molecular weight of IgG molecules. Because 
the structures of antibodies are highly conserved, it is likely that 
most catalytic antibodies will also be active in reverse micelles. 
The ability of antibodies to function in reverse micelles should 
significantly expand the versatility of antibodies in catalysis. 
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Evidence has been presented during this last decade for the 
formation of iron-carbene and iron-a-alkyl complexes during the 
oxidation or reduction of several substrates by cytochrome P-450.1 

Model porphyrin complexes containing these iron-carbon bonds 
have been prepared and completely characterized.1,2 The in
termediate formation of such complexes has been recently pos
tulated to interpret the hydrogen-deuterium exchange observed 
during fra/«-l-D-propene epoxidation by a rabbit liver cytochrome 
P-450 (Scheme I).3 

Metallacyclic species of type A have also been proposed as 
i i 

possible intermediates in the formation of Fe—O—C—C—N 
iV-alkylporphyrins of type C during oxidation of terminal alkenes 
by cytochrome P-450 and heme models.4 The mechanism pos
tulated in Scheme I involves the /3-hydroxy-carbene complex B 
as a key intermediate that can form a-alkyl complex A by in
tramolecular protonation at the carbenic carbon in a reversible 
process. These reactions have so far no precedent in the iron-
porphyrin chemistry and raise several questions: (i) is it possible 
to prepare porphyrin-iron-carbene complexes with an oxygen atom 
in the /3-position? (ii) are they transformed into <r-alkyl complexes 

i i 

by protonation? and (iii) do they lead to Fe—O—C—C—N 

(1) Mansuy, D. Pure Appl. Chem. 1987, 59, 759-770. 
(2) (a) Brothers, P. J.; Collman, J. P. Ace. Chem. Res. 1986,19, 209-215. 

(b) Setsune, J. I.; Dolphin, D. Can. J. Chem. 1987, 65, 459-467. 
(3) Groves, J. T.; Avaria-Neisser, G. E.; Fish, K. H.; Imachi, M.; Kuc-

zkowski, R. L. J. Am. Chem. Soc. 1986, 108, 3837-3838. 
(4) (a) Ortiz de Montellano, P. R. Annu. Rep. Med. Chem. 1984, 19, 

201-211. (b) Mashiko, T.; Dolphin, D.; Nakano, T.; Traylor, T. G. J. Am. 
Chem. Soc. 1985, 107, 3735-3736. (c) Collman, J. P.; Hampton, P. D.; 
Brauman, J. I. J. Am. Chem. Soc. 1986, 108, 7861-7862. (d) Mansuy, D.; 
Devocelle, L.; Artaud, I.; Battioni, J. P. Noun. J. Chim. 1985, 9, 711-716. 
(e) Artaud, I.; Devocelle, L.; Battioni, J. P.; Girault, J. P.; Mansuy, D. J. Am. 
Chem. Soc. 1987, 109, 3782-3783. (f) Traylor, T. G.; Nakano, T.; Miksztal, 
A. R.; Dunlap, D. E. J. Am. Chem. Soc. 1987, 109, 3625-3632. 
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metallacyclic complexes? 
This paper reports the first preparation of porphyrin-iron-a-

ketocarbene complexes which contain an oxygen atom in the 
0-position of the carbenic carbon, upon reaction of Fe(II)-
porphyrins with iodonium ylids or diazoketones, as well as some 
properties of these complexes. 

Two types of precursors of a-ketocarbenes, the diazoketone I5 

and the iodonium ylid 7,6 were found to react with Fe(II) por
phyrins leading to an almost quantitative formation of the iron-
carbene complexes 2 and 8. Complex 2 was prepared by reaction 
of 10 equiv of 1 with Fe"(TpClPP)7 in CH2Cl2 at room tem
perature under argon and exhibited UV-vis (411, 520, and 545 
nm) and 1H NMR data (8.48 ppm, 8 H, s, pyrroles; 7.92, 4 H, 
7.79, 4 H and 7.64, 8 H, meso-phenyls; 7.05, 6.65, and 4.45 phenyl 
ligand, and -2.48, 3 H, s, CH3) which were characteristic of 
diamagnetic low-spin (TpClPP)Fe'^-carbene complexes.8 These 
spectroscopic data as well as the elemental analysis (C, H, N, Cl) 
and mass spectrum (m/e = 937, M + - I , 10%; 806, Fe(TpClPP), 
100%) of 2 were in complete agreement with the structure in
dicated in Scheme II. Complex 2 was stable at room temperature 
in deaerated CH2Cl2 but was transformed within a few minutes 
and almost quantitatively into the protonated /V-alkylporphyrin 
4 upon addition of a few equivalents of dry and deaerated CF3-
CO2H (Scheme II). Oxidation of 2 by 10 equiv of Br2 in CH2Cl2 

at -40 0C in the presence of sodium dithionite led rapidly to the 
iron(II)-./V-alkylporphyrin complex 6 (yield about 50%) as shown 
by its characteristic UV-vis spectrum (455, 468 sh, 574, 619, 676 
nm) which gave 4 upon acidic demetalation. Compound 4 was 
isolated from the reaction of 2 with CF3COOH, transformed into 
its Zn11Cl complex, and completely characterized by UV-vis and 
1H NMR spectroscopy, mass spectrometry, and elemental analysis 
(C, H, N).9 

Scheme III 
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Formation of 4 by reaction of 2 (formally a Fe IV=C(CH3)-
COPh complex) with CF3COOH could be due to a protonation 
of its Fe=C—C=O moiety leading to the <r-vinyl-Fe(IV) com
plex 3 whose analogues are well known to undergo migration of 
the (r-ligand to a pyrrole nitrogen10 with formation of a complex 
of type 6. This Fe(II) complex should readily demetalate in the 
presence of CF3COOH in excess leading eventually to 4. For
mation of 6 upon oxidation of 2 by Br2 could be explained by 
analogy to what was shown for the oxidation of the vinylidene 
carbene complex (TPP)Fe=C=C(pClC6H4)2

n with the in
volvement of the bridged carbene complex 5 which would be less 
stable than that derived from (TPP) Fe=C=C(pClC6H4)2 , its 
iron-carbon bond being more easily protonated to give a ferric 
complex of 4. As our reactions were performed in the presence 
of dithionite, this ferric complex should be reduced very rapidly 
to the more stable ferrous complex 6. In fact, satisfactory yields 
for Br2 oxidation of 2 into 6 were only obtained in the presence 
of dithionite. This result is consistent with the instability of ferric 
complexes of /V-alky!porphyrins'2 and the relative stability of the 
corresponding ferrous complexes. 

Reaction of Fe"(TPP)7 with 2 equiv of 7 in CD2Cl2 at -40 0C 
quantitatively led to complex 8 which exhibited UV-vis (414, 512, 
and 538 nm) and 1H NMR data in complete agreement with a 
diamagnetic Fe(II)-carbene structure (in particular, one singlet 
for Hpyrr at 8.51 ppm and two singlets at -0.06 and -1.08 for the 
CH3 and CH2 protons of the carbene ligand). Complex 8 was 
stable only below -30 0C. Its reactions with different acids such 
as HCl or CF3COOH at -40 0C only led to the formation of 
Fe(TPP)(X). However, its treatment by 2 equiv of Br2 in CH2Cl2 

at -40 °C led to the formation of the metallacyclic complex 12 
(30%) which exhibited, after purification, a 1H NMR spectrum 
identical with that of an authentic sample prepared as described 
previously.13 

Coming back to the questions raised in the introduction, the 
aforementioned results provide the following answers. First, 
porphyriniron-a-ketocarbene complexes can be prepared by two 
new techniques with either a diazoketone or an iodonium ylid. 
Second, these complexes exhibit a great propensity to undergo 
a migration of their carbene moiety to a pyrrole nitrogen. This 
may occur by simple protonation as in the case of complex 2, 
presumably via a o--alkyl-Fe(IV) intermediate (Scheme II). This 
reaction is the first indirect evidence for the passage from an 
iron-carbene to an iron-<x-alkyl complex by protonation.14 Third, 

(5) Regitz, M.; Menz, F. Chem. Ber. 1968, !01, 2622-2632. 
(6) Karele, B.; Neilands, O. Zh. Org. Khim. 1968, 4, 1818-1822. 
(7) TPP and TpClPP are used for the dianions of mesotetraphenyl-

porphyrin and mesotetraparachlorophenylporphyrin. 
(8) (a) Mansuy, D. Pure Appl. Chem. 1980, 52, 681-690. (b) Battioni, 

J. P.; Dupre, D.; Guerin, P.; Mansuy, D. J. Organomet. Chem. 1984, 265, 
53-64. 

(9) m/e 983 (35%, M+ - 1), 949 (20%, M+ - Cl), 814 (100%, Zn-
(TpClPP)); 1H NMR (CDCl3) pyrrole H, 8.98 (1 H), 8.7 (1 H), 8.87 (1 H), 
8.82 (1 H), 8.87 (1 H), 8.84 (1 H), 8.42 (1 H), 7.97 (1 H), (4 AB systems 
J = 4.5); o-phenyl H 8.3 (1 H, d, J = 7.5), 8.06 (1 H, d, J = 7.5), 8.15 (2 
H, d, J - 7.5), 7.62 (2 H, d, J = 7.5), 7.7-7.85 (2 H); m-phenyl H 7.93 (4 
H, d, J = 7.5), 7.7-7.85 (4 H); chain H -2.15 (1 H, q, J = 6), -3.3 (3 H, 
d, J = 6), 5.82 (2 H, d, / = 7.5), 6.78 (2 H, t, J = 7.5), 7.15 (1 H, t, J = 
7.5). 

(10) (a) Mansuy, D.; Battioni, J. P.; Dupre, D.; Sartori, E.; Chottard, G. 
J. Am. Chem. Soc. 1982,104, 6159-6161. (b) Balch, A. L.; Renner, M. W. 
J. Am. Chem. Soc. 1986, 108, 2603-2608. 

(11) (a) Chevrier, B.; Weiss, R.; Lange, M.; Chottard, J. C; Mansuy, D. 
J. Am. Chem. Soc. 1981,103, 2899-2901. (b) Olmstead, M. M.; Cheng, R. 
J.; Balch, A. L. Inorg. Chem. 1982, 21, 4143-4148. (c) Mansuy, D.; Battioni, 
J. P.; Lavallee, D. K.; Fischer, J.; Weiss, R. Inorg. Chem. 1988, 27, 
1052-1056. 

(12) (a) Balch, A. L.; La Mar, G. N.; Latos-Grazynski, L.; Renner, M. 
W. Inorg. Chem. 1985, 24, 2432-2436. (b) Lavallee, D. K. The Chemistry 
and Biochemistry of N-substituted porphyrins. VCH Publishers: New York, 
1987. 

(13) Battioni, J. P.; Artaud, I.; Dupre, D.; Leduc, P.; Akhrem, I.; Mansuy, 
D.; Fischer, J.; Weiss, R.; Morgenstern-Badarau, I. J. Am. Chem. Soc. 1986, 
108, 5598-5607. 
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oxidation of carbene complexes 2 and 8 also leads to iron-TV-
alkylporphyrins, the formation of 12 from 8 giving a first example 

i i 

of passage from a carbene to a Fe—O—C—C—N metallacyclic 
complex. These reactions could occur via high-valent interme
diates, formally Fe(V)=CRR' complexes, such as 9. A priori 
there are two possible evolutions of these complexes. The first 
one (a) could be a reductive elimination leading to ferric bridged 
carbene complexes such as 5 or 10 followed by a heterolytic 
cleavage of their Fe-C bonds. The derived enolate anion (such 
as 11) should be more stable in the case of ll16 and more prone 
to form a Fe-O bond to give 12. In that regard, it is noteworthy 
that the Zn(II) complex of 4 exists as a nonmetallacyclic /3-
ketcHV-alkylporphyrin.9 The second possible evolution (b) could 
be an isomerization leading to four-membered metallacyclic in
termediates analogous to A followed by migration of the a ligand 
to a pyrrole nitrogen giving eventually five-membered metallacyclic 
complexes such as C or 12. Mechanism (b) should have led from 
2 to a metallacyclic complex analogous to 12 but not to 6 as it 
was found. However, it is still difficult to conclude between paths 
(a) and (b) as we do not know the relative stabilities, under the 
reaction conditions, of 12 and of the corresponding metallacyclic 
complex which could be derived from 2. 

Finally, formation of 2 from a diazocompound and its trans
formation into a /V-alkylporphyrin are first evidences for reactions 
recently postulated for /V-vinylheme formation upon cytochrome 
P-450-dependent oxidation of a sydnone.15 

(14) A recent result1 lc describing the passage from the vinylidene complex 
Fe[TPP] [C=C(pClC6H4)2] to N—CH=C(pClC6H4)2TPPH by acidic 
treatment could be also interpreted by a similar mechanism involving a Fe(IV) 
intermediate. 

(15) Ortiz de Montellano, P. R.; Crab, L. A. J. Am. Chem. Soc. 1986,108, 
5584-5589. 

(16) Battioni, J. P.; Artaud, I.; Dupre, D.; Leduc, P.; Mansuy, D. Inorg. 
Chem. 1987, 26, 1788-1796. 
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The construction of /3-glycosides has been a long standing 
problem in oligosaccharide synthesis.1 Most of the methods 
developed to date rely on SN2 displacement of glycosyl halides 
at the anomeric carbon and apply only to a limited set of sub
strates. For instance, while /3-linkages to sugar derivatives con
taining an equatorial C-2 acetoxy (or benzoyloxy) group can be 
made relatively easily (Scheme I),2 it is extremely difficult to form 
/3-linkages to many other sugars, including mannose and rhamnose 
derivatives (where the C-2 hydroxyl is axial) and all 2-deoxy 
sugars.3 Because many biologically important oligosaccharides 
contain /3-linkages to these sugars,4 more general strategies are 

(1) See: Paulsen, H. Angew. Chem., Int. Ed. Engl. 1982, 21, 155. 
(2) (a) Koenigs, W.; Knorr, E. Ber. 1901, 34, 957. (b) Pougny, J. R.; 

Nassr, M. A. M.; Naulet, N.; Sinay, P. Nouv. J. Chim. 1978, 2, 389. (c) 
Hanessian, S.; Banoub, J. Carbohydr. Res. 1977, 53, C13. (d) Mukaiyama, 
T.; Murai, Y.; Shoda, S. Chem. Lett. 1981, 431; 1983, 935. (e) Schmidt, R. 
R.; Grundler, G. Angew. Chem., Int. Ed. Engl. 1983, 22, 776. (f) Nicolaou, 
K. C; Dolle, R. E.; Papahatjis, D. P.; Randall, J. L. J. Am. Chem. Soc. 1984, 
106, 4189. (g) Dolle, R. E.; Nicolaou, K. C. J. Am. Chem. Soc. 1985, 107, 
1695. (h) Nicolaou, K. C; Randall, J. L.; Furst, G. T. J. Am. Chem. Soc. 
1986, 108, 5556. 

(3) (a) Srivastava, V. K.; Schuerch, C. Carbohydr. Res. 1980, 79, C13. 
(b) Warren, C. D.; Auge, C; Laver, M. L.; Suzuki, S.; Power, D.; Jeanloz, 
R. W. Carbohydr. Res. 1980, 82, 71. (c) Paulsen, H.; Lockhoff, O. Chem. 
Ber. 1981,114, 3102. (d) Paulsen, H.; Lorentzen, J. P. Carbohydr. Res. 1984, 
133, Cl. 
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necessary. Preliminary results on a radically new method for 
constructing /3-glycosides are presented below. 

The method relies on generating an alkoxy-substituted radical 
at the anomeric carbon of a sugar. Previous work has shown that 
hydrogen atoms delivered to unsubstituted anomeric sugar radicals 
end up axial in the products, suggesting the anomeric radicals 
prefer to be axial in order to maximize overlap with the lone pair 
of the ring ether oxygen.5 However, the corresponding alkoxy-
substituted sugar radicals have never been studied.6 We rec
ognized that if the hydrogen still ended up axial when an alkoxy 
substituent was present, the product would be a /3-glycoside. 

A priori it is difficult to predict the stereochemical outcome 
in such a case because anomeric alkoxy substituents also prefer 
to be axial.7 However, the question is not simply whether the 
radical or the alkoxy group is more stabilized by orbital overlap 
with the ring oxygen, because the exocyclic alkoxy group may also 
help stabilize the radical. Moreover, it is not clear to what extent 
hydrogen atom delivery to such a system is affected by steric 
interactions. To complicate matters further, recent ESR studies 
show that anomeric radicals in sugars can exist in either a boat, 
chair, or half chair conformation depending on the structure of 
the parent carbohydrate.8 It is not known what effect, if any, 

(4) E.g. calicheamicin and esperamicin. See: (a) Golik, J.; Clardy, J.; 
Dubay, G.; Groenewold, G.; Kawaguchi, H.; Konishi, M.; Krishnan, B.; Oh-
kuma, H1; Saitoh, K.; Doyle, T. J. Am. Chem. Soc. 1987, 109, 3461. (b) 
Golik, J.; Dubay, G.; Groenewold, G.; Kawaguchi, H.; Konishi, M.; Krishnan, 
B.; Ohkuma, H.; Saitoh, K.; Doyle, T. J. Am. Chem. Soc. 1987, 109, 3462. 
(c) Lee, M. D.; Dunne, T. S.; Siegel, M. M.; Chang, C. C; Morton, G. O.; 
Borders, D. B. J. Am. Chem. Soc. 1987,109, 3464. (d) Lee, M. D.; Dunne, 
T. S.; Chang, C. C; Ellestad, G. A.; Siegel, M. M.; Morton, G. 0.; McGahren, 
W. J.; Borders, D. B. J. Am. Chem. Soc. 1987, 109, 3466. 

(5) Descotes, G. J. Carbohydr. Chem. 1988, 7, 1. 
(6) Relative rates of hydrogen atom abstraction from cyclic and acyclic 

acetals and orthoformates have been measured by using an ESR technique, 
(a) Brunton, G.; Ingold, K. U.; Roberts, B. P.; Beckwith, A. L. J.; Krusic, P. 
J. J. Am. Chem. Soc. 1977, 99, 3177. (b) Malatesta, V.; Ingold, K. V. / . Am. 
Chem. Soc. 1981, 103, 609. (c) Beckwith, A. L. J.; Easton, C. J. J. Am. 
Chem. Soc. 1981, 103, 615. (d) Griller, D.; Howard, J. A.; Marriot, P. R.; 
Scaiano, J. C. J. Am. Chem. Soc. 1981,103, 619. (e) Athelstan, L.; Beckwith, 
J.; Brumby, S. J. Chem. Soc, Perkin Trans. 2 1987, 1801. 

(7) (a) Lemieux, R. U.; Chu, N. J. Abstr. Pap. Am. Chem. Soc. 1958,133, 
3IN. (b) Zefirov, N. S.; Shekhtman, N. M. Russ. Chem. Rev. 1971, 40, 315. 
(c) Lemieux, R. U.; Koto, S. Tetrahedron 1974, 30, 1933. (d) Anomeric 
Effect, Origin and Consequences; Szarek, W. A., Horton, D., Eds.; ACS 
Symposium Series 87; American Chemical Society: Washington, DC, 1979. 
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