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Table II. Oxygenative Radical Cyclization®

entry halide product (%)
~~ ~111
/~Z"Ph " ~Ph R =Ph 74%
;b OY\] E : Eh ° ‘\ R=H 84%
R R R =Ph:87% trans
OH
N
s <:\/\/\COOM9 A~COoOMe
1

on 69% o
A~ A~_OH x OH A~OH
! 38% 24%

2Dry air was bubbled for 5-24 h into a mixture of an iodide and
Bu,SnH in 0.2 M toluene at 0 °C (12 °C in entries 2 and 4). ®Under
ultrasound irradiation.

of the alcohol formation is low (entries 3 and 7), steric hindrance
at the carbon bearing the halide atom poses little problem. For
instance, conversion of a tertiary halide to a tertiary alcohol can
be achieved in excellent yield (cf. entry 6). (2) While the re-
giochemistry of the hydroxylation is yet to be salved,!* the olefin
geometry of the allylic halide is maintained (>99%, cf. entries
1,2, and 4). This is an advantage of the low-temperature con-
ditions: the oxygenation of the 100% Z-allylic halide in entry 2
at 95 °C proceeded with loss of the stereochemistry (61% E-allylic
alcohol).’* (3) The present reaction tolerates a wide range of
functional groups. Figure 1 illustrates the examples of the con-
version of an iodo lactone and a Boc-protected 3-iodo amine to
the corresponding alcohols without affecting the neighboring
functional groups.

The aerobic conversion of halides to alcohols provides an es-
pecially powerful synthetic strategy for intramolecular radical
cyclization (Scheme II). Thus, bubbling air into a mixture of
Bu;SnH (2.1-2.5 equiv) and an olefinic iodide (A) at 0-12 °C
gave the cyclization product B in good yield (Table IT). Despite
the presence of several competitive reaction pathways, the reaction
gave the cyclization product as a single predominant product,
together with small amounts (5-20%) of the uncyclized product
C and/or reduced product D. Unlike the conventional reductive
cyclization (A — D),' which generates one ring at the expense
at two functional groups (halogen and olefin), the present oxy-
genative cyclization (A — B) generates a ring and a hydroxy
group.!6”  In light of this functional group economy, good
chemoselectivity (cf. Figure 1), and procedural simplicity, the
present reaction will add to the versatility of radical-based ring
formation strategies.
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The catalytic uses of rhodium(II) carboxylates and rhodium(II)
carboxamides for intramolecular carbon-hydrogen insertion re-
actions of diazo esters and diazo ketones has made possible the
synthesis of y-lactones and cyclopentanones with high regio- and
diastereoselectivity and in moderate to high yield.!™ With few
exceptions,*’ these reactions exhibit an overwhelming preference
for five-membered-ring formation and, where insertion can occur
at more than one C-H bond, conformational preferences as well
as electronic influences appear to govern regioselection.® In
contrast, copper catalysts have not shown similar suitability for
carbon-hydrogen insertion reactions,’” and dirhodium(II) com-
pounds are now recognized to be the catalysts of choice for these
transformations.

We have recently reported that chiral dirhodium(11) carbox-
amides are remarkably effective catalysts for asymmetric intra-
molecular cyclopropanation reactions of allyl diazoacetates.® The
design of these catalysts, in particular dirhodium(II) tetrakis-
[methyl 2-pyrrolidone-5(S)-carboxylate], Rh,(5S-MEPY),, and
its enantiomeric form, Rh,(SR-MEPY),, with their cis orientation
for the two nitrogen donor atoms on each rhodium,’ is particularly
suitable for highly enantioselective intramolecular transformations.
For comparison, chiral dirhodium(ll) carboxylates, whose ar-
chitecture places the chiral center perpendicular to the rhodium-
carbene bond axis, have recently been reported to catalyze in-

! Visiting research associate: N. D. Zelinsky Institute of Organic Chem-
istry, Moscow, USSR,
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Table I. Enantioselectivities of Rhy(MEPY),-Catalyzed Carbon—-Hydrogen Insertion Reactions

lactone R R’ catalyst yield, % [a]3p, deg eel % confign
2a CH,0 H Rh,(55-MEPY), 62 (40) -58.6 91 S
Rhy(SR-MEPY), 73 (56) +58.7 91 R
2b CH,CH,0 H Rhy(5S-MEPY), 64 (49) -59.1 89 S
Rhy(5R-MEPY), 63 (42) +58.7 89 R
2 PhCH,0 H Rh;(5S-MEPY), 64 (49) -47.2 87 s
Rh,(5R-MEPY), 69 (45)° +46.8 87 R
2d¢ CH,0 CH;, Rh,(55-MEPY), 68 (38) +27.4 56 S
Rh,(SR-MEPY), 70 (53) -28.3 57 R
2 PhCH,0 CH, Rhy(5S-MEPY), 85 (45) +34.6 51 s
2f Ph H Rh,(5S-MEPY), 42 (24) -23.0 46 R
Rh;(SR-MEPY), 34 (24) +22.5 45 S

“Yield of product following chromatographic separation of catalyst and, in parentheses, product yield after distillation (295% homogeneous).
Reactions were performed on a 1-2-mmol scale, and yields have not been optimized. ®Reported values were determined through enantiomer sepa-
rations on a Chiraldex y-cyclodextrin trifluoroacetate column (2a-d and 2f). Specific rotations for 2a, 2¢, and 2f'* confirmed chromatographic
determinations; 2¢ was hydrogenolyzed to 3 ([a]®’p = -67.9° (¢ = 1.44, EtOH) relative to enantiomerically pure 3, [a«]?p = 88.9° (¢ = 1.36,
EtOH)'?), and 3 was converted to 2a ([«]?’p = -56.0° (c = 1.55, EtOH) for 87% ee). Hydrogenolysis of 2e yielded 3, [a]?*, = -5.66° (¢ = 1.52,
CHCl,) relative to enantiomerically pure 3, [«]®p = -11° (¢ = 1.5, CHCI,).!*® For 2d, chiral NMR shift reagent Eu(tfc); gave base-line separation
of a-methylene protons. ¢Recrystallization from ethanol gave 2¢c with 95% ee. ¢The product mixture prior to purification contained 4% of the

product from C-H insertion into the methyl group R’,

tramolecular C-H insertion reactions of a-diazo $-keto esters!®
and an a-diazo B-keto sulfone!! to form 3-substituted cyclo-
pentanone derivatives with enantiomeric excesses ranging from
10 to 46%. We now report the significant enhancement in en-
antioselection that can be achieved with chiral dirhodium(II)
carboxamides.

The suitability of Rhy(5S-MEPY), and Rh,(SR-MEPY), for
enantioselective intramolecular C-H insertions is exemplified in
the results (Table I) from preliminary experiments with a series
of 2-alkoxyethyl diazoacetates 1a—e and 2-phenethyl diazoacetate
(1f). Slow addition (5-6 h) of 1a-f to a solution of the chiral
Rh,(MEPY), catalyst (0.5-1.0 mol %) in refluxing anhydrous
CH,Cl, provided the corresponding 3-substituted y-butyrolactones
(eq 1) in moderate to high yields and with consistently high
enantioselectivities. The exceptional correspondence in enan-
tioselection between enantiomeric dirhodium(II) catalysts defines
their versatility.

o} o}
O)LCHNZ RNZ(MEPY), ;ﬁ
R;R‘ R CHoCh, refux R;R‘ - (1)
1 2

The absolute configurations of 2a and 2¢ were assigned on the
basis of the sign of rotation of the known hydroxy lactone 3 (R’
= H),!? which was formed from 2¢ by hydrogenolysis and con-
verted to 2a by etherification (eq 2, R” = H), and that of 2b is
inferred. Lactone 2d was formed from the known hydroxy lactone

0 o] 0
0 M. 0 M0 -
- PA/C - A0 o
r' oen R oH R oMe

3 2a (R = H)
2¢ (R = CHy)
3 (R’ = Me)"? by a similar procedure, and the absolute config-
uration of 2f has been previously established.!* The major
competing reactions to C-H insertion were the formation of

carbene dimers and azine, and these processes were less pro-
nounced with the Rh,(MEPY), catalysts than with Rh,(OAc),.
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With dirhodium(II) tetrakis[neopentyl 2-pyrrolidone-5(S)-
carboxylate], Rh,(5S-NEPY),, whose bulkier ester group might
be expected to facilitate a higher degree of enantiocontrol, 1d
formed (S)-2d with 66% ee (84% yield), but the formation of
(S)-2a, (S)-2b, and (S)-2¢ occurred with lower enantioselectivities
than with the Rh,(55-MEPY), catalyst: 82% ee (92% yield), 83%
ee (72% yield), and 78% ee (55% yield), respectively. It is
noteworthy that 2f has the configuration opposite to that of 2a—e
when formed from either Rh,(SS-MEPY),4 or Rh,(SR-MEPY),.

Applications with diazo esters that undergo insertion into a C-H
bond vicinal to the incipient chiral center demonstrated further
advantages of this catalytic methodology for asymmetric synthesis.
2,3,4-Trimethyl-3-pentyl diazoacetate (4) formed lactone 5° ex-
clusively (eq 3) in 60% ee (77% isolated yield) with Rh,(5S-
MEPY), and Rh,(S5R-MEPY), and in 70% ee with Rh,(5S-
NEPY), (82% isolated yield)."> Cumyl diazoacetate (6) un-
derwent insertion into the normally disfavored primary C-H bond
to yield lactone 7'¢ in 76% ee (30% isolated yield) with Rh,(5S-
MEPY), (predominantly (R)-7) and Rh,(SR-MEPY), (predom-
inantly (S)-7) and in 79% ee (39% isolated yield) with Rh,(5S-
NEPY), (predominantly (R)-7).!

o] o]
O)LCHNZ Rhol ¢ (o]
— (3)
CHoCly, reflux
4 5
o] o]
OJ\CHNZ Rhol 4 o] @
B ——
H30+ CH, CHoCly, refiux HiC~ )
Ph Ph
6 7

The high degree of enantiocontrol in C-H insertion reactions
with such a diversity of diazoacetates suggests unique advantages
for chiral dirhodium(II) catalysts derived from pyrrolidone-5-
carboxylates. Both lactone enantiomers are accessible from a
single diazo ester, and the absence of byproducts of similar com-
position allows convenient product isolation. Efforts are underway
to determine the utility of these catalysts for the broader clas-
sification of insertion reactions.
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The enzyme-catalyzed hydrolysis of glucosidic bonds, a pivotal
reaction in carbohydrate metabolism,! is thought to involve a
transient, point-charge-stabilized oxocarbonium ion 1 (Scheme
I) whose subsequent processing results in overall retention or
inversion of glucoside stereochemistry. Analogues of this glucosy!
cation have long represented an attractive synthetic target for the
design of potent glucosidase inhibitors.

The transition state leading to 1 involves substantial positive
charge buildup and significant flattening of the substrate’s py-
ranose ring; however, the relative impact of these electrostatic and
conformational changes on enzyme binding remains controversial.
Here we report detailed kinetic studies on several new glucose
derivatives which suggest that the shape, not the charge, of reactive
intermediate 1 is a much more important determinant for binding
to 8-glucosidase.

Most known inhibitors until now have been imperfect structural
mimics of 1. For example, protonated 1-deoxynojirimycin 2 may
simulate the charge of 1 but does not possess the same shape.?
Alternatively D-gluconolactone 3,% its oxime 4,* and the corre-
sponding 5-amino-5-deoxylactam 5° adopt distorted half-chair
conformations which flatten the anomeric region somewhat® but
can only achieve the requisite charge and endocyclic w-electron
density of 1 in minor, dipolar resonance structures. Nevertheless
significant competitive inhibition is observed with 2-5, suggesting
that both conformational and electrostatic factors may be im-
portant in active site binding.

Recently we reported the synthesis of glucose analogue 6, a
highly basic amidine (pK, 10.6) whose structure, shape, and charge
in aqueous solution closely resembled that of cation 1.7 Unlike
2-5, amidine 6 proved to be a potent, broad-spectrum competitive
inhibitor of gluco-, manno-, and galactosidases, an observation
which led us to hypothesize that many glycosidases experience
strong H-bonding, electrostatic and/or other noncovalent inter-
actions with this glycosyl cation mimic.” We now report the
synthesis of amidrazone 7 and amidoxime 8, two novel relatives
of amidine 6 which exhibit enhanced stability at elevated pH. Both
7 and 8 are potent, broad-spectrum glycosidase inhibitors, thus
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adding further support to the above-mentioned hypothesis.?
Moreover their effect on sweet almond 3-glucosidase (3-Glu) casts
a revealing light on the relative importance of electrostatic effects
and conformational changes in the glucosidase transition state.
Following the method for 6, enantiomerically pure 7 and 8 were
synthesized by reacting thionolactam 9 with anhydrous hydrazine
(CH;O0H, 5 °C, 2 h) or hydroxylamine® (CH;OH, room tem-
perature, 14 h), respectively. Compared to 1, amidrazone 7 (73%
yield, pK, = 8.7) was remarkably stable at basic pH (#,, =8 h
at pH 11), while amidoxime 8 (75% yield; pK, = 5.6)!° was
unchanged after several weeks in aqueous base at pH 11.
Glucoamidrazone 7, when assayed against a wide variety of
enzymes, proved in all respects similar to amidine 6. Under
steady-state conditions, 7 competitively inhibited 8-glu with a K|
of 8.4 £ 0.9 uM (p-nitrophenyl-3-D-glucopyranoside as substrate;
37 °C; Ky = 2.1-3.5 mM). Like 6 (K; = 10 £ 2 uM), inhibition
of 8-glu by 7 was pH-independent between 4.6 and 7.0 (Figure
1), suggesting that the protonated amidrazone interacted with the
more dissociated of the two active site carboxyl residues (pK,
values for 8-glu: 4.4, 6.7)."' Glucoamidoxime 8 also exhibited
broad-spectrum inhibition but with pH-dependent behavior (for
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