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Abstract: A series of complexes of the form TpRe(CO)(L)(;?-naphthalene) (Tp = hydridotris(pyrazolyl)-
borate) undergoes tandem electrophile/nucleophile addition reactions with a high degree of regiocontrol
depending on the auxiliary ligand, L. When L = PMes, the reaction of the n?-naphthalene complex with
triflic acid followed by a silyl ketene acetal favors the 1,4-addition product, whereas when L = pyridine,
N,N-dimethylaminopyridine, N-methylimidazole, or NH3 the 1,2-addition product is favored. These reactions
proceed with excellent stereocontrol: both electrophile (H*, D*) and nucleophile (silyl ketene acetal) add
anti to the face of metal coordination, and a single coordination diastereomer can be isolated for each
reaction. One-electron oxidation of the Re complex affords the corresponding free dihydronaphthalene in
good yield.

Introduction droxylation?® and electrophilic addition governed by intramo-

The ability to regio-, stereo-, and enantioselectively manipu- 'ecular hydrogen bonding.
late aromatic substrates for the construction of complex car- A prominent methodology for the dearomatization of naph-
bocyclic ring systems is of considerable interest to synthetic thalenes is the use of chiral oxazolines in promoting the regio-,
chemists. Transition-metal-based methodologies that allow for Stereo-, and enantioselective tandem addition of a nucleophile
this type of manipulation through chiral auxiliary control include Proceeded by an electrophile to generate nonractams 1,2-
electrophilic addition taj-arene complexes of pentaammine- dihydronaphthalené?.In contrast, the pentaammineosmium-
osmium(l1}-2 and the complementary approach of nucleophilic (I1) fragment has been used to coordinate naphthalene and to
addition toz¢-arene complexes of chromidni and manga- promote the tandem addition of an electrophile followed by a
nese31° Two additional methodologies utilize either planar Nucleophile to regio- and stereoselectively genecsel,4-
chiral 78-arene complexé 15 or external chiral ligandé to dihydronaphthalenes.
induce asymmetry. The most common of the non-transition- Many of the aforementioned approaches to dearomatization
metal-based dearomatization methodologies is the Birch reduc-proceed with high regio- and stereocontrol, and the synthesis
tion” and the related “misoriented Birch reductiof.Less of either enantiomer of a desired product can be achieved by
common but noteworthy are methodologies that induce asym- using the appropriate antipode of the chiral auxiliary. However,
metry, which include reductive alkylatidfi,enzymatic dihy- these methods do not provide a simple means of adjusting the

- _ : regiochemistry for the addition sequence. Herein we report the
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Figure 1. Representations of rhenium-bound naphthalene complexes

Table 1. Regioisomeric Ratios and Yields of Dihydronaphthalenes
/ne\ ...... co — ﬁ
‘ CO.Me
MeOZC
method A2 method BP
complex L T(°C) AB GH yield (%) GH yield (%)
0 13:1 29
1 PMe; 20 101 12:1 52 12:1 24
—40 1:15 63
2 pyridine 0 1:7 80
20 13 1:8 89 1:7 66
—-40 1:25 19
3  DMAP { 20 115 110 50
0 1:25 55
4 Melm { 20 15 123 83 116 63
—40 1:7 25
5 NHs { 20 14

aReaction sequence performed in inert atmospHeReaction sequence
performed on benchtop, witk500 mg of metal complex, and blanketed
under dinitrogen.

reaction can be modulated by the choice of L such that either
a 1,2- or 1,4-dihydronaphthalene may be produced as the
dominant product.

Results and Discussion

The complexes TpRe(CO)(lzf-naphthalene)1—5) were
prepared by established methods from theit! Reecursors,
TpRe(L)Br, and were characterized byH and 3C NMR
data?*25 To maximizes-back-bonding interactions, the coor-
dinated double bond orients orthogonally to thef& s bonds

presence of two coordination diastereomeks B) in equilib-

coordination diastereomét.
naphthalene ligand in the complex [Os(Nfy2-naphthalenejt

to give a H-naphthalenium catio??2” Subsequent treatment

(24) Meiere, S. H.; Brooks, B. C.; Gunnoe, T. B.; Carrig, E. H.; Sabat, M;
Harman, W. D.Organometallics2001, 20, 3661.

(25) Brooks, B. C.; Meiere, S. H.; Friedman, L. A.; Carrig, E. H.; Gunnoe, T.
B.; Harman, W. D.J. Am. Chem. SoQ001, 123 3541.

(26) Gunnoe, T. B.; Sabat, M.; Harman, W. Organometallic200Q 19, 728.
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(e.g., silyl enolates, malonate esters, alkyl- and aryllithiums)
followed by oxidative decomplexation yields 1,4-dihydronaph-
thalenegs Initial investigations with rhenium involved the Pile

(4, dr = 10:1) and the Melm4, dr = 1:5) derivatives since
these two complexes exhibit the highest ratios of coordination
26 providing two possible coordination diastereomers (Figure diastereomers, but with opposite preferences (Table 1). Similar
1). In all cases, spin saturation experiments confirmed the to that observed for osmium, when these rheniuraphthalene
complexes were treated with 2.5 equiv of HOTHf, followed by 4
rium, and the diastereomeric ratio (dr) for each system is listed equiv of 1-methoxy-2-methyl-1-trimethylsiloxypropene (MMTP)
in Table 1. For each diastereomer, two rotamers are predicted;and 2 equiv of AQOTf (25C), the formation of dihydronaph-
however, to minimize steric interactions with the scorpionate, thalenes was observed (method A, Table 1). When BMe;,

the unbound ring of naphthalene adopts an orientation over thethe nucleophile prefers to add at C4, yielding the 1,4-dihy-
CO ligand. Thus, only one rotamer is observed for each dronaphthalen& (52%; Scheme 1), analogous to the behavior
of the osmium system. However, when=N-Melm, nucleo-
Previous reports from our laboratories have shown that the philic addition occurs predominantly at C2 to give the 1,2-
dihydronaphthalendd in 83% vyield. Akin to its imidazole

is basic and undergoes protonation at C1 with triflic acid (HOTf) analogue, the pyridine complexfavors coordination diaste-
reomerB, and when this species was subjected to the same
of the IH-naphthalenium species with a variety of nucleophiles sequence of reagents, an 8:1 ratio of 1,2- to 1,4-dihydronaph-
thalenes was obtained in 89% yield. Repeating this reaction
sequence at40 °C improved the ratio to 15:1, but with a slight

(27) Winemiller, W. D.; Kopach, M. E.; Harman, W. 0. Am. Chem. Soc.

1997 119 2096.



Tandem Addition Reactions of Rhenium—Naphthalene ARTICLES
Table 2. Crystal Data and Structure Refinement for Table 3. Selected Bond Distances and Angles for the
C3oH32BN7O3Re (2F) 1,2-Dihydronaphthalene Complex 2F
empirical formula GoH32BN7OsRe Re-C(16) 1.839(3) C(2C(3) 1.482(4)
formula weight 736.64 Re-N(1) 2.140(2)  C(3)}C(4) 1.390(4)
temperature 153(2) K Re—N(5) 2.159(2) C(3)C(8) 1.402(4)
wavelength 0.71073 A Re-N(7) 2.174(2)  C(4)7C(5) 1.389(4)
crystal system monoclinic Re-C(2) 2.188(3) C(5)C(6) 1.372(5)
space group P2(1)lc Re-C(1) 2.211(2) C(6)C(7) 1.383(4)
unit cell dimensions a=14.1407(6) A Re—N(3) 2.241(2) C(7)C(8) 1.390(4)
b=11.5859(5) A3 = 99.4720(10) C(1)-C(2) 1.437(4)  C(8)C(9) 1.505(4)
c=18.3748(7) A C(1)—-C(10) 1.523(3) C(9)C(10) 1.523(4)
;0'“”‘9 42969-3(2) A C(16)-Re-N(1)  90.97(10)  C(2yRe-C(1) 38.11(9)

. C(16)-Re—N(5) 92.03(10) C(16yRe—N(3) 173.70(10)
dgns'ty .(Ca'cu"‘#.e‘.’) i-fg‘? mr%ﬁ“ N(1)—Re—N(5) 81.27(8)  C(30yN(7)-Re  122.55(19)
g(ggg)’“o" coefficient e C(16)-Re-N(7)  91.83(10)  C(1}C(2)-Re 71.80(14)
crystal size 0.3% 0.28x 0.16 mm N(1)—Re-N(7) 160.87(8) O(3yC(16)-Re 175.6(2)
instrument Bruker SMART APEX

CCD diffractometer

6 range for data collection 1.4628.29
index ranges —18=<h=<18

—15=<k=14

—17=<1=<24
reflections collected 21877
independent reflections 736R(int) = 0.0254] D-i
completeness t6 = 28.29 99.6% ¢

absorption correction

refinement method
data/restraints/parameters
goodness-of-fit on ¥

final Rindices | > 20(1)]
Rindices (all data)

largest diff. peak and hole

empirical (transmission factors:
0.4921-0.8015)
full-matrix least-squaresFn
7363/0/511
0.985
R1=0.0229, wvR2 = 0.0508
R1=0.0282, wvR2 = 0.0523
1.651 ard.615 eA 3

C=C is orthogonal
to Re-CO bond

|

loss of yield. The DMAP comples also favored 1,2-addition
with a G:H ratio of 1:10. Of note, these reactions can be
performed outside of the glovebox on a scale of 500 mg
(naphthalene complex) with little compromise in selectivity D-iii Nu
(method B, Table 1), but the yields are somewhat diminished,
presumably due to slow oxidation of the rhenium center.

To elucidate the origin of the regioselectivity of these tandem . ) ) .
addition reactions, the complexds-4 were subjected to the and this notion was cor_1f|rmed by observing the products at the
same reaction conditions as before, but the products were@llyl stage where possible. Complexb&/B, 2A/B, and3A/B
isolated prior to oxidation with silver triflate and analyzed by Were each treated witk1 equiv of HOTfin CRCN, generating
14 and13C NMR. Not only were the reactions regioselective, 1C. 2D, and3D, respectively, in situ. ThéH NMR spectra of
but the diastereomeric ratio for each of the tandem addition these cationic intermediates revealed that a single diastereomer
intermediates (Scheme E, F) was much higher (dr 20:1) had formed in each reaction with chemical shifts and splitting
than the dr's of their respective starting materials (Table 1). Patterns consistent with ap*-bound H-naphthalenium spe-
Naphthalene complexes with £ pyridine, DMAP, or Melm  cies?” The °C data for1C (L = PMes) were typical for an
(2A/B, 3A/B, and4A/B) formed 2F, 3F, and4F respectively, ~ #°-allyl complex with bound carbon resonances at 78.2 (C4),
whereas the PMeanalogue IA/B) formed the 14-diny-  73.1(C2), and 72.5 (C3) ppm. However, #%€ NMR spectra
dronaphthalene compleE. The COSY, HSQC, and NOE data  for 2D (L = pyridine) and3D (L = DMAP) displayed bound
for these complexes indicate that the silyl ketene acetal addsally! signals at 71.1/71.6 (C4), 80.5/80.4 (C3), and 105.4/105.4
anti to the metal. Substituting DOTf for HOTf in the reaction (C2) ppm, respectively. The latter values are a significant
sequence generated dihydronaphthalene compleed 2F- departure from typicaj-allyl complexes of rhenium or osmium
d, and4F-d with IH NMR spectra similar to those of their fully (0 ~75¢7 and suggest that C2 may be unusually electrophilic
protonated analogues, save the chemical shift and coupling datadue to a resonance contributor of tfieallyl complex that places
that correspond to the exchanged proton. This observationa double bond orthogonal to the REO s bonds and a positive
confirms that the addition of the electrophile ({®*) occurs charge on C20-iii, Figure 2). Similar behavior was observed
anti to the metal and suggests that the high diastereoselectivityfor the protonatedn-xylene complex of pentaammineosmium-
for the overall reaction is based on the selective protonation of (I1), where 3C NMR data indicated an allylic structure that
oneof the equilibrating naphthalene linkage isomeksof B), approximated dihapto coordination geometr¥his comparison
not the interfacial isomerization (i.e., a face flip) of an allyl would explain the observed preference for complex@s3D,
intermediate C/D; Scheme 1). and4D to undergo nucleophilic attack at C2 rather than at C4,

The above discussion assumes that a single diastereomer foas was observed for tHg pRe(CO)(PMg)} and{ Os(NH;)s}?"
each of the H-naphthalenium intermediate§,(D) dominates, derivatives. Attempts to observe this feature in the putative imi-

Figure 2. Resonance contributors for the naphthalenium spdgies
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012) Table 4. Selected NOE Enhancements, IR, and Electrochemical
, Data
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Figure 3. ORTEP diagram (30% ellipsoids) for the complex of 1,2- aoms
dihydronaphthalen-2-yl)-2-methylpropionic acid methyl esg#)( complex % enhancements veo (cm™) Epa (MV)
Ho—Ha Hs—Ha Hs—Hg
dazole naphthalenium compledD were unsuccessful due to 1C 6 12 10
significant decomposition of this species during data col- 2D ;'S_HA ';3_HA "1%_”3
lection. N _ _ _ 3D 23 19
An additional experiment which confirmed that the naphtha- Hs—Ha  Hsz—Ha  Hy—Hg
lenium was not undergoing an interfacial isomerization was one gE 13 17 ﬁgi 3‘;8
in which the pyridine naphthalenium compl&D, was treated aF 20 o1 1791 220

with several drops of methandlkand observed over time by
IH NMR spectroscopy. Within the first hour (28C), all
naphthalenium protons remained unscrambled, even in the Although z interactions can be invoked in explaining the
presence of the weak base, methanol. Over the next severaktereochemistry and regioselectivity observed for the pyridine,
hours, the proton at C1, oriented anti to the rhenium, slowly DMAP, and Melm intermediates2D, 3D, and 4D), the
exchanged with deuterium while the other proton signals corresponding metal fragments are more electron-rich than the
remained unscathed. The above observations indicate that eveiPMe; system (cf. for naphthalene complexXe¥'B, vco = 1825
in the presence of methanol, a stronger base than acetonitrilecm=1; 2A/B, vco = 1812 cntl; 3A/B, vco = 1808 cntl; 4A/
deprotonation of the naphthalenium occurs on a time scale of B, vco = 1803 cntl) and sterically better for the bound
hours. Thus, the selective protonation of only one naphthalenenaphthalene. In an attempt to differentiate these factors, we
isomeris kinetically controlledunder the conditions used in  examined the case of & ammonia where the metal is most
the tandem addition sequence. electron-rich ¢{co = 1796 cn?), the ligand is least sterically

It is proposed that the origin of the stereoselectivity for the destabilizing, and na stacking interactions are possible €.
overall reaction is a direct result of the exclusive protonation NHs, 5A/B). Unfortunately, the ammonia naphthalene complex
of one of the two naphthalene diastereoméksof B), while could not be isolated free of impurities, and the tandem addition
the regioselectivity is a direct result of the orientation of the sequence was performed on material that w&8% pure (the
1H-naphthalenium intermediate§ @ndD, Scheme 1). Possible  remainder was the precursor complex TpRe(CO){)\-
factors determining these stereochemical and conformationalcyclopentene)). Nevertheless, performing the reaction sequence
preferences likely include the energies of the rhenium d delivered a product mixture in which the 1,2-addition product
orbitals, steric interactions of the naphthalenium ligand with was favored over the 1,4-producs:H 1:7). For comparison,
the ligand set, and/r interactions between L and the unco- theG:H ratio for L = Melm is 1:23; thus, electronic and steric
ordinated ring of the naphthalene. With regard to the last of factors alone cannot account for the high preference for the 1,2-
these factors, X-ray diffraction data for a single crystal of the addition pathway found for = pyridine, DMAP, and Melm.
1,2-addition complex2F (ORTEP diagram shown in Figure Additional data that link the orientation of the naphthalenium
3), suggest a geometry conducivestostacking between the  to the regioselectivity are percent enhancements from 1D NOE
unbound ring of the coordinated naphthalene and the pyridine experiments listed in Table 4. Importantly, NOE percent
ring. Although the two rings are not completely parallel (the enhancements for naphthalenium complex@sand3D (Ha—
angle between plane normals is’23he distance between C(4) Hg4; Hg—Hy) are similar to those fo2F and3F, suggesting that
of the dihydronaphthalene ligand and C(30) of the pyridine is the orientation of the naphthalenium, in these cases, resembles
~3.1 A, and the C(3yN(7) interligand distance is-3.3 A, that of the bound 1,2-dihydronaphthalene product (e2§.,
allowing for considerable interactions. By analogy, itis likely ~ shown in Figure 3). In contrast, NOE data for the trimeth-
that similar interactions are present in the naphthalenium speciesylphosphine analogue differ significantly and fit a model in
(2D, 3D, and4D) in which the unbound ring is directed over which the unbound ring of the naphthalenium extends in the
that of the bound imidazole or pyridine ring. direction of the CO ligandl(C in Table 4). Thus, the orientation

3312 J. AM. CHEM. SOC. = VOL. 124, NO. 13, 2002
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of the naphthalenium ligand appears to directly determine the under a dinitrogen atmosphere using a PAR model 362 potentiostat
regiochemistry of the nucleophilic addition reaction. driven by a PAR model 175 un'iversal programmer. Cyclic voltammo-
Steric factors are likely to play a significant role in the reversal 9rams (CV) were recorded (Kipp and Zonen BD90 XY recorder) at
of regiocontrol experienced with £ PMes. An earlier stud$? 100 mV/s (25°C) in a standard three-electrode cell frem.7 to—1.7
- V with a glassy carbon working electrode, acetonitrile §CN) solvent,
that explored the ability of th¢TpRe(CO)(Melm) fragment .
to bindpsubstituted oIe?‘/ins an% (F:arb(onyl)é deter}mingd that the and tetrabutylammonium hexafluorophosphate (TBAH) electrolyte. All

. ; ) potentials are reported versus NHE (normal hydrogen electrode) using
metal preferentially places bulky substituents in the Melm/CO .y itocenium hexafluorophosphaté 4 = —780 mV) or ferrocene

quadrant followed by the CO/pz quadrant, as is reflected in the (g, , = 550 mv) as an internal standard. Elemental analysis (EA) was
A:B ratio for complex3. It is assumed that the pyridine and  performed with a Perkin-Elmer 2400 Series Il CHNS/O analyzer. All
DMAP fragments would behave similarly, but wherLPMe;, synthetic reactions were performed under a dinitrogen atmosphere in
the corresponding diastereomé, (Table 4) would be unstable  a drybox, except where specified. Acetonitrile and hexanes were purged
as a result of the comparatively bulky phosphine overlapping With nitrogen and purified by passage through a column packed with
with the unbound ring of naphthalene. Thus, forLPMe;, a activated alumin&? Other solvents were used as received from Fisher
different naphthalenium intermediateC, is formed such that Chemicals. Deuterated solvents were used as received from Cambridge
the unbound ring of the naphthalene can avoid the fAigand Isotopes. Other reagents were used as received.

and the pyrazolyl ring trans to the phosphines (H Table 4). 2-(1,2-Dihydronaphthalen-z-yl).-z-meth.ylpropionic Acid M(.athyl.

In this orientation, attack at C4 generates a double bond Ester (G). Method A. An acetonltn_le_ solutlo_n (541 mg) of triflic acid
orthogonal to the ReCO & bonds, and the resulting 1,4- (71 mg, 0.47 mmol) and an acetonitrile solution (522 mg) of 1-methoxy-

. . . 2-methyl-1-trimethylsiloxypropene (MMTP) (106 mg, 0.61 mmol) were
dihydronaphthalene ligand has the unbound ring away from both . 01a4 to —40 °C. The triflic acid solution was added to a vial

the PMe and Hs. containing TpRe(CO)(pyridine)t-naphthalene)ZA/B) (78 mg, 0.12
mmol) at room temperature, followed by addition of the MMTP
solution. The reaction mixture was stirred for 10 min and then treated
A series of complexes of the form TpRe(CO)@¥ with 2,6-lutidine (91 mg, 0.85 mmol). It was allowed to react for 10
naphthalene) reacts with triflic acid and a silyl ketene acetal to min, and then AgOTf (61 mg, 0.24 mmol) was introduced. After 16 h
give either 1,2- or 1,4-dihydronaphthalenes in yields as high as ©f stirring, the reaction mixture_\_/vas add_ed to 50 mL of ;tirring ether
89%. The regiocontrol for this reaction is highly dependent on and filtered through a 2.5 cm silica plug in a 30 mL medium porosity
the nature of L, and a key to this selectivity appears to be the frit. The ether was removed under reduced pressure. The resulting

formation of single H-naphthalenium intermediates and the residue was removed from the inert atmosphere and subjected to
. . g_ p . preparatory TLC using 3:1 hexanes/ethyl acetate. The desired band was
orientation of the ligand with respect to the rhenit@O bond.

. . removed and washed with 25 mL of acetone. The acetone was removed
When the unbound ring of the naphthalenium extends toward py rotary evaporation to afford 25 mg (89%) of a colorless oil with a

L (e.g., pyridine, DMAP, Melm, and NkJ, nucleophilic attack  13:1 ratio of regioisomersH:G) by 'H NMR. (Note The same

at C2 allows the €&C bond of the resulting 1,2-dihydronaph-  conditions can be applied using TpRe(CO)(MelpXtaphthalene A/
thalene to be orthogonal to the REO s bonds, thus maximiz- B) (82 mg, 0.13 mmol) with the appropriate equivalents of reagents to
ing the back-bonding interaction with the dihydronaphthalene. yield 24 mg (83%) of a clear oil with a 23:1 ratio of regioisomers
Alternatively, if the H-naphthalenium orients the unbound ring  (H:G) by *H NMR. The complex TpRe(CO)(DMAP)¢-naphthalene)
toward the carbonyl, a 1,4-addition produces the most stable (3A/B) (142 mg, 0.21 mmol) yields 24 mg (50%) of a clear oil with a
geometry for the product. Still undetermined is whether this 101 ratio of regioisomers{:G) by *H NMR.)

ligand-modulated regiochemistry and high stereocontrol can be ~Method B. An acetonitrile solution (10 mL) of TpRe(CO)(pyridine)-
extended to other types of electrophiles. (n?-naphthalene)2A/B) (507 mg, 0.800 mmol) was cooled to°C

Given the high diastereoselectivity expressed in these Systemsand blanketed with dinitrogen. An acetonitrile solution (3 mL) of triflic
. . . . ., acid (205 mg, 1.36 mmol) (cooled ta’C) was added to the Re complex

the preparatlon of engntlo-enrlched tetralins shquld be .acce55|blqonowed by an acetonitrile solution (3 mL) of MMTP (421 mg, 2.42
by this method, provided that these asymmetric rhenium COreSmmol) (cooled to 0°C). After 15 min of stirring, the solution was
can be resolved and do not undergo racemization under thegjlowed to warm to room temperature, and pyridine (198 mg, 2.50
acidic reaction conditions required. mmol) dissolved in CECN (3 mL) was added to the reaction mixture.
After 15 min of stirring, the reaction mixture was treated with AgOTf
(339 mg, 1.32 mmol) and stirred for 72 h. The solution was then added

General Methods. NMR spectra were obtained on a 500 MHz 0 150 mL of stirring ether and filtered through a 2.5 cm silica plug in
Varian INOVA spectrometer unless otherwise noted. All chemical shifts @ 60 mL medium porosity frit. The ether was removed under reduced
are reported in ppm and are referenced to tetramethylsilane (TMS), Pressure. The resulting residue was subjected to preparatory TLC using
utilizing residual'H or 13C signals of the deuterated solvents as an 9:1 hexanes/ethyl acetate. The desired band was removed and washed
internal standard. Coupling constanf§ ére reported in hertz (Hz). with 25 mL of acetone. The acetone was removed by rotary evaporation
The following abbreviations will be used to discriminate among the to afford 147 mg (80%) of a colorless oil with a 15:1 ratio of
pyrazo|y| rings: COTp7 pyrazo|y| ring trans to CmTp’ pyrazo|y| ring regioisomerslﬂ:G) by 1H NMR. (Note The same conditions can be
trans to naphthalen&Tp, pyrazolyl ring trans to PMeP/Tp, pyrazolyl applied using TpRe(CO)(Melmjt-naphthalene4A/B) (503 mg, 0.79
ring trans to pyridine®Tp, pyrazolyl ring trans to DMAP!™Tp, mmol) with equivalent amounts of reagents to yield 101 mg (55%) of
pyrazolyl ring trans tdN-methylimidazole. Infrared spectra (IR) were @ clear oil with a 25:1 ratio of regioisomersl(G) by *H NMR.)
recorded on a MIDAC Prospect Series (model PRS) spectrometer as a 2-(1,4-Dihydronaphthalen-1-yl)-2-methylpropionic Acid Methyl
glaze (evaporated diethyl ether) on a horizontal attenuated total Ester (H). Method A. The same procedure used to generate 2-(1,2-
reflectance (HATR) accessory (Pike Industries). Values were reproduc- dihydronaphthalen-2-yl)-2-methylpropionic acid methyl ester, with
ible within +£1 cm. Electrochemical experiments were performed

Conclusions

Experimental Section

(29) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers,
(28) Meiere, S. H.; Harman, W. DDrganometallics2001, 18, 3876. F. J.Organometallics1996 15, 1518.

J. AM. CHEM. SOC. = VOL. 124, NO. 13, 2002 3313



ARTICLES

Valahovic et al.

equivalent amounts of reagents, was applied using TpRe(CO}PMe
(n?-naphthalene)I(A/B) (66 mg, 0.10 mmol) to yield 13 mg (54%) of
a colorless oil with a 12:1 ratio of regioisomeiG:H) by 'H NMR.

°C): 6 8.37 (1H, d,3] = 2.4 (°Tp-H3)), 8.16 (1H, d3J = 2.4
(PTp-H3)), 8.11 (1H, d3J = 2.4 €OTp-H5)), 7.83 (1H, d3] = 2.4
(PTp-H5)), 7.83 (1H, m (pyr)), 7.75 (1H, &) = 2.4 ("Tp-H5)), 7.36

Method B. The same procedure used to generate 2-(1,2-dihy- (1H, m (pyr)), 7.35 (1H, d3J = 7.7 (H8)), 7.26 (1H, d3J = 2.2

dronaphthalen-2-yl)-2-methylpropionic acid methyl ester (benchtop

(NTp-H3)), 7.12 (2H, m (pyr)), 7.06 (1H, ddd) = 7.4, 7.4, = 1.0

procedure), with equivalent amounts of reagents, was applied using (H7)), 6.99 (1H, dd3] = 7.4, 7.4 (H6)), 6.69 (1H, ddJ = 2.4, 2.4

TpRe(CO)(PMg)(17>-naphthalene)l(A/B) (408 mg, 0.65 mmol) to yield
44 mg (29%) of a colorless oil with a 13:1 ratio of regioisomess (
H) by *H NMR.
[TpRe(CO)(PMes)(2,3,44%-(1H-naphthalenium))](OTf) (1C). The
complex TpRe(CO)(PMg(1,24*-(naphthalene)l(A/B) (40.1 mg, 0.064
mmol) was dissolved in an acetonitridg-solution (624 mg) of triflic
acid (12.0 mg, 0.08 mmoljH NMR (500 MHz, CQCN, —10°C): ¢
8.13 (1H, d,3J = 2.0 NTp-H3)), 8.08 (1H, d3J = 2.2 C°Tp-H3)),
8.05 (1H, d,3J = 2.6 €°Tp-H5)), 7.94 (1H, d3J = 2.6 (Tp-H5),
7.85 (1H, d,%J = 2.6 FTp-H5)), 7.19 (1H, d2J = 7.1 (H8)), 7.10
(2H, m (H6 and H7)), 6.77 (1H, d&) = 7.4, = 1.3 (H5)), 6.59
(1H, dd, 3 = 2.6, 2.6 £°Tp-H4)), 6.42 (1H, dd;3) = 2.2, 2.2
(NTp-H4)), 6.36 (1H, d, 2.0fTp-H3)), 6.12 (1H, dd3) = 2.2, 2.2
(°PTp-H3)), 5.47 (1H, m (H2)), 4.81 (1H, ddé] = 6.4, 6.4 3Jpy = 3.5
(H3)), 4.62 (1H, dd3) = 6.4,4) = 2.2 (H4)), 3.66 (1H, dd?J = 22.5,
3J = 3.5 (H1l-anti to Re)), 3.34 (1H, d) = 22.5 (H1-syn to Re)), 1.07
(9H, d,3Jpn = 9.9 (PMg)). *C NMR (125 MHz, CDCN, —10 °C):
6 199.0 (G=0), 146.9 [{Tp-C3), 145.7 {Tp-C3), 143.0 ¢°Tp-C3),
139.4 (°Tp-C5), 139.2Tp-C5), 138.7 {Tp-C5), 138.1 (C9 or C10),
131.2 (C5), 130.0 (C9 or C10), 129.0 (C6 or C7), 128.3 (C8), 126.5
(C6 or C7), 109.1\Tp-C4), 108.9 ¢°Tp-C4), 107.4 (Tp-C4), 78.2
(C4), 73.1 (C2), 72.5 (FJec = 3.1 (C3)), 33.0 (CH), 12.6 (d,*Ipc =
36 (PMe)).
TpRe(CO)(PMes)(2,3#2(2-(1,4-dihydronaphthalen-1-yl)-2-
methylpropionic acid methyl ester)) (1E). An acetonitrile solution
(1 mL) of triflic acid (59 mg, 0.39 mmol) and an acetonitrile solution
(2 mL) of 1-methoxy-2-methyl-1-trimethylsiloxypropene (MMTP) (102
mg, 0.585 mmol) were cooled t640 °C. The triflic acid solution was
then added to a vial containing TpRe(CO)(PM#g?-naphthalene)1(A/
B) (67 mg, 0.11 mmol) and stirred for 20 min, followed by addition of

(€°Tp-H4)), 6.35 (1H, dd3J = 2.4, 2.4 PTp-H4)), 6.12 (1H, dd3J =
2.4, 2.4 ('Tp-H4)), 6.09 (1H, dd3J = 7.3,4) = 1.2 (H5)), 5.90 (1H,
dddd,%J = 7.0, 2.8, 2.8J = 2.8 (H2)), 5.09 (1H, dd3) = 7.0, 6.4
(H3)), 4.97 (1H, dd3J = 6.1,%3 = 2.4 (H4)), 4.54 (1H, br s (BH)),
4.16 (1H, dd2J = 24.0,3) = 2.4 (1/2-CH)), 3.94 (1H, dd2J = 23.8,
3J = 3.0 (1/2-CH)). *3C NMR (125 MHz, CQCN, —10°C): ¢ 196.1
(C=0), 150.7 PTp-C3), 145.7 {Tp-C3), 141.6 ¢°Tp-C3), 139.8
(NTp-C5), 139.2 {"Tp-C5), 138.9 §°Tp-C5), 138.2 (pyr), 138.0 (C9
or C10), 137.1 (pyr), 131.4 (pyr), 130.6 (C5), 129.7 (C9 or C10), 129.1
(C7), 128.1 (pyr), 128.0 (C8), 126.8 (pyr), 126.0 (C6), 108.8
(°°Tp-C4), 108.6 PTp-C4), 108.6 XTp-C4), 105.4 (C2), 80.5 (C3),
71.1 (C4), 32.4 (CH).
TpRe(CO)(pyridine)(3,4-?-(2-(1,2-dihydronaphthalen-2-yl)-2-
methylpropionic acid methyl ester)) (2F). An acetonitrile solution
(1 mL) of triflic acid (48 mg, 0.32 mmol) and an acetonitrile solution
(1 mL) of 1-methoxy-2-methyl-1-trimethylsiloxypropene (MMTP) (89
mg, 0.51 mmol) were cooled te40 °C. The triflic acid solution was
then added to TpRe(CO)(pyridingj{naphthalene)2A/B) (68 mg, 0.11
mmol) and stirred for 10 min, followed by addition of the MMTP
solution. After 10 min of stirring, the reaction was quenched with 2,6-
lutidine (76 mg, 0.71 mmol) and subjected to flash chromatography
first with 50 mL of hexanes and then with 3:1 hexanes/ether. The clear
solution was removed from the inert atmosphere. The solvent was then
removed under reduced pressure, and the resulting yellow residue was
subjected to preparatory TLC with 3:1 hexanes/ethyl acetate. The
desired band was removed and washed with 25 mL of acetone. The
acetone was rotary evaporated to afford 62 mg (78%) of a yellow solid
as a single diastereomer By NMR. CV (CH;CN, TBAH, 100 mV/
s): Epa= 380 mV (NHE). IR (HATR, glaze):vgy = 2481 cm?, veo
= 1803, 1725 cm’. 'H NMR (500 MHz, acetonels, —10°C): 6 8.03

the MMTP solution. After 30 min of stirring, the reaction was quenched (1H, d,?J = 2.4 (°Tp-H5)), 7.99 (1H, d3 = 5.7 (0-pyr)), 7.97 (1H,
with 2,6-lutidine (74 mg, 0.69 mmol) and subjected to flash chroma- d,3J= 1.7 ®Tp-H3)), 7.89 (1H, d3J = 2.0 °Tp-H3)), 7.88 (1H, d,
tography first with 50 mL of hexanes and then with 3:2 hexanes/ether 3J = 2.5 ®¥Tp-H5)), 7.83 (2H, m §-pyr andNTp-H3 or H5)), 7.64
as eluents. The clear solution was removed from the inert atmosphere (1H, d,3J = 5.7 (0-pyr)), 7.14 (1H, dd3J = 7.0, 6.4 (n-pyr)), 7.11
The solvent was then removed under reduced pressure, and the re{1H, dd,3J= 7.0, 6.4 (n-pyr)), 7.02 (1H, d3J = 7.4 (H8)), 7.00 (1H,
sulting white residue was subjected to preparatory TLC with 3:1 d, 3= 2.0 ("Tp-H3 or H5)), 6.81 (1H, ddd?J = 7.4, 7.4, = 1.3

hexanes/ethyl acetate as eluents. The desired band was removed an@7)), 6.75 (1H, dd3J = 7.4, 7.0 (H6)), 6.46 (1H, ddJ = 2.4, 2.0
washed with 25 mL of acetone. The acetone was rotary evaporated to(°°Tp-H4)), 6.33 (1H, dd3J = 2.4, 2.0 {¥Tp-H4)), 6.08 (1H, dd3J =

afford 47 mg (61%) of a white solid as a single diastereomettby
NMR. CV (CHCN, TBAH, 100 mV/s): Ei, = 290 mV (NHE). IR
(HATR, glaze): vgq = 2477 cm'l, vco = 1827, 1726 cm. *H NMR
(500 MHz, acetonel, 22 °C): 6 7.88, 7.82, 7.78, 7.73, 7.72, 7.55
(each 1H, dJ= 2.0 (Tp 3/5-positions)), 7.14 (1H, m (unbound ring)),
7.05 (3H, m (unbound ring)), 6.29, 6.22, 6.14 (each 1H2dds 2.2,
2.2 (Tp 4-positions)), 4.47 (1H, br d (BH)), 4.70 (1H, dd,= 17.4,
3] = 4.8 (H4-anti to Re)), 4.01 (1H, br s (H1)), 3.52 (1H,2d= 17.4
(H4-syn to Re)), 3.29 (1H, dddJpn = 14.7,%3 = 9.9, 4.8 (H3)), 3.08
(3H, s (OCH)), 1.64 (1H, d2J = 9.9 (H2)), 1.26 (9H, d3Jpy = 8.35
(PMey)), 1.17, 1.01 (each 3H, s (gem GHB)). 1°C NMR (125 MHz,
acetoneds, 22°C): ¢ 198.1 (G=0), 178.4 (G=0), 146.2, 144.8, 139.8

2.4, 2.0 (Tp-H4)), 5.77 (1H, dd3J = 7.0,43 = 1.4 (H5)), 4.6 (1H, br
d (BH)), 3.69 (1H, d3J = 9.1 (H4)), 3.54 (1H, dR) = 17.1,31=8.4
(H1-syn to Re)), 3.20 (3H, s (OG), 3.15 (1H, d,3) = 8.4 (H2)),
2.53 (1H, d,2J = 17.1 (H1-anti to Re)), 2.41 (1H, &) = 8.7 (H3)),
1.08, 0.85 (each 3H, s (gem €H)). 3C NMR (125 MHz, acetonels,
—10°C): 0 199.3 (G=0), 178.7 (G=0), 159.5 ¢-pyr), 152.6 ¢-pyr),
145.1 PYTp-C3), 145.0 (C9 or C10), 143.MTp-C3 or C5), 139.6
(°°Tp-C3), 136.7 ¢°Tp-C5), 136.6 {Tp-C5 and p-pyr), 135.7
(NTp-C3 or C5), 134.4 (C9 or C10), 128.0 (C8), 127.9 (C5), 126.1
(mpyr), 125.4 (n-pyr), 124.3 (C7), 124.2 (C6), 107.99Tp-C4), 107.0
(NTp-C4), 106.7 'Tp-C4), 59.9 (C4), 56.6 (C3), 51.3 %), 51.1
(OCHg), 45.2 (C2), 29.0 (C1), 23.2, 22.8 (gem &€$J. Anal. Calcd

(Tp 3/5-postions), 139.3, 136.7 (C9 and C10), 136.6, 135.2, 136.1 (Tp for CsHasN7OsBRe: C, 48.91; H, 4.51; N, 13.30. Found: C, 48.84;
3/5-positions), 131.5, 129.6, 127.0, 125.6 (unbound ring), 106.5, 106.5, H, 4.71; N, 13.47.

106.0 (Tp 4-positions), 53.1 (C1), 5154 = 52.5 (C2)), 50.9 (OCH,
46.8 fJoc= 18.1 (C3)), 38.2 (CH), 25.0, 21.1 (gem Ckk), 16.1 {Jpec
=52.6 (PMeg)). Anal. Calcd for GgH37NsOsBPRe: C, 45.84; H, 5.08;
N, 11.46. Found: C, 45.99; H, 5.04; N, 11.08.
[TpRe(CO)(pyridine)(2,3,44°-(1H-naphthalenium))](OTf) (2D).
The complex TpRe(CO)(pyridine)t-(naphthalene)2A/B) (36.5 mg,
0.058 mmol) was dissolved in an acetonitrilesolution (624 mg) of
triflic acid (11.3 mg, 0.075 mmol}H NMR (500 MHz, CBCN, —10
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TpRe(CO)(DMAP)(n?-naphthalene) (3A/B). 3A/Bwas synthe-
sized by the same procedure as the pyridine analogue. Assignments
were made with naphthalene bound at the 3,4-positep= 1.5 (22
°C). CV (CHCN, TBAH, 100 mV/s): E,a = 90 mV (NHE). IR
(HATR, glaze): vgy = 2479 cnit (w), vco = 1808 cn1 (vs).'H NMR
(300 MHz, acetonels, 20 °C), major diastereomer3(ring toward
DMAP): ¢ 8.20, 8.00, 7.83, 7.83, 7.78, 7.72 (6H, 1:1:1:1:1:1, each a
d (Tp 3,5)), 6.43, 6.27, 6.01 (3H, 1:1:1, each a dd (Tp 4)), 7.47, 7.40
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(2H, 1:1, br s (DMAP 2,6)), 6.38, 6.36 (2H, 1:1, each d & 2 (DMAP
3,5)), 3.04 (6H, s (NMg), 7.32 (1H, dd,J = 8.0, 2.0 (naphthalene
H8)), 7.24 (1H, ddJ = 9.0, 5.0 (naphthalene H2)), 6.97 (1H, ddd,
= 8.0, 8.0, 2.0 (naphthalene H7)), 6.88 (1H, ddd+ 8.0, 8.0, 2.0
(naphthalene H6)), 6.45 (1H, d,= 9.0 (naphthalene H1)), 6.27 (1H,
d, J = 8.0 (naphthalene H5)), 4.24 (1H, 3= 8.0 (naphthalene H4)),

2J = 16.8,3) = 8.2 (H1-syn to Re)), 3.21 (3H, s (OGH, 3.06 (1H,
d, 3] = 8.5 (H2)), 3.01 (6H, s (N-Me)), 2.50 (1H, &) = 17.1 (H1-
anti to Re)), 2.26 (1H, ] = 8.8 (H3)), 1.08, 0.86 (each 3H, s (gem
CHy's)). °C NMR (125 MHz, acetonek, —10 °C): 6 199.5 (G=0),
178.8 (C=0), 158.2 6-DMAP), 154.0 (ipso-DMAP), 151.006DMAP),
146.1 (C9 or C10), 144.9Tp-C3), 143.1¥Tp-C3), 139.2 ¢°Tp-C3),

3.26 (1H, dd, 8.0, 5.0 (naphthalene H3)). Selected minor diastereomer136.6 €°Tp-C5), 136.4¢Tp-C5), 135.3¥Tp-C5), 134.3 (C9 or C10),

resonancesf(ring toward pz): 6 3.86 (1H, br s (naphthalene H3)),
3.50 (1H, br s (naphthalene H4)), 3.06 (6H, s (NMe"*C NMR (300

MHz, acetoneds, 20°C): 6 carbonyl not observed, 154.6, 154.3, 151.3,

128.2 (C5), 127.8 (C8), 124.1 and 123.7 (C6 and C7), 108.2 and 108.0
(m-DMAP), 107.0 €°Tp-C4), 106.7 {Tp-C4), 106.5 ¥Tp-C4), 58.0
(C4), 55.7 (C3), 51.1 (4C), 51.0 (OCH), 45.0 (C2), 38.9 (N-Me),

145.7,145.3, 143.6, 139.6 (2), 138.8, 137.9, 136.8, 136.6, 136.4, 136.1,29.2 (C1), 23.7, 22.9 (gem GH8).

135.4,132.3, 129.4, 128.2, 126.7, 126.4, 124.0, 123.9, 119.9 (Tp 3,5,

TpRe(CO)(Melm)(3,4-7%-(2-(1,2-dihydronaphthalen-2-yl)-2-

DMAP, naphthalene unbound), 108.5, 107.1, 106.6 (2), 106.5, 105.6 methylpropionic acid methyl ester)) (4F).An acetonitrile solution
(Tp 4), 65.4 (major naphthalene C4), 59.6 (major naphthalene C3), (1 mL) of triflic acid (38 mg, 0.25 mmol) and an acetonitrile solution
62.6 (minor naphthalene C3), 61.2 (minor naphthalene C4), 39.1{NMe (1 mL) of 1-methoxy-2-methyl-1-trimethylsiloxypropene (MMTP) (73

major and minor).
[TpRe(CO)(DMAP)(2,3,443-(1H-naphthalenium))](OTf) (3D).
The complex TpRe(CO)(DMAPj)¢-(naphthalene)3A/B) (32.6 mg,
0.048 mmol) was dissolved in an acetonitrilesolution (697 mg) of
triflic acid (11.3 mg, 0.075 mmol}H NMR (500 MHz, CBCN, —10
°C): § 8.32 (1H, d,3) = 2.4 COTp-H3)), 8.18 (1H, d3J = 2.1
(°Tp-H3)), 8.13 (1H, d3J = 2.1 (OTp-H5)), 7.84 (1H, d3) = 2.4
(°Tp-H5)), 7.79 (1H, d3J = 2.4 (Tp-H3 or H5)), 7.67 (1H, br s
(DMAP)), 7.40 (1H, d3J = 7.3 (H8)), 7.34 (2H, br m (DMAP)), 7.27
(1H, d,3J = 2.1 ("Tp-H3 or H5)), 7.12 (1H, ddd¥J = 7.3, 7.3, =
1.5 (H7)), 7.07 (1H, ddd®J = 7.3, 7.3,J = 1.2 (H6)), 6.98 (1H, br s
(DMAP)), 6.70 (1H, dd3J = 2.4, 2.1 £°Tp-H4)), 6.35 (1H, dd3J =
2.4, 2.4 PTp-H4)), 6.15 (1H, dd3J = 2.4, 2.1 [Tp-H4)), 6.14 (1H,
dd,3J = 7.3, = 1.5 (H5)), 5.94 (1H, ddd®J = 6.7, 2.8, 2.10 =
2.4 (H2)), 5.09 (1H, dd®J = 6.7, 6.7 (H3)), 4.92 (1H, dd) = 6.4,4]
= 2.4 (H4)), 4.64 (1H, br s (BH)), 4.16 (1H, d&] = 23.8,3J = 2.1
(1/2 CHy)), 3.96 (1H, dd2J = 23.8,%J = 2.8 (1/2 CH)), 3.21 (6H, s
(N-Me)). *3C NMR (125 MHz, CRQCN, —10 °C): 6 196.1 (G=0),
150.8 PTp-C3), 146.0 Tp-C3 or C5), 141.7 ©CTp-C3), 139.9
(°Tp-C5), 139.0 ¢°Tp-C5), 137.2Tp-C3 or C5), 130.9 (C5), 129.2
(C7), 129.1 (DMAP), 128.1 (C8), 126.3 (C6), 108%¥Tp-C4), 108.8
(NTp-C4), 108.6 RTp-C4), 105.4 (C2), 80.4 (C3), 71.6 (C4), 47.0
(N-Me), 32.5 (CH).
TpRe(CO)(DMAP)(3,4-9%-(2-(1,2,-dihydronaphthalen-2-yl)-2-
methylpropionic acid methyl ester)) (3F). An acetonitrile solution
(2 mL) of triflic acid (43 mg, 0.29 mmol) was added to TpRe(CO)-
(DMAP)(n?-naphthalene) JA/B) (76 mg, 0.11 mmol) dissolved in
acetonitrile (1 mL). An acetonitrile solution (1 mL) of 1-methoxy-2-

methyl-1-trimethylsiloxypropene (MMTP) (84 mg, 0.48 mmol) was then

mg, 0.41 mmol) were cooled t640 °C. The triflic acid solution was
then added to TpRe(CO)(N-Melmnaphthalene)4A/B) (61 mg,

0.10 mmol) and stirred for 10 min, followed by addition of the MMTP
solution. After 10 min of stirring, the reaction was quenched with 2,6-
lutidine (73 mg, 0.68 mmol) and subjected to flash chromatography
first with 50 mL of hexanes and then with 3:2 hexanes/ether. The
colorless solution was removed from the inert atmosphere. The solvent
was then removed under reduced pressure, and the resulting white
residue was subjected to preparatory TLC using 3:1 hexanes/ethyl ace-
tate. The relevant band was removed and washed with 25 mL of ace-
tone. The acetone was removed by evaporation to afford 50 mg (70%)
of a white solid as a single diastereomer ¥y NMR. CV (CH:;CN,
TBAH, 100 mV/s): Epa= 220 mV (NHE). IR (HATR, glaze):vgy =

2479 cm?, veo = 1791, 1723 cmt. 'H NMR (500 MHz, acetonel,

22 °C): 6 7.94 (1H, d,23 = 2.0 ("Tp-H3)), 7.92 (1H, d3J = 2.4
(°°Tp-H5)), 7.83 (1H, d3J = 2.0 (°Tp-H3), 7.81 (1H, d2J = 2.4
(™Tp-H5), 7.71 (1H, d3J = 2.4 (\Tp-H3 or H5)), 7.24 (1H, d3J =

2.0 ("Tp-H3 or H5)), 7.01 (1H, br s (N-Melm)), 6.99 (1H, d&] =
1.7,4 = 1.7 (N-Melm)), 6.96 (1H, d3J = 7.4 (H8)), 6.81 (1H, ddJ

= 7.4, 7.4 (H6)), 6.73 (1H, dddJ = 7.4, 7.4, = 1.3 (H7)), 6.39

(1H, dd, 3] = 2.0, 2.0 F°Tp-H4)), 6.30 (1H, br s (N-Melm)), 6.28
(1H, dd, 33 = 2.0, 2.0 ("Tp-H4)), 6.04 (1H, dd,2J = 2.0, 2.0
(NTp-H4)), 5.77 (1H, d3J = 7.4 (H5)), 4.6 (1H, br d (BH)), 3.71 (3H,

s (N-Me)), 3.51 (1H, dd2J = 17.1,3] = 8.7 (H1-syn to Re)), 3.42
(1H, d,3J = 9.1 (H4)), 3.23 (1H, s (OCH), 3.08 (1H, d,3J = 8.7
(H2)), 2.49 (1H, dZ = 17.1 (H1l-anti to Re)), 2.20 (1H, 4) = 8.7
(H3)), 1.10, 0.89 (each 3H, s (gem €8)). 1*C NMR (125 MHz,
acetoneds, 22 °C): 6 199.0 (G=0), 179.0 (G=0), 147.1 (C9 or
C10), 144.9 ("Tp-C3), 143.1 YTp-C3 or C5 and N-Melm), 139.8

added to the red solution, and after 10 min of stirring, the reaction was (¢°Tp-C3), 136.4 $°Tp-C5), 136.3 {("Tp-C5), 135.0 ¥Tp-C3 or C5),
quenched with 2,6-lutidine (89 mg, 0.83 mmol) and subjected to flash 134.4 (C9 or C10), 130.4 (N-Melm), 128.0 (C8), 126.6 (C5), 123.9
chromatography first with 50 mL of hexanes, then with 3:1 hexanes/ (C6), 123.6 (C7), 121.9 (N-Melm), 106.69Tp-C4), 106.4'("Tp and
ether, and finally with 1:1 hexanes/ether. The yellow solution was NTp-C4’s), 57.8 (C4), 54.8 (C3), 51.4%), 51.0 (OCH), 45.5 (C2),
removed from the inert atmosphere. The solvent was then removed34.1 (N-Me), 29.4 (C1), 23.5, 23.1 (gem €$). Anal. Calcd for
under reduced pressure, and the resulting yellow residue was subjected,H3,NgOsBRe: C, 47.09; H, 4.63; N, 15.15. Found: C, 47.42; H,
to preparatory TLC with 3:1 hexanes/ethyl acetate. The desired band4.70: N, 15.34.

was removed and washed with 25 mL of acetone. The acetone was

rotary evaporated to afford 56 mg (64%) of a white solid as a single

diastereomer byH NMR. CV (CH;CN, TBAH, 100 mV/s): Epa =
250 mV (NHE). IR (HATR, glaze):vgy = 2480 cml, vco = 1794,
1723 cmt. *H NMR (500 MHz, acetones, —10 °C): ¢ 8.00 (1H, d,
3J = 2.4 (OTp-H5)), 7.90 (1H, d3J = 1.5 CTp-H3)), 7.87 (1H, d3J
= 2.4 PTp-H5)), 7.82 (1H, d3J = 1.8 €°Tp-H3)), 7.80 (1H, d3J =
1.8 ("Tp-H5)), 7.66 (1H, d3J = 6.4 (0-DMAP)), 7.07 (1H, d3J =
1.5 (Tp-H3)), 7.05 (1H, d3J = 6.7 (0-DMAP)), 6.99 (1H, dd2J =
5.243 = 2.8 (H8)), 6.78 (2H, m (H6 and H7)), 6.45 (1H, dd,= 2.1,
2.1 (°Tp-H4)), 6.33 (2H, mifxrDMAP)), 6.31 (1H, dd3J= 2.1, 2.1
(°Tp-H4)), 6.09 (1H, dd,3) = 2.4, 2.1 [Tp-H4)), 6.02 (1H, m
(H5)), 4.55 (1H, br d (BH)), 3.67 (1H, &) = 8.9 (H4)), 3.51 (1H, dd,
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