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opposite chirality.

Recently, the interest in the exact mechanism of stereoselection  aqdition of a 2-fold excess of the phosphonazeto a
in the Rh(l)-catalyzed asymmetric hydrogenation of activated geyteriomethanol solution o8 yielded a catalystsubstrate
double bonds is renewed due to both the development of the complex4 (Scheme 1), which displayed a single set of signals in
computational techniques and the new experimental findingys. the 3P NMR spectrum within the temperature range frerh00
Thus, the extensive ab initio DFT calculations were used by o +60°C. Complexation was fast even-a.00°C; no detectable
Landis et al. to support the possibility of enantioselection during equilibrium amounts of free solvawere found in the spectra
the oxidative addition of dihydrogen to a catalysubstrate  eyen at elevated temperatures. The chemical shift of the carbonyl
complex of a model Rh-diphosphine compiand the real Rh- carbon atom in4 (6 = 178.9, compare tod = 165.1 in
DUPHOS catalytic systef?.On the other hand, we have observed ncoordinated substrate) and two vicinatE couplings observed
almost perfect enantioselection in the low-temperature reaction gy this signal (5 and 8 Hz) confirm the mode of chelating
of a solvate dihydride [Rhift-Bu-BisP*)(CD:OD),|BF (1) with coordination by the double bond and the benzoyloxy group of
methyl ¢)-a-acetamidocinnamafejemonstrating that a dihydride  the substrate. The solution structure of the observed diastereomer
pathway can also operate in the Rh(l)-catalyzed asymmetric of 4 was determined from the NOE and EXSY data.
hydrogenation. This result was reproduced for other BisP*Rh \ye carried out the reaction of dihydridé with 2-fold excess
pomplexes and a series O.f sqbstrétashydnde pathway is alsp of phosphonat@ at —100 °C. The signals of two monohydride
in accord with the dramatic difference of the sense of enantiose-; .o mediate$ab in the ratio 100:5 were detected in the hydride
lection in catalytic asymmetric hydrogenation of aryl- and alkyl- region of the H NMR spectré (Figure 14y, Raising the
substituted enamidéBrown et al. reported recently the detection temperature of the sample 30 °C resuilted in. disappearance

of an agostic intermediate in the asymmetric hydrogenation of . . :
dehydroamino acids catalyzed by the Rh-PHANEPHOS confplex. gifgtrfllaelssgtgalzs ()_Elaéb?agg) S;wéj Iialr;)egugbg);-r c;\r/]vet}hrg:ig %v;/62ygglde

Inte_restingly,_ this intermediate was computationally predic_ted to was the same as that 6&5b within the experimental accuracy
be inaccessible via the unsaturated path®@yhowever, its (Figure 1b-d). Recooling of the sample te-60 °C gave an
appearance via the dihydride mechanism is quite possible. In " ¥ - : . _ :
addition, the reversibility of the formation of the agostic ig?'tlonal low-intensity hydride signal at= ~22.0 (2) (Figure
intermediate with respective to substrate reported by Brown et =7’ .
al7 is also best explained if the relative stability of the solvate _AUEMPLS to hydrogenate the catalysubstrate compled in
dihydride derived from the Rh-PHANEPHOS catalyst is proposed. the tem;t)_erature mte(;val féomtﬁoo to_G%.tC wer$|:1nshu%cessful, i
We report here the first observation of the structural rearrange- n? L{e{".f[:h'c’zn c;ccurfre un _ezj efefz colno ! 'Qns't_sgo Cy rogenation
ment of monohydride intermediates in Rh(l)-catalyzed asymmetric Of 4 With 2 atm of i carried out for 10 min a gave a

hydrogenation, and demonstrate the interplay of two possible ':nixtttjt:e Of’tmﬁ r;:ogohydri?_e inteamefigté‘s—? .(Fiq[;’]re 1f)t
reaction pathways in this theoretically and practically important ogether with the hydrogenation product. L.omparing the spectrum
reaction. to that obtained in the previous experiment (Figure 1e), one can

Recently, the asymmetric hydrogenation of protectef- see two main differences: the ratio @6b changed to 5:1 and

unsaturated.-acyloxyphosphonates was shown to be synthetically & @dditional signal ab = —21.8 (’b) appeared. _
useful® We found that the catalytic hydrogenation of dimethyl ~ Both experiments were reproduced three times to give es-
1-benzoyloxyethenephosphona® (sing Rh-8,3-t-Bu-BisP* sentially the same results. The overnight EXSY experiment carried
catalyst gave the corresponding product with 88%38 (hich out at—60 °C (Figure 2) showed thdia is interconverting with

is comparable to the best results obtained by Burk.&Qa the 7a, and6b is interconverting withvb, but no exchange between
other hand, the not perfect stereoselectivity observed in this 62andéb or 7aand7b takes place. These data together with the

hydrogenation allows one to analyze minor diastereomers of the correlation of ee values obtained from the NMR samilasd
relative integral intensities of the monohydride signals in the NMR

12](}?3%22%57'5% R.; Hilfenhaus, P.; Feldgus, B.Am. Chem. Sod999 spectra testify that the monohydridés, 6a, and 7a are the
(2) Landis, C. R.. Feldgus, $\ngew. Chem., Int. E®00Q 39, 2863 precursors of th&-hydrogenation product, .Wher(.eap, 6b, and

2866. _ 7b give minor R-product after the reductive elimination. The
(3) Feldgus, S.; Landis, C. R. Am. Chem. So200Q 122, 12714-12727. hydrogenation of the catalyssubstrate comples always gave

(4) Gridnev, I. D.; Higashi, N.; Asakura, K.; Imamoto, J. Am. Chem.
So0c.200Q 122 7183-7194.
(5) Gridnev, I. D.; Yamanoi, Y.; Higashi, N.; Tsuruta, H.; Yasutake, M.;

markedly lower ee values compared to those observed in the low-

Imamoto, T.Adv. Synth. Catal2001, 343 118-136. (10) In the 3C and 3P NMR spectra taken at-95 °C an additional
(6) Gridnev, I. D.; Higashi, N.; Imamoto, T. Am. Chem. So200Q 122, intermediate was detected. Its spectra resemble thodelft it is not the
10486-10487. second diastereomer of the catatystibstrate complex, since it does not form
(7) Giernoth, R.; Heinrich, H.; Adams, N. J.; Deeth, R. J.; Bargon, J.; inthe absence of hydrogen under the same conditions. A molecular hydrogen
Brown, J. M.J. Am. Chem. So@00Q 122 12381-12382. complex (see refs 43) with a broad undetectable signal tHl NMR is
(8) Burk, M. J.; Stammers, T. A.; Straub, J. @rg. Lett.1999 1, 387— possible.
390. (11) The ee of the product in both experiments was determined by HPLC
(9) The detailed account on the asymmetric hydrogenationa gF analysis after warming the sample to room temperature to complete the
unsaturated phosphonates using Rh-BisP* and Rh-MiniPHOS catalysts is in reductive elimination (NMR control) and removing Rh complexes by filtration
preparation. through silica gel.
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Scheme 2.Formation and Transformations of Monohydride
Intermediates—7
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Figure 1. Hydride region of théH NMR spectra (400 MHz, CEDD): 4o M o N
(a) the sample obtained by mixing the €D solutions ofl and 2 at Y Ph
—100°C, spectrum taken at95 °C; (b) the same sample after raising Ph T7a 7o
the temperature te-70 °C, (c) to —50 °C, (d) and to—30 °C; (e) the % fl
sample after recooling te 60 °C; (f) the sample obtained by hydrogena-
tion of the CROD solution of4 for 10 min at—30 °C, spectrum taken Bu!,
S " e e
MeME\_ | \oBu, e o QMG
=z S/ \ S =
H e (MeO)zﬁ e} >A0 ﬁ(OMe)z
° Ph 6 Pn O &b
o ﬂ“ 8a and 8b are the most probable unobservable intermediates
_,J/UU { w = R formed by complexation of the substrate to the two interconverting
J O > Fae isomers of solvate dihydridé.# The failure to observe these
KA @ | intermediates is in accord with the recent computational data,
) g which predict extremely low barriers of migratory insertion in
I e Fato the dihydrides of similar structufe. The occurrence of migratory
! g insertion through the dihydride intermedi&&is more favorable
: I compared to the reaction &b due to steric reasorfs.
| A 200 Monohydride intermediatesa,b are the direct products of the
=== D @118 migratory insertion irBa,b; in these intermediates the dimethoxy-
?)7 V & L phosphinoyl group is located in the trans-position to the vacant
Lago

““““““ m— coordination site, and they rearrange @a,b in which the
additional coordination of the P(O)(OMeyroup is possible.
Rearrangement proceeds through the equilibrium amounts of
nonchelating complexesab, which were also detected in our
temperature reaction d@ with 1, which corresponded to the experiments. We have suggested such transformation in our
different ratios of5—7a:5—7b in these experiments. previous work. However, this is the first experimental observation
The structures of the monohydride intermediafes’ were of this type of rearrangement, as well as of the interconversion
elucidated on the basis of their NMR spectra. The chemical shifts between monohydride intermediates.
of their hydride protons confirm that in all six compounds the Calculations suggest that the oxidative addition of dihydrogen
hydrides are disposed cis respective to both phosphorus atomsto 4 should directly lead t06.23 Therefore, when4 was
Experiments applying the-**C labeled phosphonaf proved hydrogenated at-30 °C, 6ab might be partially produced via
that in all observed monohydride intermediatesdhearbon atom this pathway. The lower selectivities observed in these experi-
is bound to the rhodium atom. The detailed signal assignmentsments are therefore attributable to the lesser effectivity of
and measurement of coupling constants were made with the useenantioselection in the unsaturated pathway compared to dihydride
of 2D NMR correlation techniques and selective decoupling in this catalytic hydrogenation.
experiments. Structures &7 elucidated from these data are
shown in Scheme & Acknowledgment. This work was supported by the Research for the
We suggest the following sequence of processes explaining Future program, the Japan Society for the Promotion of Science.
our experimental data (see Scheme 2). The dihydride intermediates

Figure 2. Phase-sensitivetH—1H EXSY spectrum (400 MHz, C§DD,
—60 °C) of the equilibrium mixture of monohydride intermediaes?.
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the carbonyl carbon atom in tH& NMR spectrum. Nevertheless, in bdh Internet at http://pubs.acs.org.

and6athe benzoyloxy group is coordinated, and the fast exchange between

6a and7agives a strong support for the suggested structuréaof JA015611L




