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N,N-dimethylethanolamine (3)!° in CH,Cl, under N,. After the
mixture was stirred overnight at ambient temperature, the solvent
was evaporated off under reduced pressure. The white solid thus
obtained was repeatedly washed with anhydrous ether to remove
any unreacted starting materials and then vacuum pumped ov-
ernight to give a 91% yield of the extremely hygroscopic ester
hydrochloride 4: IR (CDCl,) veg 1740 (s), veny 2200 (s), 2250
(s), 2400 (br s) ecm™!; 'H NMR (CDCl,) 6 2.1 (s, CH,CO), 2.94
(s, CH;N*CH,), 3.43 (dist t, CH,N), 4.48 (dist t, CH,0). This
ester hydrochloride was used as such without further purification
considering its extreme hygroscopic behavior.

To obtain 1, solid Et, NBH,"* (50% mol excess) was slowly
added to a stirred solution of 4 in CH,Cl,. Vigorous evolution
of H, gas took place initially. After the reaction had subsided,
it was refluxed for 3 h, cooled, and washed 3 times with H,O.
The organic portion was dried over MgSO, and the solvent re-
moved under reduced pressure to give an 85% yield of 1 (pure
by 'H and !'B NMR spectra); vacuum distillation of the crude
product yielded a colorless oil: bp 89-90 °C (0.4 torr); IR
(CH,Cl,) veo 1740 (s), vpy 2380 (s), 2310 (sh), 2270 (m) cm™!;
'H NMR (CDCl,) 6 2.03 (s, CH;CO), 2.62 (s, CH;NCHj), 2.98
(t, J = 6 Hz, CH,N), 4.38 (t, J = 6 Hz, CH,0); ''B NMR
(CDCl,, BF,/Et,0) 6 -9.42 (q, /gy = 98 Hz). Anal. Calcd for
CqH (BNO,: C, 49.70; H, 11.12; N, 9.66; B, 7.46. Found: C,
49.63; H, 10.93; N, 9.32; B, 7.25.

When the reaction of 4 was carried out with NaBH,!* (100%
molar excess) for 1 day in refluxing THF, the yield of 1 after
workup was only 19%. However, the yield of 1 could be increased
up to 74% by carrying out the reaction for 6 days under identical
reaction conditions.

In view of the important roles played by acetylcholine and its
analogues in the transmission of the nerve impulse, the confor-
mation of these compounds has been extensively studied. It has
been postulated that acetylcholine is capable of existence in several
conformations. On the basis of various X-ray'6"'® and NMR!%>23
studies, it has been concluded that the predominant conformation
of acetylcholine is gauche in solution as well as in the crystalline
state.

By contrast, in the 'H NMR spectrum?* of 1 in CDCl,, an
apparently perfect A,X; system, was observed for the CH,CH,
moiety as evidenced by the symmetrical 1:2:1 intensity distribution
of the CH, multiplets with coupling constant J = 6 Hz. This
implies that the two “A” protons are magnetically equivalent and,
likewise, the two “X” protons. No observable difference exists
in the free energy of the gauche and trans conformations.? This
conclusion is supported by the fact that the spectrum of 1 did not
change upon decreasing the temperature to =60 °C.

This boron analogue, like other tertiary amine-boranes, is
thermally and hydrolytically stable (no hydrolysis of B-H bond

(15) CH;COC], Me,NCH,CH,0H, and NaBH, were obtained commer-
cially from Aldrich Chemical Co. and used without further purification.
Et,NBH, was prepared from NaBH, and Et,NOH by a standard method
described previously: Gibson, D. H.; Ahmed, F. U,; Phillips, K. R. J. Orga-
nomet. Chem. 1981, 218, 325.

(16) Canepa, F. P.; Pauling, P.; Sorm, H. Nature (London) 1966, 210, 907,

(17) Chotia, C.; Pauling, P. Nature (London) 1968, 219, 1156.

(18) Herdklotz, J. K.; Sass, R. L. Bichem. Biophys. Res. Commun. 1970,
40, 583.

(19) Culvenor, C. C. J.; Ham, N. S. Chem. Commun. 1966, 537.

(20) Cushley, R. J.; Mautner, H. G. Tetrahedron 1970, 26, 2151.

(21) Terui, Y.; Ueyama, M.; Satoh, S.; Tori, K. Tetrahedron 1974, 30,
1465.

s (gg) Lichtenberg, D.; Kroon, P. A.; Chan, S. L. J. Am. Chem. Soc. 1974,
96, 5934.

(23) Partington, P.; Feeney, J.; Burgen, A. S. V. Mol. Pharmacol. 1972,
8, 269.

(24) "H NMR spectrum of 1 was recorded at 60 MHz in CDCI, solution
on a Varian EM 360 Spectrometer.

(25) The conformational behavior of metocloramide and its protonated
analogues was investigated recently by NMR spectroscopy (Anker, L.; Lau-
terwein, J.; Van de Waterbeemd, H.; Testa, B. Helv. Chim. Acta 1984, 67,
706). For these compounds with their protonated aminoethyl side chain, the
gauche and trans rotamers have observable identical energies in D,O as well
as in CDCI; solutions and an apparently perfect A,X, system was observed
for the CH,CH, moiety (e.g., 1:2:1 symmetrical triplet for CH, resonance,
J = 6 Hz). These studies are very similar to what we have observed for 1.

in pure H,0). Also, since amine—boranes do not normally reduce
esters, 6 this possible decomposition mode has not presented any
difficulties.

The foregoing synthetic route readily lends itself to the prep-
aration of substituted acetylcholines and a number of these, to-
gether with 1, have been prepared. Additional efforts are under
way involving the synthesis of analogues with boron in other
positions of substitution. An LDs, > 750 mg/kg (male mice) for
1 has been obtained indicating a relatively nontoxic compound.?’
Investigation in various biological activity studies is under way.
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In connection with our extensive exploratory studies? of the
chemistry of the [Nig(CO),,]*" dianion,’ we report herein the
preparation and characterization of the [RhsNig(CO), H, 1%
trianion (1). This cluster, which represents the third example?
of an 11-atom heterometallic species,’ possesses a heretofore
unknown close-packed 11-vertex D;; polyhedron which has not
been theoretically predicted® and which is geometrically and

(1) (a) Based in part on the Ph.D. thesis of D. A. Nagaki at the University
of Wisconsin—Madison, 1986. (b) University of Wisconsin—Madison. (¢)
University of California—Berkeley.

(2) (a) Lower, L. D.; Dahl, L. F. J. Am. Chem. Soc. 1976, 98, 5046—5047.
(b) Montag, R. A, Ph.D. Thesis 1980, University of Wisconsin—Madison.
(¢) Rieck, D. F.; Montag, R. A.; McKechnie, T. S.; Dahl, L. F. J. Am. Chem.
Soc. 1986, 108, 1330-1331. (d) Nagaki, D. A.; Lower, L. M.; Ceriotti, A.;
Longoni, G.; Chini, P.; Dahl, L. F. Organometallics, in press. (¢) Nagaki,
D. A.; Dahl, L. F.; unpublished results.

(3) Calabrese, J. C.; Dahl, L. F.; Cavalieri, A.; Chini, P.; Longoni, G.;
Martinengo, S. J. Am. Chem. Soc. 1974, 96, 2616-2618. .

(4) (a) [PtRh;o(CO)y;N]* (Cy, PtRhy, polyhedron): Martinengo, S.;
Ciani, G. J. Am. Chem. Soc. 1982, 104, 328-330. (b) [Pt,Rhe(CO),,]°" (D3
Pt,Rhg polyhedron): Fumagalli, A.; Martinengo, S.; Ciani, G. J. Organomet.
Chem. 1984, 273, C46—-C48.

(5) Reports of homonuclear species with 11-atom polyhedra include (a)
[Rb;;(CO)x]* (D3, Rhy; polyhedron) (Fumagalli, A.; Martinengo, S.; Ciani,
G.; Sironi, A. J. Chem. Soc., Chem. Commun 1983, 453-455), (b) [Os;;-
(C0O)»;,CJ* (Cy, Osy, polyhedron) (Braga, D.; Henrick, K.; Johnson, B. F. G.;
Lewis, J.; McPartlin, M,; Nelson, W. J. H; Sironi, A.; Vargas, M. D. J. Chem.
Soc., Chem. Commun. 1983, 1131-1133), (¢) [Co,,(C0O),Cy}* (C;, Coy;
polyhedron) (Albano, V. G.; Braga, D.; Ciani, G.; Martinengo, S. J. Orga-
nomet. Chem. 1981, 213, 293-301), (d) [B,;H,,]*" (Cy, B, polyhedron)
(Klanberg, F.; Muetterties, E. L. Inorg. Chem. 1966, 5, 1955-1960), (e) P,,*"
(D3 Py, polyhedron) (Wichelhaus, W; von Schnering, H. G. Naturwissen-
schaften 1973, 60, 104), (f) As;;*" (D, As,, polyhedron) (Belin, C. H. E. J.
Am. Chem. Soc. 1980, 102, 6036—6040), and (g) (D;)-trishomocubane (D,
C;; polyhedron) (Godleski, S. A.; Schleyer, P. v. R.; Osawa, E.; Kent, G. J.
J. Chem. Soc., Chem. Commun. 1974, 976-977).
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Figure 1. 1l-vertex Rh¢Nig core in the paramagnetic [Rh(Nig
(CO),H,]* trianion (1) of crystallographic C;-3 site symmetry. The
idealized D;;,-62m metal architecture suggests that this heterometallic
core is formed by nickel capping of a trigonal-bipyramidal rhodium
kernel.

electronically related to the known pentacapped trigonal-prismatic
polyhedron.”® The Rh;Nig core is also of particular interest in
providing a clear-cut illustration on a molecular level of a seg-
regated bimetallic phase (vide infra); a similar model has been
previously postulated from surface-science studies®*? to describe
the nature of a number of heterogeneous bimetallic catalysts and
immiscible alloys.

The RhsNig cluster 1 was obtained from the equimolar reaction
[PPh3MC]2+[Ni6(CO)12]2— (1.0 g, 1.66 mmol) and ha(CO)4C]2
(0.33 g, 1.66 mmol) in Me,SO (75 mL) at ambient temperature
for 36 h. Addition of water to the resulting reaction mixture gave
a brown precipitate containing 1. After repeated washings with
water followed by washings with Et,O and THF, the [PPh;Me]*
salt of 1 was extracted into acetone and isolated as a brown powder
in 50-70% yields. Its formulation is based on elemental, spec-
troscopic, magnetic, and single-crystal X-ray diffraction analy-
ses, 1415

(6) Many varieties of 11-atom close-packed polyhedra have been theo-
retically conceived: (a) King, R. B. J. Am. Chem. Soc. 1970, 92, 6460—6466.
(b) King, R. B. J. Am. Chem. Soc. 1972, 94, 95-103. (c) King, R. B;;
Rouvray, D. H. J. Am. Chem. Soc. 1977, 99, 7834-7840. (d) Casey, J. B.;
Evans, W. I.; Powell, W. H. Inorg. Chem. 1981, 20, 1333-1341. (e) Ciani,
G.; Sironi, A. J. Organomet. Chem. 1980, 197, 233-248. (f) Teo, B. K,;
Longoni, G.; Chung, F. R. K. Inorg. Chem. 1984, 23, 1257-1266.

(7) Examples of metal clusters containing a pentacapped trigonal-prismatic
polyhedron include the Cog(u;-N),(14-S); core of Cog(NO)g(p3-N-2-Bu),-
(£4-S);® and the Nig(u3-C)(r3-P)(ks-P); core of Nig(CO)g(y-CO)(us-P-t-
Bu)(u4-P-1-Bu),;. 2

(8) Lo, F. Y.-K. Ph.D. Thesis, 1979, University of Wisconsin—Madison.

(9) (a) Toolenaar, F. J. C. M.; Bastein, A. G. T. M.; Ponec, V. J. Catal.
1983, 82, 35-44 and references cited therein. (b) Vickerman, J. C.; Christ-
mann, K,; Ertl, G. J. Catal. 1981, 71, 175-191. (c) Sachtler, J. W. A;
Somorjai, G. A. J. Catal. 1983, 81, 77-94.

(10) (a) Baker, R. T. K.; Sherwood, R. D.; Dumesic, J. A. J. Catal. 1980,
62, 221-230. (b) Luyten, L. J. M.,; v. Eck, M.; v. Grondelle, J.; v. Hooff, J.
H. C. J. Phys. Chem. 1978, 82, 2000-2002. (c) de Jongste, H. C.; Ponec, V;
Gault, F. G. J. Catal. 1980, 63, 395-403. (d) Dominguez, E. J. M.; Vazquez,
S. A.; Renouprez, A. J.; Yacaman, M. J. J. Catal, 1982, 75, 101-111,

(11) Garten, R. L; Sinfelt, J. H. J. Catal. 1980, 62, 127-139.

(12) Helms, C. R,; Sinfelt, J. H. Surf. Sci. 1978, 72, 229-242,

(13) (a) Sinfelt, J. H. Sci. Am. 1988, 253, 90-98. (b) Sinfelt, J. H.
Bimetallic Catalysts: Discoveries, Concepts, and Applications; Wiley: New
York, 1983; pp 1-164 and references cited. (¢) Meitzner, G.; Via, G. H,;
Lytle, F. W; Sinfelt, J. H. J. Phys. Chem. 1983, 78, 882-889. (d) Sachtler,
W. M. H,; van Santen, R. A. Adv. Catal. 1977, 26, 69-119.

(14) IR spectrum (acetonitrile): 1990 (s), 1980 (sh), 1840 (m, br) cm™;
'H NMR spectra (acetone-dg) both at 22 and —80 °C did not reveal any
resonance that could be attributed to a metal-coordinated hydrogen atom,
This nondetection of a proton signal is readily attributed to the observed
paramagnetism of 1. Anal. Caled for C;3Hs O, P3NigRhs: P, 4.06; Ni, 15.40;
Rh, 22.50; Ni/Rh, 0.685; Ni/P, 3.79; Rh/P, 5.54. Found: P, 3.48; Ni, 15.29;
Rh, 23.41; Ni/Rh, 0.65; Ni/P, 4.39; Rh/P, 6.73 (Schwartzkopf Microana-
lytical Labs).

(15) [PPh;Me];*[RhsNi(CO), H, 1>+ /;Me,CO:  Rhombohedral, R3.
Structure based on a triply primitive hexagonal unit cell with a = b = 21,904
(2) A, ¢ = 32.827 (5) A, ¥V = 13640 A% p(calcd) = 1.67 g/cm? for Z = 6.
The crystal structure (with the independent unit consisting of one monocation,
one-third of the trianion, and one-sixth of a centrosymmetrically disordered
acetone molecule) was determined by direct methods (SHELXTL) followed by
successive Fourier and difference syntheses. Anisotropic least-squares re-
finement converged at R;(F) = 5.16% and R,(F) = 5.59% for 4840 inde-
pendent absorption-corrected reflections (F 2 3.0¢(F)) obtained at room
temperature via a Nicolet P3F diffractometer with Mo Ko radiation.
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Figure 3, Temperature dependence of the molar magnetic susceptibility
at 40 kG for the [PPh;Me]* salts of the [RhgNig(CO), H,]*" trianion
(1) and its precursor, the antiprismatic [Nig(CO),,]*" dianion.

The idealized D,;-62m configuration of the RhsNi, core (Figure
1) is reduced to C;;~3/m upon inclusion of the 21 carbonyl ligands
(Figure 2, supplementary material), of which six are terminally
coordinated to the six nickel atoms, 12 are doubly bridging between
12 of the 18 Rh—-Ni bonds, and three are triply bridging to tri-
angular RhNi, faces. The RhsNig core may be viewed as a Rh;
trigonal bipyramid penetrating a Nig trigonal prism. The pen-
tarhodium trigonal bipyramid'6!” has six bonding Rh(ax)-Rh(eq)
distances (2.900 A (av)) and three nonbonding (or weakly
bonding) Rh(eq)-Rh(eq) distances (3.103 (1) A); conversely, the
hexanickel trigonal prism has six nonbonding intratriangular
(horizontal edge) Ni-Ni distances (4.316 A (av)) and three
bonding intertriangular(vertical edge) Ni-Ni distances (2.702 (1)
A). All 18 Rh-Ni distances (2.629 A (av)) correspond to strong
interfacial bonding interactions.'®!* A formal interconversion
of the observed D, polyhedron of the RhsNig core into an isomeric
pentacapped trigonal-prismatic Ds;, polyhedron’ (in which five
nonbonding rhodium atoms would cap the faces of an edge-bridged
nickel trigonal prism) primarily involves the concomitant breakage
of the six Rh(ax)-Rh(eq) bonds in 1 and formation of six in-
tratriangular (horizontal edge) Ni-Ni bonds.

That the RhsNig core exists as an unprecedented D, polyhedron
instead of a pentacapped trigonal-prismatic D,; polyhedron is
attributed to the Rh(ax)-Rh(eq) bonding interactions being
considerably stronger than the intratriangular Ni-Ni bonding
interactions of the trigonal prism. The structure of 1 has a
deltahedral core which minimizes total energy by maximizing both
the degree of skeletal bond delocalization and the contribution
of the various relative bond energies in the heterometallic cluster.
The RhsNig core may be considered as a segregated bimetallic
phase, where the central part (or kernel) of the core is composed
of an aggregate of rhodium atoms (which possess substantially
stronger metal-metal bonds) with surface coverage by the nickel
atoms. This same model will also account for the observed core
geometries in other heterometallic clusters, e.g., the [PdFeq-
(CO),,H]* trianion® and the [PtgNi;s(CO)s,H,]** anions.2! A
similar interpretation involving surface coverage of kernels of the
metal that has the higher heat of sublimation by the metal with
the lower heat of sublimation has been invoked from surface-
science studies®!* for a number of heterogeneous bimetallic

(16) The elongated trigonal-bipyramidal [Rhs(CO),5]~ monoanion'” has
bonding Rh(eq)-Rh(eq) and Rh(ax)-Rh(eq) distances of 2.708 A (av) and
2.967 A (av), respectively.

(17) (a) Fumagalli, A.; Koetzle, T. F.; Takusagawa, F.; Chini, P.; Mar-
tinengo, S.; Heaton, B. T. J. Am. Chem. Soc. 1980, 102, 1740-1742. (b)
Heaton, B. T.; Strona, L.; Jonas, J.; Eguchi, T.; Hoffman, G. A. J. Chem. Soc.,
Dalton Trans. 1982, 11591164,

(18) The mean in 1 compares well the mean of 2.643 A for the three
bonding Rh—Ni distances in the [NiRhg(CO),¢]*" dianion.'?

(19) Fumagalli, A.; Longoni, G.; Chini, P.; Albinati, A.; Briickner, S. J.
Organomet. Chem. 1980, 202, 329-339.

(20) Longoni, G.; Manassero, M.; Sansoni, M. J. Am. Chem. Soc. 1980,
102, 3242-3244,

(21) Ceriotti, A.; Demartin, F.; Longoni, G.; Manassero, M.; Marchionna,
M.,; Piva, G.; Sansoni, M. Angew. Chem., Int. Ed. Engl. 1985, 24, 697-698.
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catalysts and immiscible alloys.

A temperature-variable investigation of the solid-state magnetic
properties of this high-nuclearity heterometallic cluster was un-
dertaken because the even-electron decametal cluster H,Os,,C-
(CO),, was found to exhibit Curie-like behavior below 70 K with
a magnetic moment of 0.62 up which was attributed to
“quantum-size” effects.?? Magnetic susceptibility measurements
of the [PPh;Mel” salts of 1 and the [Nig(CO),,]*" dianion were
carried out with a SHE SQUID magnetometer (5 K < T < 280
K) in magnetic fields from 1 to 40 kG. The magnetic data?
(Figure 3) expectedly showed the [Nig(CO),,]* dianion to be
diamagnetic but surprisingly revealed 1 to be paramagnetic with
an effective magnetic moment of 2.08 ug indicative of one unpaired
electron. This paramagnetism was substantiated by powder EPR
measurements (10 K < T < 300 K; 9.243 GHz) with a spectrum
(Figure 4, supplementary material) at 10 K exhibiting a line shape
expected for an axially symmetric spin-'/, system (g; = 2.279;
g, = 2.027).

Effective magnetic moments indicative of one unpaired electron
have been found in several other high-nuclearity metal clusters.?*
We rationalize that the existence of an odd electron in 1 neces-
sitates the presence of either one hydrido (x = 1) or three hydrido
(x = 3) atoms. Our formulation of 1 as a monohydrido
[RhsNig(CO); H,]* trianion (with x = 1) is consistent with an
analysis which indicates that the hydrogen atom could occupy one
of the two tetrahedral Rh, cavities with reasonable, equivalent
Rh(ax)-H and Rh(eq)-H distances of 1.85 A; in fact, the cal-
culated hydrogen position is in the near vicinity of a residual
density peak found from a difference map. Attempts to isolate
deprotonated species of 1 have been unsuccessful.

A detailed bonding description of 1 will be deferred until the
presence of the hydrogen atom(s) is ascertained from a planned
neutron diffraction investigation. Current research involves re-
actions of the [Nig(CO),,}?- dianion with a number of ruthenium,
osmium, rhodium, and iridium carbonyl clusters with the hope
of nickel plating the metal polyhedral cores.
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Supplementary Material Available: Figure 2 shows two views
of the overall configuration of the [RhsNig(CO),,;H,]*" trianion
(1), Figure 4 presents an EPR spectrum of a powder sample of
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GHz, and four tables list the atomic parameters and appropriate
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Reported herein is a new method for the synthesis of §-hydroxy
carbonyl compounds which is stereospecific, simple, and highly
efficient. The new process depends on the site-specific 1,2-re-
arrangement as represented by Scheme 1,12

The rearrangement of epoxy silyl ether 1 giving the aldol adduct
2 is effected by the use of titanium tetrachloride. Some examples
are given in Table I. The typical experimental procedure is
provided by the synthesis of 2-butyl-2-methyl-1-hydroxy-3-hep-
tanone (3) from epoxy silyl ether 4 (entry 2). To a solution of
4 (272 mg, 1 mmol) in CH,Cl, was added at -78 °Ca 1 M
CH,Cl, solution of TiCl, (1.1 mL, 1.1 mmol). The mixture was
stirred at =78 °C for 10 min, poured into aqueous HCI, and
extracted with CH,Cl,. The organic layer was washed with brine,
dried over Na,SO,, and concentrated. The residual oil was
chromatographed on silica gel (ether/hexane, 1:1 as eluant) to
give 3 (150 mg, 75% yield) as a colorless oil.

The characteristics of the new method follow. (1) The starting
epoxy silyl ethers can be readily prepared stereo- and enantio-
selectively from a wide variety of simple precursors such as allylic
alcohols or a,3-epoxy carbonyl compounds. (2) Of all the Lewis
acids examined, TiCl, has proved to be the most efficacious. (3)
The facile migration of the alkyl group was observed in the reaction
of a,a,B-trisubstituted derivative 1 (entries 1-6 and 20-22). Here
the aryl group migrates preferentially, leaving the alkyl group
intact (entry 6). (1) In the case of 8-nonsubstituted derivative
1, only aryl and alkenyl groups participated in the selective 1,2-
migration, reflecting the low migratory aptitude of the alkyl group
(entries 7-15).> The rearranged a-alkenyl aldols were already

(1) This process represents the potential synthetic equivalent of stereose-
lective aldol methodologies. For recent reviews of the stereoselective aldol
condensations, see: Evans, D. A.; Nelson, J. V,; Taber, T. R. Top. Stereochem.
1982, 13. Mukaiyama, T. Org. React. 1982, 28, 203. Heathcock, C. H. In
Asymmetric Synthesis, Morrison, J. D., Ed.; Academic Press: New York,
1984; Vol. 3B, p 111. Heathcock, C. H. In Comprehensive Carbanion
Chemistry; Buncel, E., Durst, T., Eds,; Elsevier: New York, 1984; Vol. 5B,
p 177. For related approaches to aldol adducts, see: Schreiber, S. L.; Ho-
veyda, A. H.; Wu, H.-J. J. Am. Chem. Soc. 1983, 105, 660. Curran, D. P.
Ibid. 1983, 105, 5826. Fujita, M.; Hiyama, T. Ibid. 1985, 107, 8294.

(2) For another type of the epoxy alcohol rearrangement with Ti(O-i-Pr),,
see: Morgans, D. J., Jr.; Sharpless, K. B.; Traynor, S. G. J. Am. Chem. Soc.
1981, 103, 462.
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