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Solutions of the zinc hydroxide complex [TpB““M]ZnOH in alcohols NH, 0
(ROH; R = Me, Et, Pr) achieve hydride transfer to the NAD* NH,
model, 10-methylacridinium perchlorate. Deuterium labeling studies, @ O> 0 0

however, demonstrate that the source of the hydride is not the o—p_o-b_o

alcohol but, rather, the B—H group of the [Tp8“M¢] ligand. A further c', cl,

example in which a [TpB“M€] ligand acts as a hydride donor is OH  OH OH  on

provided by the reaction of the aqua complex { [TpBU*Me]Zn(OH,)} - NAD*

[HOB(CgFs)s] with MeOH to generate the zinc hydride complex

[TpBU"Me]ZnH. The present study therefore provides a caveat for

the often assumed inertness of the B—H group in tris(pyrazolyl)- (j/”\
hydroborato ligands, especially in the presence of reactive cationic N+
species. CHZPh

1-benzylnicotinamide 1 O—methylacndlmum
(BNA™)

Liver alcohol dehydrogenase (LADH) is the zinc enzyme Figure 1.
that is responsible for the oxidation of alcohol in humans.
The oxidation involves several components, which include corresponding aliphatic alcohdWe also demonstrated that
(i) displacement of an aqua ligand by an alcohol, (i) hydride transfer from a [T§¥"M¢]ZnOR derivative is feasible
deprotonation of a coordinated alcohol, and (iii) formal by the observation that [FM€]ZnOEt reacts with an
hydride transfer from the zinc alkoxide to the NADofactor. activated aldehyde, ArCHO (A+ p-CsHsNO,), in benzene
In this paper, we focus on aspects of this chemistry in a to give [TP“M]ZnOCHAr and MeCHO? via a Meer-
synthetic analogue system based on the tris(pyrazolyl)- wein—Ponndorf-Verley type of reactiod.Since an aldehyde
hydroborato ligand and demonstrate that while alcoholic is a rather poor model for NADQ we sought to obtain a more
solutions of [TFYMe]ZnOH do indeed achieve hydride realistic system by employing nicotinamide and acridinium
transfer to a NAD mimic, namely 10-methylacridinium, the  derivatives which conserve the pyridinium ring present in
transfer does not involve the alcohol but, rather, results from NAD* (Figure 1)* 1-Benzylnicotinamide chloride, (BNA)-
cleavage of the BH group of the tris(pyrazolyl)hydroborato ~ Cl, in particular, has previously been investigated as a
ligand. hydride acceptor in zinc chemistry but was found to be
We recently reported the first evidence that a series of inefficient® For example, Vahrenkamp recently reported that
simple tetrahedral zinc alkoxide complexes may be obtainedhydride transfer from [Tg™M4ZnOPf to (BNA)CI was
by alcoholysis of a zinc hydroxide complex. Specifically,
the zinc alkoxide complexes [PpM]ZnOR (R = Me, Et, (2) (a) Bergquist, C.; Parkin, Gnorg. Chem.1999 38, 422-423. (b)

i ; & ; Bergquist, C.; Storrie, H.; Koutcher, L.; Bridgewater, B. M.; Friesner,
Pr) were generated by the reaction of FF¥JZnOH with R. A.; Parkin, G.J. Am. Chem. So@00Q 122, 12651-12658.

(3) See, for example: Vogel, A.Yogel's Textbook of Practical Organic

*To whom correspondence should be addressed. E-mail: parkin@ Chemistry,5th ed.; Longman: Harlow, Essex, England, 1989.
chem.columbia.edu. (4) For a review of model studies employing nicotinamide derivatives,
(1) (a) Holm, R. H.; Kennepohl, P.; Solomon, EChem. Re. 1996 96, see: Yasui, S.; Ohno, Aioorg. Chem1986 14, 70-96.
2239-2314. (b) Lipscomb, W. N.; Sttar, N. Chem. Re. 1996 96, (5) For reduction of (BNA) with transition-metal hydride complexes,
2375-2433. (c) Kimura, E.; Koike, T.; Shionoya, Nstruct. Bonding see: Kobayashi, A.; Takatori, R.; Kikuchi, I.; Konno, H.; Sakamoto,
1997 89, 1-28. K.; Ishitani, O.Organometallics2001, 20, 3361-3363.
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Scheme 1 reaction, it was postulated that the-Bl group could be the
hydride source. Indeed, after this group was selectively
@ Q @ labeled with deuterium, the reaction of [DFF{3"¢]ZnOH with
'T* 10-methylacridinium perchlorate in protioethanol generated
Me 10-methylacridan with deuterium located in the methylene
[DTD"B“'Me]ZQ%H/ROH group (Scheme 1), as demonstrated by NMR spectroscopy.
or [DTp"*Heym Further evidence that the alcohol plays no significant role

o H in the reduction of 10-methylacridinium is provided by the
observation that treatment of 10-methylacridinium perchlo-
rate with [TP“M€ZnOH in d®-THF also generates 10-
N methylacridan. Likewise, evidence that the zinc plays no
|\|/Ie significant role and that the reduction centers on the reactivity
of the B—H bond is provided by the observation that the
thallium complex [TE“Me[TI is also able to perform the

the zinc complex being converted to the inactive chioride Nydride transfer under similar conditions (Scheme 1). We
derivative [TF"™MqZnCl.6 Kimura has examined the ability therefore speculate tthat t'he mechanism mvolvgg .hydnde
of [(tacd)ZNOHK(TO)s TIOH (tacd= 1,5,9-triazacyclodode-  transfer from the [TB**<] " ligand'* to 10-methylacridinium
cane) as a reagent to mediate hydride transfer fro@HPr to generate 10-mtethylac_r|dan and BIpYe)s; proteolytic
to (BNA)CI but likewise observed only low conversion Ccléavage of B(p2'M9) W'ta ROH would be expected to
(17%), and the fate of the zinc complex was not addredsed. '¢/€@se the pyrazole, Hpz"e. _ _

In an effort to obtain a system that models quantitatively  hile hydride transfer from the [T§¥°] ligand is not of
the hydride transfer step of the LADH catalytic cycle, we relevance_ to the catalytic cycle of LADH, it is pf interest
sought to employ substrates for which (i) the pyridinium bef:agse it is aRn _unprecedent(;.\i form_of reactivity for the
nucleus is more susceptible to reduction and (ii) the coun- UPiquitous [T{¥%] ligand systent?**despite the well-known
teranion shows a reduced tendency to coordinate to Zinc,ablllty of borohydride derlvqtlves to actas 'reducmg agéhts.
compared to that of chloride. Thus, we turned our attention Udoubtedly the observation that [TF] ligands do not
to 10-methylacridinium perchlorafewhich would be ex- generally act as hydride donors is a result of the steric bulk

. . . . i 1E5cl6
pected to be more reactive than 1-benzylnicotinamide on the&round boron in such species:

basis of its reduction potential: 10-methylacridiniur(43 A more dramatic illustration of the [T3""q] ligand to
V) and 1-benzylnicotinamide{1.08 V)? participate in hydride transfer reactions is provided by the

Indeed, 10-methylacridinium perchlorate was efficiently "€aCtivity of {[Tp=*JZn(OH,)}[HOB(CsFs)q]*" towards
reduced to 10-methylacridan by solutions of F¥gZnOH alcohpls. Specmcally}lj NMR spectroscopy demonstrates
in ROH (R= Me, Et, Pi) at 80°C (Scheme 1}° While the that dissolution of [Tp®*"]Zn(OH;)} [HOB(CeFs)3] in CDx-

formation of 10-methylacridan was encouragitig, NMR oD result; in the imme;jiate generation of PFZnH"®
e ) . .
spectroscopy indicated that the equilibrium mixture of &ndHPZ“M (Scheme 2)?The formation of the zinc hydride

But,Me ut,Me’
[Tp ]ZnOH and_ [Tﬁ; ]Z,nOR, decompose@ over th,e (11) The transfer could occur from either a coordinated or dissociated
course of the reaction. Despite this decomposition, the yield = [TpBuMe)- jigand.

of 10-methylacridan was ca. 85%, based on the amount of(12) (a) Trofimenko, SScorpionates: The Coordination Chemistry of
ToBUMe|ZnOH originall Polypyrazolylborate Ligandsmperial College Press: London, 1999.
[Tp®"M€]ZnOH originally present. (b) Trofimenko, SChem. Re. 1993 93, 943-980.

An unanticipated result, however, was the observation that (13) E)&drige trangfe_r and BH insertior;] rleacti?(ns of téiS(ps?razolyl)- |
H H ydroborato derivatives are, nevertheless, known. See, for example:
the reactions emp!oylng deuterated solventsdi‘methanql, (@) Gorrell, |. B.; Looney, A.: Parkin, G.: Rheingold. A. 0. Am.
db-ethanol, andd®-isopropanol, generate 10-methylacridan Chem. Soc199Q 112 4068-4069. (b) Looney, A; Han, R. Y.;
that is devoid of deuterium. Such absence of deuterium  Gorrell I B Comebise, M., Yoon, K.; Parkin, G.; Rheingold, A. L.

. . . . . Organometallics1995 14, 274-288. (c) Dowling, C.; Parkin, G.
incorporation clearly calls into question the notion that the Polyhedronl996 15, 2463-2465. (d) Ghosh, P.; Parkin, G. Chem.

reduction of 10-methylacridinium in this system could Soc., Chem. Commui998 413-414. (e) Paolucci, G.; Cacchi, S.;
involve hydride transfer via a zinc alkoxide complex with a ;4 ((:ng"v?é'héa‘?'D(f'”cé?été?m‘éarz?{'é'?g@”iﬁ 36%.1(25% vlvla?ale R C.
mechanism analogous to that employed by LADH. Since J. Mol. Catal. 1983 18, 273-297. (c) Reductions in Organic
[Tp™449210H and [TF“*2nOR decomposed during the /"<, RerentAgees s e Apnlealonebeeor
Society: Washington, DC, 1996.

rather ineffective, giving (BNA)H in only 14% yield, with

(6) Walz, R.; Vahrenkamp, Hnorg. Chim. Acta2001, 314, 58—62. (15) Decomposition of tris(pyrazolyl)hydroborato ligands due to cleavage
(7) Kimura, E.; Shionoya, M.; Hoshino, A.; Ikeda, T.; YamadaJYAm. of B—N bonds, forming pyrrole, is certainly precedented. See for

Chem. Soc1992 114, 10134-10137. example: (a) Chia, L. M. L.; Radojevic, S.; Scowen, I. J.; McPartlin,
(8) Fukuzumi, S.; Kitano, TJ. Chem. Soc., Perkin Trans.1®91, 41— M.; Halcrow, M. A. J. Chem. Soc., Dalton Tran200Q 133-140

45. and references therein. (b) Cano, M.; Campo, J. A.; Heras, J. V.;
(9) E° values are relative to SCE. See ref 8 and: Fukuzumi, S.; Koumitsu, Pinilla, E.; Rivas, C.; Monge, APolyhedron1994 13, 2463-2465.

S.; Hironaka, K.; Tanaka, T. Am. Chem. S0d.987 109 305-316. (16) For an interesting example of-B1 bond activation in a ruthenium

(10) It should be noted that solutions of 10-methylacridinium in methanol tris(2-mercapto-1-methylimidazolyl)hydroborato complex, see: Hill,

generate 9-methoxy-10-methyl-9,10-dihydroacridine in the presence A. F.; Owen, G. R.; White, A. J. P.; Williams, D. Angew. Chem.,

of [TpB“MejZnOH, analogous to its formation in the presence of Int. Ed. 1999 38, 2759-2761.

NaOH. See: Ivanov, G. E.; Izmail'skii, V. AChem. Heterocycl. (17) Bergquist, C.; Parkin, Gl. Am. Chem. S0d.999 121, 6322-6323.

Compd.197Q 6, 1045-1047. (18) [TpBUMe|znH has been prepared independeftly.
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Scheme 2 Although sufficient data are not available to define a
— &SB! mechanism for the formation of the zinc hydride complex,
NN we postulate that alcohol solvation disrupts the hydrogen-

() H
W NN, /

N
/&/‘BU /O_B(CGFS)S

bonding interaction withid [TpB"M¢]ZnOH,} [HOB(CeFs)3]
and the resulting cationi¢[TpBu“M€]ZnOH,} * species, or
possibly{ [TpB"Me|Zn} *, scavenges hydride from a [i{Ve]~

H ligand ! thereby resulting in the formation of [F{yMe€]ZnH

lMeOH with the sacrificial decomposition of a [FV€]~ ligand.
In conclusion, solutions of the zinc hydroxide complex
=5——Bu' [TpBYMe]ZnOH in alcohols achieve hydride transfer to the
N= N\ BU' NAD™ model, 10-methylacridinium perchlorate. However,

B//N NSz ppgtBule the source of the hydride is not the alcohol but, rather, the

\ / B—H group of the [T§“Me€] ligand. A further example in
/&C?\BU‘ which a [TF“M¢] ligand acts as a hydride donor is provided
(H* = H, D) by the reaction of the aqua compléKTpB"Me|Zn(OH,)} -
[HOB(CgFs)3] with methanol to generate the zinc hydride

complex [TP"Me]znH is most significant, especially con-  complex [TF“M¢]ZnH. The present study therefore provides
sidering that it is formed in a protic mediu#hDeuterium a caveat for the often assumed inertness of such ligands
labeling studies confirm that the source of the hydride ligand towards hydride transfer, especially in the presence of
attached to zinc is the BH group. Thus, deuterium reactive cationic species, as exemplified by 10-methylacri-
incorporation into the zinc hydride site does not result when dinium and{[Tp8"Me]Zn(OH,)}*. For this reason, alkyl-
{[TpBYMe]Zn(OD,)} [DOB(CsFs)4] is dissolved in CROD, substituted ligands of the type [RT[]?! are going to play
whereas dissolution of [DTM]Zn(OH,)} [HOB(CgsFs)s] a more important role in studying the chemistry of highly
yields [DTP"M€]ZnD, as demonstrated by bothl and?H electrophilic systems.
NMR spectroscopy.
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consistent with hydride abstraction resulting in complete decomposition
of a [TpP"M€] ligand. An unidentified pyrazolyl-containing species,
possibly {[TpBYMe|Zn(OHy)} ™ or {[TpBuMeZn(ROH)L*, is also . ] . . o .
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conversion is slow, possibly due to pyrazole coordination to zinc,

thereby tempering its hydride-abstracting capability. For the synthesis |C011136G

of [TpBu“Me|znF, see: Klai, W.; Schilde, U.; Schmidt, Minorg.
Chem.1997, 36, 1598-1601.

(20) [TpB“Me|znH does, nevertheless, react with ROH in benzene solution (21) See, for example: (a) Kisko, J. L.; Fillebeen, T.; Hascall, T.; Parkin,
at elevated temperatures to yield PFg'€]ZnOR. For example, the G.J. Organomet. Chen200Q 596, 22—26. (b) Kisko, J. L.; Hascall,
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