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1,2-Dihydro-2-phenyl-1,2-azaboring)(reacts with Cr(COJCH3;CN); in THF at 50°C to form the

Cr(CO)% complex7 in which the chromium is;8-bou

nd to the heterocyclic ring. Heatirfgin THF to

101°C causes it to isomerize to compl8xin which the chromium ig®-bound to the phenyl ring. The
Cr(CO) group of8 may be switched back to the heterocyclic ring by base conversion to the @&nion
followed by thermal isomerization to anidi®. Protonation ofl0 re-forms7. The X-ray structure 08
shows that the uncoordinated 1,2-dihydro-1,2 azaborine ring is aromatic.

Introduction

m-Coordinated metals can undergo haptotropic migrations
between the rings of certain polycyclic aremmaetal complexes.
The best studied systems have been anionic chromium tricar-
bonyl complexes in which the Cr(C®yroup migrates from a
neutral to an anionic ringe.g.,1 to 2.2 Haptotropic migrations

Cr(CO)s Cr(CO) ©
— |
1 2
Cr(CO); Cr(CO);
3 4

aYe) a7e
5 6

are also well-known for neutral systems in which the Cr(€0)
group equilibrates between two ringgs in the biphenyt
Cr(CO) complexes3 and 4.5 Most noteworthy are the recent
reports by Dtz and co-workers that a haptotropic Cr(GO)
migration in a naphthalene complex can be used as a molecula
switch®
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Ustynyuk, N. A.Organomet. Chem. USSR89 2, 20; Metalloorg. Khim.
1989 2, 43; Chem. Abstr1989 111, 115236.
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A.; Gottardi, F.; Santi, S.; Venzo, Al. Organomet. Cheni991, 412, 85.

10.1021/0m0506973 CCC: $33.50

Haptotropic migrations are much less common in heterocyclic
systems, in part because many heterocycles are rathermpoor
ligands? We recently prepared the borenitrogen heterocyclic
analogue of biphenyd and its conjugate bask®° Both 5 and
6 are excellentr ligands. Thus, it seemed desirable to explore
possible haptotropic migrations of Cr(CG{&pmplexes ob and
6. We wish to report here th&tcan form the Cr(CQ)complex
7, which can be thermally isomerized to the more steable
Deprotonation o8 affords9, which can be isomerized to afford
the more stabld 0. Protonation ofL0 affords7. This cycle of
reactions, which is summarized in Scheme 1, allows the
Cr(CO) group to be switched to either the benzocyclic or the
heterocyclic ring.

Results and Discussion

Tricarbonylchromium compleX was prepared in 80% yield
by heating5 with Cr(CO)(CH3CN); in THF at 50°C. By this
method?7 is obtained regioselectively as the sole kinetic product
of reaction. ThéH NMR spectrum of7 in THF-dg is first order
and can be readily assigned by inspection. The signals for the
1,2-dihydro-1,2-azaborine ring protons are shifted upfield in
comparison to the corresponding signals for the free ligand
while the phenyl ring signals are little effected by complexation.
Thus,zr complexation to the heterocyclic ring is indicated. This
regioselectivity of Cr(CQ)addition was confirmed by obtaining
an X-ray crystal structure of, which is illustrated in Figure 1.

r
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A.; Laikov, D. N.; Ustynyuk, Y. A.; Ustynyuk, N. AJ. Organomet. Chem.
1999 583 136.

(5) (@) Oprunenko, Y. F.; Shaposhnikova, J. A.; Ustynyuk, Y. A.
Metalloorg. Khim. 1991 4, 1377. (b) Cunningham, S. D.;f@e, K.;
Willeford, B. R.J. Am. Chem. S0d.983 105, 3724.

(6) (a) Jahr, H. C.; Nieger, M.; Dip, K. H. Chem. Commur2003 2866.
(b) Détz, K. H.; Stendel, J., Jr.; Mier, S.; Nieger, M.; Ketrat, S.; Dolg,
M. Organometallic2005 24, 3219.

(7) However, see: Zhu, G.; Tanski, J. M.; Churchill, D. G.; Janak, K.
E.; Parkin, G.J. Am. Chem. So@002 124 13658.

(8) Pan, J.; Kampf, J. W.; Ashe, A. J., llDrganometallics2004 23,
5626.

(9) Ashe, A. J., lll; Fang, X.; Fang, X.; Kampf, J. @rganometallics
2001 20, 5413.

© 2006 American Chemical Society

Publication on Web 12/03/2005



198 Organometallics, Vol. 25, No. 1, 2006 Pan et al.

Figure 2. Solid-state structure & (ORTEP). Thermal ellipsoids
are at the 50% probability level. Hydrogen atoms have been omitted
for clarity.

Figure 1. Solid-state structure of (ORTEP). Thermal ellipsoids
are at the 50% probability level. Hydrogen atoms have been omitted
for clarity. A molecule of EtOAc hydrogen-bonded to N(1)H is
not shown.

prepared directly frond in 72% yield by heating with Cr(C@)
(CH3CN)z in THF to 140°C. Like 7, theH NMR spectrum of
8in DMSO-ds is first order. ThéH NMR signals for the phenyl
Scheme 1 ring protons of8 are shifted upfield relative to those Bfand
H 7, indicating Phsr complexation, while the signals for the
CBQ uncomplexed 1,2-dihydro-1,2-azaborine ring proton$ ahd
— 8 are in the same range. The molecular structur8 (Figure
Cr(CO)5(CH3CN)g 5 Cr(co)ji?lf”h 2) obtained from an X-ray diffraction study confirms the
s0c regioselectivity of the Cr(CQ)coordination.
H Ny 8 can be deprotonated in THF using t-BuLi or LITMP to
! A . afford solutions of in the same manner as the conversion of
@B_@ ©B© 710 10. 9 has been isolated as a yellow powder by precipitation
Cr(CO)s Cr(CO)s with dioxane, followed by washing with pentane and drying.
7 8 The 'H NMR spectrum ofd in DMSO-ds shows a first-order
pattern, which is easily distinguished from that&fand also
from that of 10).
Heating9 in THF-dg to 93 °C cleanly converted it td.0.
Since protonation 010 forms 7, this series of reactions forms

acid || base acid || base

S
. A K a cycle in which the Cr(CQ)group is transferred from the
[@B_Q ©B© heterocyclic ring to phenyl and back again. The sequence of
ér(co)s ér(co)s reactions T to 8 to 9 to 10 to 7) must be thermodynamically
10 0 neutral. The thermal conversion dfo 8 is favorable, apparently

because phenyl is a better ligand toward Cr(€@an is 1,2-
dihydro-1,2-azaborinyl. Similarly the thermal reaction®fo

10 must be favorable, because the anionic 1,2-azaboratabenzene
is a better ligand toward Cr(C@}han is phenyl. The sequence

is pushed back to thermodymanic neutrality by the acid/base
steps8 to 9 and10to 7. Assuming that the g, of 8 is similar

to that of5 (pKa ~ 26), the difference in acidity betwe@and

7 is approximately 13.5k, units or 19 kcal/mol at 28C, which

must energetically balance the thermal migration steps.

A molecular switch has been defined as any molecular-level
system which can be reversibly interconverted by the application
of an external stimulu& By this definition the sequenceéto
8 to 9 to 10to 7 is a molecular switch. For comparison it is
useful to review the Diz molecular switcl. The naphthalene
Cr(CO) complex11 is thermally isomerized t@2. Photolysis

7 can be quantitatively deprotonated by LDA or t-BuLi in
THF to afford solutions ofl0. Alternatively,10 can be isolated
in 37% yield by precipitation by dioxane followed by washing
with pentane and drying. TH&l NMR spectrum ofL0in THF-
ds shows a first-order pattern distinct from thatofThe major
characteristic differences are the absence of the NH signal for
10 and the collapse of the C(6)H doublet of doublet¥ b a
broad doublet fol0, due to the removal of the NH coupling.
Alkylation of 10 with methyl iodide gave the knowN-methyl
derivative7a,° while the addition of protic acids regenerate
Bracketing experiments in THF indicate that the acidity’ a$
comparable with that of pentaphenylcyclopentadient, (&
12.5)10.11 Since the acidity o6 in THF is comparable with
that of pentamethylcyclopentadienekgor 26)%11there is a
marked increase in acidity on complexatign.

A

Heating7 in THF to 101°C causes it to undergo a clean OMe /‘\ OMe

isomerization to its regioisome8. Alternatively 8 may be Bt N Et
——Cr(CO) (OC)3Cr—+/

(10) Bordwell, F. G.Acc. Chem. Red.988 21, 456. Et Et

(11) The K4 values in ethers are not thermodynamic values but are OSiMe,tBu OSiMe,tBu
reasonably comparable wittkKpvalues determined in cyclohexylamine or 1. P e-Octene
DMSO. See: Streitweiser, A., Jr.; Juaristi, E.; Nebenzahl, L. L. In 11 2 ¢co 12

Comprehengie Carbanion ChemistryBuncel, E., Durst, J., Eds.; Else-

vier: Amsterdam, 1980; Part A, p 323. . . .
(12) For arelated case, see: Fraser, R. R.; Mansour,Jl (Fganomet. of 12 in cyclooctene followed by CO addition givéd back.

Chem.1986 310, C60. Obviously the photolysis provides the energy to reverse the
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Scheme 2. Possible Mechanism for the Conversion of 7 to 8
_H
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7 13 140r8+THF +5

favorable thermal reaction, while in present case the acid/base Scheme 3. Synthesis of 6b

reactions provide the energy. = CD,Cl,/LDA J\/\ TBAF/H,O/THF

Possible Mechanismslt was of interest to examine the pr\é—mg e Mrms
thermal Cr(CO) migrations7 to 8 and9 to 10 in more detail. by b bh
The conversion of7 to 8 is easily monitored by*H NMR N LDA N
spectroscopy. The first-order rate constant was found tobe m m
8.0 x 105 s at 101°C in THF-dg. Decomposition tc was D™ BH D'oB L
less than 10% under these conditions. The reaction was much Ph '2;

slower in noncoordinating solvents.The approximate rate
constant in cyclohexangr, at 160°C was 1.9x 104 s%
Decomposition tdd now amounted to 30%.

The conversion of7 to 8 can be partially diverted by the
addition of extraneous substrates. The addition of 1 equiv of
the strongr donor hexamethylbenzene Toin THF followed
by heating for 1 half-life at 110C results in the formation of
8, 5, and (hexamethylbenzene)Cr(G®}4) in a ratio of 1:1:1,
as measured biH NMR spectroscopy. Similarly the addition
of 1 equiv of5-d, specifically labeled at N(1), t@ followed by
heating to 110C resulted in 40% deuterium incorporation in
7 and 8, as measured by mass spectroscopy.

The above data are consistent with the mechanism illustrated
in Scheme 2. The faster rate of conversiory @b 8 in THF vs
cyclohexane suggests that the THF is involved in the rate-
determining step*1®> A THF molecule might slowly displace
the B—N x bond (presumably the weakestdonor) of ther®-
coordinated 1,2-dihydro-1,2-azaborine ring dfto form the
intermediatey*-diene complex.3 (path b). Fast reaction df3
with added hexamethylbenzene would giiand5 (path a).
This mechanism is analogous to those previously proposed for
the donor-catalyzed exchange of (arene)Cr0jnplexes with
extraneous arenég&14-16 Alternatively, reaction of13 with
labeled5 would give labeled and/or8. However, competitive
intramolecular rearrangement 8 to give 8 directly (path c)
cannot be excluded.

The conversion 0B to 10 could also be monitored biH
NMR spectroscopy. The first-order rate constant at’@3in
THF-dg was measured to be 5:8107°s1. No decomposition
products were noted after 3 half-lives. The addition of excess
hexamethylbenzene tin THF followed by heating for 3 half-
lives resulted in no detectable formationlef The lack of cross
product suggests that the reaction is intramolecular. However

this conclusion rests on the undemonstrated assumption that
hexamethylbenzene is a better ligand tBawhich would favor
the formation of14 over 10.

To be certain about the intramolecularity of the conversion
of 9 to 10, 6b specifically deuterium labeled at C(3) was
prepared by the route illustrated in Scheme 3. This route is
analogous to a prior preparation of 3-deuterio-2-methyl-1-
phenyl-1,2-dihydro-1,2-azaboriféVhen 9 was heated in the
presence of 1 equiv @b in THF-ds, the position of deuterium
could be easily followed by monitoring tifel NMR spectrum.
After 3 half-lives less than 20% of the deuterium was incor-
porated intdlO. Thus, the conversion &to 10is predominately
intramolecular.

The mechanisms which have been proposed for intramolecu-
lar haptotropic migrations in carbocyclic systems have involved
stepwisexr decomplexation of the double bonds of one ring
followed by (or concomitant withjr complexation of the double
bonds of the new ring-#17” Such a route for the conversion of
9 to 10 might involve intermediates such &5 (Scheme 4), in
which the Cr(COj group isz-bound to both rings. A simple
alternative mechanism involving the possible intermedisie
seems worthy of serious consideration. The proposed intermedi-
ate 16 might be formed by intramolecular nucleophilic attack
by the nitrogen atom of the pendant 1,2-azaboratabenzene ring
on the Cr(COj group with the concomitant release of aC
double bond from the phenyl group. Rapid transfer of the Cr-
(CO); group to the heterocyclic ring might follow. Semmelhack
and co-workers have shown that similar pendant nucleophiles
accelerate intermolecular arene exchange of arehsomium
carbonyl complexe¥ Effectively 16 is an intramolecular variant
of 13. Available data do not allow a distinction to be made
'between routes involvind5 or 16.

Crystal Structures. The molecular structures of the isomeric

(13) (a) Feringa, B. L., EdMolecular Switcheswiley-VCH: Weinheim,

Germany, 2001. (b) Balzani, V.; Venturi, M.; Credi, Molecular Dejices (C.:4BNH5_C6H5)C"(CO)3 90mpleX937 ands8 are i.”USUated in
and Machines-A Journey into the Nanoworliley-VCH: Weinheim, Figures 1 and 2, respectively. Selected bond distancésnfl
Ge(rﬂ?q)f/{ezggc?glerating effect of donors on haptotropic migrations has been 8 are compared in Table 1. The structdteonsists of a near-

. L e .
noted previously: (a) Yagupsky, G.; Cais, Morg. Chim. Actal975 12, planqr QBNH5 rnng, Wh'Ch_ 1S 'bounq to th? Cr(CQ)unitin
L27. (b) Mahaffy, C. A. L.; Pauson, P. L. Chem. Res., Synaf979 126, a typical piano-stool fashior¥. crystallizes with one molecule
(c) Zimmerman, C. L.; Shaner, S. L.; Roth, S. A.; Willeford, B.JRChem. of ethyl acetate (omitted from Figure 1) which hydrogen-bonds

Res., Synapl98Q 108
(15) (a) Traylor, T. G.; Stewart, KOrganometallics1984 3, 325. (b)
Traylor, T. G.; Stewart, K. J.; Goldberg, M. J. Am. Chem. Sod.984
106, 4445. (c) Traylor, T. G.; Stewart, K. J.; Goldberg, M.Qrgano- (17) (a) Albright, T. A.; Hofmann, P.; Hoffmann, R.; Lillya, C. P.;
metallics1986 5, 2062. Dobosh, P. AJ. Am. Chem. Sod.983 105 3396. (b) Howell, J. A. S;
(16) Semmelhack, M. F.; Chlenov, A.; Ho, D. M. Am. Chem. Soc. Ashford, N. F.; Dixon, D. T.; Kola, J. C.; Albright, T. A.; Kang, S. K.
2005 127, 7759. Organometallics1991, 10, 1852.

to the acidic NH group of the coordinated heterocycle. The
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Scheme 4. Possible Mechanism for the Conversion of 9 to 10
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Table 1. Comparison of Selected Bond Distances (A) for 7
and 8 and the Calculated Distances for 17

7 8 17
B(1)-N(1) 1.450(2) 1.430(5) 1.433
N(1)-C(1) 1.383(2) 1.368(5) 1.367
c(1)-C(2) 1.389(2) 1.353(6) 1.370
C(2)-C(3) 1.421(2) 1.413(7) 1.417
C(3)-C(4) 1.395(2) 1.370(6) 1.380
C(4)-B(1) 1.524(2) 1.500(5) 1.510
B(1)-C(5) 1.564(2) 1.583(5)

C(5)-C(6) 1.404(2) 1.432(5)

C(6)-C(7) 1.389(2) 1.403(5)

C(7)-C(8) 1.382(2) 1.415(6)

C(8)-C(9) 1.388(2) 1.398(5)

C(9)-C(10) 1.389(2) 1.420(5)

C(10)-C(5) 1.401(2) 1.410(5)

Cr(1)-B(1) 2.367(2)

Cr(1)-N(1) 2.192(1)

Cr(1)-C(av) 2.23(3) 2.23(1)

a Reference 23b.

uncoordinatedB-phenyl is close to being coplanar with the
C4BNHs ring. StructureB closely resembles structureexcept
that the rings are interchanged. The phenyj8sound to the
Cr(CO) group, while the almost coplanarsBNHs ring is
uncoordinated.

Compound8 is particularly notable, since it contains a
noncoordinated 1,2-dihydro-1,2-azaborine ring. 1,2-Dihydro-1,2-
azaborine is isolectronic with benzelfe?! and there are no
prior structural data on the ring system without potentially
perturbing metal coordination. Thus, the structural datsBon
should be of great interest in terms of defining the possible
aromaticity of this important ring system.

The 1,2-dihydro-1,2-azaborine ring ®fs completely planar.
The formal single bonds, N(£)C(1), C(2-C(3), and B(1y
C(4), are rather short, and the formal double bonds, BRIL),
C(1)—-C(2), and C(3)-C(4), are rather long, which suggests
m-delocalized bonding. Thus, the CN bond length (1.37 A) is
identical with that of pyridiné? The B-C bond length (1.50
A) is distinctly shorter than those found for nonconjugated®
bonds (typical range 1.551.59 A)23 The B—N bond (1.43 A)
is longer than the usual values found for unconjugated ami-
noboranes (1.41 A% The range of € C bond lengths (1.35

(18) (a) Dewar, M. J. S.; Marr, P. A. Am. Chem. S0d962 84, 3782.
(b) Davies, K. M.; Dewar, M. J. S.; Rona, P.Am. Chem. S0d.967, 89,
6294.

(19) White, D. G.J. Am. Chem. Sod.963 85, 3634.

(20) Fritsch, A.J. Chem. Heterocycl. Comp977, 30, 381.

(21) Ashe, A. J., lll; Fang, XOrg. Lett.200Q 2, 2089.

(22) Sorensen, G. O.; Mahler, L.; Rastrup-AndersenJ.NVlol. Struct.
1974 20, 119.

(23) Bartell, L. S.; Caroll, B. LJ. Chem. Phys1965 42, 3076.

(24) Paetzold, PAdv. Inorg. Chem1987, 31, 123.

1.41 A) is considerably smaller than is shown b§-Bpbridized
C—C bond lengths of 1,3-cyclohexadiene (13346 A)25 This
range is comparable with the range of C bond lengths found
in naphthalene (1.371.42 A¥728and is consistent with those
of an aromatic ring.

In 1992 Clark and Kranz carried out an ab initio MO study
at the MP2/6-31G* level on the parent 1,2-dihydro-1,2-azaborine
(17) which allowed them to conclude that the compound had a
considerable degree of electron delocaliza#i@scheiner and
co-workers have subsequently calculated the bond distances of
17, which are also collected in Table?32 Comparison of the
calculated bond distances bf with those experimentally found
f&c:r 8 shows an excellent level of agreement (avera@e007

).

The structure of is nearly identical with that found for the
N-methyl derivative7a.® The only important difference is that
the B-phenyl group of7ais canted out of the fBN(CHz)H4
plane by 39.2° The corresponding bond distances7cdind 7a
differ by an average of only-0.012 A.

Comparison of the structures @fand 8 clearly illustrates
the structural changes which aromatic rings undergo on com-
plexation. The bond distances of the coordinatgBICring of
7 average 0.02 A longer than those of the uncoordinat@NC
ring of 8. This change is consistent with the partial removal of
sr-electron density from the ring by the electron-withdrawing
Cr(CO)% group?3° A similar effect can be noted by comparing
the coordinated Ph ring & with the uncoordinated Ph ring of
7. Again, bond distances expand by 0.02 A on coordination.

Concluding Statements

The conjugate acid/base pair 1,2-dihydro-1,2-azaborine/1,2-
azaboratabenzene are both ggédigands. The thermal conver-
sions of7 to 8 and9 to 10rest on the relative ligand strengths
of 1,2-azaboratabenzerre benzene> 1,2-dihydro-1,2-aza-
borine. The combination of thermal haptotropic migrations and
acid/base steps allow the Cr(GQjroup to be transferred back
and forth between the heterocyclic and phenyl ringg-610
so that the system functions as a molecular switch. Further

(25) (a) Dallinga, G.; Toneman, L. H. Mol. Struct.1967 1, 117. (b)
Oberhammer, H.; Bauer, S. H. Am. Chem. Sod.969 91, 10.

(26) (a) Cruickshank, D. W. J.; Sparks, R. Broc. R Soc. London,
Ser. A196Q 258 270. (b) Brock, C. P.; Dunitz, D. Acta Crystallogr
1982 38B, 2218.

(27) (a) Almenningen, A.; Bastiansen, O.; Dyvik, A&cta Crystallogr.
1961 14, 1056. (b) Ketkar, S. N.; Fink, MJ. Mol. Struct.1981, 77, 139.

(28) (a) Kranz, M.; Clark, TJ. Org. Chem1992 57, 5492. (b) Tar, T.;
Elmore, D. E.; Scheiner, . Mol. Struct.1997, 392, 65.

(29) Surprisingly, the structure of-biphenyl)tricarbonylchromium has
a similar canting. See: Guzel, |. A.; Czerwinski, C.Atta Crystallogr.
2004 C60 m615.

(30) Nicholls, B.; Whiting, M. C.J. Chem. Socl959 551.
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investigations of haptotropic migrations of complexes of these
boron—nitrogen heterocycles are in progress.

Experimental Section

General ProceduresManipulations of air-sensitive compounds
were performed under a nitrogen or argon atmosphere using
standard Schlenk techniques or in a nitrogen-filled drybox. Tetra-
hydrofuran, dioxane, pentane, and hexanes were dried and deoxy
genated by distillation from sodium/benzophenone ketyl. Tetra-
hydrofuranes was dried over potassium/sodium alloy before use.
t-BuLi (Aldrich), hexamethylbenzene (Aldrich), and cyclohexane-
di» (Cambridge) were used without further purificaticitd, 2H,
13C, and!B NMR spectra were recorded on a Varian Inova 400
or 500 NMR spectrometer at ambient temperature. Chemical shifts
are reported in parts per millio®). Proton and carbon chemical
shifts are relative to respective solvent internal standards shown a
follows: cyclohexaned,, & 1.38 (H), 26.43 £3C); DMSO-ds, 0
2.50 (H), 39.51 {3C); THF-dg, 0 3.58 (H), 67.57 {3C). The
coupling constantsJ{ are reported in Hertz. The following
abbreviations are used to describe peak patterns: fmoad, s=
singlet, d= doublet, t= triplet, q = quartet, m= multiplet. All
13C andB NMR spectra were determined with complete proton
decoupling. High-resolution mass spectra were recorded on a VG-
250S spectrometer with electron impact at 70 eV. Elemental
analyses were conducted on a Perkin-Elmer 240 CHN analyzer by
the Analytical Service Department of the Chemistry Department
at the University of Michigan, Ann Arbor, MI.

Tricarbonyl[1,2-dihydro-2-phenyl-(#5-1,2-azaborine)]chro-
mium (7). 1,2-Dihydro-2-phenyl-1,2-azaborine (313 mg, 2.02
mmol) in 15 mL of THF was added to Cr(C@LHs;CN); (522
mg, 2.01 mmol). The resulting red solution was heated t6G0
for 24 h. The solvent was removed under reduced pressure. Th
residue was extracted by>3 15 mL of hot hexanes. After removal
of the solvents, the crude product was purified by column
chromatography on silica gel (20% ethyl acetate in hexanes elution)
to yield a pure sample of the product as an orange powder (470
mg, 80%). IR (benzene film): 1973, 1904, 1882 ¢m'H NMR
(500 MHz, THF4dg): ¢ 5.00 (d,J = 9.5 Hz, 1H, C(3)H); 5.40 (t,

J = 5.8 Hz, 1H, C(5)H); 6.02 (ddJ = 9.5, 5.8 Hz, 1H, C(4)H);
6.43 (t,J= 5.8 Hz, 1H, C(6)H); 7.34 (m, 3H, Ar H); 7.67 (m, 2H,
Ar H); 7.95 (br, 1H, NH).33C NMR (100.6 MHz, THF€g): o 82.9,
85.0 (br), 100.9, 109.6, 128.7, 130.7, 133.6; the signal fgy, C
was not observed!B NMR (160.4 MHz, THFég): 6 19.9. HRMS
(El, m/2): calcd for GsH!1B%2CrNOs(M ™), 291.0159; found,
291.0150. Anal. Calcd for gH1oBCrNOs: C, 53.65; H, 3.46; N,
4.81. Found: C, 53.83; H, 3.62; N, 4.77.

Tricarbonyl[1,2-dihydro-2-( #5-phenyl)-1,2-azaborine]chro-
mium (8). 1,2-Dihydro-2-phenyl-1,2-azaborine (1.55 g, 10 mmol)
in 50 mL of THF was added to Cr(CefCHsCN); (2.59 g, 10
mmol). The resulting red solution was heated at 1@0for 24 h.
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Tricarbonyl[1,2-dihydro-1-lithio-2-phenyl-( #5-1,2-azaborine)]-
chromium (10). In the NMR-scale reaction, a mixture @f(12
mg, 41umol) and LDA (5 mg, 47umol) was dissolved in 0.75
mL of THF-dg. The resulting NMR spectrum showed tHdt was
formed quantitatively. After quenching with GH8 mg, 56xmol),
it formed the known compound tricarbonyl[1,2-dihydro-1-methyl-
2-phenyl-1,2-azaborine]chromi§rwas formed. To isolat&0, the
following large-scale experiment was performed. A 1.7 M solution
of tert-butyllithium (1.5 mL, 2.55 mmol) in pentane was added
slowly to a solution of7 (582 mg, 2 mmol) in 10 mL of dioxane
at 0°C. As the mixture was stirred at @ for 1 h and at room
temperature for 4 h, a yellow precipitate was formed. After filtration,
the precipitate was washed with>2 10 mL of pentane and dried
in vacuo to give the product as a yellow powder (350 mg, 37%).
ThelH NMR showed that the product contained 2 equiv of dioxane.
H NMR (500 MHz, THFdsg): 6 4.48 (d,J = 9.3 Hz, 1H, C(3)H);
5.08 (t,J = 5.9 Hz, 1H, C(5)H); 5.66 (ddJ = 9.3, 5.9 Hz, 1H,
C(4)H); 6.48 (br, 1H, C(6)H); 7.16 (1 = 7.1 Hz, 1H, Ar H); 7.21
(t, 3= 7.1 Hz, 2H, Ar H); 7.69 (dJ = 7.1 Hz, 2H, Ar H).13C
NMR (125.7 MHz, THFédg): 6 84.8, 88.2 (br), 110.7, 117.4, 127.6,
127.7, 134.1; the signal foryf, was not observed’B NMR (160.4
MHz, THF-dg): o 21.6.

Tricarbonyl[1,2-dihydro-1-lithio-2-( #%-phenyl)-1,2-azaborine]-
chromium (9). In the NMR-scale reaction, a mixture 8f(13 mg,

45 umol) and LTMP (8 mg, 54mol) was dissolved in 0.75 mL
of THF-ds. The resulting NMR spectrum showed tiawas formed
quantitatively. To isolat®, the following large-scale experiment
was performed. A 1.7 M solution ¢ért-butyllithium (0.8 mL, 1.36
mmol) in pentane was added slowly to a solution8af305 mg,
1.05 mmol) in 10 mL of dioxane at €C. After the mixture was
stirred at 0°C for 1 h and at room temperature for 4 h, a yellow
precipitate was formed. After filtration, the precipitate was washed
with 2 x 10 mL of pentane and dried in vacuo to give the product
as a yellow powder (205 mg, 41%). TH¢ NMR showed that the
product contained 2 equiv of dioxarlel NMR (500 MHz, DMSO-
dg): 0 5.61 (m, 3H, Ar H); 6.07 (t) = 5.4 Hz, 1H, C(5)H); 6.24
(m, 2H, Ar H); 6.33 (d,J = 10.5 Hz, 1H, C(3)H); 7.23 (dd] =
10.5, 5.4 Hz, 1H, C(4)H); 8.00 (dl = 4.1 Hz, 1H, C(6)H).1*C
NMR (125.7 MHz, DMSO¢g): ¢ 94.7, 95.3, 99.9, 111.4, 118.8
(br), 139.4, 148.3; the signal fords, was not observed!B NMR
(160.4 MHz, THFdg): o 34.4.

1,2-Dihydro-1-deuterio-2-phenyl-1,2-azaborine (5. To a
solution of (1,2-dihydro-2-phenyl-1,2-azaborin-1-yl)potassium (295
mg, 1.53 mmol) in 10 mL of THF at-78 °C was slowly added 2
mL of CD;COOD. The mixture was warmed to room temperature
and stirred for 2 h. The volatiles were removed in vacuo, and the
residue was extracted with 8 10 mL of hexanes. The solution
was concentrated and crystallized-£80 °C to give the product as
white crystals (200 mg, 84%). The isotopic purity determined by
the mass spectroscopy was 80%.

(1,2-Dihydro-2-phenyl-3-deuterio-1,2-azaborin-1-yl)lithium (6b).

The solvent was removed under reduced pressure. The residue waghe procedure for preparingb was identical with that for (1,2-

extracted by 4x 60 mL of hot hexanes. After removal of the
solvents, the crude product was purified by column chromatography
on silica gel (20% ethyl acetate in hexanes elution) to yield a pure
sample of the product as a yellow powder (2.10 g, 72%). IR
(benzene film): 1968, 1894 crh *H NMR (500 MHz, DMSO-

dg): 6 5.73 (t,J = 6.3 Hz, 2H, Ar H); 5.86 (tJ = 6.3 Hz, 1H, Ar

H); 6.18 (d,J = 6.3 Hz, 2H, Ar H); 6.42 (t) = 6.4 Hz, 1H, C(5)H);
6.92 (d,J=11.2 Hz, 1H, C(3)H); 7.48 (1) = 6.9 Hz, 1H, C(6)H);
7.71 (dd,J = 11.2, 6.4 Hz, 1H, C(4)H); 10.70 (br, 1H, NH¥C
NMR (125.7 MHz, DMSO€g): 0 94.6, 96.4, 99.5, 111.2, 125.9
(br), 135.3, 144.8; s the signal fof,6 was not observed!B NMR
(160.4 MHz, THFdg): ¢ 32.7. HRMS (EIl, m/2): calcd for
C13H10MB%CrNGO; (M), 291.0159; found, 291.0148. Anal. Calcd
for C13H1BCrNGOs: C, 53.65; H, 3.46; N, 4.81. Found: C, 53.64;
H, 3.21; N, 4.62.

dihydro-2-phenyl-1,2-azaborin-1-yl)lithium, except @I, was
used in place of CKCl,° (see Scheme 3}H NMR (500 MHz,
THF-dg): ¢ 6.02 (dd,J= 6.5, 5.0 Hz, 1H, C(5)H); 7.00 (= 7.3
Hz, 1H, Ar H); 7.13 (t,J = 7.8 Hz, 2H, Ar H); 7.32 (dJ = 6.5
Hz, 1H, C(4)H); 7.70 (dJ = 7.8 Hz, 2H, Ar H); 7.95 (dJ = 5.0
Hz, 1H, C(6)H).2H NMR (76.7 MHz, THFdg): 6 6.55 (br, C(3)D).
The isotopic purity determined bfH NMR was 90%.

Haptotropic Migration from 7 to 8. 1. In THF. In a sealed
NMR tube, a solution o¥ (13 mg, 45umol) in 0.75 mL of THF-
ds was heated to 101C and the migration was monitored Bif
NMR spectroscopy. The percent conversion was determined by
monitoring the signal of C(3)H of and that of the corresponding
proton of 8. The resulting rate constahtis 8.0 x 107 s™1. The
decomplexed product 1,2-dihydro-2-phenyl-1,2-azaborine was less
than 10% of the amount of product.
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2. In Cyclohexane.In a sealed NMR tube, a solution af Table 2. Crystal Data and Data Collection Parameters for 7
(saturated at room temperature) in 1 mL of cyclohexdnewas and 8
heated at 160C and the migration was monitored B NMR 7 8
spectroscopy. The percent conversion was determined by monitoring — ;
the signal of C(3)H of and the signal for the corresponding proton empirical formula QgﬁfgerOB CraHioBCrNG,
of 8. The resulting rate constaktis approximately 1.9x 104 fw 379.13 201.03
s 1. The decomplexed product 1,2-dihydro-2-phenyl-1,2-azaborine temp, K 118(2) 150(2)
was around 30% of the total product. wavelength, A 0.71073 0.71073
3. Crossover ReactionIn a sealed NMR tube, a mixture @f cryst syst triclinic monoclinic
(13 mg, 45umol) and5-d (7 mg, 45umol, % D = 80%) was  SP3ce group P so7 P2y/c
; ; : ; , . (13) 9.9188(15)
dissolved in 0.75 mL of THFé. This solution was heated to 110 ;' g 9.9787(17) 17.330(3)
°C for 115 min. The amount of deuterium exchange product ¢ A 13.252(2) 7.2858(11)
detected from the mass spectrum was around 40%. Also, in the o, deg 68.342(3) 90
sealed NMR tube, a mixed solution @f(9 mg, 31umol) and . deg 75.790(3) 90.348(3)
hexamethylbenzene (5 mg, amol) in 0.75 mL of THFés was v dAg_g 75.134(3) 90 _
heated to 110C for 115 min; the cross produd¥ and8 and5 Xélcd’ dzensit 888.0(3); 2 1252.3(3); 4
X X X y, Mg/rh 1.417 1.544
were detected in a ratio of approximately 1:1:1. abs coeff, mm? 0.670 0.913
Haptotropic Migration from 9 to 10. 1. In THF. In a sealed F(000) 392 592
NMR tube, a solution 09 (15 mg, 51umol) in 0.75 mL of THF- cryst size, mm 0.44 0.30x 0.12  0.36x 0.32x 0.16
dg was heated to 93C and the migration was monitored B limiting indices —9=<h=<10 -183<h=<13
—12<k=13 —23=<k=23

NMR spectroscopy. The percent conversion was determined by

monitoring the signal of C(5)H o and the signal for the no. of rfins collected/ 57197;4'3??017 ?2502255/3%81
corresponding proton ofl0. The resulting rate constark is unique
approximately 5.8x 10™° s™1. No decomplexed product was abs cor semiempirical from equivalents
observed by NMR spectroscopy. refinement method full-matrix least squaresfén
2. Crossover Reactionin a sealed NMR tube, a mixture 6f no. of data/restraints/ 4330/0/229 3081/0/173
(9 mg, 30umol) and hexamethylbenzene (6 mg, @ihol) was Gggré":;i 1041 1094
dissolved in 0.75 mL of THFs. This solution was heated at 110 ¢ - Rindices (> 20(1)) R1=0.0298 R1= 0.0468
°C for 180 min (approximately 3 half-lives). No crossover product WR2= 0.0821 WR2= 0.1270
was detected by NMR spectroscopy. Rindices (all data) R% 0.0340 R1=0.0555
In a sealed NMR tube, a mixture 6f(16 mg, 54umol) and6b wR2=0.0842 WR2=0.1347
(9 mg, 56umol) was dissolved in 0.75 mL of THE. This solution largest diff peak and 0.420 and-0.241  0.587 ane-0.597
was heated at 11T for 150 min.2H NMR spectroscopy indicated hole, e/
that less than 20% of the deuterium was incorporatedliotdhus, 1 and 2, respectively. Selected bond distances are collected in Table
the conversion of to 10 s predominately intramolecular. 1. Additional crystallographic data are available in the Supporting
Determination of the pK, Value of 7.In the NMR tube, 7 mg Information.
of (pentaphenylcyclopentadienyl)lithium (18nol) was added to
a solution of7 (5 mg, 17umol) in 0.75 mL of THFés. The resulting Acknowledgment. Partial support of this research has been

NMR spectrum showed the peaks of pentaphenylcyclopentadieneprovided by NSF Grant No. CHE-01080609.
as well as of (pentaphenylcyclopentadienyl)lithium. This indicates

that the acidity of7 is comparable with that of pentaphenylcyclo-
pentadiene.

Single-Crystal X-ray Crystallography. Crystals of 7 and 8
suitable for X-ray diffraction were obtained by recrystallization from
hexane/ethyl acetate. Crystallographic and data collection param-
eters are collected in Table 2. ORTEP drawingg ahd8 showing
the atom-numbering scheme used in refinement are given in FiguresOM0506973

Supporting Information Available: CIF files giving X-ray
characterization data fdrand8 and figures givingH NMR spectra
of 7—10 and rate data for the conversions®fo 8 and9 to 10.
This material is available free of charge via the Internet at
http://pubs.acs.org.



