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Abstract: BFs-mediated additions of lithium phenylacetylide (PhCCLi) to lén-butyl)imine of cyclohexane
carboxaldehyde were investigated. IR spectroscopic investigations reveal dramatic aging effects on the addition
rates.5Li, 11B, and3C NMR spectroscopic studies correlate the loss in reactivity with the condensation of
PhCCLi and Bl and the consequent formation of a complex mixture of PhC®H; adducts. Employing
BF;°R3N complexes eliminates the aging effects by retarding the formation of borates. Kinetic studies implicate
a mechanism in which rate-limiting associative substitution-8usN on the BF by the imine is followed by

a rapid 1,2-addition of PhCCLIi. BFRsN complexes are potentially useful substitutes forHHO.

Introduction by dramatic rate increases and improved chemo-, regio-, and
Many organolithium reactions are dramatically accelerated Stereoselectivities: .24 o

by adding BR-Et,0. These include 1,2-additions to imires, Itis unc_lear how (or_whether) such strong geW|s acids _and

oximes?—8 carboxamide&0anhydrided!2aldehyded314and bases avoid condensation long enough to function cooperatively.

ketoness as well as cleavages of acet#gpoxides’ 22 and Indeed, many studies implicate substantial mechanistic com-

unstrained cyclic ethef8:2*BF; has been used in conjunction

plexity. Yields are often much higher if BFEL,O is added to

with alkyllithiums 237824 lithium acetylide6.9.11,12.14,15,17,22 the substrate/organolithium soluti§#3or if the organolithium
aryllithiums#6-82Lvinyllithiums 520 allyllithiums,13 and lithium is added to a substrate/BE®O solution?® Premixing Bk:
enolateg* The critical role of BR-E,0 is often underscored ~ EO and the organolithium is often, but not always, detrimen-

tal.1915For example,Yamaguchi and co-workers found that the
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sequence of reagent addition did not influences-Btediated
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(4) Campbell, J. B.; Dedinas, R. F.; Trumbower-Walsh, SJAOrg. mediated organolithium reactions. Ganem and co-workers used

Chem.1996 61, 6205. 1B NMR spectroscopy to study Bfpromoted openings of

(5) Meltz, C. N.; Volkmann, R. ATetrahedron Lett1983 42, 4503.
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Lithium Phenylacetylide Addition to Imines

cyclic ethers with alkyllithiumg42 Spectra oh-BuLi and BR-
Et,O in THF (i.e., BR*THF)?® at —78 °C revealed lithium
n-octyloxyboron trifluoride (the product of THF cleavage) and
lithium tetrabutylborate. Brown and co-workers investigated
BFs-mediated additions of lithium acetylides to anhydrides by
1B NMR spectroscopy* A mixture of PhCCLi and BEEt,O
provided a species assigned as (PhCGMFHF),, (1), which
was converted to (PhCEBLI(THF), (2) on warming. Wheatley
and co-workers crystallized (PhGB)yTHF (3) from a 1:1
mixture of PhCCLi and BEFE$LO and suggested that it is a
plausible intermediate in the 1,2-additions of lithium acetylides
to imines, though they did not test this hypothé&iBarr and
co-workers monitored BFEL,O andn-BuLi in Et;O/HMPA/
toluene using’Li and B NMR spectroscopie¥, observing
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solid 3! The BR'n-BusN32 was isolated as an air-stable, crystal-
line solid in 80% yield.

BF3/THF. IR Spectroscopic Studies. IR spectroscopic
studies using a ReactIR spectrometer fitted with a SiComp probe
led to qualitative insights into the Bfmediated 1,2-addition
shown in eq 1. Without B§ a THF solution containing PhCCLi
(0.10 M) and imine4 (0.024 M) at 25°C for 10 h shows no
loss of the imine absorbance at 1669 @émin contrast, if a
THF solution of PhCCLi (0.10 M) and BF(0.10 M) was
prepared at-85 °C and promptly charged with iminé, the
1,2-addition is essentially instantaneotig, (< 10 s) with no
detectable BEimine precomplex? If the PhCCLI/BF mixture
stands at—85 °C for 5 min prior to addition of imine4, no
1,2-addition is observed even on warming to ambient temper-

LiBF4 and several species tentatively assigned as mixed boratesature. A very low level of reactivity remains in aged samples

(Bu:BF)Li and (BuBF)Li.

containing a>2-fold excess of PhCCLit{, > 8 h at 0°C).

We describe structural and mechanistic investigations of the Under these conditions Bis converted to a complex mixture

1,2-addition of PhCCLIi to unactivated imines (eq 1) first

F
Ph——:—-eBz,,F // @Li(THF)n (Ph;)‘E?B //®Li(THF)n
3

1 2
(Prr—:—):—BBTHF
3
,\1/\/\,\,,e HN""Me
O)\H Ph——1Li O)\
I —— Ph M
4 5
with BF3 Et,0 70% yield
without BF3Et,O  no reaction

(T"r F)x
A
Ph-0=C 0=C—Ph

(THF)
6

effected by Akiba and co-worketsA striking loss in reactivity
is correlated with the condensation of PhCCLi withsBE,O.

Detailed rate studies using BR-BusN provide insights into
the role of the Lewis acid. The air-stable, crystallinesB&N

complexes may offer significant advantages oveg-BEO by

retarding the problematic aging effeéts30

Results

Solutions containing BFTHF2® were prepared by dissolving
BFs-Et,O in THF. PLi,*3C]PhCCLi was prepared as a white

(25) Leading references to BE complexation: Gutmann, VThe
Donor—Acceptor Approach to Molecular InteractigriBlenum: New York,
1978. Marcus, YJ. Solution Chem1984 13, 599. Rauk, A.; Hunt, . R;
Keay, B. A.J. Org. Chem1994 59, 6808. Maria, P.-C.; Gal, J.-B. Phys.
Chem.1985 89, 1296. See ref 44.

(26) Davies, J. E.; Raithby, P. R.; Snaith, R.; Wheatley, A. E1.-Chem.
Soc., Chem. Commut997, 1797.

(27) Barr, D.; Hutton, K. B.; Morris, J. H.; Mulvey, R. E.; Reed, D.;
Snaith, R.J. Chem. Soc., Chem. Commuad®986 127.

(28) For applications of BEINR; derivatives in hydroborations and
discussions of structurereactivity relationships, see: Brown, H. C;
Zaidlewicz, M.; Dalvi, P. V.Organometallics1998 17, 4202. Brown, H.
C.; Kanth, J. V. B.; Dalvi, P. V.; Zaidlewicz, MJ. Org. Chem1999 64,
6263. For a review ofi-lithiations of amine-borane complexes, see: Kessar,
S. V.; Singh, PChem. Re. 1997 97, 721.

of borates, eventually affording (PhCBLI(THF),, (2).29:3839
Independently prepared samples of bo&#e°and boran&?6
show no reactivity even with added BF

BFy/THF. NMR Spectroscopic StudiesSLi, 1B, and°C
NMR spectroscopic investigations reveal that the marked loss
in reactivity of PhCCLIi/BE on standing at-85 °C coincides
with the initial condensation to form a complex mixture of
borates. Thé'B NMR spectrum recorded on a THF solution
of [6Li,*3C]PhCCLi (0.10 M) and BE (0.10 M), which was
prepared in liquid nitrogen and carefully warmed-t@10 °C,
displays a resonance (L.36 ppm, br $¥ consistent with B
THF (Figure 1a). On standing at85 °C, the resonance of BF
THF is replaced by a slightly upfield-shiftédB resonance at
6 0.25 ppm (Figure 1b). Th&B NMR spectra do not change
markedly on further warming the sample to near ambient
temperature. Analogou4B NMR spectroscopic data observed
by Brown were attributed to the formation of bordté! The
6Li NMR spectra appear to be equally straightforward. On
standing at-85 °C, the characteristic triplet of dimér(6 0.37
ppm, Jii-c = 8.1 Hz,—110°C) is replaced by a singlet at
—0.88 ppm (Figure 1c,d).

(31) Hassig, R.; Seebach, Helv. Chim. Actal983 66, 2269.

(32) Fox, A.; Hartman, J. S.; Humphries, R. E.Chem. Soc., Dalton
Trans.1982 1275. For NMR spectroscopic studies of &N complexes,
see: Farquharson, M. J.; Hartman, JCan. J. Chem1996 74, 2131.

(33) Spectra recorded on a 0.03 M THF solution4éf with 0.10 M
BF; display an absorbance at 1671 ¢htompared to 1669 cm for the
uncomplexed iminé> BF;—imine complexes in Nuijol typically display IR
C=N stretches at 20660 cn1 ! higher frequencies than the parent imffie.
Indeed, a heterogeneous mixture of imihend 3.0 equiv of BEin pentane
containing poorly coordinating ED (50 equiv) displays a major IR
absorbance attributed to the putativesBFcomplex at 1713 cmit and a
smaller absorbance at the frequency of free infine

(34) The reaction was studied at a relatively dilute concentration because
of the low solubilities of PhCCLi. The reaction shows limited conversion
(28%) over 14 h at 258C. Neither borate2 nor borane3 undergo 1,2-
additions to imine4 with excess BE-Et,O.

(35) Imine absorbances can vary considerably depending on the choice
of solvent. Rutherford, J. L.; Zhao, P.; Collum, D. B., unpublished. For
detailed analysis of solvent-dependent IR absorbances, see: Reimers, J.
R.; Hall, L. E.J. Am. Chem. S0d.999 121, 3730.

(36) Samuel, B.; Snaith, R.; Summerford, C.; WadeJKChem. Soc. A
197Q 2019. For a general discussion of ketetithium complexation and
related ketone Lewis acid complexation, see: Shambayati, S.; Schreiber,
S. L. InComprehensie Organic Synthesigrost, B. M., Fleming, I., Ed.;
Pergamon: New York, 1991; Vol. 1, p 283.

(37) For discussions of BX coupling (and lack thereof) at low
temperatures, see: Bacon, J.; Gillespie, R. J.; Quail, XC&w. J. Chem.
1963 41, 3063. Ryschkewitsch, G. E.; Rademaker, WI.MMagn. Reson.
1969 1, 584. Blackborow, J. RJ. Magn. Reson1975 18, 107. See

(29) For a more extensive and detailed description of the results describedref 32.

herein, see: Aubrecht, K. B. Ph.D. dissertation, Cornell University, Ithaca,

NY, 1999.

(30) For an extensive bibliography of the structures of boranes and borates

containing fluoride and acetylide substituents, see ref 29.

(38) Phillips, W. D.; Miller, H. C.; Muetterties, E. L1. Am. Chem. Soc.
1959 81, 4496.

(39) Wrackmeyer, BZ. Naturforsch., B: Chem. Scl982 37h, 788.
Wrackmeyer, B.; Nth, H. Chem. Ber1977 110 1086.
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Figure 1. NMR spectra of {Li,**C]PhCCLi (0.10 M) in THF/pentane (10.6 M) with 1.0 equiv of BEt,O at—110°C: (a)*'B NMR spectrum
with no aging; (b)!*B NMR after 5 min at—85 °C; (c) 5Li NMR spectrum with no aging; (djLi NMR spectrum after 5 min at-85 °C; (e) °C
NMR spectrum with no aging; (/*C NMR spectrum after 5 min at85 °C.

The simplicity of thellB and ®Li NMR spectra conceals  On adding §Li,13C]PhCCLi to a solution of BEn-BuzN in
considerable structural complexity. TREC NMR spectrum THF, the spectra recorded at110 °C show a®Li triplet and

recorded at-110°C prior to aging displays the quintei (39.3 13C quintet of dimer6*® along with several minor resonances.
ppm, Jii—-c = 8.1 Hz) corresponding to dime¥ (Figure le). After aging the sample at15 °C for 2 h, the spectra showed
Standing at—85 °C, however, affordsat least fve new!3C no significant changes (Figure 2a,b). Aging at’5for an hour
resonancegFigure 1f). ThereforeSLi and B NMR spec- provided a complex mixture. Once the complex mixture of

troscopies are inadequate for monitoring the complex mixtures. putative borates appeared, subsequent additionRiizN did
We have described additional spectroscopic studies following not reverse their formation. Brown and co-workers suggested

the conversion of putative JRBLi borates® to borate23° in that addition of MgN reversed the condensation of PhCCLi

detail elsewheré? with BF3;* we suspect that they precluded, rather than reversed,
BF3/n-BusN. IR Spectroscopic StudiesWe reasoned that  the condensation.

reducing the steady-state concentration of the putativeifdie BFs/n-BusN. Quantitative Rate Studies. Detailed rate

complex by using a strongly coordinating amine (eq 2) would studies were carried out using ReactIR spectroscopy to monitor
o o the loss of imine4 (1669 cnTl). Pseudo-first-order conditions
BF;'R;N + imine = BF;:imine + R;N @) were established by maintaining the imine at low concentrations
N ~ (0.01 M) and by using PhCCLi, BMmM-BusN, freen-BuzN, and
render the rate of the 1,2-addition tractable and attenuate agingrHF at high, yet adjustable, concentrations with pentane as the
effects. _ N . cosolvent.
Treatmg a 0,'20 M SOIUUOr,‘ of PhCC,L' in THF at25 ,C The loss of imine4 followed clean first-order behavior;
sequentially with (‘%) a premixed SO'”“Q” Of. B.F‘L'O equiv), yielding pseudo-first-order rate constantgp{) that were
(b) n-BusN (1.5 equiv), and (c) 0.02 equiv of iminkaffords a  jngenendent of the initial imine concentration. A plotkafsa
clean pseudo-flrst-.order decay. The 0.5h half-llfe represents a, o [BF;:n-BusN] shows a first-order dependence (Figure 3).
marked decrea}se in the reaction rate relative to twmﬂ:' Curiously, the 1,2-addition followed a zeroth-order dependence
mediated reaction. Importantly, the same pseudo-first-order rate,, \he PhcCLi concentration (Figure 4), indicating that the
constant £5%) results if imine4 is added immediately to the jjoang sybstitution at boroprecedingthe 1,2-addition is rate
solution of PhCCLI/BETHF/M-BUsN or to an analogous jinjiting 41 we explored the influence of the solvents and ligands
solution aged at-25 °C for 75 min. If the PhCCLi and B§
n-BuzN are allowed to stand at Z& for 60 min prior to adding (40) (a) PhCCLi is insoluble im-BusN/toluene. Further evidence that
imine 4, the 1,2-addition is not observed. The reaction rates PhCCLi is not competitively solvated by trialkylamines in the presence of

; ; ; . . THF is as follows: A 0.10 M solution of[i,3C]PhCCLi in toluene
correlate inversely with the Lewis basicity of the amffie: containing 5.0 equiv of BN reveals £Li quartet ¢ 0.58,J_c = 5.4 Hz)

PhNMe >> n-BusN = n-PrN > EtN.28 (1,2-Additions using and a broad (highly spliffC resonance’)(130.7) consistent with a prismatic
BFs/PhNMe/THF were too fast to monitor at78 °C.) oligomer4% n contrast, an analogous 0.10 M solution &fi[*3C]PhCCLi

_ ; ; _ _ in THF containing 5 equiv of BN reveals the characteristic resonances of
. BFs/n-BusN. .NMR SpeCtrOSCOpIC StudiesThe .rate retard . THF-solvated dime6 rather than the amine-solvated oligomer. (b) Brown,
ing effects of trialkylamines and the accompanying attenuation .| - Gerteis, R. L. Bafus, D. A.: Ladd, J. A. Am. Chem. S0d964 86,

of aging effects were investigated using NMR spectroscopy. 2135.




Lithium Phenylacetylide Addition to Imines J. Am. Chem. Soc., Vol. 122, No. 45, 20087

6 30
(a)
24 4
@ 181
T e |
= 1 1
B2 T8 I
N
06 1
00 —r—TrT T
85030 2 20 15 0 05 00 45 e 00 02 04 08 0 10
ST T [PhCCLI] (M)
(b) 6 Figure 4. Plot of kypsa Vs [PhCCLI] for the addition of PhCCLi to
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11.8 M THF/pentane at-15 °C.
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Figure 2. NMR spectra of §Li,**C]PhCCLi (0.10 M) in THF/pentane 04 .
(10.6 M) with 1.0 equiv of BE-n-BusN and 0.5 equiv of-BusN at ’
—110°C (agel 2 h at—15°C): (a)%Li NMR spectrum; (b)*C NMR
spectrum. 00 ——————r————
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Figure 5. Plot of kossa VS [n-BugN] for the addition of PhCCLi (0.2
M) to imine 4 (0.01 M) with BR*n-BuzN (0.1 M) in 10.6 M THF/
pentane at-15 °C. The data are fit td(x) = ax* (a = (2.3 4 0.4) x
104 b= —0.69+ 0.07).

g
E=3
2

o
M

of the three-coordinate By the imine4 (egs 4 and 5) would
manifest an inverse-first-order dependence on mhBusN
concentration. (A rate-limitingn-BusN dissociation can be
excluded by the first-order imine dependence.)
The solvent dependencies proved more complex than antici-
W=y T T pated. A plot ofkepsq Vs [n-BusN] (Figure 5) shows an inverse
00 0t 02 03 04 05 06 07 . . . . . .
dependence consistent with a reversible amine dissociation (eqs
[BFy-BusN] (M) 4 and 5); however, the nonlinear least-squares fit affords a
Figure 3. Plot of kpsg VS [BFs-n-BusN] for the addition of PhCCLi noninteger orderkopsg 0 1/[n-BusN]%6%4:9-0%) . A plot of Kopsd
(0.2 M) to imine4 (0.01 M) with BR'n-BusN andn-BusN (0.5 M) in vs [THF] (Figure 6) also reveals a considerable non-integer
8.8 M THF/pentane at15 °C. The data are fit th(x) = ax (a = (3.2 inverse correlationkypsq 0 1/[THF]:™+2?). The combination
+0.3)x 103 b= 1.0+ 0.1). of non-integer reaction orders and limited precedent for a five-

on reaction rates in the context of dissociative and associative€00rdinate BETHF-n-BusN complex?® suggests that the rate

substitutions (eqs-35).42 An associative ligand substitution at inhibitions may stem from more generalizgd medium effects
caused by the replacement of pentane with the more polar

o
1

Kopsa X 10° (™)

o
o
2

3 fast solvents. Indeed, holding the THF aneBusN concentrations
BF;:n-BU;N + 4 — [4=BF;—n-BuN]" "= product (3)  constant and replacing pentane with the sterically demanding
(poorly coordinating) 2,2,5,5-tetramethyltetrahydrofuran fMe
BF;'n-BuN == BF; + n-BugN (4) THF) ori-PrNEt caused analogous inhibitions. Even replacing
pentane with toluene caused up to 65% inhibition. Therefore,
(5) the pronounced solvent effects appear to be secondary shell
rather than primary shell effects. Consequently, the “idealized”
rate equation (eq #the rate equation with so-called “medium

boron (eq 3) WOUId. manifest a zeroth-order de_penc_ience_on theeffects” omitted-consistent with the associative substitution (eq

n-BuzN concentration. In contrast, a mechanism involving a

reversible ligand dissociation followed by rate-limiting trapping (42) For a discussion and leading references to ligand substitutions of

BR; derivatives, see: Toyota, S.; Futawaka, T.; Asakura, M.; lkeda, H.;
(41) For rate studies of the displacement of phosphines from Lewis acidic Oki, M. Organometallics1998 17, 4155.

boron centers by a lithium acetylide, see: Qiao, S.; Hoic, D. A,; Fu, G. C. (43) Ooi, T.; Uraguchi, D.; Kagoshima, N.; Maruoka, K.Am. Chem.

J. Am. Chem. S0d.996 118 6329. Soc.1998 120, 5327. Maruoka, K.; Ooi, TChem. Eur. J1999 5, 829.

fast
BF; + 4 — BF;*4 —= product
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Figure 6. Plot of kepsa VS [THF] for the addition of PhCCLi (0.2 M)
to imine4 (0.01 M) with BRs*n-BusN (0.1 M) andn-BusN (0.05 M) in
pentane at-15 °C. The data are fit td(x) = ax* (a = (7.5 % 3) x
10% b= -1.7+0.2).

120

3) is very different than the empirically determined rate equation

(eq 6).

—d[4)/dt = K [PhCCLI[[BF4-n-BuN] - x
[n_BusN]—0.6%0.07[THF]—1.7¢0.2[4] ©)

—d[4)/dt = K'[BF3n-Bu N][4] @)

Discussion

We investigated the role Bfplays in the addition of PhCCLI
to imine 4 (eq 1). ReactIR spectroscopy offered an excellent
probe of the reaction rates. A combinationfbf, 1B, and3C
NMR spectroscopies provided several key structural insights.

The combined results enable us to outline the mechanism in

Scheme 1.
Scheme 1
THE FSB\[\I/\/\MG FgB: NN"Me
F“‘Bl imine 4 PhCCL
FP T e A fast S
limiting) Ph
PhCCLi

imne4 .-
_____——"""(very slow) + imine 4

[ (PhCO)mBF OPLI(THF), ] [ (PhCC)BOPLI(THE), ]
2

BF3/THF. The condition-dependent reaction rates and struc-
tural changes using BAHHF mixtures fit into four groups:

(1) PhCCLi in THF does not undergo 1,2-addition to imine
4; BF3 is an essential component.

(2) If a THF solution of PhCCLi and BFTHF (derived from
BF3-Et,0) is prepared at85 °C andimmediatelytreated with
imine 4, the 1,2-addition is too fast to monitor. IR and NMR
spectroscopic studies confirm that PhCCLi adds to imine
substantially faster than it condenses withsBi-give a complex
mixture of borates. Alternatively, ffremixedsolutions of Biz-
THF and imine4 are added to the PhCCLi, the 1,2-addition is
too fast to monitor regardless of temperature.

(3) If 1:1 mixtures of PhCCLi and BFTHF stand at—85
°C for several minutes, subsequent addition of indragfords
no 1,2-addition'B NMR spectroscopic studies reveal a single
new!B resonance that Brown tentatively assigned as bdrate
13C NMR spectroscopic studies, however, reveal many more
borates than thé!B NMR spectroscopy suggests. The highly
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condition-dependent structural changes coincide with the pre-
cipitous decrease in the rates of 1,2-addition, consistent with
the marked aging effects observed by Yamaguchi on-BF
mediated oxetane openings.

(4) Once the PhCCLiBF; adducts are formed, the 1,2-
addition is slow even at ambient temperature. Under these
relatively harsh conditions, however, further deep-seated and
irreversible structural changes occur. Although these changes
are poorly defined? they appear to involve a cascade of
reactions proceeding via mixed fluoro-alkynyl borane and borate
complexes, ultimately affording (PhC{BLi(THF), (2). Nota-
bly, neither borat@3839nor borane3?® displays any reactivity.

BF3/n-BusN. The nearly instantaneous 1,2-additions observed
before PhCCLi and Bfhave condensed to form borates are
certainly striking, yet they also pose severe technical challenges.
From a synthetic perspective, the rapid self-destruction of the
PhCCLi and B may limit the application of this technology,
especially in large-scale reactions where mixing times can be
prohibitively long. From a mechanistic perspective, the;-BF
mediated 1,2-addition is too fast to monitor by standard kinetic
methods.

Since BR-THF mediates the 1,2-addition substantially faster
than it reacts with PhCCLI, we suspected that complexing BF
with more strongly Lewis basic trialkylamines would retard the
formation of boratesand decrease the rate of 1,2-addition.
Indeed, the rates of the 1,2-addition are substantially slower
with added amines and correlate inversely with the Lewis
basicity of the amine. NMR spectroscopic studies reveal that
mixtures of BR-n-BusN and PhCCLi at-15 °C for 2 h do not
condense to give borates. Of considerable importance, the 1,2-
addition mediated by Bfn-BusN is highly reproducible and
insensitive to aging effects.

Detailed rate studies of the BR-BusN-mediated 1,2-addition
evolved into a study of the basic coordination chemistry of BF
by revealing a rate-limiting associative ligand substitution at
boron (eq 32 The first-order dependencies on the concentra-
tions of BR; and imine4 and the zeroth-order dependence on
the organolithium concentration reveal a rapid (post-rate-
limiting) 1,2-addition. Rate inhibitions at elevated THF and
n-BusN concentrationsinitially suggesting an unprecedented
double ligand dissociation from a putative five-coordinate-BF
THF-n-BusN complex—were eventually ascribed to surprisingly
large medium effects. We surmise that these medium effects
stem from disproportionate stabilization of the dipolar amine
borane7* relative to transition structur@.*
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Conclusion

This investigation offers insights into the role of BiR 1,2-
additions of lithium acetylides. PhCCLi and Bwere shown
to function efficiently and cooperatively before the onset of a
mutual destruction. Although the details underlying the con-
densation of PhCCLi and BRvere precluded by an inordinate
structural complexity and nonoptimal spectroscopic properties,
we were able to exclude several borane and borates as viable
intermediates. By employing Bf-BusN, detailed rate studies

(44) Jonas, V.; Frenking, G.; Reetz, M.J.Am. Chem. S04994 116,
8741.

(45) Brown and co-workers noted similar medium effects on the
hydroboration of alkenes using aminkorane complexes. Brown, H. C.;
Kanth, J. V. B.; Zaidlewicz, MOrganometallics1999 18, 1310.
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revealed an associative imine complexation to be the rate- NMR Spectroscopic AnalysesSamples for spectroscopic analyses
limiting step. Importantly, BE-n-BusN and related BgR3N were prepared by using a protocol described elsewfiéReutineSLi,
complexes are air-stable, crystalline solids that may offer **B, and **C NMR spectra were recorded on a Varian XL-400
considerable advantages oversBR,O by precluding the aging specetrgnlleter opelr3at|ng at 58.84, 128.23, and 100.58 MH? re;pectlvely.
effects associated with many Bfediated organolithium  1N€’Li, *'B, and™C resonances are referenced to 0.30°MILICI/

. . . - MeOH (0.0 ppm,—100°C), neat BRk*Et,O (0.0 ppm, 25°C), and the
reactions. Further studies of the synthetic utility ofsB%:N THF B-methylene resonance (25.37 pprl00 °C), respectively.

complexes are under way. IR Spectroscopic Analyses.R spectra were recorded using a
) ) ReactIR 1000 from ASI Applied Systefiditted with a 30-bounce
Experimental Section silicon-tipped (SiComp) probe optimized for sensitivity. A representa-

tive reaction was carried out as follows: The IR probe was inserted
through a nylon adapter and FETFE O-ring seal into an oven-dried
cylindrical flask fitted with a magnetic stir bar and T-joint. The T-joint
was fitted with an argon line and septum for injections. After evacuation
under full vacuum and flushing with argon, the flask was charged with
the solution of interest and cooled to the indicated temperature in a
Neslab model ULT80 cooling bath. The flask was charged with reagents
as described above, a background spectrum was recorded, andlimine
was added neat with stirring. Spectra were acquired at 1 min intervals.
Data manipulation and statistical analyses were carried out by using
the system 2.1a ReactIR software in conjunction with the nonlinear
least-squares fitting protocols in the Scientist package provided by
Micromath.

Reagents and SolventsAll solvents were distilled by vacuum
transfer from blue or purple solutions containing sodium benzophenone
ketyl. The hydrocarbon stills contained 1% tetraglyme to dissolve the
ketyl. SLi metal (95.5% enriched) was obtained from Oak Ridge
National Laboratory. Thé’Li] n-BuLi, used to preparélLi,*3C]PhCCLI,
was prepared and purified by the standard literature procé€lure.
[6Li, B*C]PhCCLi was isolated as a solid as described previotisije
n-BuLi used to prepare the PhCCLi in the rate studies also was
recrystallized from pentane solutioffBF;-Et,0 was distilled with 10
mol % EtO from Cah. The diphenylacetic acid used to check solution
titers” was recrystallized from MeOH and sublimed at IZDunder
full vacuum. Air- and moisture-sensitive materials were manipulated
under argon or nitrogen using standard glovebox, vacuum line, and
syringe techniques. Acknowledgment. We thank the National Institutes of
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was stirred an additional 20 min, filtered under aspirator pressure, andtion Instrumentation Program (CHE 7904825 and PCM 8018643),

washed with 50 mL of cold E©. ELO was removed and the rinse . .
was repeated. The resulting white solid was dried in vacuo toaconstantthe National Institutes of Health (RR02002), and IBM for
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