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Abstract: The kinetics of the reactions of
trialkylamine boranes and pyridine bo-
ranes with benzhydryl cations have been
determined photometrically. Second-or-
der rate laws are obeyed, first-order with
respect to amine borane concentration
and first-order with respect to carboca-
tion concentration. As for other reactions
of carbocations with neutral nucleophiles,
the rates of these reactions are only slight-

ture—reactivity relationships and kinetic
isotope effects are in accord with a polar
mechanism procceding through a transi-
tion state where the migrating hydride is
partly bound to the entering carbon and
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to the leaving boron atom. The rate con-
stants correlate linearly with the elec-
trophilicity parameters E of the carbeni-
um ions. It is therefore possible to use the
linear free enthalpy relationship logk, =
s(E+ N) for determining nucleophilicity
parameters N for the amine boranes and
to compare their hydride-donating abili-
ties with those of other non-charged hy-
dride donors (silanes, germanes, stan-

ly affected by solvent polarity. The struc-

Introduction

Amine boranes 1 are versatile reducing agents in organic and
inorganic chemistry."! They are produced quantitatively by the
reaction of amines with diborane (Scheme 1) and are stable
coordination complexes.”?! A large number of amine boranes
are commercially avail-
able.

Because of their dipo-
lar, non-ionic character,
they are readily soluble
in water as well as in many organic solvents (e.g., ethanol, ether,
dichloromethane, toluene, or acetone).l':** While trialkyl-
amine boranes are relatively stable in water or ethanol, they
solvolyze under acidic conditions.!’**! Borane complexes of
primary and secondary amines decompose with formation of
hydrogen when heated above 70 °C,[*- 2> # but in the presence
of impurities (e.g.. amines, proton donors, or heavy-metal
cations) hydrogen evolution may occur even at room tempera-
ture 23]

ot &
2R\N + BH —— 2 R,N—>BH,

Scheme 1.
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nanes, and dihydropyridines).

The reduction of aldehydes and ketones is usually per-
formed in aprotic solvents between 50 and 100 °C,[® whereas in
water or alcohol solution the reaction of dialkylketones with
various amine boranes proceeds at room temperature in good
yields.!”! The reactivity toward 4-rert-butylcyclohexanone in
aqueous methanol (Scheme 2) was reported to decrease accord-
ing to the order H,;N— BH,>Me,HN— BH; > pyridine -
BH,>Me,N—BH, yielding rrans-4-tert-butylcyclohexanol
with high selectivity.[]

R,N->BH,

WO
OH

e

80 - 92 % trans
Scheme 2.

Acyl chlorides are reduced with formation of alcohols,!>-#
while alkyl and alkali carboxylates do not react with amine
boranes.”™! Since hydroborations with trialkylamine boranes or
pyridine boranes require elevated temperatures,*-¥! carbonyl
groups can be reduced selectively in the presence of C=C double
bonds at room temperature.l> 71 In contrast, hydroboration of
alkenes (e.g., 1-hexene or styrene) and reduction of carbonyl
compounds (e.g., aldehydes) with sterically hindered amine bo-
ranes (e.g., N-phenyl-N,N-diisopropylamine borane) at 20° C
takes place within 1-10h in solvents such as THF or pen-
tane !9

Despite their wide use in synthesis, little information on the
mechanism of reductions with amine boranes is available.['!]
During our efforts to quantify the reactivities of various classes
of nucleophiles with respect to carbenium ions,['?! we have re-
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cently studied the kinetics of hydride abstractions from silanes,
germanes, and stannanes by benzhydryl cations.''*? In order to
add amine boranes 1 to this list of reactivities of non-ionic
hydride donors, we have now studied the kinetics of their reac-
tions with the intensely colored benzhydryl cations 2, which
yield the corresponding colorless diarylmethanes 3 quantitative-
ly (Scheme 3).

+ R,N—BH,Y

H H
R,N—>BH, + de X0 HY
Ar Ar Ar AT

la-1j 2a-2d 3a-3d

Scheme 3. Reaction of amine boranes with benzhydryl cations. For keys to the
compounds, see Table 1 (1a j) and Table 2 2a- d).

Results

All reactions of the tertiary-amine boranes 1 with the carbenium
ions 2 reported in this paper follow second-order kinetics, first-
order with respect to carbenium ion concentration and first-or-
der with respect to amine borane concentration (Tables 1 and
2). In contrast, simple rate laws were not observed for the reac-
tions of carbenium ions 2 with borane adducts of secondary
amines, and we have not pursued the preliminary investigations
of these systems.

The rate constants of the reactions of 2a-BE,, 2a-OT{, and
2a-PF, with various amine boranes were found to be indepen-
dent of the counterions (Table 3) in analogy to related studies
which have shown that the rate-determining step of the
reactions of carbocations with non-charged nucleophiles (e.g.,
alkenes, allylsilanes, trialkylsilanes, or silyl enol ethers) is usual-
ly not affected by the nature of weakly nucleophilic counter-

ions.[13' 16]

Abstract in German: Die Kinetik der Reaktionen von Trialkyl-
amin-Boranen und Pyridin-Boranen mit Benzhydrylkationen wur-
de photometrisch bestimmt. Die Reaktionen folgen Geschwindig-
keitsgesetzen zweiter Ordnung, erster Ordnung beziiglich der
Amin-Boran-Konzentration und erster Ordnung beziiglich der
Benzhydrylkationen-Konzentration. Wie bei anderen Reaktionen
von Carbokationen mit neutralen Nucleophilen werden die Ge-
schwindigkeiten dieser Reaktionen durch die Losungsmittelpolari-
(it nur wenig beeinfluft. Die Struktur- Reaktivitdits- Beziehungen
und die kinetischen Isotopeneffekte sind mit einem polaren Me-
chanismus im Einklang, bei dem im Ubergangszustand das wan-
dernde Hydridion partiell an das angreifende Kohlenstoffatom
sowie an das austretende Boratom gebunden ist. Die Geschwindig-
keitskonstanten korrelieren linear mit den Elektrophilie- Parame-
tern der Carbeniumionen. Daher ist es méglich, die Lineare-Freie-
Enthalpie-Beziehung gk, = s(E+ N) zur Bestimmung der
Nucleophilie-Parameter N der Amin-Borane zu nutzen und deren
Hydrid-Ubertragungsfiihigkeit mit der anderer ungeladener Hy-
drid-Donoren ( Silane, Germane und Dihydropyridine) zu verglei-
chen.

Table t. Second-order rate constants &, (CH,Cl,, 20 °C) and Eyring paramecters for
the reactions of the amine boranes 1 with the benzhydryl cation 2a [a].

Amine borane pK,[b] Ky [c]/ Kl AH™/ AS=/
Lmol-1s! kImol-!  Imol-! K-1
1a EtsN-»BH; 10.6 27.9 =10 466£06 -57.9%20
la-D EzN—BD; 10.6 15.6 06 500x03 -513+1.1
la-Br  EuN—BH,Br 106 224 008 — —_—
ib MesN—BH3 10.9 5.20 02 53005 -502+£19

52705 -43.0%19

1c QN*B}g 6.6 13.6 0.5
1d @‘N;BH; — 374 13

N
le QN»BH? —_ 233 0.8 —_ —_—
)~

46204 -568=*13

1f (" N>BH, 5.3 176 63 449+04 48716

1g C{*‘*Bﬂa 6.6 302 108 435+0.5 -489+2.1

1h s_CNﬁBHa 6.0 380 136 43203 -480+1.1
\ 4

350 404305 -497+19

i yeo CNQBP% 66 976

1 v =
J /N@N»B]-l} 9.7

1.3x105 [d] =4700 — —
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[a] Counterion X =BF; . PF =, or OTf". [b] pK, of the corresponding am-
monium ion in water according to ref.[14]. [c] If temperature dependence
was determined, k, listed in this column was calculated from the Cyring
parameters. [d] Calculated from k,(~70"C) =492 Lmol~'s™! assuming AS* x
—49Jmol 'K .

Table 2. Second-order rate constants &, (20 °C, CH,Cl,) and Eyring purameters for
the reaction of 1a with the carbocations 2 [a].

carbocation E[b] ky [c]/ AH*/ AS*/
Lmol-lsl  kImol-l JmollK:1
+
2a Me,N CH 745 279 466+0.6 -579:20
2
-
2b [d] CH—fe 292 52800 31704 -46.1=x23
2 CN & 810 776  525:03 -486=1.1
2
'
2d [d] (fc};CH 850 545  488+0.6 642121

[a] Counterion X~ = BF, or OTf~. [b] Electrophilicity parameters E of the carbe-
nium ions 2 from refs. [12,15]. [¢] Calculated from Eyring parameters. [d] fc =
ferrocenyl (CsH FeC H,).
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Tablc 3. Influence of the counterion X~ on the second-order rate constants k,
(CH.Cl,, 2041 °C) of the reactions of amine boranes 1 with 2a.

amine horane counterion X* ky/
L mol-ls
1a EzN—BH, BF, 30.4 [a]
OTt 28.8 [a]
1b MesN~—BH; BF, 5.48 {a]
OTf 5.27[a]
1e Q B BF, 14.7
-
N) BH, oTf 14.4
14 Qb}; BF, 38.0 [a]
5 H, PF, 375
1e @‘I}—;H, BF, 23.3 fa]
)\ : PFq 234 [a]

[a] Average calculated from the valucs in Table 7.

Discussion
Rate-determining step: The hydride transfer from amine boranes

{o carbenium ions may proceed by one of the three mechanisms
shown in Scheme 4.

s
/

H

Scheme 4. Possible mechanisms {or hydride transfer from amine boranes to carbenium ions.

The polar mechanism A proceeds via a transition state in
which the migrating hydride is partly bound to the entering
carbon and to the leaving boron atom. In the SET mechanism B
the initial rate-determining electron transfer step is followed by
a fast hydrogen transfer. Mechanism C refers to a reaction se-
quence which is initiated by dissociation of the amine borane
followed by hydride transfer analogous to that in mechanism A
or B.

Rate-determining electron transfer (mechanism B) was ex-
cluded by the primary kinetic isotope effect of &,;/k,, =1.81 ob-
served for the reaction of triethylamine borane 1a and deuterat-
ed triethylamine borane 1a-D with 2a at 20°C (Table 1). For
mechanism B a considerably smaller secondary kinetic isotope
effect would be expected. Comparison of the 1onization poten-

1216 — ©
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tials of the pyridine boranes (1f, 9.72¢V; 1h, 9.30eV['™)
with the electron affinities of benzhydryl cations (Ph,CH™,
7.32 eVI'8) confirms that the SET mechanism B is energetically
unfavorable.

The dissociative mechanism C is excluded by the finding that
the reactivities of the borane adducts with sterically hindered
amines 1d and le toward 2a are similar to that of the less
bulky analogue 1¢, in spite of the higher tendency of 1dand 1e
to dissociate into amine and BH, I'® In addition, the reactivi-
ties of the pyridine boranes 1f-j increase with the electron-
donating ability of the substituents in pyridine, that is, in the
opposite order to that expected for the dissociation constants in
the series 1f, 1h, 1i, and 1j (Table 1). For the same reason this
ranking also excludes the possibility that the monitored disap-
pearance of the carbocation absorbance is due to coordination
of the carbocation with the amines produced by dissociation of
Tla—j.

By excluding mechanisms B and C we are left with mecha-
nism A, which is analogous to the mechanism suggested for the
hydride abstractions from silanes, stannanes, germanes,!**! and
hydridic CH groups."'®! Nucleophilic counterion assistance in
this mechanism is also excluded by the independence of the
observed rate constants of the nature of the counterions
(Table 3).

Solvent effects: The rates of the reactions of carbocations with
neutral nucleophiles have been observed to show little depen-
dence on the solvent. Whereas re-
actions of benzhydryl cations
with alkcnes were found to be
three times faster in nitromethane
than in chloroform%l  an
analogous change of solvent po-
larity did not have any effect on
H . the rate of hydride abstraction

from dimethylphenylsilane.'* 321
Table 4 and Figure 1 show that
the rate of hydride abstraction
from triethylamine borane is
slightly reduced as the solvent
polarity is increased. Variation of
solvent polarity affects these rates
in the opposite sense to the corre-
sponding reactions with alkenes,
and Reichardt’s E{(30) parame-
ter!?% again proved to be most suitable for a quantitative corre-

products

lation.

Table 4. Second-order rate constants &,(20°C) and Eyring parameters for the reac-
tion of triethylamine borane (1a) with 2a and 2d in various solvents.

E.(30)[a] AH*KJmol™' AS*/Tmol 'K~ k,(20°C) [bl;
Lmol ts™?

Cation Solvent

2a CH, 1, 40.7 46.6+0.6 —579+2.0 279
acetone 422 46.8+0.1 —62.0+0.6 15.7
CH,CN 456 46.9+03 —63.5+1.3 12.6
CF,CH,OH 5938 - 595

2d CH,Cl, 40.7 48.8+0.6 —64.2+2.1 5.45
liquid SO, =68[c] 49.1+0.7 ~81.8+2.8 0.570

[a} Ref. [20]. [b] If temperature dependence was determined, k, listed in this
column was calculated from the Eyring parameters. [¢] Estimated value (ref. [21]).

0947-6539/97/0308-1216 $ 17.50 + .50/0 Chem. Eur. J. 1997. 3, No. 8



Amine Boranes

1214-1222

CH,Cl,
1.5
1.0 acetone
CH,CN CF,CH,0H
g &, (20°C) .
lig. SO,
0.5

0 ¢ ' ' 4 s '
t t + + —+ + 1

35 40 45 50 55 60 65 70
-

E7(30)

Figure 1. Plot of logk, (20°C) for the reaction of la with 2a versus Reichardt’s
E,(30) values [loghs (20°C) = — 3.082x 1072 x £,(30) + 2.583, r = 0.976). The
rate constant for liquid SO, [k5(20“C) = 2.92 Lmol™'s™!] was estimated from the
relative rate of the reaction of 2d with 1a in SO, and dichloromethane.

Because of the low solubility of 2a-BF, and 2a-OTTf in ethers
or hydrocarbons (¢<5x 10~ °mol L"), kinetic investigations
in solvents of low polarity (£:(30)<40) were not performed.
Ordinary alcohols were also not used for studying solvent effects
since ethanol, in contrast with the less nucleophilic trifluoro-
ethanol, slowly reacts with 2a at ambient temperature.

Kinetic studics in liquid SO, were only performed with the
bis(ferrocenyl)methylium cation (2d) as reference electrophile,
since the dimethylamino groups of 2a undergo a coordination
with the Lewis acid SO, resulting in the formation of a complex
which is more electrophilic than 2a. This coordination, which
has also been observed upon treatment of 2a with other Lewis
acids (e.g., ZnCl,-OEt, or BCL,), is detected by a change from
the intense blue color of 2a to ycllow.

Because of the small differences in k, in Table 4, it is difficult
to assign the solvent effects to variations in either AH* or AS *.
The considerably smaller rate constant in liquid SO, is clearly
due to a more negative value of AS *. An analogous change in
AS* has been observed for the reactions of benzhydryl cations
with dimethylphenylsilane in either liquid SO, or dichloro-
methane. 2!

Variation of the amine borane: In the section ‘" Rate-determining
step” we have already discussed how electron donors in the
4-position of the pyridine ring increase the reactivities of those
complexes. The activating electronic effect of two methyl groups
in the 2- and 6-positions of the pyridine is partially compensated
by the retarding steric effect, however, and 1g is less reactive
than the 4-(rerz-butyl)pyridine complex 1h.

Comparison of 1f with the trialkylamine complexes 1a and
1b shows that the basicity of the amine is not the major factor
determining the reactivities of these compounds. Despite the
higher basicity of trimethylamine and triethylamine compared
with pyridine, the trialkylamine complexes are weaker hydride
donors than the pyridine complexes 1f—j. The observation that
the reactivity of the borane complex 1¢ of the weak base N, N-di-
ethylaniline is similar to those of the trialkylamine complexes 1a
and 1b also argues against control of the reactivitics by the
basicity of the amines.

Chem. Eur. J. 1997, 3, No. 8
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The rate constants for the reactions of the monosubstituted

pyridine boranes with 2a (logk,) do not correlate linearly with
+[22]
p

Hammett’s o, parameters (Figure 2) or ¢ parameters.

lgk, (-70°C) | 0+

Figure 2. Plot of logk, (—70°C, CH,Cl,) for the reaction of pyridine boranes 1f,
1h, 1i, and 1j with 2a versus o,

The electron-donating effect of the para substituents can be
explained by the quinoid structure of the resulting cations 1%, as
depicted for the dimethylamino pyridine borane 1jin Scheme 5.

AN M No 4 N* H \ = H
N N->B~H ——— N N-B 4+—— N— N-B
/ — \ -H / — \ Y — \
H H H
1j 1j*

Scheme 5. Stabilization of 1j* by through the para substituent.

Complex 1a-Br was the only amine borane investigated where
one of the hydrogen atoms on boron was replaced by another
atom. The fact that the reactivity of 1a-Br is twelve times lower
than that of 1a is probably attributable to the electron-with-
drawing effect of bromine, although steric effects cannot be
excluded.

Assuming that the reactivities of the amine boranes are con-
trolled by the thermodynamics of the hydride abstraction step,
we performed semiempirical MO calculations (AM 1) on the
amine boranes 1 and the cations 1% resulting from hydride
abstraction (Table 5). Figure 3 shows a linear correlation be-
tween the reactivities of the amine boranes 1 toward 2a and

Table 5. Calculated heats of formation of the amine boranes 1 and the cations 14
(AM 1 ref. [23]).

Amine borane AH{(1)/ AH; (1YY AHX(1*YY — AH; (1))
kcalmol ! kcalmol 7! kealmol ™!
la ~11.0 145.1 156.1
1a-Br —357 127.2 162.9
1b 8.1 164.7 156.6
i 347 187.2 152.5
1g 224 172.5 150.1
1h 152 164.1 148.9
1i —42 142.8 147.0
1j 40.3 177.8 137.5
0947-6539197/0308-1217 $ 17.50+ .50}0 — 1217
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5 N
N & '
= | ‘N
4 \ri ¥
3
.
3 1j N E]
Ig &, (20 °C) ¥
: BH, BH,
2 1i AN 1f
[
N Et,N~BH,
1 ¥ 1a
BH, Me,N-BH, . Et,N-BH,Br
1h ib . la-Br
g n
130 140 150 160 170

AHX1*) - AHK1)

Figure 3. Correlation between the kinetics [logk,(20 "C, CH,Cl,)] and the thermo-
dynamics [AH(1*) — AH(1)] of the reaction of 1a-j with 2a; logk,(20°C) =
— 0.1R6(AH [ (1%) — AH{ (1)) +30.4, r = — 0.987.

AH;(1*"y — AH(1). The increase of the exothermicity of the
hydride transfer step (Figure 3, from right to left) is associated
with an increase of the corresponding rate constant. The small
slope of this correlation (0.186) indicates that only 25%
(0.186 x 2.303RT) of the variation in AH?¢ is detected in AG*.

Variation of the carbocation: According to Figure 4, the rate
constants of the reactions of the triethylamine borane complex

Igk, (20 °C)

-10

Figure 4. Correlation of the second-order rate constants (logk,, 20*C. CH,Cl,) for
the reactions of tricthylamine borane (1a) with carbocations 2a - d, with their elec-
trophilicity parameters E.

la (logk,, 20°C, Table2) corrclate linearly with the elec-
trophilicity parameters E of the carbenium ions 2a—d, that is,
they obey the linear free enthalpy relationship [Eq. (1)].1'¥ The

log k,(20°C) = s(N+E) 1)

slope of this correlation (s = 0.72) is slightly larger than those of
corresponding hydride abstractions from trialkylstannanes and
trialkylgermanes (0.56-0.69)!'2! and comparable with that for
trialkylsilanes (0.64—0.76).'2) From the intersection of the
graph in Figure 4 with the abscissa a nucleophilicity parameter
of N(1a) = 9.44 is obtained, that is, the nucleophilicity of tri-
ethylamine borane (1a) is similar to that of tributylstannane
(N = 9.29).12

1218 — O

According to previous work,''?! structurally analogous hy-
dride domnors are characterized by similar values of s. One can
assume, therefore, that the slope parameter s = 0.72 determined
for 1a will also hold approximately for the other amine boranes
studied in this work, and one can calculate approximate N
parameters from the rate constants given in Table 1 (Figure 5).

VCH Verlagsgesellschaft mhH, D-69451 Weinheim, 1997

N
_— } weakhydride donors
BSH = Et,N->BH,Br N =79)
Me,PhSiH - 4+
Ph,GeH s Me,N->BH, N=85
Bu S 6 PhEL,N->BH (N =9.0)
PhSnH T — 2 3 '
Bu,GeH i T Et;N—BH, (N=944)
 N7BH, v = 10.6)
Bu,SnH — =
CONH, — 10+ =
ﬁ H, 710 . \ NBH, (N=109)
i T
Bzl PR §—CN->BH3 (N =11.0)
T MeO @N*Bﬂs (N=11.6)
14 . =
| /N@NﬁBHS (N = 14.6)
strong hydride donors

Figure 5. Nucleophilicity N of amine boranes 1 compared with other non-ionic
hydride donors.

If s were exactly the same for all hydride donors shown in
Figure 5, the N values would represent electrophile-independent
relative reactivities of these compounds [as a consequence of
Eq. (1)]. As discussed above, small variations in s occur, how-
ever, with the result that the order of the relative reactivities of
hydride donors with comparable N parameters may be reversed
when the electrophilic reaction partners are varied. The follow-
ing discussion, therefore, concentrates on the comparison of
compounds with large differences in V.

As shown in Figure 5, the trialkylamine boranes are more
reactive hydride donors than trialkylsilanes (sAN=4) and tri-
alkylgermanes (sAN=2). Their reactivity is comparable with
that of trialkyistannanes and 1,4-dihydropyridines. Pyridine bo-
ranes are considerably stronger hydride donors, and the most
reactive complex in this series (N, N-dimethylaminopyridine bo-
rane) exceeds the reactivity of N-benzyl-1,4-dihydronicoti-
namide by approximately four orders of magnitude.

With s = 0.72 and the N parameters listed in Figure 5, one
can use Equation (1) to calculate the rate constants for the reac-
tions of other carbocations with amine boranes. As shown in
Figure 1, these rate constants depend little on solvent polarity,
and it is possible to compare the reactivities of amine boranes
directly with those of ionic boron hydrides toward the anisylfer-
rocenylmethylium ion in water.

Table 6 shows that the reactivities of amine boranes arc simi-
lar to that of cyanoborohydride, that is, somewhat lower than
that of BH, in water. It should be noted, however, that the
comparison of the reactivities of neutral hydride donors with
those of ionic hydride donors strongly depends on solvent polar-
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Table 6. Second-order rate constants k, for the reaction of the anisylferrocenyl-
methylium ion with boron hydrides.

hydride donor N () ky /L mol-1s1
BH5CN- 7.4 x 103 [a]
Ei;N—BH; (la) 944  (0.72) 1.4 x 104 [b]
MO~ N-BH, (1) 116  (0.72) 4.9 x 105 [b]
BH," 1.5 x 106 [a]

[a] Rale constants at 25°C in water (see ref. [24]). [b] Calculated values (from
Eq. (1) with E = — 3.70; refs. [12,27b] at 20 °C in dichloromethane).

ity, and the reactivities of the ionic hydride donors BH,;CN"™
and BH, can be expected to increase considerably as water is
replaced by a less polar solvent.

Conclusions

Amine boranes are among the strongest non-ionic hydride
donors which are valuable reducing agents because of their sol-
ubility in many organic solvents, In reactions with positively
charged electrophiles, they are more reactive hydride donors
than trialkylsilanes, and comparable with NaBH,CN. As a con-
sequence amine boranes may replace this expensive and toxic
reagent in many applications (e.g., reductive amination of car-
bonyl groups). According to the linear free-enthalpy relation-
ship [Eq. (1)] the reduction of iminium ions (Ex —7)[25) is ex-
pected to proceed smoothly with all the amine boranes shown in
Figure 5. In agreement with this analysis, Moormann has re-
cently reported the reductive amination of aldehydes in protic
and aprotic solvents with pyridine borane instcad of BH;CN™
as reducing agent (Scheme 6).12%

e
| .PyrBHOH N

Schemc 6. Example of application of pyridine boranc as reducing agent [26].

Further applications of amine boranes as reducing agents can
be deduced from the reactivity scales presented by Mayr and
Patz.H'?!

Experimental Section

General: Melting points are uncorrected. High-vacuum sublimations
(0.01 mbar) were performed in a Biichi Kugelrohr apparatus. 'H NMR spec-
tra were recorded at 60 or 300 MHz and '3C NMR spectra at 75.7 MHz in
CDCly; chemical shifts are in ppm relative to TMS and coupling constants
are in Hz.

Materials: The benzhydryl salts 2a-BF,. 2a-PF,, 2a-OTf. 2¢-BF,, and 2d-
BF, were preparcd as described previously.!'® 274 The cation 2b was
generated from the acetate 2b-OAc by ionization with TMSOTF.2"™ Com-
mercially available amine boranes La. 1b. Le, 1f, 1g, and 1j were used after
either sublimation or recrystallization from pentane/CH,Cl,. The amine bo-

Chem. Eur. J. 1997, 3, No. 8
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ranes 1h and 1i were prepared from the corresponding amincs and diborane
as described by Mooney and Qaseem./** The haloborane 1a-Br was prepared
from 1a and N-bromosuccinimide,”*® and 1a-D was obtained by deuteration
of 1a with D,O pretreated with SOCI, .12

General procedure for the reduction of 2: At 20°C the amine borane la
(3.50 mmol) was added in one portion to a stirred solution of 2a-BF,
(2.70 mmolj in dry CH,C1, (50 mL). After disappcarance of the blue color of
the cation 2a ( <1 h) the mixture was stirred for 1 h with 6 M hydrochloric acid
(30 mL) to hydrolyze the boranes. The layers were separated. and NaOH (6 M,
40 mL) was added to the aqueous layer which was then extracted with diethyl
ether (2 x 30 mL). The combined organic layers were dried (Na,S0,). fil-
tered, and evaporated. The volatile compounds were removed at the Kugel-
rohr apparatus before sublimation or crystallization of the product 3a.

Bis(4-V,N-dimethylaminophenyl)methane (3a) was obtained from 2a-BF,
(0.92g, 270 mmol) and la (0.43g, 3.74mmol). Yield 77% (0.53 g,
2.08 mmol). The diarylmethane 3a was also obtained from 2a-BF,. 2a-OTf,
or 2a-PFg with the other amine boranes 1 in good yield (75-90%); m.p.
90-91°C (91°Cl3%%): b.p. 140-150°C (0.01 mbar); for NMR data see
rels. [31, 32].

Bis(4-/V,N-dimethylaminophenyl)-[D,Imethane (3a-D) was obtained from
2a-BF, (0.81 g, 2.38 mmol) and 1a-D (0.41 g, 3.47 mmol). Yield 86% (0.52 g.
2.04 mmol); b.p. 140-150°C (0.01 mbar); m.p. 84-85°C (84 84.5°C);I*¥
"HNMR (300 MHz, CDCl,): § =7.12 (d, J = 8.5 Hz. 4H, AA’BB’ system).
6.76(d, J = 8.5 Hz,4H, AA’BB’ system), 3.85 (brs, l H, CHD), 2.96 (s. 12 H.,
CHj;); '*C NMR (75.7 MHz, CDCl,): 4 =148.9, 130.8, 129.8, 113.6. 41.3,
394,

Ferrocenylphenylmethane (3b) was obtained from 2b-OAc (0.82 ¢,
2.45 mmol) and la (0.65 g, 5.65 mmol) in the presence of TMSOTS (0.25
1.12 mmol). Yield 87% (0.59 g, 2.14 mmol} after crystallization from cthanol
at —20°C; m.p. 73--73.5°C (73.5-74.0 °C):!** "H NMR (60 MHz: CDCl,):
6 =7.35(m, 5H, Ph), 415 (s, 9H. Fc), 3.75 (5. 2H. CH,).

Bis(4-pyrrolidinophenylmethane (3¢) was obtained from 2¢-B¥, (0.52 ¢,
1.33 mmoly and 1a (0.22 g, 1.91 mmol). Yicld 69% (0.28 g. 0.92 mmol) after
crystallization from pentane/CH,Cl, (1/1); m.p. 88-88.5 C (88 - 89 "Cl!3h;
for spectroscopic data see ref. {15].

Kinetic investigations: The consumption of the colored benzhydryl cations 2
by the amine borane was determined photometrically by using fiber optics
and the workstation described previously.['® The results are summarized in
Table 7.
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