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ABSTRACT

CHARACTERIZATION OF SEVERAL
BORON-HETERATOM COMPOUNDS
AND THEIR REACTIONS
WITH CARBONYL ACIDS

By

Jacqueline A. Jurchenko

The purpose of this research was to study the reactivity of a
series of boron - heteroatom compounds towards carbonyl acids. These
compounds would serve as boron bases, in order to form boron
enolates. The boron compounds synthesized include silylboranes,
boron amides and boron phosphides. The ketones used in this
investigation were pinacolone and diethyl ketone. The primary
method of detection used to monitor the reactions was NMR
spectroscopy.

The enolization reaction for boron phosphides 19-21 is in
competition with an addition reaction. The addition is a result of a
nucleophilic attack of phosphorus on the carbonyl carbon. The extent
of enolization for the bases was determined using 3P NMR
spectroscopy. The most significant results were observed with
compound 22, which showed nearly quantitative enolate formation
and no indication of addition products.
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INTRODUCTION

Regiochemistry and stereochemistry both play an important role in the
design of synthetic strategies. One well-known carbon - carbon bond forming
reaction is the Aldol condensation. The aldol condensation uses an enolate,
which is generated by removing an alpha hydrogen from a carbonyl
compound with a strong base. The enolate anion then acts as a nucleophile
towards a second carbonyl component, as shown in Eq. 11.

o

(0]
Q /lk H3C
Hac\/u\ R R R
R R«
Base
OH R

Aldol condensation product (1)

Enolate chemistry is very important in organic synthesis because it
offers chemists the ability to control both the regiochemistry and
stereochemistry of the newly formed carbon - carbon bond. The goal of this
research was to synthesize a boron heteroatom base that would form boron
enolates. At present, boron enolates show a greater degree of stereoselectivity,
in the aldol condensation, when compared to other metal enolates2.3.



_Enolate Metal (M) Erythro:Threo
OM Li 80:20
X B(C4Hg)2 >97:3
oM
Li 48 : 52
B(CsHg)CgH1a 4:96
Al(C2Hs) 50 : 50

The general formula for the boron heteroatom bases we examined is
L2B-ZR;, where Z is the heteroatom (which will be the proton acceptor), R
represents various hydrocarbon ligands, and L is either a hydrocarbon or a
heteroatom. To be useful bases in the generation of boron enolates three
characteristics must be considered. First, the base should be strong enough to
generate the enolate. Second, the base should deprotonate the carbonyl fast
enough so that enolate equilibration does not compromise stereoselectivity.
The third criteria should be a high degree of stereoselectivity in forming the
enolate, this can be achieved by a six atom ring transition state, as shown in
Eq. 2.




In this project we investigated three general classes of boron
heteroatom bases - silyl boranes (Z = Si), boron amides (Z = N), and boron
phosphides (Z = P). The rationale for choosing these three classes is as
follows: for the silyl boranes, a driving force for deprotonation would be the
replacement of a weak boron - silicon bond with a stronger silicon - hydrogen
bond. Boron amides are boron analogs of the widely used lithium amide
bases. Boron phosphides have a slightly longer boron heteroatom bond,
which indicates less double bond character, when compared with boron
amides. The longer bond may enable boron phosphides to be stronger bases
than boron amides. This research involved the synthesis and
characterization (NMR) of the boron heteroatom bases. Following synthesis
was the characterization of the reaction of each boron base with
representative carbonyl compounds.

Features of Enolates

Enolates are anions, and can made with various counterions such as Li,
Mg, Zn, Al], and B. The convention for assigning enolate geometry, Z or E,
depends on the relationship between the a-R group of the enolate and the
position of the counterion, Eq. 3 illustrates?.

M
o <
Ry N—Fe R4 ~
H R2
z E 3)

As mentioned earlier, among the different metal enolates the boron
enolate shows the greatest stereoselectivity>é. The enhancement in
stereoselectivity is derived from several different structural features. The
boron enolate is unique because it does not exist as an oligomer in solution,
like other metal enolates’. In addition, the boron aldolates (salt of the aldol)
exist in a six-membered ring, Eq. 4 and 5. This transition state is in the chair
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conformation and has no aggregation or chelationé. Lithium aldolates, which
are also cyclic, may not involve covalent bonds between the lithium and
oxygen atoms3. The short oxygen - boron bond, present in boron aldolates,
allows them to be more compact, which enhances the steric interactions that
control stereochemistryé. The stereochemistry of the aldol products obtained
from boron enolates is consistent with the assumed transition state, Eqs. 4 and
5. The E isomer yields the anti, or threo, aldol condensation product while
the Z isomer gives the syn, or erythro, product?.

L
R! I o OH
H _B_ 3
" "0 :’ L
R / '>=o - R R
R R"
H .
E-enolate Anti or threo product @)
L
R | O OH
H _B
N
'R R"
R”
Z-enolate syn or erythro product )

Another consequence of the covalent nature of the bonding present in
boron enolates is that boron aldolate complexes are stable. The stability of the
complexes is reflected in the lack of equilibrium between the threo and
erythro diastereomers, in refluxing ether for several hours, Eq. 6 352,
However, equilibrium between the threo and erythro aldolates is observed
when the counterions are lithium, magnesium, potassium, or zinc3.
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Equilibration between the threo and erythro diastereomers lowers the
stereoselectivity of subsequent reaction steps. The marked enhancement in
the stereoselectivity exhibited by boron enolates makes them valuable
reagents to chemists.

Review of Boron Enolate Synthesis

Tables 2 and 3, below, show the two most common methods used to
synthesize enolates. Both methods use a tertiary amine base, a ketone, and a
dialkyl borane with either a halogen or a triflate leaving group.

Table 2: Synthesis of B lat ing dialkyl iflat
(0] Amine Base

LBX + —_— E/Z Boron Enolates
-78°C
L X Bases
n-C4Hg 0-SO,CF3 2,6-lutidine
¢c-CsHg 0-SOsMe DPEA2
CoHs 0-COCMej; NEt;
L1-CsHg pyridine
L2>-CgH13 Dabco®
DBU®

1,1,3,3-tetramethylguanidine
a) Diisopropyl ethyl amine b) 1,4-Diazabicyclo[2.2.2Joctane
¢)1,8-Diazabicyclo[5.4.0]Jundec-7-ene

In table 2, where X = OTf, the ammonium triflate will precipitate out of
ethereal and hydrocarbon solvents. The affects of ketone structure, the
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tertiary amine base, and the boryl triflate were studied and each individually
contributes to the selectivity of the reaction8.

Table 3: Synthesis of B lates using dialkyl halid

0 Amine Base

LBX + —_— E/Z Boron Enolates
-78°C

L X

9-BBN Cl

dicyclooctyl Br

exonorbornyl |

disiamyl

2,5-dimethylcyclohexane

In table 3, where X = halogen, the precipitation of an amine
hydrochloride salt is common, in organic solvents. The boryl triflate reagents
were reacted with many carbonyl systems including carboxylic acids,
anhydrides, acid chlorides, esters, amides, thioesters, and ketoesters®. With
the exception of acid chlorides, esters, and amides all the above functionality
undergoes nearly quantitative enolate formation, the carboxylic acid requires
two equivalents of boron reagent?.

From the reactions described in the tables above, formation of the E
enolate is favored in dilute solutions using non-polar solvents, while the
formation of the Z enolate is favored in concentrated solutions using more
polar solvents!0. In addition, bulky bases favor the formation of the Z enolate
while E enolate formation is favored by less bulky bases!0. An advantage to
the above method is the lack of solvent dependence. A small, but consistent
solvent effect was noted, for a given boron ligand. In general, non-polar
solvents results in a more compact transition state that enhances the
stereoselectivity8. A disadvantage for these systems is when a less hindered
bases are used there is an irreversible complexation (Eq. 7) between the base
and the boron reagent8. Because the complexation occurs before enolization
the overall enolate yield is low3.



BLoX + RN = Lzﬁl"_ﬁga

X (7)

The 1,4 hydroboration of an a,p unsaturated acyclic ketone, shown in
Eq. 8, is another method used to synthesize boron enolates!l.

BR;
Q H o/
RzBH + /\)I\ —> )\/K
R = disiamyl
dicyclohexy!
diisopinocamphey!
di-2-isocaranyl (8)

The 1,4 hydroboration reaction allows selective formation of the Z
enolate from a variety of E ketones. The transition state is thought to be boat-
like!l. The subsequent aldol condensations are very stereoselective, selectivly
giving the expected syn isomer!l. For the reaction shown in Eq. 8, it is also
possible to generate boron enolates from amides, imides, and esters using
catalytic amounts of Rh(PPH3)CI11.

Several indirect methods of generating boron enolates were developed.
These methods involve the use of a-diazocarbonyls, halogen-substituted
enolates, and sulfur ylides with trialkylboranes, as shown in scheme 14. From
these indirect methods is the enolate has incorporated into its own structure
one of the ligands from the trialkylborane, this may limit the synthetic utility
for these methods depending on what product structure is desired4.



RaB )

R” “CHN, Voo

i (R2):B +
R, @HBf E—— F

X
(R2)sB

0
R1/L@H-§Mez ) Re

Both BCl3 and PhBCl; can also be used to synthesize boron enolates.
With BCl3, to improve the yield of enolate, the ketone and BCl3 are mixed

together before the addition of base, this is done to overcome the boron-
amine complexation (Eq 9)13.

/BCI 3

o" BC's
\)(L/ _NEPr, \)0\/ + [ Hﬁapfzﬁ
~ ©

The erythro, or syn, isomer, is selectively generated with PhBCl,, Eq. 10.
This reagent is also useful because it is easier to handle than dialkylboron
triflates14.



Et

quantitatively deprotonate a carbonyl, through a cyclic transition state, that

PN

Et

PhBCl

+ProNEt

BPhCI
o)

Et/KCHCHg
1 Ketone

quantitative eyrthro
isomer product.

The synthesis of a fast acting boron heteroatom base that can

results in a boron enolate was the ultimate goal of this project. There are

currently no examples of this kind of base reported in the literature. A boron
heteroatom base offers the direct formation of a boron enolate, without the
need for any additional reagents, such as excess base or ketone. The reactions
of boron heteroatom bases are mild, 1:1 reactions between the base and the
carbonyl acid. In addition, the boron enolates generated will offer superior

selectivity in the aldol condensation.



CHAPTER 1: SILYLBORANES

Synthesis and Properties of Silylboranes

The synthesis of silylboranes was accomplished, in the literature, using
two methods. The first method, shown in Eq. 11, is a salt elimination
reaction between a silicon anion and a dialkyl boron chloride species13a.15b,

R.,B-CI + LiSiR'y —— R.B-SiR3 + LiCl
R = Et, NMe>, R'=Ph, Me, Et (11)

The second method, shown in Eq. 12, is the combination of a
dialkylboron chloride, a chlorotrialkylsilicon and two equivalents of an alkali
metallsc,

2K
R:B-CI + CISiR3 — RyB-SiR;  + KCl

R = Et, NMe>, R'=Ph, Me, Et (12)

So far this field of chemistry has focused primarily on the synthesis and
characterization of various silylboranes that include -- tris(trimethylsilyl)-
boranes!5b, (trimethylsilyl)boranes!3c, (trimethylsilyl)borates!é, and
alkoxysilyl(amino)boranes!?. Characterization of these compounds involved
nuclear magnetic resonance (NMR) and mass spectrometry. A limited
amount of information is available about the reactions of silylboranes of the
type R;B-SiR’3. However, the chemistry of trimethylsilylbis-
(dimethylamino)borane, (Me;N);B-SiMej3 is well documented. These
reactions allowed us to look at the types of reactions that silylboranes are
capable of, and from this information we could determine if silylboranes
would be reasonable candidates for our study.

In two separate papers, Noth synthesized trimethylsilylbis-
(dimethylamino)borane and then studied the reaction, shown in Egs. 13 and
14, with hydrochloric acid!>a.

10
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(NMe,),B-SiMe;  —2HC! _ NMosB-SiMes  + les)Mez]%I
Cl (13)

® (©)
(NMey),B-SiMe; —HC o NHMe,CLB-SiMe;  + [ HNMe| Ci a0

The reactions shown in Eq. 13 and 14 illustrate the behavior of the silyl
boranes in the presence of strong acids. Eq. 15 illustrates the reaction of
alcohols with trimethylsilylbis(dimethylamino)boranelsc.

ROH
(NMe,),B-SiMe3 — = B(ORs +  MeSH (15)

Noth also reported on the reactions of trimethylsilylbis(dimethyl-
amino)borane with a diol and a diamine, as shown in Eq. 1615¢.

(NMe2),B-SiMe; + | I —_—

_ - + 2HNM
7R ZR R Z\B/Z R -
|
WhenZ =N, R = Me SiMe;
WhenZ=0,R=H (16)

The above reactions, Eq. 15 and Eq. 16, are analogous to the reaction we
want to accomplish. The silylborane dissociates, the boron bonds to an
oxygen while the silicon becomes protonated. Our reactions would employ a
less acidic carbonyl. However, evidence like the above reactions illustrate the
potential silyl boranes have to be boron bases.

Results

We surmised that a silylborane, R;B-SiR’3, might function as a boron
base towards carbonyl acids. A possible driving force may be the replacement
of a weak boron - silicon bond (289 kj/mol) with a strong silicon - hydrogen
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bond (531 kj/mol). The compounds shown in Table 4 were synthesized
through the reaction of a silicon anion with a dialkylboron chloride.

Table 4: Synthesis of Silyl B

RB-CI + LiSiR3 —— R,B-SiR; + LiCl

Compound R R R(x) Temp. (°C)
1 0- CeHy O; Me 25?2
2 Cl Me 25
3 CeHio Me 25¢
4 Cl SiMe; 25b
5 0-CeHsO; SiMe3 252
6 CeH1o SiMe; 25°

a) solvent : 1:1 Hexane:Benzene
b) soivent : Hexane
c) solvent : Benzene

Compounds 1-6 were characterized by both 295i and TH NMR. Their
behavior with two representative ketones was monitored with 1TH NMR. The
results of these studies are summarized in Table 5.



13

R;B-SiR'; + Ketone — o

Compound pinacolone diethyl ketone Time*
1® no reaction no reaction 24 hrs.
X no reaction no reaction 24hrs.
3 no reaction no reaction 24hrs.
4 no reaction no reaction 24hrs.
59 no reaction no reaction 24hrs.
&4 no reaction no reaction 24hrs.

a) At room temperature
b) in THF

c) in Hexane

d) in Benzene

As Table 5 shows silyl boranes 1-6 are inert when combined with either
a methyl or an ethyl ketone. The TH NMR remained unchanged in all cases
after a twenty-four hour period. As a result of the inactivity of the silyl
boranes we have shown that these compounds do not function as bases to
generate boron enolates from ketones.
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EXPERIMENTAL

The solvents used - THF, benzene, and hexane - were dried over
calcium hydride, distilled and stored in an inert N atmosphere prior to use.
All 31p, 1B, 295}, 13C, 1TH NMR data was obtained using the either the Varian
300 MHz or Gemini 300 MHz NMR. The external references for 31P, 11B, 29Gj
spectra were H3POy, BF30Et;, and TMS respectively. Unless otherwise stated
the internal reference for the 13C and 'H data was CDCl3 with TMS. All
reagents and reaction products were handled in an inert atmosphere of Na.
NMR samples were sealed in 5mm NMR tubes, capped with a rubber septum
and secured with Teflon tape.

Synthesis of tetrakis(trimethylsilyl)silanel8: 0.914 moles (50% excess) of
lithium flatted lithium rods were put into a 500 mL round bottomed flask
(equipped with a magnetic stirrer and N inlet/outlet) and washed with dry
hexane. The cleaned lithium was then suspened in 100 mL of dry THF and
0.358 moles of TMSCI was added using a syringe.

A 250 mL round bottom flask equipped with a magnetic stirrer and N>
inlet/outlet line, was charged with 75 mL of dry THF and 75.3 mmoles of
SiCly. Using a syrings 20mL of the SiCly solution was added to the lithium
metal/TMSCI soution. The mixture warmed slightly and turned dark brown
in color, after 4 hours of stirring the remainder of the SiCly mixture is added
and the mixture is stirred at room temperature overnight.

The solution was filtered into a bed of Celite, in a buchner funnel
attached to an aspirator, to remove unreacted lithium metal. The filtrate was
then refiltered over a fresh bed of Celite. The filtrate was drowned in 50 mL
HC1/150 mL H;0, at 00C. The resulting 2 layers were extracted twice with 100
mL of ether and the ether layer was evaporated under reduced pressure. The
yellow solid product was recrystillized using acetone to yield 9.36 g (40%)
tetrakis(trimethylsilyl)silane, which is a white solid. The 2°Si NMR has
resonances at -9.7 ppm (Me3Si) and -135.5 ppm (Me3Si)4Si ppm.

Synthesis of tris(trimethylsilyl)silyl lithium!8; 6.5 mmoles of tetrakis-
(trimethylsilyl)silane was placed in a 50 mL round bottom flask and pumped
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dry overnight with a vacuum. The 50 mL round bottom flask was then
equipped with a magnetic stirrer and N3 inlet/outlet line, and charged with
25 mL THF and 6.6 mmoles of methyl lithium. The solution turned bright
yellow. After 24 hours the solvents were removed under reduced pressure
and the solid residue was stirred in pentane for 2.5 hours. The solution was
canula filtered into a new 50 mL flask, that was flushed with N> and equipped
with a magnetic stirrer and N inlet/outlet line. At -780C, crystals formed in
the flask and the solvents were removed with a syringe. The crystals were
then recrystalized with pentane : THF solution. The product (>95% yield) is a
pale yellow solid and the 29Si NMR has a single resonance at -5.3 ppm.

Synthesis of B-trimethylsilylcathecolborane (1): A 10 mL round bottom flask

equipped with a magnetic stirrer and N3 inlet/outlet line, was charged with
3.0 mmol of a 1:1 hexane : benzene solution of cathecol boron chloride. At
room temperature, 3.0 mmol of the lithium salt of hexamethyldisilane was
added, via syringe. The mixture became slightly warm and a solid precipitate
was formed upon completion of addition. The solution was allowed to stir at
room temperature for 30 minutes, the solvents were evaporated and NMR
analysis was performed.

11B : (C¢Ds) - 19.66, 23.13 ppm

Synthesis of B-trimethylsilyldichloroborane (2): In a 10 mL round bottom
flask equipped with a magnetic stirrer and N inlet/outlet line, 0.5 mmol of a
hexane solution of boron trichloride was added. At room temperature, 0.5
mmol of LiSiMe3; was added using a syringe. The solution was allowed to stir
at room temperature for 30 minutes, the solvents were evaporated and NMR
analysis was performed.

11B : (Hexane : D,O,external) - 28.75 ppm

Synthesis of B-trimethylsilyldicyclohexylborane (3): In a 5 mL round bottom
flask equipped with a magnetic stirrer and N3 inlet/outlet line, 1 mmol of
dicyclohexyl boron chloride was dissolved in 0.5 mL of hexane. At room
temperature, 1 mmol of LiSiMe; in benzene, was added with a syringe. The
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solution was allowed to stir at room temperature for 30 minutes, the solvents
were evaporated and NMR analysis was performed.

11B: (C¢Ds) - 73.45 ppm

Synthesis of B-tris(trimethylsilyl)silyldichloroborane (4): A 25 mL round

bottom flask equipped with a magnetic stirrer and N inlet/outlet line, was
charged with 0.6 mmol of a hexane solution of boron trichloride, an
additional 0.5 mL of benzene was also introduced. At room temperature, 0.6
mmol of a benzene solution of tris(trimethylsilyl)silyl lithium was added. A
salt precipitate was formed upon completion of the addition. The solution
was allowed to stir at room temperature for 60 minutes, the solvents were
evaporated and NMR analysis was performed.

11B : (C¢Hg, D2O external) - 10.49 ppm
TH: (C¢Ds) - 0.232 ppm

Synthesis of B-tris(trimethylsilyl)silylcathecolborane (5): In a 25 mL round

bottom flask equipped with a magnetic stirrer and N inlet/outlet line, 0.6
mmol of a 1:1 benzene : hexane solution of cathecol boron chloride was
dissolved in an additional 0.5 mL of benzene. At room temperature, 0.6
mmol of a benzene solution of tris(trimethylsilyl)silyl lithium was added. A
salt precipitate was formed upon the completion of addition. The solution
was allowed to stir at room temperature for 60 minutes, the solvents were
evaporated and NMR analysis was performed.

11B : (C¢Hg, D2O, external) - 39.67, 21.58, 7.75 ppm

Synthesis of B-tris(trimethylsilyl)silyldicyclohexylborane (6): In a 25 mL
round bottom flask equipped with a magnetic stirrer and N3 inlet/outlet line,
0.6 mmol of dicyclohexyl boron chloride was dissolved in 0.5 mL of benzene.
At room temperature, 0.6 mmol of a benzene solution of tris(trimethylsilyl)-
silyl lithium was added. A salt precipitate was formed as the addition
proceeded. The solution was allowed to stir at room temperature for 60
minutes, the solvents were evaporated and NMR analysis was performed.
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11B : (C¢Hs, D20, external) - 51.692, 52.02 ppm (doublet)
TH : (C¢Hg, D20, external) - 0.24 ppm



CHAPTER 22  BORON AMIDES

Literature survey of Boron Amides

Boron amides can be viewed as boron analogs of lithium amides,
which are very powerful bases. However, electron diffraction data of several
boron amides exhibit short boron - nitrogen bonds. The average bond length
of a boron amide is 1.41 angstroms while a typical single bond is around 1.58
angstroms!9. In addition, many unsymmetrical boron amides exhibit
restricted boron - nitrogen bond rotation and can exist in cis/trans isomers in
solution!9. The shortened boron - nitrogen bond and the cis/trans
isomerization present both imply a strong pi bond moment between boron
and nitrogen19. Both of these factors may limit how effective these
compounds are as boron bases.

Boron amides are well reviewed in the literature. Dimethylamino-
bis(trifluoromethyl)borane, (CF3),B=N(CH3);, (I), was studied in great detail by
Ansorge and co-workers. Dimethylamino-bis(trifluoromethyl)borane is
thought to be planar through comparison, by electron diffraction, with other
boron amides and from data obtained from theoretical calculations20. The
data indicate the planarity comes from a boron - nitrogen pi bond?0.

Reaction of (I) with 1,3 dienes and B-unsaturated ketones gave [2+4]
cycloaddition and B-alkylation products, shown in Eq. 1720.

18



19

(0
CF36 Me H Me O\@/(CFS)Z
YA G
CF; Me \Mez
Me Me Me Me

[2+4] cycloaddition

(0]
H
CHzB(CFa)2
Me Me
B-alkylation (17)

The reaction of (I) with terminal alkynes and terminal alkenes yields
aminoboration products (Scheme 2). For the reactions shown in scheme 2,
the methyl group on nitrogen is a hydride source?!.

Scheme 2: Reaction of (I) with various functional groups

FiC.- . Me  HC=CR

B= ——)-RHC=CHB(CF3)2 . CH3N=CH2
FiC” 1 Me
\KCiCR
RHC —CHB(CF3)2 . CH3N=CH,
Il
C(CF3)

(F3C)2C(H)O-B(CF3)2 . CHgN=CH,

\@2
FaC(H)C=NB(CF3), . CH3N=CH,

The reaction of (I) with epoxides, (Eq. 18), gave ring expansion. When
the epoxide is symmetrical, polymerization results22.
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* HLeltHR ‘Oe AMe;
\PCFa)z
Internal S\2 / \SN ]
o He
PR % o0t
" Ve, (Fo) AR
€2
R = Me, Et, Bz,
CF;3,CHoF R =Ph (18)

Eq. 19 shows (I) underwent an ene-type reaction with thiocarbonyl
compounds?3.

R'\ R’ R'
S _— Rearrangement >=S
R'-e'CHzR' + | — —— R"—
_G,)q’ H \E _%/H
FiC¥d  X"Me FiCY4  A"Me
| "FsC Me FiC  Me

Reaction will stop here if
R' = Me and R" = SEt (19)

The type of reaction shown in Eq. 19 is similar to the reaction we plan
to explore between boron amides and carbonyls. The enethiol intermediate
shown in the above reaction is a sulfur analog of a boron enolate. Ansorge
also reported addition of (I) to isocyanates and isothiocyanates, (Eq. 20)%4.
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10°C RN9c
RN=C=X + —_—
(CF3)28 —u
X=8,0
R = Me, -Bu,Et
Ph v * 60C
/NMez
Isomerizes at 60 C. If R= t-Bu or Ph AN—c7
then no isomeriztion. With X =S and R = Ph
will isomerize. (CF3)eB X~
+ NMQz
y
nhla—c’
(CFa)2B—X (20)

In 1994, the first boron-nitrogen analogs of cyclopropane were
synthesized by the adding (I) to carbenes, shown in Eq. 212526,

R. R
1+ R2C==N=ﬁ O ,c\
(F3C)2B—NMe,

R = H, SiMes, CH,Ph
Stable up to 90°C (21)

Brauer, Eq. 22, studied the addition of HX across the boron - nitrogen
bond of (1)%7.

(F30)2@=@HR2 + HX — (F3C)2(X)B—NHR;

R = Et, i-Pr X=Cl|,Br,F,OH (22)

The reaction shown in Eq. 22 shows the behavior of boron amides with
strong acids. We want to get similar results using a less acidic proton on
carbonyl compounds. Burger studied, Eq. 23, the alkylation of (I) by 1-
alkenes?8. When a bulky group is placed on the alkene there is a hydride
transfer from one of the methyl groups on nitrogen to the olefinic carbon, Eq.
2428,
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3 CF; CF
FaC FiC] ° y
: SENHMe, y é/\é@ (c':a
| HC=CMe, H,C ezH nd L Nhe
/\C=CH2 \lclx
Me
CH, (23)
5 me CF.
| M— ch: CH, . / 3 2\
t-H HC ~ CH2
R = s-Bu, Ph, Mes HZA
SiM93, SiEt3 R H2R (24)

Burger also showed that (I) underwent an ene-type reaction with
nitriles and carbonyl compounds. Eq. 25 shows the ene-type reaction with a
nitrile, which forms in a boron - carbon bond?.

R
&
N H
(FoC)p -B—NMe,

| + N=CCH:R —>»

‘O—JJ -—

N
P)' Rearrangement H
H(':’R H ] ,/C |
(FClp B %
ep (FaCl -é"—MN°
€2 (25)

The reactivity of (I) with alkenes, nitriles, and carbonyl groups shown
in the above equations show the electrophilic nature of the boron as it adds
across the multiple bond.

Two of the boron amides studied in this project were also synthesized
and studied in the literature, bis(trimethylsilyl)aminodifluoroborane,
F2B-N(SiMe3); — (II), and bis(trimethylsilyl)aminodichloroborane,
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CL,B-N(SiMe3); — (III). Geymayer published a procedure, Eq. 26, for the
synthesis of (II)30a,

-78°C .
BF3.0Et, + NaN(SiMey), 8%, F2B-N(SiMea)z (¢

Russ synthesized (II), Eq. 27, by heating BF; and tris(trimethylsilyl)-
amine31.

, 130°C ,
BF; + N(SiMegs ——= F2B-N(SiMeg); + TMSF 27)

In a third publication, Gerrard synthesized (II), Eq. 28, through the loss
of HCI from a boron-amine complex using a secondary amine base32.

-HCI by RoNH
——l-

(MesSijzNH.BCh MesSiNBCy + [ReRire|8 8

Although many reactions of compounds (II) and (III) are reported in
the literature, there are no current reports of any reactions with ketones or
aldehydes. However, following reactions of (II) and (III) do indicate the
potential these boron amides have to behave as boron bases towards
carbonyls. This information encouraged us to study the reactions of these
compounds in more detail.

Klingebiel and co-workers investigated the reaction of (II) with the
lithium salt of hexamethylcyclotrisilazanes, (Eq. 29)33.

H H
N N
MezSi~ “SiMe; an MezSi~ ~SiMe;
HN__.NLi HN_ _.N—BFN(SiMej),
§| §|
Me, Me, 1) But-Li
\2) )
BFN(SiMe3), — BFN(SiMe3).
Me,Si< “SiMe, JBul MOZSi'/N‘&l‘,iMez
' .
(Me3Si),NFB -N\Si.rll—BFN(SiMeg)z 2) () HN.-N—BFN(SiMes),

Mez Meg (29)



24

Eq. 30 shows the reaction that Meller studied that involved (II) and 3,4
lutidine34.

-, & [,
- . N--BN(SiMes)
/ ) \ :
- NaF/KF
s 12 (30)

In a series of reports Elter documented the reactions of (II) with various
silylamines, Egs. 31-36 35,36,

3 (MesSINBF, 2100 [(MesSIN-BF| +  TMSF
3 (31)
i F
iy MesSH (Me3Si)N-B, +  TMSF
N(SiMea) 32)
MOS0 (Mo SiN-B-N(SMesk + TMSF
200°C F (33)

() MesSi-NRy (Me3Si),N-B-NR, +  TMSF

R = Me, Et, F
n-CgHj, n-butyl (34)

i + (MegSi)2-NR —— (Me3Si)s2N—-B—N-SiMes
R = Me, Et F R (35)
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Me;Si MesSi. F
m + R:N—H _— 'N-B\

R F

R= i-Pr, Me (36)

Elter also disclosed the reaction of (II) with organolithium compounds,
shown in Eq. 37%7.

F
m + AR ———— (Me,Si)zN-B',R + LiF

R = 2.4.6-ri-+butyl phenyl
l Heat

Me;SIN= +  TMSF

Klingebiel, in two separate publications, investigated the reaction of (II)

with both tris(trimethylsilyl)methane and tris(trimethylsilyl)silane, Eq. 38
3839,

- F
m + (Megsi)gMLi (Me 3Si)oN _Bf
M(SiMea)s
M=C,Si
400-500°C

M%S%E M(SiMe3)s (38)

The chemistry of the dichloro derivative, Cl;B-N(SiMej3); — (III) was
also studied. Two separate reports showed that when three equivalents of
(IIT) were heated to 140°C the products obtained were the corresponding
borazine40:41 or diazadiboretidine#), Eq. 39.

Cl
3 Cl SiMe
140° .. B . \ Y atiad
3 (Me3Si)N-BCl 0C_ MesSIN “NsiMe, . B
Clé ACI N—B8
Measi Cl

SiMey (39)
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Neilson studied the reaction of (III) with several nucleophiles, shown
in Eq. 40-4342.

an t-butyl Lithium cl
T MesSi
Ether 0°C ( eas.)ZN_B\t'bUtyl ( 40)
Me;3SiCH2MgCI Cl
ay  MeSCRMICl - esiN-B.
Ether 0°C ‘CHSiMe; (41)
i-PrMgClI Cl
m  — (MeSi),N-B__
Ether 0°C FPr (42)
Me3SiNMe; [
m ——— (Me3SioN-B,
- TMSCI NMez (43)

Wells and co-workers studied the action of lithium aluminum
hydride, Eq. 44, on (IIT)43.

(m _LiAH, (Me;Si),N-BH,

Ether 0°C (44)

Wells also studied the reaction of (IIl) with 1,1,1,3,3,3-hexamethyl-
disilazane, Eq. 454.

(Me3Sij;NH e
) T (MesSi)N-B-NHSMe; (4

Currently, there are two papers that report a reaction of (I) with
ketones. For these special cases (I) acted like a boron base, Egs. 46 and 47, and a
boron enol derivative is formed, in small yield23.29.
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Me
\  / 9
B=N + * ———
/N FoC CHs

FsC Me

/B(CF;,)Z . NHMe,

FiC o

FaC CHe (46)

B(CF3)» . NHMe
/( a2 2

FaC Me o} o
\B =N/ * \/‘I\/ \)\/
/ 0\ =
FaC Me 47)

These reports showed that through modification of the ligands on
boron it is possible to synthesize a boron enolate with a boron amide. For the
above two examples, it is the action of the CF3 group on boron that enhances
the electron deficiency of the boron, despite the pi bonding from the
nitrogen28. With this in mind we set out to find other boron amides that
could enolize carbonyl acids.

Results

The three boron amides pictured in Eq. 48 were synthesized in our
laboratory, through the 1:1 reaction of dicyclohexylboron chloride with the
lithium salt of the secondary amine. None of these compounds give boron
enolates as products when reacted with ketones. The assumption for the lack
of reactivity is the presence of the boron - nitrogen pi bond.

Chx /R
B—N R = Phenyl, isopropyl, and SiMe3
Chx g (48)
Because of the reactivity of (CF3);B-NMe; we hoped that by further
modification of the ligands on both boron and the nitrogen we may be able to
synthesize other suitable boron amides that would function as boron bases.
Boron amides 7-17, shown in table 6, were synthesized through the action of a

lithium dialkylamide on a boron halid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>