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ABSTRACT

METALATED ORGANOBORANES

By

Ronald Kow

The formation of metalated organoboranes by base-promoted a-proton
removal from organoboranes has never been previously reported. 1In
large part, this must be due to the tendency of bases to coordinate to
the boron atom. The use of a sterically-congested base, lithium 2,2,6,6-
tetramethylpiperidide, overcomes this difficulty, and with the use of
this base metalated organoboranes can be prepared from trialkylboranes.
The metalated derivatives react with alkyl halides to give alcohols
after oxidation, and with cyclohexanone to give alkenes after elimination.

The yields of metalation with the trialkylboranes seldom exceeded
50 percent and a search for more acidic boron compounds was undertaken.
Vinyldialkylboranes (from hydroboration of alkynes) were found to
react with lithium 2,2,6,6-tetramethylpiperidide to furnish the
metalated derivatives in good yields. The reactions of these
metalated derivatives with a variety of electrophilic reagents were
investigated.

Attempts were made to metalate other boron compounds. The results
of the studies with diphenylmethylborane, geminal diboraalkanes, and
o-phenylene methylboronate are presented.

The reaction of trimethyl borate with lithium t-butylacetate gives



Ronald Kow
the salt XXXIX. The reactions and properties of this salt were

investigated.

Li

(CH3O)3B-CH2C02——F—

XX IX
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CHAPTER I

THE PREPARATION AND REACTIONS OF METALATED TRIALKYLBORANES



INTRODUCTION

The electronic configuration of trivalent boron is similar to
that of carbon in a carbonyl grouping. Because of this similarity
many of the reactions of aldehydes and ketones have counterparts in the
reactions of trialkylboranes. For example, the Baeyer-Villiger1 and

2
Beckmann rearrangements (eq. 1) of ketones are analogous to the

oxidation3 and amination reactions (eq. 2) of organoboranes.
¢ R 1'3 R
7~

//////////;7 g ‘\O// \\0//
9 [o] (1) | (0] (2)
c_ B

/Ny /N
k 7 wpx Ny
Ve \\NH/ 7 \\NH/

The addition of Grignard reagents to aldehydes and ketones (eq. 3) is

5
also duplicated with boron compounds (eq. 4).
-+
0 RMgX 0 MgX | RMgX I+
B X
RN B2 A 3) AN > e )

Enolate anions, anions stabilized by an adjacent carbonyl group,
(Figure 1), are well-known and provide the organic chemist with many

2
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¢ <> ¢
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|
Figure 1. Enolate Anion

useful and versatile synthetic procedures. Carbanions stabilized by an
adjacent boron atom, the organoborane counterpart of enolate anions

(Figure 2), are less well-characterized and have not been as widely

AN
B-C— <<«<—> Bz
e ‘ yd

Figure 2. Organoborane Anion

used as the enolate anions. Since the boron atom is one of the easi-
est of all functional groups to introduce within a molecule (through
the hydroboration reaction of olefins),6 carbanions derived from tri-

alkylboranes have the potential of being useful synthetic intermediates.

Literature Review.

In 1956 and 1957 H. C. Brown and B. C. Subba Rao reported that
olefins can be readily and quantitatively converted into organoboranes
under mild conditions (eq. 5), thus providing a new route to organo-

’” the hydroboration reaction.

boranes:

Further study of the hydroboration reaction revealed that the addition



is controlled in part by steric factors. Simple l-alkenes, such as

l-pentene and l-hexene, react to place 94 percent of the boron on the
terminal carbon, the remaining 6 percent is placed on carbon 2.9 The
use of sterically hindered dialkyboranes ERZBH)ZJ as hydroborating

reagents with l-alkenes permits even greater regiospecificity, giving
hydroborated products with more than 99 percent of the boron attached
to the terminal carbon. A few of the sterically hindered organoborane

1
reagents currently used are shown in Figure 3. 0

r—- —
—-BH = (Cy)ZBH Dicyclohexylborane
p— e 2

[ ]
H3C Cl-l3 _
| | = (Sia)zBH Disiamylborane

CH3CHCH =1 BH

— —2

BH

\‘

@BH 9-Borabicyclo E& 3. 1] nonane

Figure 3. Sterically Hindered Organoboranes

The addition of diborane to terminal alkynes produces mixtures of

addition products, both 1,1- and 1,2- addition (eq. 6).

\B/ \B/
RCICH + ByHg —> RCH,-C-H + R-CH-CH, (6)

/ N\ /B\



The use of two equivalents of a sterically hindered organoborane as the
hydroborating reagent with an alkyne will give an almost quantitative
yield of only the 1,1- addition product,11 while the addition of only
one equivalent of the same reagent to an alkyne will give a vinylborane

derivative (eq. 7).12

R H

/
RCICH + RpBH ——3> C=C (7)
H/ N\ 7/

Oxidation of trialkylboranes with alkaline hydrogen peroxide gives

alcohols (eq. 8) in essentially quantitative yields.3

R3B + 3Hp0p + NaOH ——> 3ROH + NaB(OH), (8)

The expected product of oxidation with alkaline hydrogen peroxide of
the dihydroborated derivative with both borons on the same carbon, was
the carbonyl derivative (eq. 9). Surprisingly, oxidation of the di-
hydroborated 1- and 3-hexynes did not give any carbonyl compounds, but

yielded 1- and 3-hexanol as a major product in each case (eq. 10).

OH 0
Lol R-C-H «—> R-E-H (9
o1
\?/
R-C-H
/B\
) . rewon (10)
> 2

Brown suggested that the geminal diboroalkane was unstable to sodium

13
hydroxide and proposed the following mechanism (eq. 11):



! oH
- -

,B_ HO B . HO _
RCH —>  RCH , —> RGHBY ——> RCH BY (11)

N’ g/ N 2

: ' $ \L Hy07
RCH=B { RCH,OH
I

The carbanion, which is formed by attack of the base on one of the

electrophilic boron atoms, is stabilized through resonance by the vacant

orbital of the second boron atom. Thus, in 1961, Brown was the first

to propose the possibility of an organoboron carbanion intermediate (I).
Although Brown was the first to suggest the existence of an

organoboron carbanion intermediate, other researchers began to explore

the possibility of using these anions as useful intermediates in

synthetic reactions. One of the first reports to appear (submitted

by Cainelli and co-workers in 1965--1966)14’15 described the reaction

of metalated organoboranes with carbonyl compounds (eq. 12) to give

olefin derivatives.l® Generation of the metalated derivative was

accomplished by reaction of the base, n-butyllithium, with a geminal

diboron compound:

\

9/ nBuL{ )
RCZCH + 2(Cy)yBH ——> RCHy-C-H ———> RCH,CHB

B

7\ (12)

. HoH
RCHpCHB + R'CHO —> RCH2-<|E-—<|:-R' —> RCH)CH=CHR'

/2
B €O0Li

€
/7 \

II



After formation of the metalated derivative, the reaction involves a
nucleophilic attack of the anion at the carbonyl grouping, leading to
the intermediate II. II then undergoes a 1,2-elimination to give the
olefin. 1,2-eliminations are fairly common for B-halo, B-hydroxy, and
B-acetoxyalkylboranes.16 One of the examples given by House is shown

below (eq. 13):

OCHj
BHs OCH3 BH2
+
THF
. 1
0 BHZ (13)

e [ 151

The yields of olefins from the metalated organoboranes ranged from 20
to 50 percent for various carbonyl compounds (i.e. benzaldehyde, cyclo-
hexanone, cholestanone).

During the same period, George Zweifel and H. Arzoumanian investi-
gated the reaction of metalated organoboranes with ethyl bromide.17
Zweifel used essentially the same method as Cainelli to generate the
metalated organoboranes for his study. The base induced cleavage of
geminal dihydroborated intermediates was accomplished with a variety
of bases including sodium methoxide, lithium methoxide, n-butyllithium,
methyllithium . After reaction of the anion with ethyl bromide and
oxidation with alkaline hydrogen peroxide, Zweifel obtained the alcohol

in yields of 35 to 90 percent, depending on the reaction conditions

(eq. 14).



[o]

RCHy-C-H + CyHsBr ——> RCHp-CH-CHyCH3 ———3 RCHy-CH-CH,CH,

/B\ /B\ OH (14)

The best results were obtained with methyllithium as the base.

In 1969 Brown used metalated organoborane intermediates to synthe-

size cyclopropane (eq. 15) and cyclobutane derivatives (eq. 16).18

O

B
HCZCCHyBr + @BH ——> H-C-CHpCHyBr + MelLi —>
@
- fo]
H-C-CHyCHyBr —> B L OH (15)
B

@ 65%
O

B
HCSCCHyCHp0Ts + @B-H —> H-C-CHyCH,CH,0Ts + MeLi —>
B

&

- 0,
B AN
é ; 65%

Generation of metalated organoborane intermediates was again accom-
plished by the addition of a base, methyllithium, to geminal dihydro-
borated derivatives. The intermediates then cyclized through an

intramolecular nucleophilic substitution.

D. S. Matteson, working along the same lines but using a different



set of organoboron substrates, also studied the formation and reactions
of metalated organoboranes.lg'29 The substrates Matteson chose to work
with were the methanetetraboronic esters, C[?(OR)ila. These boronic

esters were synthesized by Matteson's group by a difficult process
(eq. 17).19’23
B(OMe)2
THF

CCly + 8Li + 4 (MeO)9BCl1 ———> (Me0),B-C-B(OMe), + 8LiCl (17)

B(OMe)2

Tetrakis (dimethoxyboryl)methane III can be converted into other boronic

esters by a transesterification reaction (eq. 18).25’26

/O-C(CH3)2
C[B(OMe)gl + 4(CH3)2C-C(CHy), —> c|B] | + 8MeOH
4 HO OH 0-C(CH3) 5
(18)
1951 g

The boronic esters react readily with alkyllithium to form tri-
borylmethide anions. For example, treatment of the pinacol boronic es-
ter IV with methyllithium yields the corresponding triborylmethide an-
ion V.20 The anion reacts with bromine to give the bromomethanetribo-

ronic ester VI (eq. 19).

0-C(CH3) 2 0-c(cH3)2| Br 0-C(CH,)
c|sl | + Meri —>c|8] | =25 mecls! | 12
0-C(CH3), 0-C(CHy), 0-C(CH3) 9
4 3 3
v v VI (19)

Matteson also discovered that the bromomethanetriboronic ester VI can



10

react with more alkyllithium to form the carbanion, -CBr(BOZCZMe4)2.
This carbanion reacted with bromine to give the dibromomethanediboronic
ester, Br2C(B02C2Mes4)2.

Triborylmethide ions, RRO)ZB]3C', condense readily with ketones
to form alkene-1,1-diboronic esters, R2'C=C[B(OR)2]2.27 This reaction
is general and functional groups, such as a-chloro, carbethoxy, and
tertiary amino substituents, on the ketone do not affect it adversely.
Matteson also found that alkene-1,l1-diboronic esters are potentially
useful synthetic intermediates. He was able to convert the alkenes to
carboxylic acids (eq. 20), a-bromoalkeneboronic esters (eq. 22), and

alkenyl-1,1-dimercuric chlorides (eq. 21).

POW, B0y
CEB(OMe)ZJ3 + O—O > O <:>=C02H
“B(0H) 5

(20)
HgCl, CHj /sCl
‘c (21)
NaOAc \HgCI
0
/7
(CH3) 2C=C B\ :I
0]
2
Br CH Br
2 3
! 5 @

Matteson has also reported on the reaction of the triborylmethide
ions with alkyl halides (eq. 23),22 and the metalation of the anions

with group IV triarylmetal halides (eq. 24).24’25



11

R'X R'C[B(OR) ;)4 (23)

"CLB(0R) 513

ArgMX Ar3MC(B(OR),]4 (24)

One of the more interesting aspects of Matteson's work is the
fact that he was able to isolate a boron-substituted carbanion.2® The
lithium salt of tris(trimethylenedioxyboryl)methide ion VII was isolated
in yields of 75 to 100 percent from the reaction of butyllithium and
tetrakis (trimethylenedioxyboryl)methane in tetrahydrofuran at -70°C

(eq. 25).

A > . > A >
C B\ ‘ + CyHgLi Li C B\ + C4H93\
(¢} (¢ o

4 3

VII (25)

Since VII chars in air and reacts very rapidly with water, it must be
handled under argon. This salt is very reactive and undergoes all the

reactions of triborylmethide ions discussed earlier.

Discussion of the Problem and an Outline of the Research.

In all the cases of metalated organoboranes discussed above the
metalated derivative was generated by the base-promoted cleavage of a
carbon compound containing two or more boron atoms on the same carbon.

This process is analogous to the cleavage of B-diketones by base

(eq. 26).°
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) +
C Na 0

/N -
R-CH , + NaOCH, —> R-CH  + CH30-E\ (26)

o=’
o=0

The disadvantage of base-cleavage for the formation of metalated or-
ganoboranes is that one is limited to alkynes for the formation of
dihydroborated derivatives, or to a difficult and expensive synthesis
to obtain the tetraborylmethane or triborylmethane compounds.23

In most synthetically useful examples of enolate anion formation,
the anions are generated by the removal of an a-hydrogen by a base
(eq. 27). It was thought that a similar reaction might be possible
with organoboranes, and a study was undertaken on the feasibility of

a-proton removal from organoboranes by the action of strong bases

(eq. 28).

Q base Q g'
/C\C/H /C\C. > . \\C _ @7)

VARN 7N |

| | |
,B\ /H base /B\_ <> /B\ _ (28)

C > cC— C

A major obstacle to this base-promoted deprotonation of organo-
boranes is their strong Lewis acidity. Normally, addition of a base
to an organoborane results in coordination of the base to the boron
atom (eq. 29).5 In some cases organoboranes can even be titrated

quantitatively with alkoxide bases.31
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]
| _/C-H
\B-C-H + Base ——)\B (29)
rd ' / \B
ase
This acid-base reaction (eq. 29) ties up the base and is undoubtedly
the major reason why alpha metalation of organoboranes by base has

not previously been observed (eq. 28).

Our study began with B-methyl-9-borabicyclol3.3.1]nonane (B-methyl-

BBN) VIII as the organoboron substrate. B-methyl-BBN was chosen be-

B ‘CH3

J

VIII

cause it is easily synthesized (eq. 30)32 and because of the expected

differences in the rate of @-proton abstraction between the methyl

and tertiary protons.

A
B-H + MelLi ——> B —_— B-Me + H, (30)
+ Me
Li

We assumed the methyl protons to be more acidic than the tertiary-bridge-
head protons because primary carbanions are more stable than tertiary
carbanions,33 and because resonance stabilization by the boron atom

of the tertiary carbanion would involve a double bond to a bridgehead
carbon (Figure 4), which is expected to be much less stable than the

corresponding contributor for the methyl anion.
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B-CH3 B-CH3

1N «— Yy

Figure 4. Poor resonance contributor

Once VIII was prepared we began a search for a base so sterically
hindered that coordination to the boron atom of VIII would be difficult
or impossible, thereby preventing the unwanted neutralization reaction
of eq. 29. Once such a base was found, studies were undertaken to prove
that a metalated organoborane was formed, and to find the optimum con-
ditions necessary for complete metalation. Another aspect of this
research was to search for useful synthetic reactions of the metalated
organoboranes. Lastly, studies were conducted to learn if other organo-
boranes, besides B-methyl-BBN, form metalated derivatives. The results

of these studies are presented in the following section.



RESULTS

Metalation of organoboranes was studied with B-methyl-BBN and a
variety of lithium dialkyl amides. The lithium dialkyl amides were
prepared by the reaction of the corresponding secondary amine at 0°

with n-butyllithium in hexane (eq. 31).

R 0° R
:NH + n-Buli ——m—> \NLi + n-butane (31)
R hexane R

Initial Studies Using PMR.

Early studies consisted of proton nmr examination of the reaction
mixtures of VIII and the lithium amides in benzene. Benzene was chosen
as the initial solvent because the resonance signals from the benzene
protons would not interfere with the signals from B-methyl-BBN, and
because benzene is relatively inert to the amide bases. The first
three bases tried, lithium diisopropyl amide, lithium diethyl amide,
and lithium isopropylcyclohexyl amide, appeared to coordinate to the
boron atom of VIII. In the pmr spectra, the methyl group of B-methyl-
BBN was shifted from a § value of 0.90 (TMS internal reference) to a
§ value of 0.2-0.4 in the presence of the base. Refluxing the reaction
mixture for a few hours produced no change in the pmr spectra. Addition
of B-methyl-BBN to the hindered base IX, lithium 2,2,6,6-tetramethylpi-

peridide (LiTMP), in benzene resulted in a pmr spectrum which

15
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3
H4C N CHsy
Li
IX

corresponded closely to a mixture of the two components. Apparently
this base is too hindered for coordination with the boron atom of

VIII to take place. After refluxing, this reaction mixture exhibited
a significant change in its pmr spectrum. The methyl signal of VIII
disappeared and new signals appeared at fields higher than TMS.34 From

these results, we assumed that LiTMP was the sterically crowded base

that we were searching for.

Use of Benzyl Chloride as a Probe.

Since the pmr spectra did not provide unambiguous evidence for
the formation of a metalated organoborane, more conclusive proof was
needed., We decided to quench the reaction mixture with an alkyl hal-
ide and then oxidize the resulting organoborane with alkaline hydro-
gen peroxide. If a metalated organoborane were formed, this sequence
of reactions, with benzyl chloride as the alkylating agent, would yield

g-phenylethanol (eq. 32).
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@B—CH3 + LiTMP —> @B-CHZLi + TMP

VIII IX

0
@B-cuzu + CgHsCH,Cl —> @B-CHZCHZC6H5 —E]—> 32)

HO

C6H5CH20H20H +
OH

In the initial experiment, VIII was refluxed with one equivalent
of IX for 24 hours, following which the reaction mixture was quenched
with benzyl chloride at room temperature. After oxidation, B-phenyl-
ethanol was detected in 7 percent yield. 1In an attempt to improve the
yield of g-phenylethanol, various reaction conditions were tried. The
effect of solvents, temperature of reaction mixture, time, and quantity
of reagents used were studied. The optimum conditions, using one equi-
valent of base, occurred when the reaction mixture of the organoborane
and the base was allowed to stir for one hour at room temperature.

The yield of B-phenylethanol obtained in this case, as determined by
glpc, was 21.4 percent. An excess of base increased the yield of
alcohol to 46 percent; however, the use of more polar solvents did not
improve the yield. Table 1 summarizes a few of the reactions studied.

The effect of different size bases was also studied with the
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TABLE 1

Effect of solvent on the formation of metalated B-methyl-BBN.

Ratio of Reaction Temperature of Solvent % Yield? of
LiTMP/VIII Time Reaction Mixture B-phenylethanol

1/1 24 hrs. Reflux Toluene 6

1/1 24 hrs. Reflux Benzene 7

1/1 24 hrs. Reflux HMPA 7

1/1 24 hrs. Reflux Ethyl 9

Ether

1/1 15 min. Reflux THF 20

1/1 1 hr. R. T Benzene 21

2/1 1 hr. R. T. Benzene 46

8Yield determined by glpc with an internal standard.
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benzyl chloride alkylation reaction. As expected, the less hindered
bases gave little or no B-phenylethanol after quenching with the hal-
ide. 3-t-butylamino-3-methyl-l-butene (X) appears to be as steri-
cally hindered as IX and gave comparable results. X was obtained

through a substitution reaction (eq. 33).35

CH, CH, CHy  CHy
| I~ I | Hy
CH3-C-NH, + CH3-C-CZCH ———> CH3-C—N—C-CZCH ———>

| | | 1 | Ni
CHy c1 CH;  CHy (33)

CH3 CH3

CHq-C—N—C-CH=CH,
| 8 |
CH3 CH3
X

LiTMP was used in most of these experiments because the amine is
commercially available and relatively inexpensive. The results of
using different bases to accomplish metalation are presented in Table
2.

Several reactions were tried in which the amines were removed by
distillation. If the formation of the metalated organoborane is an

equilibrium reaction (eq. 34), the removal of the amine should force

the equilibrium to the right.

«—— .
RoNLi + ©8-0H3 > RoNH  + @BCHZLJ. (34)
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TABLE 2

Effect of different bases on the formation of metalated B-methyl-BBN.a

Base % Yield of
g-phenylethanol

CH3 (CHj) ,CHp -N-CH, (CHj) oCH3
Li

0
(CH3) JCHCH, -N-CH,CH (CH3) »
Li 0
(CH4) ,CH-N-CH(CHy),
Li 3
H3C CH3 18
H4C N
¥ M
?H3 CHy
CH3'C-§-C-CH:CH2 20
| Lil
CHy CHj
CH3 CHq
|
CH3-Si-N-Si-CHj
| Li| 5
CHy CHy
CH,
I
CH3-?-L1 0
CHy

aB-methyl-BBN was added to the base in benzene and the mixture refluxed

for 15 min. before the addition of benzyl chloride.
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The results from these experiments were usually very poor, giving

little or no B-phenylethanol after quenching.

Use of Deuterium Oxide as a Probe.

Since the yields of the alkylation reactions using benzyl chloride
were not large, the possibility existed that the alkylation reaction
was not going to completion and therefore, gave an incomplete picture
of the extent of metalation. Clearly, another method for determining
the amount of metalation was needed. A few experiments showed that
B-methyl-BBN was fairly stable to water for short periods. Consequent-
ly, the decision was made to use deuterium oxide as a quenching reagent
to establish the proportion of starting organoborane that was being
converted to the metalated derivative. The final product of this

quenching experiment would be the deuterated B-methyl-BBN (XI). The

(Zz::B-CHQD

XI

resulting mixture was analyzed by mass spectrometry.

Since the best results with the benzyl chloride alkylations were
obtained when the base and the boron compound were reacted at room
temperature, all the reactions with deuterium oxide were done at this
temperature, In each reaction, the boron compound was added to one
equivalent of the base suspended in benzene, quenched with deuterium
oxide after an appropriate reaction period, and isolated by glpc for

mass spectral analysis. The results of mass spectral analysis confirmed
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the findings of the benzyl chloride alkylations, that the less hindered
bases do not effect metalation. The results from the reactions of
three different bases are given in Table 3.

Since the use of different solvents in the alkylation reactions
did not improve the yields of B-phenylethanol, only a brief study of
solvent effects was undertaken for the deuterium oxide reaction. The
results were quite similar to those from the benzyl chloride reaction,
and the data are summarized in Table 4.

The effect of different quantities of base on the reaction was

also studied. The results are given in Table 5.

Reactions of Metalated B-methyl-BBN.

The results of quenching with deuterium oxide seemed to indicate
that the metalation of B-methyl-BBN was not quantitative. For this
reason only a few reactions of the metalated derivative were studied.

Reaction of the metalated derivative of B-methyl-BBN with cyclo-
hexanone gave a 55 percent yield of methylenecyclohexane (XII), based

on the quantity of B-methyl-BBN used (eq. 35).

0
O+ () = OO =D
LiO

(35)
XII
With a 50 percent excess of base, the yield of XII was increased to
66 percent. This reaction is similar to the reaction of organoboron

27
carbanions and carbonyl compounds reported by Cainelli14 and Matteson,
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TABLE 3

Amount of deuterium incorporation in B-methyl-BBN with different bases.’

Lithium amide Reaction time Deuterium b
(hours) Incorporation, 7%
/CH(CH3 ) 2
LiN 12 0
CH(CH3),
H3C CHy 1 40
12 50
24 60
48 65
LiN 7 days 62
Hac CH3
C(CHy)4
12 40
LiN
4 days 50
C (CH3)2CH2CH3

#Reaction mixtures are 1M in boron compound. Equivalent amounts of
base and boron compound were utilized.

b .
From mass spectral analysis of recovered boron compound.
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TABLE 4

Amount of deuterium incorporation in B-methyl-BBN with different
solvents.?

Solvent % Deuterium Incorporation
Benzene 60
THF 32
4% HMPA/Benzene 58
207 HMPA/Benzene 26

8Reaction conditions: B-methyl-BBN was stirred with one equivalent of
LiTMP at room temperature for 24 hours before quenching.

TABLE 5

Reaction of B-methyl-BBN with varying amounts of lithium 2,2,6,6-tetra-
methylpiperidide in benzene.

o

Base/Boron Compound % Deuterium Incorporation
0.5 36
0.75 49
1.0 60
2.0 75
4.0 73

bReaction times are 24 hours.
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A reaction of metalated B-methyl-BBN with an aldehyde, heptanal,

was also attempted (eq. 36).

@BCHZLi + CH3(CHy)sCHO ——> CH7CH(CHy) sCHy (36)

The yield of l-octene was very low. Aldehydes have a tendency to under-
go condensation reactions in the presence of strong bases. Since the
metalated B-methyl-BBN and the unreacted LiTMP are strong bases, self-

condesation of the aldehyde must be a competing reaction in this case.

Cainelli.14

also commented on the fact that competing condensation
reactions were probably a factor in the low yields of some of the
olefins formed in his studies.

Other alkyl halides (butyl bromide, pentyl chloride, and octyl
chloride) were also studied as alkylating agents (Table 6). In the

case of butyl bromide, a 42 percent yield of n-pentanol was obtained

(eq. 37).

[o]
@B-cuzu + BuBr —> @B-CHZBU —> HO-CH,Bu (37)

Cyclohexane was also tested as a solvent with butyl bromide as the
alkylating agent, the results were the same as when benzene was the

solvent (38 percent of n-pentanol was detected).
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TABLE 6

Alkylation of metalated B-methyl-BBN.a

Alkyl halide Alcohol obtained % Yield of Alcoholb
Butyl bromide Pentanol 42°¢
Pentyl chloride Hexanol 37
Octyl chloride Nonanol 36
Benzyl chloride 2-phenylethanol 21

8Reaction conditions for formation of metalated B-methyl-BBN: One
equivalent of LiTMP in benzene at room temperature for one hour.

inelds determined by glpc analysis.

CB-methyl-BBN and LiTMP were stirred for 12 hours at room temperature
before addition of butyl bromide.
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Formation of Metalated Derivatives from Other Organoboranes.

The success of B-methyl-BBN in forming a metalated compound
could not be duplicated with other alkylboranes. Triethyl boron,
on reaction with LiTMP, followed by alkylation with butyl bromide
and oxidation by alkaline hydrogen peroxide, gave very low yields

of 2-hexanol (eq. 38).

LiTMP BuBr (o] OH
Et,BCHyCH3 ——> Et,BCHCH; ———> Et,BCHCH; —> BuCHCH,
Bu (38)
5-10%
Another trialkyborane, B-cyclopentyl-9-borabicyclo|3.3.1]nonane
(XII1I) also gave poor conversions to the corresponding metalated deri-

vative. The amount of metalation was determined by deuterium oxide

quenching (eq. 39).

LiTMP *<:::] 1020
B — B
/ / 2.(0)
XIII (39)
After oxidation of the organoborane the cyclopentanol was collected

by glpc and analyzed by pmr. The amount of deuterium incorporation

in the product ranged from 10-15 percent.



DISCUSSION

The results presented in the previous section represent the first
example of base-promoted @-proton removal from organoboranes to produce
metalated organoboranes. The removal of a Y-proton from l-phenyl-1,4-
dihydroborabenzene by a base to furnish a metalated organoborane has

been reported recently (eq. 40).36

7
I l + t-CHLi ~———> O (40)
\B-

B .

X1V
The metalated derivative XIV is probably stabilized by aromatic resonance
and therefore represents a special case of metalated organoboranes.

This section will include a discussion of some of the ideas behind this

research and on the results of the study.

Use of Sterically Hindered Reagents in Reactions of Organoboranes.

Because the boron atom of trialkylboranes has only six electrons
in its outer shell and can accomodate eight, trialkylboranes are
classified as Lewis acids. Many of the reactions of trialkylboranes
are assisted by this empty orbital of boron. For example, oxidation
of organoboranes by alkaline hydrogen peroxide probably involves an

28
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3
initial coordination of a hydroperoxy anion to the boron atom (eq. 41).

Hy0, + "OH —> HOO

R
RyB + ‘02H o R-B-OO0H
R
R -
R-B-OC0H —> R-B-OR + OH 1)
R R

The initial coordination of a nucleophilic reagent with organoboranes
may be of assistance in some of their reactions, but can be a major
obstacle to a base-promoted metalation of trialkylboranes. This
undesired coordination of a nucleophile with boron can usually be pre-
vented by using a reagent that is so sterically crowded that coordination
becomes impossible.

The use of a sterically hindered reagent in reactions with organo-
boranes to prevent coordination to the boron atom is not a new concept.

For example, the alkylation reaction of @ -haloalkanoic esters with

organoboranes utilizes a sterically hindered base (eq. 42).37
Base
1 ]
R3 B + RCHBrCOZCZH5 —> RR CHCOZCZHS 42)

The mechanism proposed for the above reaction is given in eq. 43.
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-+
K
Base:K + RCHBrC —> RC :
e rC0,C, H, RCBrCO,C,H, + BASE:H
N -
K J 'R
RCBrCO,C,Hs + R'3B —> K |R BCCOZCZHSJ
Br
J RR R'
K [R' BCC02C2H5 —> R'-B-C-C0,CpH5 + Kbr
R'B R'R
Rl
-B-C-CO,CoH5 + R"OH ——> RR'CHCO)CyHs + R"0-B-R' (43)
1

Rl

Optimum results were obtained by using the base, potassium 2,6-di-t-

butylphenoxide (XV). According to Brown the reason why this phenoxide

0K

XV

is so effective is because ''the large steric requirements of the base
prevents coordination to the trialkylboranes. Coordination would be
unfavorable for the rapid capture of the u-halocarbanions"37 by the
organoboranes. In our own case coordination of the base to the organo-
boranes would tie up the base and prevent it from removing a proton

from the organoborane.
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Steric Effect of the Bases.

For our studies on the ionization reaction we needed a variety
of bases having different steric requirements. We chose the lithium
dialkyl amides as bases because they are easy to prepare and because
they are very strong bases, pKa of these amines is approximately 36 pKa
units.38 Furthermore a variety of secondary amines of different sizes
are readily available. We tested a number of amides of increasing size
until we found one that gave satisfactory results with B-methyl-9-
borabicyclononane.

The lithium amides of di-n-butyl, diisobutyl, and diethyl amine,
the bases with the least steric requirements in the series tested, do
not give a metalated derivative with B-methyl-BBN. Another base, t-
butyllithium, is also unsuccessful in the base-promoted ionization
reaction of trialkylboranes. These bases are undoubtedly too small

and are coordinating to the boron atom (eq. 44).
/CH3
B-CHy + Basew —mm> BC 44)
Base

Lithium diisopropylamide and lithium isopropylcyclohexylamide are
bulkier bases, but still do not form a metalated compound on reaction
with organoboranes.

The next base that we wanted to try was lithium di-t-butylamide,
which is more sterically hindered than lithium diisopropylamide, but

the amine was not readily available.
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/R
?H3 ?H3 THZ ?HZ
H3C—C ~ /C°—CH3 H3C—C\ /C—CH3
| ~n7 | N
H3C H CH3 H3C H CH3
XVI XVII

The only difference between the two amines XVI and XVII is an extra
methylene group in the cyclic compound joining the two t-butyl groups
together. Since XVII is probably as sterically hindered as XVI and is
commercially available, we chose the piperidide as the next amide to
study. The piperidide gives satisfactory results for metalation and
therefore must be hindered enough to prevent coordination to organo-
boranes.

Another amine, which is approximately the same size as the tetra-
methylpiperidine, is 2-t-butylamino-2-methylbutane (XVIII). The lithium

amide of XVIII gave satisfactory metalation with B-methyl-BBN.

CH3-C-N-C-CH,CHjy
| ul

H3C CH3

XVIII

Surprisingly, lithium bis(trimethylsilyl)amide (XIX), which appears
to be as bulky as the tetramethylpiperidide, gave very poor yields of
metalated organoboranes. No data on the pKa of the bis(trimethylsilyl)-

amine could be found in the literature, but we assume the pKa to be
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H3f fH3
CH,-Si Si-CH
3 ~ /7 3
{ "N\
H3C Li CH,
XIX

lower than that of the dialkyl amine, since the silicon can provide
charge delocalization with its empty 3d orbital.39 The lower basicity
of the silyl amide could be a factor in the poor yields of organoborane
metalation. It is also possible that the Si-N bond length is longer
than the C-N length. This would make XIX actually less hindered than it

appears.

Solvent Effects.

Solvents can play a large part in determining the rate of carbanion
formation. Thus, an increase in the rate of carbanion generation is
usually observed when more polar solvents are used. For example, the
base-catalyzed racemization of optically active 2-methyl-3-phenylpro-
pionitrile (XX) is much faster in DMSO than in alcohol solvents.40

o
C6H5CH2-C-H

C=N

Because the lithium amides and the metalated organoboranes are

extremely basic reagents, we were limited to non-proton-donating



34

solvents in our own studies. Although lithium 2,2,6,6-tetramethylpi-
peridide is much more soluble in more polar solvents (tetrahydrofuran,
ethyl ether, and HMPA) than in benzene or cyclohexane, the rate of
organoborane metalation in these solvents is usually the same or lower
in comparison to benzene. Possibly, the more polar solvents coordinate
to the organoborane and in this manner, as shown for tetrahydrofuran

(eq. 45), hinder the desired ionization reaction.

f ! +
N
0 CH,

Matteson has indicated the possibility of metalated organoboranes,
'C[B(OR)2]3 , abstracting protons from supposedly "aprotic" solvents,
6,27
such as tetrahydrofuran and dimethyl sulfoxide. We do not have

any evidence for proton abstraction from tetrahydrofuran in our own

investigations, but this possibility cannot be ruled out.

Reactions of Metalated Organoboranes.

The yields of the alkylation, deuteration, and condensation
reactions with the metalated derivatives of B-methyl-9-borabicyclononane,
obtained with one equivalent of base, seldom exceeded 50 percent, show-
ing incomplete formation of the metalated derivative. One possible
reason for the incomplete formation of the metalated organoborane
may be the formation of a complex. The newly formed metalated organo-

borane XXI can attack the boron atom of unreacted starting material to
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form an addition complex (eq. 46).

BCHL1+ @\BCH _—> B-CH, -
CH3 (46)

VIII

If formed, the complex XXII would prevent at least half of the starting
organoborane from reacting with the amide. Matteson reported a similar

problem in his own studies (eq. 47).23

OMe
[Me0) Bl ¢ + [(Me0),B] ,c —> (MeO)zB]BC-(.B);ig |13(0Me)2]3

XXIII
B(OMe),
-OMe [(Meo)23]3-C-I§-C[B(OMe)2]3 - - -B-C- 47)
orte MeO B(OMe),

n
In Matteson's case, the resulting complex XXIII can lose a methoxide
group, add another carbanion, and continue the process to form a
polymer. There are no good leaving groups in XXII and consequently,
formation of a polymer is prevented. Formation of the complex XXII,
if it occurs, is probably an equilibrium reaction, as excess base
usually increases the amount of metalation to greater than 50 percent,
and because the metalated organoborane can be alkylated.

Alkylation of metalated organoboranes takes place readily with alkyl
halides. We found that benzyl chloride gave lower yields of substitution

product compared with the primary alkyl halides and the deuteration
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studies. Matteson also found the benzyl halides to be poor alkylating
agents with his triborylmethide anions.zo’23 The difficulty with the
benzyl halides could be due to a competing metal-halogen exchange be-
tween the halide and the metalated organoborane (eq. 48).

Li X

~ NG .
B-C- 4+ CHSCHX ——> B-C- + CoHCH,Li (48)

Matteson examined one of the reaction mixtures of benzyl bromide and
a triborylmethide anion by treatment with carbon dioxide, and verified

the metal-halogen side reaction (eq. 49).

R
Li C(B02C3H6)3 + PhCH,Br —_ > BrC(B02C3H6)3 + PhCH,Li

(49)

1. COy
—_—>
T PhCH,COoH
2. H30

58%

Limitations of Metalated Organoboranes.

Although B-methyl-9-borabicyclononane gives reasonable yields of
metalated organoborane, other trialkylboranes do not form metalated
derivatives readily. Part of the difficulty could rest in the difference
in the acidity of the a-protons present in the different organoboranes.
The pKa's of the @-protons of organoboranes are not known, but if we
assume that the effect of the boron atom is equal in all organoboranes
and that the pKa's for methane, ethane, and cyclopentane are 40,

42, 44 respectively,a1 then the methyl protons of B-methyl-BBN should

be more acidic than the a-protons of triethylboron, which should be more
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acidic than the a-proton in B-cyclopentyl-BBN. Triethylboron and B-
cyclopentyl-BBN could be such weak acids that lithium 2,2,6,6-tetra-
methylpiperidide is not sufficiently strong as a base to give good
yields of metalation.

Another factor that may account for the lower yields of metalated
derivatives with other organoboranes could be that the anion of B-methyl-
BBN forms a complex (XXII) with unreacted starting material, and that
such complexation helps to stabilize the metalated compound. The
metalated derivatives of the other trialkylboranes might be too hindered
to form such complexes.

Since the formation of metalated derivatives from organoboranes is
not a quantitative reaction, the use of the metalated organoboranes as
a synthetic intermediate will be limited. Unreacted base in the reac-
tion mixture will react with other reagents and contaminate the desired
reaction. For example, the addition of enolizable ketones and alde-
hydes to the metalated organoborane mixture will undergo self-conden-
sation because of the unreacted amide. Because the formation of meta-
lated organoboranes is not quantitative, much of the starting material

is also lost in a synthetic process.



EXPERIMENTAL SECTION

I. General

Spectra.

Proton magnetic resonance spectra were measured using a Varian
T-60 spectrometer. The mass spectra were determined by Mrs. Lorraine
Guile of this department with a Hitachi-Perkin-Elmer model RMU-6

spectrometer.

Gas Chromatography.

Vapor phase chromatographic analysis and preparative work were
carried out on a Varian Aerograph A-90 thermal conductivity chromato-
graph. Relative peak areas were determined by a Varian disc chart

integrator-model 255.

I1. Materials

Handling of Materials.

All reactions were carried out under a nitrogen atmosphere and all
liquids were transferred in glass syringes under nitrogen. All solvents
were carefully dried and stored under a nitrogen atmosphere over mole-
cular sieves. Extra precautions must be taken with the organoboranes,

as they tend to oxidize quite rapidly in the presence of oxygen.

38
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Amines.

All amines, except for 2-t-butylamino-2-methylbutane, were commer-

cially available and were distilled before use.

Preparation of 3-chloro-3-methyl-1-butyne.

84 gms. of dimethylethynylcarbinol (1 mole) was stirred with 420 ml.
of concentrated hydrochloric acid (5 moles) containing 1 gm. of hydro-
quinone while the reaction flask was cooled with a water bath. After 1
hour of stirring the two layers were separated and the organic layer
dried over anhydrous potassium carbonate. The organic layer was dis-
tilled and the fraction boiling at 73-800C was collected, this fraction
was redistilled using a Vigreaux column and the product collected at

74-75°C.

Preparation of 2-t-butylamino-2-methylbutane.

A solution of 33.6 gms. (.6 moles) of potassium hydroxide, 30
milligrams of powdered copper, and 126 ml. (1.2 moles) of t-butyl amine
in 50 ml. of water was placed in a 500 ml. three-necked flask equipped
with a mechanical stirrer and addition funnel. 45.3 ml. (.4 moles)
of 3-chloro-3-methyl-1-butyne was then added through the addition funnel
over a 2 hour period with vigorous stirring. After stirring for an
additional two hours the mixture was allowed to stand overnight. The
organic layer was then separated and the aqueous portion extracted with
pentane, which was added to the organic layer. The combined organic

extracts were washed four times with 100 ml. of water and then dried
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over potassium carbonate. After removal of the solvent by a rotary
evaporator , the remaining organic mixture was added to a hydrogena-
tion flask with 30 ml. of ethanol and 1 gm. of RaNi. The mixture
was hydrogenated for 24 hours at room temperature. After the hy-
drogenated mixture was filtered distillation gave 16 gms. of pro-

duct (28%), b.p. 140°C.

Preparation of 9-Borabicyclo [3 .3 J] nonane.

A 500 ml. flask equipped with a reflux condenser, an addition fun-
nel, a magnetic stirring bar, and a side-arm fitted with a rubber serum
stopper was flushed with nitrogen and maintained under a static nitrogen
atmosphere. In the flask was placed 163 ml. of .61M borane (.1 mole)
in tetrahydrofuran and the flask was immersed in an ice bath. In the
dropping funnel was placed 12.2 ml. (.1 mole) of 1,5-cyclooctadiene.

The diene was added dropwise to the BH4» THF solution with vigorous
stirring. The mixture was then heated under reflux for one hour. The
9-borabicyclo[3.3.ﬂ nonane was left in the flask in the THF solution

for subsequent steps.

Preparation of B-methyl-9-borabicyclo[3.3.1) nonane.

The same set-up as that used for the preparation of 9-BBN was
used for the preparation of the methyl derivative. 100 ml. of a .1M
solution of methyllithium (.1 mole) in ether was placed in the cleaned
dropping funnel and added dropwise to the solution of 9-BBN at 0°C over
a period of one hour. This was immediately followed by dropwise addi-

tion of 6.5 ml. of methanesulfonic acid (.1 mole) and approximately .1
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mole of hydrogen was rapidly evolved. The salt was allowed to settle,
and the clear solution was transferred under nitrogen to a distilling
flask and the product distilled. A 70 percent yield of B-methyl-9-BBN,

b.p. 67-68°C/14 mm., was obtained.

Preparation of B-<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>