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The cyclic hydroboration of 1,5-cyciooctadiene provides
9-borabicyclo[3.3.1]nonane, an unusual beoraheterocycle, with
interesting chemical properties and unusual characteristics

as & hydroborating and reducing agent,
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A, INTRODUCTION
The formation of organoborane heterocycles via cyclic
hydroboration of dienes was the subject of a recent review
in this journa1.] As described previocusly, many interesting
organoborane heterocycles are known, However, the most
exciting and useful cyclic organoborane is undoubtedly bis-

9-borabicyclo[3.3.1]nonane (9-BBN, ]1).

First characterized by Kiister,2 9-BBN was found to exist
as a stable crystaliine dimer, mp 142°, which could even be
sublimed. Subsequently, Knights and Brown reported that the
direct reaction of 1,6-cyclooctadiene with borane in tetra-

hydrofuran (BHS-THF) provides a highly convenient synthetic
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3

route to 9-BBN. This deveiopment opened the door to the

4 The

application of 9-BBN for the hydroboration of alkenes.
resuiting B-alkyl-9-BBN compounds then found numerous applica-
tions in the rapidly expanding synthetic chemistry of organc-
boranes.5

9-8BN exists as the diwmer ], both in solution and as a
crystalline solid, However, for purposes of discussion and
for reaction stoichiometries, it is usually more convenient

to treat it as the monomer., As a further convenience, the

monomer can be represented in the shorthand notation shown

(2).

BH

- = (Z::pH

2

9-BBN is a truly unique dialkylborane. In this review,
we will 1imit the discussion to the unusual chemistry of 9=~
BBN and to how the properties of 9-BBN are a direct conse-

quence of the heterobicyclic structure, Obviously, 9-BBN is
a highly useful synthetic reagent. Because of its commercial
avaﬂability,6 9-BBN has become an important tool for the
preparation of many organic compounds} A detailed discussion
of the synthetic applications of 9-BBN and of B-R--9-BBN
derivatives is beyond the scope of this review. These syn-

thetic applications will be reviewed by us e1sewhere.7

(455)




B, PREPARATION oF 9-BBH

The first reported preparation of 9~BBN involved the
thermal disproportionation of tetra-zn-propyldiborane and B-

n-propyl-9-BBN (eq 1).2

2 ©—n-Pr + n-PreBH, L 2 @m + 2 n-PryB (1)

The requ{red B—-R—9-BBN was prepared by Kister via a 2-step

process’.8 For example, direct hydroboration of 1,5-cycloocta-
diene with tetraethyldiborane gives 3, converted to B-ethyl-
9-BBN by a thermal disproportionation in the presence of

boron hydride catalyst (eq 2).8 The direct thermal treatment

+ Et,BoH, — CSHM(BEtz)2

3 (2)

3 A @B-Et+BEt3
~

_-HB

of 1,5-cyclooctadiene with tetraethyldiborane results in exten-
sive polymer formation.9

Alternatively, Kdster found that tricyclooctylborane
coutd be converted directly to B-cyclooctyl-9-BBN {4} by a

thermal displacement reaction (eq 3).]0
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e . e 4 77 +
lm 190° (3)
+ H

©

B-Cyclooctyl-9-BBN can be used to prepare other B-R-9-BBN com-
) 11

I

pounds by a boron hydride catalyzed disproportionation (eq 4

4 + n-PrsB ::ﬁg—> (3Z:an-Pr + (4)

~ n-PrzB

These thermal transformations of organoboranes have been

12 Atthough of limited synthetic utility

reviewed by K@ster.
for the preparation of 9-BBN, these processes developed by
Koster indicate that the 9-BBN heterocyclic ring system pos-
sesses remarkable thermal stability. In all cases involving

a cyclooctylboron compound, the thermodynamically controlled
product contains the 9-BBN moiety. For example, hydroboration
of 1,5~cyclooctadiene with diborane followed by thermal isomer-

13 simitarly,

ization apparently gives B-cyclooctenyl-9-BBN,
the thermal reaction of diethylaminoborane with 1,5-cycloocta~-

diene gives a 68% isolated yield of B-diethylamino-9-8BN (eq
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5).14

130°
+ Et,NBH, —=—> <KZ>B—NEt2 (5)

The first convenient synthesis of 9-BBN was reported by

Knights and Brown.3

In this greatly improved process, 1,5-

cyclooctadiene is treated with BH3~THF with ice bath cooling.
A mild isomerization at 65° of the initial product then gives
9-BBN as a solution in THF in essentially quantitative yield

{eq 6).3 Upon cooling, 9~BBN can be isolated as the crystal-

BH.-THF
3 N THF § <E:>BH (6)
0° 65°,1 hr

1ine material in ~ 65% yield,

A detailed examination of the hydroboration of dienes

~THF in a molar ratio of 1:1 revealed that 1,5-cyclo-
15

with BH3

octadiene is a special case. Thus, in marked contrast to
all other dienes examined, the hydroboration of 1,5-cycloocta-

diene appears to be essentially a simple cyclization (eq 7).
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P
_ BH/ \
7= A

(7}

Oxidation of the reaction mixture produces a 70:30 mixture
of eis-1,5- and efe-1,4-cyclooctanediols in 92% ,yie]dal6
Obviously, the thermal treatment (1 hr at 65°) converts f to
5. The 1,5 isomer (5), with two fused six-membered rings,
would be expected to be the thermodynamically control]ed

product.

C. PrysicaL ProperTiES OF 9-BBN
High-purity, crystalline 9-BBN shows mp 1562-155° (in a
sealed, evacuated capi11ary).]7
The boiling point of 9-BBN, 195° {12 mm), is unusually
high, It should be contrasted to the boiling point of di-n-
bufy]borane, 98° (12 mm). This marked difference in boiling
points suggests that in contrast to (n-BuZBH)Z,(B—BBN)2 re-

sists dissoctfation and distills as the dimer.3
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The infrared spectrum of 9-BBN exhibits a strong absorp-
tion at 1567 cm™', either as a mineral oil mull of the solid

17 This indicates the presence of a B-H-B

-or in solution,
bridge. Therefore, 9-BBN must exist as the dimer ], in the
solid state, in solution, and as the vapor {during distilla-
tien at 12 mm}.

The mass spectrum of 9-BBN exhibits a prominent cluster
of peaks at m/e 242, 243, and 244 in the approximate ratio of
1:8:16.]7 This corresponds to the peaks expected for the
moltecular ton derived from the dimer ].

The chair-chair conformation shown in ], as well as the
boron-~hydrogen bridge, has been confirmed by a crystal struc-

ture determination.18

A very useful property of 9-BBN is its solubility in a

wide variety of common solvents, as shown in Table I. At 0°,

the solubility of 9«BBN in THF is only 0.28 M.]g

Obviously,
commercial 9-BBN in THF (0.5 M) should be stored at room
temperature. Storage in a cold room will result in crystal=-

Tization of 9-BBN,

D. CHEMIcAL ProperTIES oF 9-BBN

The most remarkable property of 9-BBN is its thermal
stability, 9-BBN can be distilled at 195° (12 mm) or heated
for 24 hr at 200° under nitrogen without loss of hydride
activity.3 In sharp contrast, disiamylborane isomerizes at

75°.20 Obviousiy, 9-BBN is stable at room temperature. The
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TaBLe I, Solubility of 9-BBN

HETEROCYCLES, Vol. 7, No. 1, 1977

Solubility at 25°

Solvent {(moles per Titer)
Pentane 0.48
Hexane 0.52
Heptane 0.43
Decane 0.36
'Benzene 0,81
Toluene 0.72
o-Xylene 0.63
Diethyl ether 0,39
Tetrahydrofuran 0.62
Diglyme 0.09
Hethylene chlioride 0.56
Chloroform 1,01
Carbon tetrachloride 0.71
Methyl sulfide 1.20

reagent can be stored, either as the solid or in solution,

for indefinite periods (>4 years) without any noticeable

change in activity, provided oxygen and

water are rigorously

excluded by maintaining an inert atmosphere.

The stability of colorless, crystalliine 9-BBEN toward air

oxidation is unique among dialkylboranes, A fresh, unopened

bottle of commercial, crystailine 9-BBN
air and the entire contents transferred
flushed flask with only very minor loss
amounts should HOT be removed in air at

with the bottle being repeatedly opened

(461}
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practice can, at worst, result in significant detericoration
21

of the 9«BBN. Consequently, for quantitative small-scale
studies, manipulations of solid 9-BBN is best carried out
under a nitrogen atmosphere, in order to maintain maximum
hydride activity and purity., Solutions of 9-BBN, on the
other hand, are quite reactive to both oxygen and water.
Such solution should be rigorously protected from the atmos-
phere for both preparative and quantitative studies in the
manner utilized in handling other organoboranes and reactive
organometal1ics.5
The unusual inertness of crystalline 9-BBN toward oxygen
may be a reftection of the unusual stability of the B—H-B
bridge in the dimer, Support for this reasoning is evidenced
by the observation.that B—X—9-BBN compounds are very reactive
toward oxygen, For example, neat B-methoxy-9-88H, solid B~
chloro-9-BBN, and solid B~hydroxy-9-BBN are all pyrophoric,
Also, B-alkyl1-9-8BBN derivatives are quite reactive toward
oxygen--more so than the corresponding tria'iky]boranes.22
Hence, with the B—H-—-B bridge no longer present, the exposed
pesition of the boron atom in the heterobicyclic bridge makes
the derivatives of 9-BBN unusually reactive toward oxygen,
The reactions of 9-BBN in THF at 25° with water and
alcohols afford quantitative yields of hydrogen and the cor-

17

respohding B-hydroxy~ and B-alkoxy-9-BBN derivatives, For

example, methanolysis of 9-BBN provides a convenient synthesis

23

of B-methoxy-9-BBR, However, these reactions are by no
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means instantaneous, requiring 10-60 min for complete evolu-

tion of hydrogen., This is much slower than comparable solvo-

lyses of disiamylbor‘ane.24

Again, this sluggishness is prob-
ably a reflection of the unusual stability of the B—H-B bridge
in the 9-BBN dimer,

9-BBN reacts readily with anhydrous hydrogen chloride in

23

diethyl ether, The B-chloro«9-BBN product must be isolated

immediately since it cleaves ethers readily. B-Chloro-92-BBN

is stable jndefinitely in hydrocarbon so]ution.23

Thus, an
improved yield of B-chloro=-9-BBN is possible via the reaction

of 9-BBN with boron trichloride in hexane (eq 8).25 A similar

2 @H + BC1, _hexane ., @B—C] + C1BH,4 (8)

91% isolated yield

reaction can be used to prepare B-bromo-9«BBN from 9-BBN and
boron tribromide.25 Also, protonolysis of 9-BBN with hydrogen

bromide and treatment of 9-BBN with half an equivalent of bro-

mine both yield Bubromo-Q-BBN.26

Alkaline hydrogen peroxide oxidation of 9-BBN proceeds

cleanly, giving an essentially quantitative yield of ets-1,5-

7

cyc]ooctanediol.2 However, chromic acid oxidation of 9-BBN

has resulted in conflicting reports, Bishop claims that 9-BBN

can be converted to 1,5-cyclocctanedione by Jones oxidation.28

On the other hand, Devaprabhakara and coworkers found that

Brown-Garg oxidation of 9-BBN gives mainly cyclooctanone.29
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Unfortunately, neither group has provided experimental de-

tails.,
Two research groups have found that the reaction of 9-
BBH with alkaline silver nitrate results in a mixture of

30,31

products. In both cases, cyclooctanone was reported to

be the major product. Interestingly, one group reported the

detection of efe-bicyclo[3.3.0]octane as a minor product.31

E. 9-BBN As A HYDROBORATION REAGENT

Hydroboration of alkenes is a broadly applicable reaction
which makes organoboranes readily available for applications

in organic synthesis (eg 9).5 BH,—THF s the most widely used

i

PN H—[[:—CI—B\/\ (9)
hydroboration reagent. However, the polyfunctional nature of
BH3, its relatively low selectivity, and its low steric re-
gquirements sometimes cause difficulties. Various borane de-
rivatives have been developed to overcome these problems
associated with selective hydroborations.32 Unfortunately,
the limited stability of many of these borane derivatives
means that they must be used relatively soon following their
preparation,

A detailed study proved that 9-BBH is a uniquely select-

ive reagent for the hydroboration of alkenes.4’]7’33

Thus,
the unusual-stability and commercial availability makes 9-BBN

an exceptionally convenient selective hydroboration reagent.
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The rate of reaction of 9-BBN with simple unhindered

alkenes is considerably slower than that of disiamylborane.
The earlier kinetic studies with disiamylborane indicated
that hydroboration is second order, first order in alkene,

and first order in the disiamylborane dimer.34

Thus, the
rate-determining step apparently involves the direct reaction
of dimeric disiamylborane with the alkene. 1In sharp contrast,
first order kinetics are observed for hydroboration.of terminal

35 This result is consistent with

atkenes with 9~BBN in THF,
rapid trapping of a small, equilibrium concentration of mono-
meric 9-BBN by the reactive termirnal ailkene, causing dissocia-
tion of 9-BBN (dimer) to become the rate-determining step.
Indeed, good agreement was realized between the first order
rate constants obtained in studies of five different reactive

35 1his striking difference in mechanism may be a

alkenes,
result of the unusually strong B—H-B bridge in the hetero-
cyclic structure of 9-BBN (dimer),

Hydroborations with disiamylborane are normally carried
out at 0%, Higher temperatures cannot be used to drive siug-
gish reactions to completion because of the instability of
disiamylborane. Fortunately, both 9-BBN and 5-R-9-BBN com-
pounds exhibit remarkabie thermal stabilities. Thus, hydro-
borations with 9-BBN can be carried out at 25° or higher to
achieve essentially complete hydroboration for alkenes of

widely different structural types.17
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In general, the hydroborations of terminal alkenes witn
an equimolar amount of 9-BBN in THF are complete in 2 hr at
25°.17 Internal alkenes vary widely in reactivity, but these
hydroborations can be carried out without difficulty in THF
at reflux., Under these conditions, almost all alkenes are
quantitatively converted to B-R-9-BBH derivatives within 1 hr.
Even the most sluggish alkene studied, 2,3-dimethyl-2-butene,

is completely hydroborated in & hr at 65° (eq 10).]7

CH CH H,C CH
3 /3 3||3
<:§:BH + ;c=c\ __THF (E:>B—§—§H (10)
65°,8 hr
CH CHy ’ HaC CHy

The relative reactivities of a large number of alkenes
containing various structural features toward hydroboration
- by 9-BBH in THF were recently determined.36 Where comparable
data were available, a comparison was made between 9-BBN and
disjamylborane, Both reagents display large steric require-
ments, reacting preferentially with less hindered double
bonds. However, 9-BBH is far more sensitive to electron influ-
ences. For example, p-methoxystyrene is 67 times as reactive
as p-triflucromethylstyrene toward 9-BBN, but is only 1.5
times as reactive toward disiamy?borane.36 This greater
sensitivity to electronic influences could be attributed to
a greater electronic demand by the B~H moiety in-the
strained 9-BBN monomer stiructure,

9~-BBK exhibits a remarkable regiospecificity in the

17,33

hydroboration of many aikenes, The regioselectivity
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obtained surpassés that obtained with all other hydroboration
reagents, For example, terminal alkenes react to place thé
poron at the terminal position with a selectivity of at least
99,9% (eqg 11);]7 Even more remarkable is the regioselectivity

exhibited upon hydroboration of eis-4-methyl-2-pentene f{eq 12).]7

_ 1) HB
CHB(CH2)3CH—CH2 2) [0] > CHS(CH2)BCH2(|:H2 + CI‘{3(C%‘!2)3(,:HCH3 {11)
OH OH
HB Agent: BH3 94% 6%
SiaZBH 99% : 1%
9-BBN > 99,9%
(CH3)2CH\ CH3 1) HB
/C—Q\ 2) [0]> (CHB)ZCHCHZL",HCH3 + (CH3)2CH(|‘.HCHZCH3 (12)
H H OH OH
HB Agent: BH3 57% 43%
SiazBH 7% 3%
9-BBN 99.8% 0.2%

The origin of this surprisingly high regioselectivity

33 The facile reaction of

observed with 9-BBN is not clear,
9-BBN with highly substituted alkenes seems to indicate that
the reagent is sterically less demanding than disiamylborane.
However, the heterobicyclic structure of 9-BBR is rigid and
steric crowding in the transition state cannot be relieved

by internal retation. Thus, the rigid bicyclic 9-BBN reagent

may be more sensitive to subtle differences in steric environ-

ment than the more flexible, acyclic disiamylborane.
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2. Hvdroboration of Cyclic Alkenes, Reqgio~ and Stereoselect-

ivity

As expected, excellent sterecselectivity is shown for
the hydroboration of cyclic alkenes with 9-BBH. For example,
norbornene reacts to give the exo isomer aimost exclusively
{eq 13),17 while 7,7-dimethylnorbornene gives the endo isomer
predominantly (eq 14).37 1-HMethyicycliohexene provides > Y9,8%

of the trans isomer (eq 15).]7

;b _l_._;) ?;;‘B“ > O (13)

H
99,5% exo
% 1) 9-BBN H (14)
2} Lo]
CH
97% endo
CH3 CH3
UH
\\
1} 9-BBN > (15)
2) [0]

>99,8% trans
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In generail, hydroboration of 1-alkylecycloalkenes with
9-BBN produces the corresponding trans-2~alkylcycloalkyl-9~

38

BBN in essentially quantitative yield. Even 1-methylcyclo-

octene (/) can be converted to the trans isomer in high iso-

)‘39

meric purity {eq 16 This is in sharp contrast to borane

CHy CHy CH,y
1) 9-BBN . (16)
2) [o] K
OH
7 98% 2%

and disiamylborane where the organcborane initially derived

40 This reluctance of

from 7 undergoes a rapid isomerization,
B-alkyli-4%-BBN derivatives to undergo thermal isomerization is
probably a reflection of the smaller steric crowding in these
organoboranes, as compared with other trialkylboranes,
Hydrobaration of 3~alkylcycloalkenes with 9-BBN produces
none of the cis—1,2»isomer.38 Both diborane and disiamyiborane
form significant amounts of this isomer when 3-alkylcycloalkenes
are hydroborated., The amazing selectivity exhibited by 9-BBN
with regard to the hydroboration of l1-methyl- and 3-methyicyclo-
alkenes lead to the prediction that 1,3-dimethylcycloalkenes
should form exclusively the frans,trans-dimethylcycloalkyl«9-

38 41 For

BBN derivative. Indeed, this proved to be the case.
example, 1,3-dimethylcyclopentene is converted exclusively into

t-2,t-5-dimethylcyclopentancl (eq 17).4]
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E S OH
H3C X CH3 H3C CH3 . H3C CH3
__9-BBN | o1, Y (1)

The results obtained for the hydroboration of cyclic

™w

(1]
h

alkenes clearly indicate that the regio- and stereoselectivity
of 9-BBN surpasses that obtained with other hydroberation ree
agents. Also, these results provide additional evidence that
9-BBN is indeed very sensitive to subtle differences in the

steric environment of the alkene.

3. Hydroboration of Alkynes

Terminal alkynes are readily converted to the 1,1-dibora

).42

derivative (eq 18 To achieve monohydroboration of terminal

RCECH + 2 (KZ:BH ——>  RCH,~CH (18)
| S
alkynes with 9-BBN, it is necessary to use a two~fold excess

35

of the alkyne. On the other hand, monohydroboration of in-

ternal alkynes occurs readily with an equimolar amount of 9-BBN
in THF at 0°.35 The corresponding B-alkenyl~9-BBN derivatives

are formed in yields of 90-95%.
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4, Hydroboration of Dienes

36

The data available for the relative reactivities of

representative alkenes toward 9-BBH are consistent with the

43 Dienes

results realized in the monohydroboration of dienes,
containing one terminal double bond and one internal double
bond can be selectively hydroborated at the terminal position,

as shown by the following examples {eq 19, 20).43

CH=CHCH,CH=CH _9-BBN CH,CH=CHCH, CH

CH 2

2?“2 (19}

S

=
9-BBN (20)

The symmetri¢al acyclic diene, 1,5~hexadiene, reacts with

3

Y-BBN in a nearly statistical manner giving 17% unreacted diene,

43

50% monohydroboration, and 25% dihydroboration, On the other

hand, the symmetrical cyclic dienes, 1,4-cyclohexadiene and
1,5~cycliooctadiene, react with one equivalent of 9-BBN to form

predominantiy the mono- adduct {eq 21, 22).43 Norbornadiene

Q)
9-BBN

> : (21)

85%
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9-BBN éij)

> (22)

85%
behaves much more like a simple symmetrical diene, yielding a
product distribution approaching that predicted for a statis-

43 In contrast, 7-tert-butylnorbornadiene

tical reaction.
undergoes 3 relatively clean monchydroboration giving entirely

the exo derivative § (eq 23).44

-

2) [o]

8

Monohydroboration of a 1imited number of conjugated
dienes and allenes with 9-BBW can be controlled to give B~
ally1-9~BBN compounds.26 The monchydroboration of 1,3-cyclo-
hexadiene {eq 24)26 and 3-methyl-1,2-butadiene {eg 25)-26’45

provides two specific examples.

@ —H ©/ (24)

11%
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CH CH

3‘c=c=cu2 _2-BBW i>C=CH"CH2"Qi:z> (25)
CH CH3

87%

The most important result derived from the study of diene
reactivity toward 9-BBN is that the remarkable sensitivity of
9-BBN to the structure of individual alkenes can be utilized,
in many cases, to achieve a selective monohydroboration.43
Thus, the known relative reactivities of simple alkene struc-
tures toward hydroboration with 9-BBN can be used directly to
predict the point of hydroboration of nonconjugated dienes,

Hydroboration of alkenes, alkynes, and dienes with 9-BBN
provides a highly convenient synthetic route to various B-
alky1-9-BBN derivatives, These B-R«9-BBN compounds are extremely
useful intermediates for various synthetic organic transforma-
tions.5 Unfortunately, a limited number of widely used alkyl
groups cannot be attached to the 9-BBWN moiety by direct hydro-
boration. Obvious examples include methyl, isopropyl, and tert-
butyi. Also, B-aryl-9-BBN compounds myst be prepared by an
indirect route. These useful 9-BBN derivatives were originally
prepared from 9-BBH and organolithium reagent by a two-step
procgss.46 Subsequentiy, an improved process was developed
which involves the reaction of B-methoxy~9-BBN with organo-

3

Tithium reagents in pentane (eq 26).2 Similarly, B-~allyi1-9-BBHN

(E:>BOCH3 + RLj -pentane (§:>5~R + Li0CH, v {26)
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derivatives are readily prepared by the reaction of B-methoxy-
26

9-BBi with allylic aluminum reagents,
The development of 9-BBW as a hydroboration reagent pro-
vides a highly convenient synthetic route to B-alkyl-9-BBN
compounds. Subsequent investigations revealed that 9-BBN is
a remarkably regio~, stereo-, and chemoselective hydroboration
reagent. Thus, an area of intense research activity has developed
in recent years to utilize fully these readily available B-
R-9-BBEN derivatives for organic syntheses. Much progress bhas
been made, and it is now possible to replace the boron-alkyl
bond by many substituents or by new carbon-carbon bonds.5'47’48
Many of the new reactions of trialkylboranes result in
the utilization of only one group on boron. Consequently, for
the conversion of a valuable alkene, the yield is limited to
33%. In many cases, the alkyl group in a B-alkyl-9-BBN com-
pound reacts preferentially, providing a much higher yield
based on alkene., Equally important, 9-BBN is both an except-
ionally convenient and a remarkably selective hydroboration
reagent. Thus, 9-BBN has been used extensively as a selective

5,47,48

reagent for synthetic transformations, A discussion of

these reactions of B-R~9-BBN compounds is beyond the scope of

the present review and will be presented e'lsewhere.7

F., 9-BBN As A REDUCING AGENT

9.BBN exhibits certain remarkable physical and chemical

properties quite distinct from those of borane and other mono-
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and dialkyiboranes (see sections C and D). It is a crystal-
line solid, exceptionally stable thermally, and soluble in a
variety of solvents. It hydroborates alkenes with exception-
ally high regio- and stereoselectivity, far greater than those
observed for borane and other dialkylboranes (see section E}.
These remarkable properties of 9«BBN indicated that a system-
atic study of the reducing characteristics would be highly
desirable. Such a study was recently complieted and revealed
that 9-BBN possesses many interesting and unusual features for

a boron hydride reducing agent.49

49 should be consulted for details,

The original article
but the overall resuits are summarized in Table II. These
resuits should be useful both for predicting possible select-
ive reductions and for deciding when a selective hydroboration
of a functionally substituted alkene is possible.

The exceptional thermal stability of Y-BBN permits its
use at higher temperatures, making practical the reduction of
even difficultly reducible groups, such as carboxylic acids,

esters, and 1actones.4g

The reduction of octanoic acid (eq 27),
methyl heptanoate (eq 28), and y-butyrolactone {eq 29) provide

specific examples.

9~-BBN, THF
CH,{CH,}.CO0H ——=—2-0> C(CH,(CH,).CH,OH (27)
3 2’6 65°,18 hr 3 26772
92% yield
9-BBN, THF
— Y B
CH3(CH2)SCOGCH3 : > CH3(CH2)5CH20H (28)
65°,4 hr
92% yield

(475)




TaBLe 1I, Reaction of 9-BBHN

in THF at 25°C

with Various Functional Groups

Compounds

Results

1¢, 2°, and 3° Alcohols

Simple phenols
Sulfonic acids

Carboxylic acids, 1° amides

Oximes

Sulfoxides, azoxy compounds

Amines, thiols

Aldehydes, ketones
Alkenes, quinones

3° amides, acid anhydrides
Acid chlorides,- lactones
Esters, epoxides

Nitro compounds

Azo compounds, sulfides
Disulfides, sulfones

Tosylates, halides

Rapid H2 evolution, no reduc-
tion

Rapid H2 evoiution, very slow
reduction

Rapid H2 evolution, slow re-
duction

Slow H2 evolution, very slow
reduction

Very slow Hy evolution, no
reduction

Very rapid reduction

Rapid reduction

Slow reduction

Inert
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0
[:%\b 9-BBNTHE 4o (ch,),on (29)
S 65°,2 hr

98% yield

24

Disfamylborane is inert to acid chiorides, and thexyl~-

0

5
borane reacts only sluggishly.” Therefore, it was somewhat

unexpected that acid chlorides undergo a relatively rapid and

43 As previously observed

quantitative reduction with 9-BBHN,
for hydroborations, this observation provides further evidence
that 9-BBN is much more sensitive to electronic influences
than other dialkylboranes,

Selective reduction of a,ﬁ-unsaturated aldehydes and
ketones te the corresponding allylic alcohols represents one
of the major applications of 9-BBN as a reducing agent.51
The following specific examples illustrate the preparative
value of the procedure for selective reductions {eq 30, 31}.

i

CH=CHCH CH=CHCH, OH

O,N

O,N
2 2 .
9-BBN (30)

75% isolated yield

0 OH
9-BBN
- (31)
CH,
CHy

COOEt
COOEL

86% isolated yield
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Reduction of free carboxyl groups in proteins with 9-BBHN
can be used to identify the C-terminal and other “accessible"

carboxyl groups.52

Consequently, 9-BBN should prove to be
highly useful for the specific chemical modification of proe
teins and as a valuable conformational probe.

9-BBK "ate" compiexes can also be used as reducing agents.
Some applications of the cyano complex § were recently described,

- but these did not appear particularly promising.53

ol
@BH + Nacn —HE 5 ya* ©a
N

H

9

The isopinocampheyl borohydride 10 is much more promising.
Applied to ketones, it provides optically active alcohols that
are consistently enriched in the R-enantiomer (if (+)-a-pinene

is used to prepare 10).54

Lo ) :
b éa" -+ O
I — it

THF
0 =
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Finaliy, 9-BBN "ate" complexes, such as the dibutyl come

pound 11, exhibits interesting unexpected characteristics as

reducing agents.55

CHy (CHy ) oL . CH,)5CHs
B—(CH,)) 5CH, > Li B
hexane

This reducing agent reacts by a pathway which involves a truly

56

remarkable rearrangement, The fascinating chemistry of these

dialkyl 9<BBN "ate" complexes will be discussed in detail in

the accompanying review.57

G, CoNcLUSIONS

It is evident from this review that the boraheterocycle,
9-BBHN, possesses highly interesting characteristics and highly
promising potential as a reagent, Its thermal stability is
remarkable, very different from any other dialkylborane
presently known, Its stability toward dissociation of the
dimer to the monomer is also unique, far greater than that of
any other known diborane derivative.. These characteristics
raise highly interesting theoretical questions as to the

cause of their origin in the heterobicyclic structure.

(41;"9)



The hydroborating characteristics of 9-BBN are alse
unique, It exhibits unusual regio- and stereospecificity.
Compared to other hydroborating agents, it gxhibits unusual
sensitivity to electronic influences. B-Alkyl-9-BBHN deriva-
tives exhibit unusual thermal stability, resisting the facile
isomerization exhibited by otier organoborane derivatives.

Finally, in reductions, it alsco exhibits unique proper-
ties. Why is protonolysis of the reagent by various alcohols
so slow compared with related organoboranes, such as disiamyl-
borane? Why does it react so fast with acid c¢chlorides in
contrast to borane itself? Prior coordination of borane with
the carbonyl group had been thought to be the initial stage
in such reductions and the slow rate of reaction of acid
chlorides was attributed to the iow basicity of the carbonyl
©group in these_derivatives. Yet, the fast reaction of 9-BEBN
- 1s not in agreement with this interpretation. Borane reduces
tertiary amides rapidly to the amines; 9-BBH reduces such
amides to the alcchols,  What is the cause of this major
difference in behavior?

Past studies have emphasized expleration of the character-
istics of 9-BBiW as a reagent. Clearly there are also many
interesting theoretical questions awaiting exploration,
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