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ABSTRACT
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R = H, alkyl, aromatic
Palladium and Raney nickel were found to catalyze the methanolysis of borane—amine adducts. Hence, strongly complexed amines can now

be liberated by simple treatment with Pd/C or Raney Ni in methanol. The
amines, and the mildness of the reaction conditions allows preservation

method is applicable to primary, secondary, tertiary, and aromatic
of otherwise labile functional groups.

Borane—amine adducts are widely encountered in modern
synthetic organic chemisthand industrial processés\o-
table examples of their applications include aqueous reduc-
tions of aldehydes and ketongsductive aminationsplefin
hydroboration$,and amide reductiort8°Recently, borane
amine adducts were employed in palladium-catalyzed sys-
tems such as epoxide openirfgayl triflate reductions,and
N-alloc deprotection$ Complexes of amine—boranes have
also been utilized as chiral transfer agetus, activators for
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o-deprotonation of benzylaminésand as a protective device
against nitrogen lone pair oxidatidh.

Usually, borane—amine complexes are readily formed by
reduction of amides, imides, and imines or by treatment of
the corresponding amine with diborane or borane carriers
such as THR? DMS,®® and amine$:!* Tertiary amine—
boranes have also been prepared from benzyl halides and
lithium aminoborane (LAB) reagent8 An attractive feature
of these complexes is they are usually air-stable, crystalline
compounds, and therefore are easily hanétetllimitation
is they can be difficult to cleave (vide infra).

In the course of developing a drug candidate, we required
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an efficient, large-scale synthesis of pyrrolididefrom on an industrial scal¥¥.Other methods involve treatment with
readily availableN-benzymaleimide. For this purpose, borane BF;—OEL*132and extended reflux in aqueous trifluoroacetic
reduction of imide2 using commercial Be-THF led to the acid?® methanolic HCE>2 methanolic NaCOs,?? and etha-
stable borane—amine add®&(Scheme 1). It is noteworthy  nol.2 Acidic workup procedures are further complicated by
the need to basify in order to release the free amine.
_ Dissociations are also accomplished through ligand exchange
Scheme 1. Tandem Methanolysis—Hydrogenolysis of a with a bette_r complexing amine .SUCh as.TMEB?Aand
Borane—Benzylamine Adduct usually require extended reaction times at higher temperature
than ambient* Hall recently reported a method applicable
05(0 to both solution- and solid-phase synthesis using molecular

103ch>)d|:c iodine in.acetic acid .and methar®®lOn the basis of our
12h (97%) N success in the palladmm_—catalyzed cleavage of the amine
H borane comple8, we decided to study the generality of our
1 method as a mild, nonagueous, and neutral decomplexation
o>(o procedure.
MeOH Z—g To gain insight into the scope and limitations of this
procedure, the decomplexation rates of several commercial

! borane—amine adducts were compared in the presence and
4 absence of 10% palladium on carbon. As shown in Table 1,

that the latter is a crystalline material and provides a Table 1. Reaction Times for Complete Methanolysis of
purification handle otherwise not possible with the known Borane—Amine Adducts at Room Temperature with Pd/C and

liquid free-amine4.t’ Raney N
At this stage, we envisipned an atom economical use of amine--BH; catalyst amine + B(OMe); + H,
the borane adduct as an internal hydrogen transfer reagent MeOH
for the impending hydrogenolysis of tiNebenzyl protective ime ()
group. Indeed, treatment of the amirlgorane adduct in amine-borane —
methanol with 10% palladium on carbon led to the desired uncatalyzed® 1M HCI! 10% Pd/C®® Raney Ni”
debenzylated pyrroliding in 97% yield. More importantly, ammonia (24)° 0.01 0.2 55
the reaction _tool_< place in o_nIy 12 h, whereas the s_ole methylamine 2P 0.01 0.2 20
decomplexation in methanol in the absence of palladium .
required over 170 h. This observation suggests that the  t-butylamine (8.5) 0.01 02 4.0
palladium not only affected the hydrogenolysis of the dimethylamine  unreactive 8.0 0.1 3.0
N-benzyl m0|et){ but also catalyzed the decomplexation of morpholine (7.6)° 72 0.1 2.0
the borane—amine addutt. ] A
The discovery of catalysis by palladium is significant since ~ trimethylamine @1 (99) 200 1400
the aforementioned, widely encountered amiberane ad- triethylamine (76)° 200 16.0 6.0
duct; are usuglly stable. Their cleavage often requires harsh iisopropyethylamine 30 e 55 35
reaction conditions, most commonly performed by refluxing o
in aqueous HC}4bc12139n fact, such forcing conditions have ~ 4-methyimorpholine 290 (94) 23.0 62.0
been shown recently to promote side reactions which a4-ethyimorpholine 160 1400 8.0 45
significantly depress the quality and physical yield of product pyriding 1200 35 0.2 260.0
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undertaking such decomplexations. Even the rather acid To illustrate the mildness of the present method, the
stable trimethylamine borane was cleaved in 20 h, reactionborane—amine complex@s5a—d bearing acid sensitive
conditions which favorably compare to 21% conversion after protective devices such as OTHP, OMOM, OTBS, tartt
60 days in 1 M aqueous HCI. butyl ester were cleaved with methanol in the presence of
Raney Ni was also found to catalyze the methanolysis of 10% Pd/C or Raney Ni (Table 2.Both catalysts worked
amine-borane adducts. With the exception of trimethylamine well for secondary amine&—c) whereas Raney Ni was
and pyridine, all the amine—boranes tested were cleaved insuperior in the tertiary seriedd,e). It is noteworthy that
a matter of hours using 5 mol % of catalyst. Compared to N-benzyl groups of pyrrolidinesd,eremained intact when
palladium, Raney Ni offered a slower, more controlled rate the decomplexation was performed in the presence of
of methanolisis for primary, secondary, and aromatic amines. 1-hexene as hydrogen scavenger, thereby broadening the
We also sought a trend in the relative rates of decom- scope of this metho#t. Overall, Raney nickel offered the
plexation. It is well document@githat the steric bulk and  best reaction profiles with excellent yields and exhibited
the basicity of the amine influence the strength of the amine compatibility with all the acid labile functional groups tested.
borane bond. Although the uncatalyzed system does show The effect of the protic source was also investigated in
these trends, no such parallel exists for the catalyzed versionsthe palladium-catalyzed alcoholysis of dimethylamine—
This could be attributed to the ligating properties of the borane (Table 3). Not unexpectedly, the decomplexation rates
resulting free-amine on the metal, thereby reducing the

activity of the catalyst. |
Table 3. Reaction Timesfor Decomplexations of
. Dinethylamine—Borane Using 10% Pd/C in Various Protic

Table 2. Decomplexation of Functionalized Amine—Boranes Solvents

& 10% Pd/C or Raney Ni & MoNH-BH. + RoH 0%PdC
3 3 —_— e2NH + B(OR)3 + H2
Nop R MeOH N" "R
H3B R2 IR . .
2 entry R= time (min)
yield (%)?
5a-d = Ry = _ ~ 1 H 25
R 2 Pd nial e
2 Me 5
a CO,t-Bu H 97 96 a ]
3 Et
b H CH,CH,OTHP 84 95 b ;
4 n-Pr
¢ CH,OTBS H 94 96 ¢ . 13
d  CH,OTBS B 45P 96P > P
n
’ ‘ 6 t-Bu 190
e  CH,OMOM Bn 52° 95° e

a|ndicated times relate to decomplexation, and alkoxyborohydrides
a|solated yields? Decomplexation performed in the presence of 1-hexene intermediates may still be present.
as hydrogen scavenger.

. . . decreased with an increase in the steric bulk of the alcohol,
Aside from the rate acceleration in decomplexation, the albeit not to an appreciable extent in the primary alcohol

present procedure is simple and highly practical comparedgaries However, for practical purposes, methanol was
to the alternative known methods. The palladium-catalyzed yoemed the protic source of choice since it offers the most
methanolysis produces trimethylborate and hydrogen, which,q|atile horate, which can be easily removed by evaporation.
evolves directly from the reaction as a byproduct. Although In conclusion, we have discovered a mild decomplexation

amines are known to form “onium” tetramethylbog%te salts hocedure for boraneamine adducts which is neutral, rapid,
in the presence of the trimethylborate and methdhtle 54 gperationally simple. Additionally, this method is

amine can be released from "ate” complex by simple ;,mpatinle with acid labile protective groups such as
evaporation of the methanetrimethylborate azeotropé. acetonides. OMOM. OTHP. OTBS. arteBu esters. The
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