9-BBN: An Amino Acid Protecting
Group for Functionalization of Amino

ORGANIC
LETTERS

2002
Vol. 4, No. 8
1249-1251

Acid Side Chains in Organic Solvents

William H. Dent Ill, W. Randal Erickson, Stephen C. Fields,*

Marshall H. Parker, and Eric G. Tromiczak

Discavery Research, Dow AgroSciences LLC, 9330 zidlesRoad,

Indianapolis, Indiana 46268-1054

scfields@dow.com

Received December 17, 2001

ABSTRACT

MeOH

ag. HCl or
ethylene

9-BBN-H

—_—
—

diamine

9-Borabicyclononane (9-BBN) has been utilized to protect functionalized amino acids for potential chemoselective side chain manipulation.
The 9-BBN group imparts organic solubility to otherwise hydrophilic molecules and is tolerant of a wide range of reaction conditions. The
high degree of solubility of these molecules in THF is particularly noteworthy. It is cleaved with either aqueous HCI or by exchange with

ethylenediamine in methanol.

Electrophilic atoms have long been used to complex amino of amino acids, applications using these complexes have been

acids into five-membered rings. Complexes with boron,

in particular, have gained popularity owing to their ease of
manipulation and mild conditions required for conversion
back to the parent amino acid. Heterocytlérst appeared

in the German patent literatut&Subsequent reports included
the preparation of complex@swith alkyl groups, hydrogens,
and halogens on borband preparation of complex&swith
nonfunctionalized, lipophilic amino acid side chaffs.
Despite the extension of this technology to a wide variety
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limited. Nefkens and Zwanenburg were among the first
researchers to recognize the potential utility of these com-
plexes, stating that the boroxazolidinone complekesmnd
2a“can serve as protected amino acids... while the side chain
remains free for further reaction%In this and related work,
aspartic and glutamic acids were converted o and
y-benzyl,p-nitrophenol, and Fmoc protected analogues. The
carboxylate side chain of the aspartic acid complex has also
been chemoselectively reduced with bor&rf@omplex2a,
derived from glycine, was reacted with aromatic aldehydes
to form imines and subsequently cyclized to form isoquino-
line and isoindolinone derivativéls.In another enolate
application, asymmetric alkylation reactions have been
employed to functionalize only the amino aciecarbon and

not the side chaif® Finally, oxazaborolidinone complexes
have found further utility as complexing agents to purify
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amino acid/peptide mixturgsand to upgrade the optical In a typical preparative procedure, a slight excess of
purity of borane precursors. commercially available crystalline 9-BBN dimer was dis-
solved in hot methanol and heated to reflux with free amino

I :cic. The suspension became neary hamogeneous over 1

h. Filtration of unreacted amino acid and evaporation of the

o methanol, followed by trituration of the gummy residue with
Ph. o R o %/R" hexanes, affordedH NMR pure 3, which was best used
\ 7’ \ e . e .
pn—B= PO r-B= PO 4 without further purificatiort®
/N+ /N+ 7 |1|
1 2aR=Et 3 Scheme 1
2bR=Ph
2cR=H 0
2dR=F o 9-BBN-H R"
2e R=lIpc _ R" MeOH o 4
O R —\B—N—H
Figure 1. Boron complexes of amino acids. + NH, - Y
aq. HCl or
4 ethylene
diamine
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In the course of synthesizing several ornithine-based

natural product$? we were presented with two challenges.
First, we desired to differentiate between the side chain
functional groups and the amino acid functionality. Second,
we desired to perform nonaqueous reactions despite the fac
that amino acids are only soluble in water. One of the most
difficult cases of functional group differentiation, one might
imagine, would be selecting between the two primary amino
groups of the amino acids lysine and ornithine. Selective
complexation of thex--amine of lysine has been reported in
the literature via copper and diethylboryl compleges.
However, these complexes were generally soluble in few
organic solvent%? In particular, the diethylboryl complex
2a of lysine (R= CH,CH,NH,) can only be made in polar _
solvents such as DMF or DMSO (60% yield) and crystallizes Table 1. Formation and Cleavage of 9-BBN Complexes
With a mole of adherer_1t solveﬁWe reasoned that in order formation cleavage cleavage
to infer greater organic solubility to these complexes, one gpgry R % yielda AD Be
could increase the lipophilicity of the substituents attached

This protecting group could be removed without epimer-
ization of the amino acid under extremely mild conditions,
Either by exchange with ethylenediamine (heat to reflux for
30 s in methanol, followed by trituration with diethyl ether
to remove excess ethylenediamine and the 9-BBN complex)
or dilute methanolic HC!. Examination of several other
functionalized amino acids revealed that the favorable soluble
properties and good yields for preparation and cleavage of
the complexes was general (Tables 1 and 2).

to the complexing agent. We settled on 9-borabicyclononane Egﬂ%‘ﬂﬂzgsme gg ;2 2411

(9-BBN) owing to its high degree of lipophilicity and its orznsithir?e Hel

commercial availability* While such complexes have previ- 3¢ ¢ Hs0H tyrosine 92 89 94

ously been prepared, the advantages of this particular 3d CH,OH serine 86 62 d

substituent for boron have not been utilized to its full 3e  CH,SH cysteine 50 75 83

extent>6:15 3f CH2COH aspartic acid 98 80 76
3g  (CH2)sNHC (=NH)NH; 70 78 62

arginine
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Table 2. Solubility Properties of 9-BBN Complexes afAmino Acids?

solvent lysinel’” 3a ornithine HCI*” 3b tyrosine 3c serine 3d cysteine 3e aspartic acid 3f arginine 3g
ether | | | | | SS |
THF!6 VS | VS VS VS VS S
EtOAc!6 SS | VS SS VS VS VS
CH3CN16 S | VS | VS VS |
acetonelé VS 1 VS VS VS VS VS
DMF VS VS VS VS VS VS VS
DMSO VS VS VS VS VS VS VS
CH30H VS VS VS VS VS VS VS
EtOH VS VS VS VS VS VS VS
CHCl3 | | | | | | |
CH.Cl, | | | | | | |
H,O VS VS | | | | |

a| = insoluble, SS= slightly soluble (0.05 M), S= soluble (0.1 M), VS= very soluble (0.5 M).

examine whether these favorable solubility properties held significant for another reason. As has been previously
true with other amino acids. As apparent from Table 2, observed, this complex demonstrates the strength of the
9-BBN can be used to impart organic solubility to all of the boron—nitrogen bond and the unavailability of the vacant
other side chain functionalized amino acids we tested with s-orbital of boron and the nitrogen lone pair of electrons
the exception of the hydrochloride salts of the basic amino that normally dominate the reactivity of these atoms. The
acids lysine and ornithin¥.In addition, histidine was the  use of oxidants is particularly noteworthy because this is
only amino acid that we tried that did not form a stable generally how products from olefin hydroboration are cleaved
complex. An additional advantage of these complexes is thatto alcohols!®
there is a significant chromophore at 220 nm, which makes In summary, 9-borabicyclononane (9-BBN) can be used
monitoring reactions via HPLC with UV detection more to protect functionalized amino acids for chemoselective side
practical. The exclusive formation of the five-membered chain manipulation. The 9-BBN group imparts organic
oxazaborolidinone$ is in agreement with the findings of  solubility to otherwise hydrophilic molecules and is tolerant
Nefkens and Zwanenburg in the case of their ethyl and of a wide range of reaction conditions. The protecting group
phenyl substituted seriés. is removed under mild conditions by treatment with either
In our own studies, the 9-BBN protecting group has been agueous HCI or by exchange with ethylenediamine in
found to be amazingly tolerant of a wide variety of reaction methanol. A paper describing the use of this protecting group
conditions. While not exhaustively researched, we have hadfor the synthesis of several ornithine-based natural products
occasion to treat complex8wwith alkyl halides, acid halides, is forthcoming.
sulfur trioxide, ammonia, POg| PSC}, m-chloroperoxy-
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