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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,  limited. Nefkens and Zwanenburg were among the first
in particular, have gained popularity owing to their ease of researchers to recognize the potential utility of these com-
manipulation and mild conditions required for conversion plexes, stating that the boroxazolidinone complekesd
back to the parent amino acid. Heterocytlérst appeared 2a“can serve as protected amino acids... while the side chain
in the German patent literatut&ubsequent reports included remains free for further reaction1n this and related work,
the preparation of complex@swith alkyl groups, hydrogens, aspartic and glutamic acids were converted o and
and halogens on borband preparation of complex&swith y-benzyl,p-nitrophenol, and Fmoc protected analogues. The
nonfunctionalized, lipophilic amino acid side chaffs. carboxylate side chain of the aspartic acid complex has also
Despite the extension of this technology to a wide variety been chemoselectively reduced with bor&i@omplex2a,

(1) Copper: () Ojima, I.. Inaba, Setrahedron Lett1980.21, 2077, derived from glycine, was reacted with aromatic aldehydes

(b) Schwyzer, R.; Rittel, WHelz. Chim. Actal961,44, 159. (c) Neuberger,  t0 form imines and subsequently cyclized to form isoquino-

é.; BSeltlngCer:, FBi%cherg- 3119954? gg géf; (d) Sato, M.; Okawa, K.; Akabori,  line and isoindolinone derivativésIn another enolate

. Bull. Chem. Soc. Jp ot : - -
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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 "' The suspension became nearly homogeneous over

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®
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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
Wit_h a mole of adherer_1t solveithe reasoned that in order formation cleavage cleavage
to infer greater organic solubility to these complexes, one gngry 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 ESEZ;“EE%{S'W gg ;2 2411

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

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

(11) Strang, C. J.; Henson, E.; Okamoto, Y.; Paz, M. A.; Gallop, P. M.
Anal. Biochem1989,178, 276. ) ) ) aSee Supporting Information for specific detaftsAqueous HCI cleav-
(12) (2)9-BBN-Protected Amino Acids and Their Use in Natural Product  44¢ c Ethylepnpediargine cIeavagéOiIe% out as a cgmplex mixture of
SynthesisFields, S. C.; Graupner, P. L.; Tromiczak, E. G. Oral presentation borylated products that were difficult to purify.
at the Gulf Coast Chemistry Conference, September 19, 1996, Pensacola,
FL. (b) Pyridazocidin: A Neel Quaternary Amine Phytotoxi@hapin, E.
L.; Cleveland, J. A.; Fields, S. C.; Gerwick, B. C.; Graupner, P. R. Poster
Presentation at the American Chemical Society for Pharacognosy, May 10, . .
1996. (c)9-BBN-Protected Amino Acids and Their Use in Natural Product In contrast to the aforementioned copper and diethylboryl

Synthesis. Part |. Electrophilic Reactions. Total Synthesis of Octidiéint, complexes with lysine, we found the analogous 9-BBN
W. H.; Fields, S. C.; Graupner, P. R.; Tromiczak, E. G. Poster presentation : ; : :
at the CU-Roche/Syntex Symposium. May 22. 1996, Boulder, CO. (d) derivative to be remarkably solu_ble_ in THF, acetong, dlpxane,
9-BBN-Protected Amino Acids and Their Use in Natural Product Synthesis. DMF, methanol, and water, while it was insoluble in diethyl
Part Il. Nucleophilic Reactions. Total Synthesis of Pyridazociéfields, ether. hexane., and the halocarbons. This prompted us to
S. C.; Gerwick, B. C.; Graupner, P. R.; Tromiczak, E. G. Poster presentation ! !
at the CU-Roche/Syntex Symposium, May 22, 1996, Boulder, CO.

(13) In fact, we were unable to react lysine with triethylborane in a variety (16) If the complexes are further purified to powders rather than using
of solvents. We ultimately obtained this complex by reacting diethylborinic the initially formed amorphous solids “as is”, they generally require greater

acid with lysine in aqueous methanol. effort (e.g., sonication) to redissolve in organic solvents, but they will
(14) Aldrich: $4.11/g, available as the crystalline dimer. redissolve. This is most likely a result of the micelle-like ordering of the
(15) Gonzalez, A.; Granell, J.; Piniella, J. F.; Alvarez-Larena, A. complexes, which interferes with solvation in solvents of low to medium
Tetrahedron1998,54, 13313. polarity.

1250 Org. Lett., Vol. 4, No. 8, 2002



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

solvent lysinel’” 3a ornithine HCIY” 3b tyrosine 3c serine 3d cysteine 3e aspartic acid 3f arginine 3g
ether 1 | 1 | | SS |
THF!6 VS | VS VS VS VS S
EtOAc!6 SS | VS SS VS VS VS
CH3CN?6 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
CHCI3 | | | | | | |
CH.CI, | | | | | | |
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-
benzoic acid (MCPBA), monoperoxyphthalic acid magne- Acknowledgment. The authors wish to thank Scott
sium salt (MMPP), Arbusov conditions (12C, neat triethyl Thornburgh, Paul Graupner, the late Kent Holliday, and
phosphite), and Finkelstein conditions (refluxing sodium George Babbitt for their assistance in obtaining physical
iodide, acetone). Each of these reagents has been usedhemistry analyses.
without incidental cleavage of the oxazaborolidinone, al-
though it is necessary to include an HCI scavenger such as Supporting Information Available: Experimental details
triethylamine when HCI may be produced. The fact that none of the formation, cleavage and solubility studies of all
of the aforementioned reaction conditions caused reactioncomplexes. This material is available free of charge via the
at the complexed amine or cleaved the oxazaborolidinone isInternet at http://pubs.acs.org.
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(17) While the 9-BBN complexes of lysine and ornithine are soluble in
THF, EtOAc, CHCN, and acetone, the HCI salts of these complexes are
not once they have been purified to homogenésge Table 2). (18) Zweifel, G.; Brown, H. CJ. Am. Chem. S0d.963,85, 2066.
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