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ABSTRACT
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A highly efficient enantiospecific synthesis of imidazoline-based amino acids is reported from dipeptides composed of a C-terminal f-amino-
o-amino acid residue using bis(triphenyl) oxodiphosphonium trifluoromethanesulfonate. These imidazolines were easily converted to imidazoles
and incorporated into macrolactam analogues of bistratamide H without loss of stereochemical integrity.

Derivatives of 2-imidazoline and 2-imidazole have attracted of oxazolines and oxazoles, or thiazolines, and thiazoles,
substantial interest due to their interesting biological activi- respectively. The latter heterocycles are found in numerous

ties! In addition, these heterocycles are useful synthetic macrolactams isolated from marine sourtB®veloping new

intermediate% and function as chiral auxiliariéschiral highly enantiospecific methodology for the synthesis of
catalysts', and ligands for asymmetric cataly$i$he struc- 2-imidazolines and 2-imidazoles will enable the synthesis
tures of imidazolines and imidazoles are analogous to thoseand biological evaluation of a new class of macrolactam
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specific synthesis of imidazoline-based amino acids has notmercially availableéN-o-FmocN-j3-4-methyltrityl-I-diamino-

been reported from dipeptides composed of a C-terminal
B-amino-a-amino acid residue or N-acylatggtamino¢.-

propionic acid orL-serine methyl (or benzyl) est&r.To
examine the scope and limitations of imidazoline formation

amino acids. Furthermore, there are very few reports of the by the bisphosphonium sgit;tosylaminoe-acylamino esters

synthesis of imidazole-based amino acitis.

Recently, we reported biomimetic methodology for the
synthesis of thiazolines from N-acylated cysteine sub-
structures using bis(triphenyl) oxodiphosphonium trifluoro-
methanesulfonate (Scheme 1,=XSTrt (trityl), Y = S)112

Scheme 1. Heterocycle Formation Mediated by Bis(triphenyl)
Oxodiphosphonium Trifluoromethanesulfonate

R 0 R 0
H , PhaPOITHO ,
pG\N/kWNJ\O,R pG\N/'\(/N _\\\”\O,R
H : H /
o X~ X=STt,Y=8 Y

X X=NHTs, Y =NTs

Thiazolines are formed by nucleophilic attack of the
cysteine thiol on the phosphonium-activated amide carbonyl
group of the preceding residue, followed by dehydration via
phosphine oxide formation. The reaction proceeds in high
yield with excellent chemo- and enantiospecificity, without

(1a—64a) were subjected to the reaction conditions shown in
Table 1. In general, this reaction afforded imidazoline

Table 1. Bis-phosphonium Salt-Mediated Synthesis of
Imidazolines from3-Tosylaminoet-acylamino Esters

Ts,
o ¢  bhpO (3eq)Th0 (1.5 eq) N
by IYO\ _ L o
R H CH,Cl,/0°C/30min N
o (o}
1a-6a 1b-6b
entry substrates, R products yield (%) ee (%)P
1 la, Ph 1b 96 97
¢ 2a, Ph 2b 95 98
3a, 4-Me-Ph 3b 97 98
4 4a, 4-MeO-Ph 4b 95 97
5 5a, Bn 5b 94 99
6d 6a, 3-CF3-Ph 6b 90 86

a|solated yield P Determined by chiral HPLCE R configuration substrate

epimerization of the exocyclic stereocenter. Herein, we report was used¢ Starting material exhibited 96% ee.

a highly efficient enantiospecific synthesis of imidazoline-
based amino acids using bis(triphenyl) oxodiphosphonium
trifluoromethanesulfonate (Scheme 15NHTs, Y = NTs).

The imidazole-based amino acids comprising the macro-

lactam natural product analogues prepared within are ob-

tained by oxidizing the corresponding imidazolines.

The starting materials for imidazoline formation, N-
acylated-aminoe-amino esterslia—6a), and fully pro-
tected dipeptides composed of a C-termjfraimino-e.-amino
ester residue7/@—13a), were synthesized either from com-
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products in high yields with excellent retention of stereo-
chemistry at what was the-carbon. A decreased enantio-
meric excess (86%) was observed only with the 3-CF
phenyl-substituted substrate (Table 1, entry 6).

To apply this method to the synthesis of imidazoline-based
amino acids, severak-N-protected dipeptides with tosyl
protecteds-amino groups were synthesized and evaluated
as starting materials’é—13a, Table 2).

Table 2. Bis-phosphonium Salt-Mediated Synthesis of
Imidazoline-Based Amino Acids from Dipeptides

R o]
PG~N)Rﬂ(“\io’ g PhsPO (3eq)T0 (15 eq) PG\H )\({7 “‘”\o’ R
H 5 i CH,Cly/-20°C/30min N
NHTs Ts
7a-13a 7b-13b

R (configuration), yield ee

entry PG R’ product (%)  drb (%)°
1 7a,Chz Bn (L), Me 7b 71 >99/1 99
2 8a, Chz Bn (D), Me 8b 75 >99/1 98
3 9a, Chz i-Pr (L), Me 9b 74 >99/1 >995
4 10a,Chz i-Pr (D), Me 100 81 >99/1 99
5 11a, Cbz i-Pr (L), Bn 11b 74 >99/1 >995
6 12a, Chz i-Pr (o), Bn 12b 76 >99/1 99
7 13a, Fmoc i-Pr (L), Bn 13b 88 >99/1 =>99.5

a|solated yield.? Determined by NMR and chiral HPLC.Determined
by chiral HPLC.

In all cases, the corresponding imidazolines were obtained
in moderate to very good yields with excellent enantio-
selectivity observed at both chiral centers. Several imid-
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azoline-based amino acid8k—13b) revealed two sets of

signals was observed when the sample was heated%6,52
this is likely due to slow epimerization of the nitrogen atom
bearing a tosyl grouf?

As shown in Scheme 2, the Cbz- and Fmoc-protected

imidazoline-based amino aciddéb and13bwere converted

Scheme 2. Synthesis of Imidazole-Based Protected Amino

Acids
o]
BrCCl3/DBU/CH,Cl, N
CbzHN CbzHN™ ™ “OBn
_7 86% yield, > 99.5% ee N
TS
11b 14
o (o]
MnO, (activated)/CH,Cl, N
FmocHN FmocHN a ) OBn
__7 63% yield, 99% ee /N
Ts 15
13b PdIC, H,

92%

I( i
N
FmocHN /ﬁOH
HN
16

to imidazolesl4 and15, using BrCCYDBU (1,8-diazabicyclo-
[5.4.0]undec-7-enéj and activated Mn@*1b€respectively.
Both the benzyl and tosyl groups were removed frtsrby
hydrogenation affording 6.

peaks in their NMR spectra. Since only one set of proton gcheme 3.

Incorporation of Imidazole-Based Amino Acitb
into a Macrolactam Analogue of Bistratamide Y

(0] ]
N N DEA/CH5CN
FmocHN <@ ” 4 ) OAllyl
S S
17
FmocHhI( j)L I{ j)\ I{kaAII |

o
FAN 8
HN N H N'ﬁ
\gNH HNT SO
OZ\CW
¢

19

16/HBTU/HOBt/DIEA
93%

1. DEA/CH5CN
2. Pd(OAc),/PS-Ph-PPh,
PhSiHa/CH,Cly

3. PyBOP/DMAP
DMF/CH,Cly
64%

imidazole in16 was not necessary). After removal of the
Fmoc and allyl protecting groups from compout@lusing
diethylamine and a solid-phase Pd-catalyst, respectively, the
final macrolactamization was accomplished using PyBOP
and DMAP affordingl9 in 64% yield1®—<

In summary, highly efficient enantiospecific syntheses of
imidazolines and imidazoline-based amino acids have been
achieved using bis(triphenyl) oxodiphosphonium trifluoro-
methanesulfonate-mediated cyclodehydrations. These imid-
azolines were easily converted to imidazoles and incorporated

To evaluate the suitability of using these heterocyclic into macrolactam analogues of bistratamide H without loss
amino acids as building blocks for natural product analogues, of stereochemical integrity.

imidazole 16 was incorporated into a macrolactam related
to bistratamide H as shown in Schemék#Amide 17 (a
known compountt?) was first treated with diethylamine to
liberate the Fmoc group. The resulting free aminédivas
coupled with dehydration to the carboxyl group ©6
affording diamide 18 in 93% vyield (protection of the

(12) See Supporting Information.
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