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ABSTRACT
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The asymmetric synthesis of several fluorinated

cis-2-aminocycloalkane carboxylic acids (

cis-2-ACACs) with a cross metathesis (CM) reaction

as the key step has been carried out, constituting the first time a metathesis protocol has been undertaken with fluorinated imidoyl chlorides.
Subsequent chemoselective hydrogenation of the olefin moiety, Dieckmann condensation, and stereoselective reduction of the iminic double

bond afforded the corresponding
(-)-8-phenylmenthol as a chiral auxiliary.

B-amino esters with several ring sizes. The asymmetric version of the process was achieved by using

The synthesis of;-amino acid derivativéshas generated

cantly more stable than their pareatpeptides. Among

much attention not only due to their presence in a wide S-amino acid derivatives, work on 2-aminocycloalkane
number of natural products but also because compoundscarboxylic acids (2-ACACs) has witnessed a surge since the

bearing this structural motif have shown interesting biological
properties, including antibiotic characteristics and inhibitory
effects against cholesterol and fat absorpfidrhey have

pioneering research done by the Gellman and Seebach
research groups.Their innovation involved folding oli-
gopeptidic chains bearing 2-ACAC moieties into helical

thus been used as important building blocks in drug research structures to confer rigidity to the final backbone, thus giving

comprising, for example, the monomeric unitgsepeptides,
which in turn display secondary structures that are signifi-
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rise to conformationally restricted peptidomimetics that have
proved to be stable against metabolic degraddtion.

Olefin metathesis is now widely considered to be one of
the most powerful synthetic tools in organic chemistry for
the creation of carboncarbon double bondsThe ongoing
development of robust ruthenium catalysts has had a
tremendous impact on the use of the cross metathesis reaction
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(CM);8 in fact, as both the chemo- and stereoselectivity of involving a cross metathesis reaction (CM), could be used
this process steadily improve, it is finding increasingly ample for the synthesis of these derivatives. In the present paper,
application in the synthesis of natural produttsowever, we thus describe a new and efficient method for the racemic
examples of this methodology being used for the preparationand asymmetric synthesis of fluorinateid-ACACs with a

of cyclic -amino acid derivatives are very scafcEo date, CM reaction as the key step. The retrosynthetic analysis is
only a few reports have been published on the synthesis ofoutlined in Scheme 2.

these derivatives, and all of these have involved a ring-
closing metathesis (RCM) protocdl.

Moreover, despite the importance/&amino acid deriva-
tives, very little research has been done on their fluorinated
analogues. In fact, not only have few reports related to these
building blocks been publish&tbut also, to the best of our
knowledge, only two of these reported on the preparation of
fluorinated 2-ACACs:! One such preparation method,
developed by our research grotpafforded racemic flu-
orinated seven-membergdamino acid derivativesf)-3.

Scheme 2. Retrosynthetic Analysis
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These were prepared through an RCM of the appropriate M
B-imino ester2, which had been previously synthesized by N e PG,
reacting imidoyl chlorided with unsaturated esters (Scheme > COOR w
1). This strategy, however, was of little use in the preparation i ) T o« " %Tm OR
FFF
7 50r6

Scheme 1. Previous Preparation of Seven-Membered Cyclic

Fluorinateds-Amino Acids 3 by Means of an RCM Our strategy starts with a CM reaction of imidoyl chlorides

/ PGy o PG. 1 with unsaturated estersto afford the coupling products
NH . .
F R oR R COR 5.13 Subsequent chemoselective hydrogenation of the double
F )y Ref. 115 F _1.RCM_F | bonq on_5 _and Dieckman_n—type condensatit_)n lead to the
e I 2.[H] m cyclic s-imino esters7, which are then selectively reduced
4 2 (£)3 (m=1) and deprotected to give the desirgid-ACACs8.

Given the various possible reaction pathways to products
5, ethyl acrylategt (m = 0) and imidoyl chloridesl with

of five- and six-membered rings as access to the correspondSeveral different side chains (# 1—3) were chosen as
ing RCM precursore proved impossible with the afore-  Starting materials for the CM reactidhThus, when com-
mentioned methodologh. poundsl and ethyl acrylate (5 equiv) were heated in toluene

We surmised that to circumvent this problem of forming &t 99 °C in the presence of_a second-generftion Grubbs
differently sized rings an alternative strategy, namely one cat@lyst [(IMesH)(PCy;)Cl.Ru=CHPh]S (5 mol %) for 15
h, the desired coupling produ@avere obtained in excellent

yields and stereoselectivities (Table 1).
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Table 1. Preparation of Disubstituted Olefirssby Means of a
CM Reaction

Scheme 4. Preparation of Enamino Estera—c

PMP
/4 0 sag Hz4atm). Pdg )&Moa 1) LDA (2 equiv)
. Wn VJ\OEI PMP-~ EtOAc, 25 °C FOF 5 THF/ -78 °C
) N 2) satd aq NH,CI
E N (5 equiv) n OEt 6a (n=1, 68%)
y - cl Z 6b (n=2, 72%)
Cl PMP  Toluene/95 °C/15 h FF 0 6c (n=3, 75%)
) [(IMesH,)(PCy3)Cl,Ru=CHPHh] (9) 5
(5 mol %) PMP. o PMP~
R F
entry 1 n 5 E/Z? (ratio) yield (%) F ( OBt —~—— F ( OEt
n n
1 la 1 5a 23:1 95 7a (n=1, 80%)
2 1b 2 5b 46:1 94 7b (n=2, 75%)
3 1lc 3 5¢ 11:1 93 7¢ (n=3, 40%)

2The E/Z isomeric ratio was determined by means BF NMR
spectroscopy and GC-MS analysis. Pip-methoxyphenyl. We next undertook the Dieckmann condensation of
substrate$. The ester enolate necessary for the cyclization

had to be formed with 2 equiv of LDA at78 °C because

chloride 1a from acid 12a (n = 1)'¢ was carried out as
previously reportedt?and acidsl2b (n = 2) and12c(n = 1 equiv is consumed by the final product. After 1 h, cyclic
3) were obtained from 4-bromo-1-buteri®b) and 5-bromo- products 7 were obtained in moderate to good vyields.
1-pentene (10c), respectively, as shown in Scheme 2. ThusAlthough 7a,b were isolated in their enaminic form, com-
10b,cwere first transformed into their corresponding Grig- pound7c proved to be a tautomeric mixture in a 3:2 ratio
nard derivatives, which were then treated with diethyl oxalate (Scheme 4).
to furnisha-ketoesterd 1b,cl” Reaction with Deoxoflud# The next step comprised the chemo- and stereoselective
[(MeOCH,CH,),NSF;] followed by saponification of the  reduction of the imino-enamino moiety. After several at-
ethyl ester with lithium hydroxide afforded acid®b,cin tempts, we were delighted to find that performing a
high yields (Scheme 3). hydrogenation under microwave irradiation conditions al-
lowed the reduction to take place with complete selectiity.
Thus, wher7a—c were dissolved in ethanol and then heated
Scheme 3. Preparation of Starting Imidoyl Chlorided,c in @ microwave during 45 min at 10@ in the presence of
Br FLF palladium on charcoal and with ammonium formate as a

7, MC' hydrogen source, the formation of the corresponding amino

10b (n=2) " N- esters8a—c occurred efficiently, thus affording the corre-

10¢ (n=3) sponding cis diastereomers exclusively and in good yields
(Scheme 5).

1b (n=2, 70%)
1c (n=3, 63%)
Mg/(EtOOC),/THF T

PPhj, Et3N, CCly
OEt
/\MT?H(
(¢}

p-MeOQ CgHa4NH,/A
11b (n=2, 79%)

11¢ (n=3, 98%)

. Scheme 5. Synthesis off-Amino Esters3
/\M%S(OH PMPS PMP 1 o
F F
0 oOEt Pd-C (10%)YEtOH/HCO,NH, OFt
12b (n=2, 85%) F . = F
12¢ (n=3, 85%) n pwave/100 °C/45 min n

1) Deoxofluor®/DCM
2) LIOH/THF/H,0

7a (n=1) cis-()-8a (83%)
7b (n=2) cis-()-8b (87%)
7¢ (n=3) cis-(2)-8¢ (82%)

With compounds$ in hand, the next step in our synthetic
strategy was the chemoselective hydrogenation of the olefinic

moiety. Optimal reaction conditions involved treating coup- The relative cis configuration between the amino and the

ling products5 with hydrogen under pressure (4 atm) in the acid groups oBcwas determined upon comparing its NMR

presence of Pd/C (10%)_ in ethyl acetate as solvent. Th_esespectra with those of another sample of the same compound
reactions generally required 24 h to proceed to completion

iousl thesized b , albeit with a diff t
and afforded Dieckmann precursd@sn good yields while previousty synthesized by our group, aibeit with a direren

L e . ) o methodology?® In contrast, the configuration of compounds
maintaining the ester and imidoyl chloride functionalities 8a,bwas established with the aid of NOE experiments
unaltered (Scheme 4). i '

Once the target molecules had been successfully prepared
in a racemic manner, the next challenge was to prepare them

(16) Lang, R. W.; Greuter, H.; Romann, A. Tetrahedron Lett1988,
29, 3291-3294.
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(18) Lal, G. S.; Pez, G. P.; Pesaresi, R. J.; Prozonic, F. M.; Cheng, H. Sinha, A. K.Helv. Chim. Acta2006,89, 483—495.
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in enantiomerically pure form. Of the several strategies tried, ||| || QR EINNENENENENENEGNNGNEEEE

the one using 8-phenylmenthol as a chiral source proved to Scheme 6. Asymmetric Version of the Synthesis

be the most efficient. Thus;H)-8-phenylmenthol acrylate 0

was heated with imidoyl chloridda in the presence of \)LOR*

catalyst9 (5 mol %). The resulting cross-coupling product (2 equiv) PMP

(+)-5d was then hydrogenated and cyclized under the 1a 3(5mol %) CI)S(\/%‘H/OR* D HfPdC

conditions outlined above to afford chiral enamino ester ( 76% (12:1) F F o 2) LDA/THF

7d in good yield. The crucial hydrogenation step through (+)-5d 78%

microwave irradiation gave rise to a 4:1 mixture of diaster-

eomers in 52% vyield (77% based on recovered starting HnPMP HCO,NH, Hy PP .

material). Longer reaction times and higher temperatures led F COsR" ws&cozwm

to no significant improvement in the conversion; therefore, F Hwave/100 °C/45 min F 0°C/th

we chose to recycle the starting material after separation. (+)y7d 52% (77% brsm) (4/1) (+)-8d 80%
The major diastereomer was separated by means of flash

chromatography, and its absolute configuration was deter- yn- T MP HN/PMP o

mined with the aid of X-ray analysis of its hydrochloride F@/\ 4-BrCgH,COCI F>©/\

derivative (+)-15 (Scheme 6! This amino ester was £ OH THF/EGNA h/0°C F Ok@

prepared through successive ester reduction with LiAIH (913 87% (+)-14 Br

coupling of the newly created alcohol functionality with

4-bromo benzoyl chloride, and PMP deprotection upon NH,-HCl O

treatment with CAN. Additionally, the relative cis config- 1) CANMeCN-H.0 _ F. o

uration of compoundBa was confirmed by means of its 2) HCl/ether F

reduction with LiAlHs, which afforded a compound identical 78% (+)15 (Xray) Br

in all respects td 3. It is important to note that compound
(+)-13 constitutes a fluorinated analogue d&-pentacin,
which is known for its antifungal propertiés.

In conclusion, the synthesis of several fluorinatést2- further studies are currently underway and will be reported
ACACs with a CM reaction as the key step has been in due course.
successfully carried out. A second-generation Grubbs catalyst
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