Stereoselective routes to 3-hydroxy and 3.4-dihydroxy derivatives
of 2-aminocy clohexanecarboxylic acid
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Azt act—Tle Dick—Alla alduct of dahyl (£F3Fnivcacslate and fwan poovides a vesalle tauplae for the siorasclactive sy
thesis of moro and dihyd rosplated denvatives o 2aminocyelohexanecarboxyvhic acid (ACHC). The hydroxylated ACHC derva-

lives can be considersd to be useful building slocks for B-peptides.

@ 2004 Esevier Lud. All rights reserved.

Thereis 2 great deal of interest in cyclic framine acids as
theie compounds exhibit promising structural and bio-
lngical properties! Pioneering work hy Gellman has
shown that oligomeric structures derived from 2-am-
inocyclohexane-1carboxylic acid (ACHC) adopted de-
fined scondary structures comparable to those observed
in proteins.”* Oligomers of ACHC and its denivatives
therelore bhave o mericulbar appes] or exlenling he
understanding of protein structure and stabilimtion.

In view of the importance of alipnmer: of ACHC, there
is a need for development of stereoselective svnthetic
routes to substituted ACHC derivatives. This would set
the stage for further studies on the effects of the sub-
stituents on the stabiity of the oligomers. Consequently,
we report in this Lemer the synthesis of 3-lydroxy end
3 A-dibydroxy derivatives of ACITC besed on the Diels—
Alder resction of ethyl [ Ei-3-nitrozerylate 1 and furan.

[n our early work, we explored the Diels-Alder reaction
of f-nitroacrylate 1 with furan.” Carrying out the reac-
tion in chloroform at room temperature gave a 2:1
mixture of cycloadducts favouring the ende nitio Bomer
1. Selectivity was increased in favour of the eido nitro
momer by munming te reaction in CHC a0 =200C 1w
giva a 1:1 mixture of the two isomers in over 0% vield.

Kevwnrd: Cyelic flaming acide: Mhiek—Alder adduct: R aduction:
Epceidetion.
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The two isomers were casily separated by column
chromatography. Mitro group reduction and protection
af the reanliant amines of 2 and 3 gave carthamates 2a
and 3a. respectively. The relative stereochemisiry of
carbamate la was confirmed by Xeray crystallography.
Subsequent f-elimination of the oxygen bridge of car
pamates 2a and Ja pgave dihvdroanthramlates 4 and 5,
respedivel y. Subseguent acetylalion of 4 and 5 alondkad
acetates 4a and 5a, respectively. Reduction of these
acetatzs proved to be highly jacio selective end afforded
Fhydrooy ACHC derivatives mrianri & from da and
swi—syn T from Sa. The stermoselectivity of the reduc-
tion of the A" doubl: bond is consistent with
reported observations™ and the overall stereochemistry
was confirmed by 210 NMR experiments, particulzrly
NOESY (Scheme 1).

Tha extension of the above methodology to the prepa-
ratinn of the 3 ddihydrory derivatives of ACHT was
pased on reductive opening of epoxide intermediztes
derived from cyclohexadienes 4 and 5. We have recently
shown that treatment of 4 with mCPBA n dichloro-
methane gave a separable Y:1 mixture of epodes B9°
Exposure of epoxide & to the acton of Pd-C under a
ydrogen almwosphers allvmded he aoei-amiom dily-
.:Irnx;‘ ACHC derivative 10 as the only detectable iso-
mer.” The amri_gmi—ant configuration of 10 was
confirmed by NOESY experiments. Eeductive nperin%
of vinylic epoxides was described by Danishefsky et al.”
and on the basis of this precedent, the above results were
not surprising. It is notzworthy that the addition of the
nydride wok place on the more hindered diastereo- face
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Scheme 1. Reagents and conditions: (i) furan, CHCl,, 25°C, (23 2:0), %% (i) Zn, HCl, EtOH then Boe,O, EtyN, 25°C, 28 TT%, 3a 75%;

(i) KHMDS, THF, —30°C, 4 TI%, § @%; (iv) Ac,0, pyridine, 4a 77%, 8a T6%, (v) Hy, Pd—C, EtOH, 6 98%,

of the alkene probably due to the coordination of the
palladium-hydride complex to the carbamate.

Repeating the epoxidation of 4 in acetonitrile instead of
dichloromethane reversed the sterecselectivity and gave
a 2:1 mixture of isomers favouring the syn epoxyalcohol
9.* Reductive opening of the epoxide in the presence of
Pd—C under a hydrogen atmosphere gave the amti—anii-
syn dihydroxy ACHC derivative 11.* The ani-anii-syn
configuration of 11 was confirmed by NOESY experi-
ments (Scheme 2).

Having used cyclohexadiene 4 in the synthesis of ACHC
derivatives 10 and 11 we then set out to elaborate 5 into
the comresponding ACHC derivatives. It was anticipated
that substrate-stereocontrolled processes would secure
the vicinal stereochemical relationships. With both the
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carbamate and the hydroxy groups on the same face of
cyclohexadiene § and therefore operating in coopera-
tion, it was presumed that epoxidation would occur
preferentially on the upper face. Indeed, exposure of 5 to
the action of mCPBA proved to be highly stereoselective
and afforded epoxide 12 as the only product in 82%
yield. All attempts at the use of polar solvents or acetate
Sa failed to give the amti epoxyaleohol. Treatment of
epoxide 12a with Pd-C under a hydrogen atmosphere
afforded the syn-—sym—syn isomer 13° in excellent vield
and interestingly as the only detectable isomer. Contrary
to the systems above, the addition of hydride during
reduction took place on the less hindered side of the
alkene. The ability of the y-acetate or hydroxy group of
12 to completely switch off the directing ability of the p-
carbamate when the two are on the same face of the
molecule is an interesting observation (Scheme 3).
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Schweme 2. Reagents and conditions (i) mCPBA, NaHCO,, CH2Cly, 25°C, (&9 %:1), T84 (i) mCPBA, MeCN, NaHC Oy, 25°C, (£:9 1:2), 95%
(iii) Hy, PA'C, 25°C; (iv) Ac,O, pyridine, 25°C, 10 88% from &, 11 84% from 9.
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Scheme 3. Feagenis and conditions: (i) mCPBA, CHyCls, NaHC Oy, 253°C, 12 82%, 12a §1%; (i) Ha, PdrC, E0OH, 13°C, 98%.

In summary, we have amplified the utility of the Diels-
Alder adduct of ethyl (E£)-3-nitroacrylate and furan by
obtaining a range of momo and dihydroxylated deriva=
tves of ACHC through simple substrate-stereocon-
trolled operations. Whilst the chemistry described above
was conducted on a racemic series, it is pertinent to note
that the oxanorbornene adduct 2a 1s amenable to an
efficient enzyme mediated kinetic resolution and chiral
HPLC mesolution.* Ongoing work in our laboratory
involves the use of these cyclic f-amino acids in the
synthesis of short peptides and this will be reporied in
due course.

Acknowledgements

We thank the University of Botswana for financial
support, Dr. A, M. Kenwright for assistance with NMR
expernments and Dr. M. Jones for mass spectra. We also
thank Dr. Darren Orton for some preliminary studies to
support this work.

References and notes

1. Fiilop, F. Chem Ren 2000, 101, 2081-2244.

2. Appells, D H.: LePlas, P R Raguse, T, L Gellman,
S H. X Org. Chem. 2000, 55, 47664769,

1. Cheng R.P.; Gellman, 8. H.; DeGrado, W. F. hem Rer.
2001, 10F, 32193232

4. Gellman, 5. H. Acc Chem. Res. 1998, 31, 173180

3. Bunnage, M. E; Ganash, T.; Magesane, T B; Orton, D;
Sted. PG, Org. Lo 2008, 5, 230242

6. McCormick, D. R. J; Reichenthal, J; Firsch, T
Sjolander, N. O 0 dm Chem. Soc 1962, &4, 3711-3714.

7. Couche, E; Deschatrettes, R Poumelles, K. Bortelussi,
M.; Mandville, G.; Bloch, R. Smienr 1999, B7-89.

B, Masesane, 1. B Stsel, PG, Samlest 2003, 735-717.

0. Sausfactory speciroscopic and analytical data have been

pnurld:i. 10 Colourless BT Vi

obtained for all new comy
(KBr disk) 3319, 2079, 1732, 1692, 1Mlcm™'; dn

(S00MHz, CDCL )y 123 (3, o J = 7.0 Hey, OCHLCH;),
1.37 (@I, s, OC(CE,),), 170 (IH, m, H-6), 194 (IH, m,
H-6), 2,00 (3H, s, CHzC0), 202 (3, s, CH;C0), 2,14
(P, m, HH-5), 247 (IH, dt, # =90 and 5.0Hz, H-1),
188 (IH, m, H-2), 413 (2H, g, J = 7.0 Hz, OCH.CH:),
488 (IH, d, J=95Hz H-3), 498 (IH, m, H-4); &
(125MHz, CDCL): 143 (OCHCHy), 209 and 21.2
(2 CHCO), 249 (C-6), 284 (QOQCH:)s), 288 (C-5),
48.5 (C-1), 54.1 (C-2), 61 .3 (OCH2CH3), 72.6 (C-3), 75.0
(C4), 799 (OC(CH;)5), 1550 (NCO,), 1703, 171.0, 1722
(OO, and 2= CH,CO¥ m/z (CLE 405 (MNHZ, 71%), 388
(MIT, 36%), 349 (10(F4), Found: C, 55.83; M, 7.52; N,
3,59, Cy HyNO, requires C, 55.80; T, 7.54 N, 3.62, 11:
White gum; ves, (KBr disk): 5383, 2975, 1737, 1525em™";
dg (S00MEFz, CDCL): 125 (3H, t, J=T2Hz
OCHCHy), 1.39 (9H, s, OCCH: ), 164 (1H, m, H-5),
181 (1M, m, H-&), 195 (21, m, -5 and &), 2.00 (3, s,
CHZ00), 2.13 (3H, s, CH,CO), 2.51 (1M, t, J = 1.5 Hz,
H-1), 4.16 (3H, m, OCH:CH: and H-2), 445 (1H, 4,
J =95z, NH), 4.86 (1, dd, J =1 1.5 and 2.5 Hz, H-3),
532 (IH, br, H-4)p 5. (125MHz, CDCl;) 144
(OCH,CH ), 210 (CHL,C00, 205 (CHLC0), 231 (C4),
276 (C-5), 285 OC(CHs k), 488 (C-1), 50.7 (C-2), 61.2
(QCH,CH3), 694 (C-4), 733 (C-F), 79.7 (OC(CHz):),
155.1 (NCO3), 1706, 1710, 1728 (carbonyls), m/z (CI):
IEE (MET, 10004); Found: C, 5581; M, 7.55; N, 365
CraHx N5 requires C, 55.80; H, 754; N, 3.62. 13: colourless
EUM; Vg (KBr disk): 3438, 3374, 2975 1729, 1699,
1513em™"; dy (SO0 MHz, CDCly): 1.23 (3H, 1, J = 7.0 He,
OCHCHy), 140 (9, s, OCCH: k), 157 (1H, m, H-5),
163 (1H, m, H-6), 202 (2H, m, H-5 and &), 207 (3, s,
CH5CO), 260 (IH, m, J =115 and 3.5Hz, H-1), 4.07
(ZH, m, H-4 and O, 4103 (2H, g, J=T0Hz
OCH,CTy), 4.52 (1T, br, F1-2), 4 85 {1F, m, TI-3), 5.72
(1T, br, NH), ¢ (125MHz, CDCly): 143 (OCH,CH;),
174 (C-6), 21.2 (CH,C0), 285 (OOCH,),), 289 (C-5),
444 (C-1), 500 (C-2), 61.0 (OCH,CHy), 689 (C-4), 726
(C-5), 704 (OC(CH)5), 1559 (MCO:), 170.24C04), 1723
(CHLCO), m/z (ES*): 368 (MNa®, 100%). HRMS (ES®)
found M*, 3683821, CHoNO; requires 3683826,
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