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1. Introduction

Trans-(28,4R)-4-hydroxy-L-proline 1 (L-Hyp) is present in both plants and animals. In plants hydroxyproline
residues are bound to small lateral chains of polysaccharides to form glycoproteins.! In animals proline residues
of protocoilagen are hydroxylated to hydroxyproline. Hydrogen bonds between these hydroxylated residues are
used to stabilize the triple helix of protocollagen.2 L-Hyp is isolated from gelatin hydrolysates3 together with
proline. The (2S,4R) isomer is the most abundant of the three naturally occurring diastereomers. As a constituent
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13804 P. REMUZON

of collagen, L-Hyp is a non-essential amino acid and is found in a number of secondary metabolites such as
echinocandins,# etamycin, etc.

With its two chiral centers at C-2 and C-4, L-Hyp is a material of choice to access multifunctionalised
pyrrolidine rings. Substitutions at all positions of the pyrrolidine ring are possible. Substitution at C-3 has been
rendered possible thanks to the 4-hydroxy group by oxidation or olefin formation. Functionalisation at C-5 via
oxidation reactions of this position has also been described. Inversion at C-25 and/or at C-46.7 was easily achieved
leading to all four possible isomers of L-Hyp. Decarboxylation of L-Hyp was also found to be an easy way to
access chiral 4-hydroxypyrrolidines.8 L-Hyp allows access to a large variety of chiral molecules such as glutamic
acids analogues, kainic acids, arginine analogues, carbapenems, natural products such as lycoperdic acid,
bulgecins, echinochandins or didemnins, and also fully synthetic piperidines and pyrrolidines, benzodiazepins,
puromycin analogues, baclofen, quinolones and naphthyridones, etc. We describe in this report the most recent
papers® using L-Hyp as starting material.

2. Synthesis of L-Hyp

Although L-Hyp 1 is commercially available and inexpensive, recently some authors reported an efficient
synthesis. Takano!0 prepared L-Hyp 1 in a ten-step sequence (Scheme 1) using (§)-0-benzylglycidol 2 as starting
material. After acetylene substitution of epoxide 2 and reduction of the resulting pentynol derivative, a Mitsunobu
reaction with phthalimide furnished derivative 3, which was reacted with hydrazine followed by benzoylation to
afford 4. Cyclisation occurred with 4 in the presence of iodine to obtain 4-benzoate-2-prolinol § which was
protected with a Boc group, oxidized, and further deprotected to give 1. The overall yield from 2 was 25%.

NHCOPh
H 1. CH,, NaH, DMSO PN .
OBn 2. Hj, Pd/CaCO; cat. T OBn 1. NoHa, EtOH (\I
—_—
o 3. Phthalimide, PPhs, DEAD 2. BzCl, EtzN X 0Bn
61% 87% 4
2 3
PhOCQ. 1. BoczO, EtN HO,_

I2, 3 equ. L—)_\ 2. K,CO.
laZequ " 2005 ZN Mo
H,O/THF Y OBn 3. Hp, PA(OH), R

78% 4. RuClg, NalO,4

5. TFA
61%

]
-

Scheme 1

Using a similar methodology, Thirring et al. 11 developed an enantioselective three-step synthesis starting with
Seebach's compound 6 in 67.5% overall yield (Scheme 2). Diastereoselective introduction of an allyl group,
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Scheme 2

followed by a cyclisation with iodine via intermediate 8 furnished bicyclo derivative 9 after rearrangement.
Finally acidic hydrolysis of 9 in a sealed tube led to L-Hyp 1.

3. Proline derivatives
3.1. Fluoroprolines and mimetics of glutamic acid

Fluorinated proline 11 was prepared by Hudlicky!2 from L-Hyp by acetylation, esterification, and fluorination
with DAST, with inversion of stereochemistry, as described by Youngl3 in 50% yield (Scheme 3). After

oxidation of 11 with RuOy4 and acidic hydrolysis, L-threo-4-fluoroglutamic acid 13 was obtained in 77% yield.
Hydrolysis of 11 also led to cis-4-fluoro-L-proline as reported by the same author!4.

HO, F.
y _\Ac0 [1 DAST n
——
2. MeOH/ HCI N COMe 50% N~ ~COzMe
COMe éOMe
10 1
F
F
_RuOs D 1. HCI
6% 0F 7 COMe 2.NH;  HOLC COH
COMe 77% HzN
12 13

Scheme 3
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Lycoperdic acid 18 was prepared according to Yoshifujil5 by reductive cross coupling of 14 with methyl
acrylate to afford 15 which on oxidation (with RuOy4) gave a mixture of two diastereomeric spirolactones 16 and
17 (Scheme 4).

o]
o o]
1. SOCl,, MeOH n A ~C02CH; RUO,
—_—— —_— ———
T Boc,0, EtsN N COzMe Smiy N7 COMe
3. Au0, Boc 81% Boc
84% o 14 15
(0]
Y 1. 8N HC COH
+ OI_>‘ 2. Dowex 0”0 CO2H
CO,Me 0Py~ COMe
) 7% NH,
Boc
16 (33%) 17 (43%) 18
Scheme 4

Separation of the pyroglutamic acid derivatives 16 and 17, followed by acidic hydrolysis led to the non-
proteinogenic o.-amino acid 18 in 23% overall yield from 1. Asymmetric syntheses of all four isomers of 4-
amino-4-carboxyprolines as conformationally restricted analogues of glutamic acid were performed recently by
Tanakal6 (Scheme 5).

j’,\ H
N.__O
0 HN~ NH 0§(
1. SOCl,, ROH KCN, (NH4),CO3 P HN-
—_— —_—
2. BnCl, EtsN N~ COzR DMF-H,0 co,Rr t N’ COR
. ] 1 ]
3. Swern oxid. Bn 70-74% Bn Bn
19 20 21
R=Me 75 : 25
R=t-Bu 96 : 4
NHa CO.H
1. 6N HCI, sealed tube, 63-67% HO2C"U HgN"-tL
> d
2. Hp, PA(OH),, MeOH COH 2" | COH
)
3. Dowex, 83-74% H H
22 23
Scheme 5

The key step employed a Bucherer-Bergs reaction, in which the diastereoselectivity was strongly influenced by
the ester at C-2 of the proline ring. After separation of both C-4 isomers, hydrolysis of hydantoins 20 and 21 and



trans-4-Hydroxy-L-proline 13807

hydrogenation afforded the diastereomers 22 and 23 respectively. The corresponding enantiomers were obtained
after inversion at C-2 of 19.

3.2. Kainoid analogues

The kainoid amino acids and in particular the acromelates (which include acromelic acid A) were found to be
more highly neuroexcitatory than any known glutamate related derivatives.!? Synthetic pathways to generate
these type of compounds have been intensively studied.!8

H
HO.C._ _N.__0O
l
\L;( R COgH
N COZH
1
H

acromelic acid A

A general method for the preparation of acromelic congeners was disclosed by Shirahama!9 which introduced
enantioselectively an aromatic ring at C-4 and a 2-acetic acid function at C-3. The first key step was radical ring
closure of a 2,3-dehydro amino acid benzyl ester 26 to give bicyclo derivative 27 as a mixture of four
diastereomers due to the two asymmetric centers at C-2 and the acetal carbon (Scheme 6). The substituent at C-2
was epimerized to the B-configuration by means of DBU. Jones oxidation of the acetal function of the 2B-epimer
of 27 to a lactone followed by selective reduction by BH3-DMS afforded diol 28 in 32% overall yield from 1.

TBDMSO, TBDMSO,
1. BocON, Et3N { E 1. TFA CICOoEt
—_— - ” —_—
2. BnCl, Et;N N7 TCO2Bn 5 tauog, ;‘ COzBn  pyridine
3. TBSCI, ImH Boc then EtsN 65%
62% 24 25
OFt o
TBDMSO,, o Ho_ o~
1. TBAF (70%) ' 1. DBU, toluene Z S
\ Z 5 — CO%Bn
N~ CO2Bn 2 1 2.dibromosthyl- N7 “COzBn 2. Jones' ox. N 2
) ethyl sther, DMA ) 3. BHz-DMS COoEt
COgEt COLEt
3. BugSnH, AIBN 80%
26 100% 27 28

Scheme 6
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One other key step in the sequence!® was introduction of an aromatic moiety at C-4 of tosylate 29 by the
known reaction20:21 of lithium diarylcuprates with a 4-tosyloxyproline with retention of configuration (Scheme
7). The resulting methyl esters were obtained in the following yields: Ar = Ph, 57%; Ar = o-anisyl, 58%; Ar = p-
anisyl, 59%; Ar = o,p-diMeOPh, 71%.

OH
1. TBDMSCI, EtoN, DMAP, 65%  TsO, ',.\/OH A, o~
2. TsCl, pyridine, 86% L—X ACuLi L—}\
28 CO.H = N~ “COzMe
3. Hp, PA/C N 2 then CH;Np \
4. TBAF, 82% COqEt 57-711% COxEt
29 30
1. PDC, DMF At ~CO.H
2. CHN,, 60-70%
3. KOH N "COH
4. Ba(OH),, 50-60% H
31
Scheme 7

Finally oxidation of the primary alcohol of 30, methylation of the resulting diacid, and basic hydrolysis
furnished acromelic acid analogue 31 (Scheme 7).

Baldwin?2 disclosed other approaches by stereoselective alkylation with t-butyl bromoacetate at C-3 of a 4-
ketoproline derivative 32 after enamine formation with pyrrolidine (Scheme 8). Aryl groups were introduced
stereoselectively through Grignard reagents in Et;O to obtain carbinols 34 in 43-52% yield. Fused
enantiomerically pure bicyclic lactone 35, arising from trifluoroacetic acid treatment, afforded, after smooth
hydrogenation with inversion of configuration at C-4, diacids 31.

0 o, .—CO7'Bu
1. PhCOCI, 89% n 1. Pyrrolidine, 100% z 5 ArMgBr, 43-62%
1 ————— |/ ~CO;'Bu CO-R

2.'BuCH, 82% \ 2. BrCH,CO,'Bu, K,CO4 N or ArLi/ CeClg, 43-67%
3. RuOy,, 97% COPh 3. AcOH, 53% COPh (R="8Bu)
32 33
o]
Ho " ~cogtBu 0/“\
TFA, 100% o 1. Hp, PA/IC
CO,'Bu Ar [ S 8
[;j 2 N COZH 2. 6N HCI
1
COPh COPh
34 35
Scheme 8

Shirahama2?32 very recently reported a related procedure to prepare 31 from 14 in eight steps (Scheme 9).
After separation of the mixture of dehydroproline 36 and 37, resulting from pheny! lithium-CeCl3 addition23b to



trans-4-Hydroxy-L-proline 13809

o]
COgMe Jl\ 1. Ha, PA(OH),
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Scheme 9

14 and elimination by means of triethylamine, the A3-phenyldehydroproline 37 (Scheme 9) was treated with
monomethy! malonate to give lactone 38 which after hydrolysis and deprotection afforded 31 (Ar = Ph).

A modified procedure was also described by Baldwin24 using vinyl triflates 39 (Scheme 10). Phenylboronic
and three anisylboronic acids were found to couple with both fert-butyl and methyl esters of 39 in 46-62% and 68-
89% yields, respectively (R = Me, Ar = Ph, 73%; Ar = 2-MeOPh, 89%; R = t-Bu, Ar = Ph, 46%; Ar = 2-MeOPh,
52%). After hydrolysis of 40 and re-esterification with CH2N3, the resulting dimethyl esters were reduced with
triethylsilane to give an approximately equal ratio of epimers 41 and 42 in 60% combined yield.

TiO ,—CO,'Bu Ar ~CO,'Bu
g3 _1-LiHMDS, -78°C ’ ArB(OH),, Pd(PPhg),, LiCl y ’
— -
2. Tf,NPh, DMPU N COR Na,COj (aq.), DME N~ COzR
-78°C > 1t doph )
53-59% COPh
39 40
1. TFA Ar, ~—CO2Me Ar, .—COoMe
2. CH,N, n ]\'—) 8N HCl
—_— —_—
3. EtzSiH (10 equ.) N CoMe + N COzMe Dowex 3
TFA, 60 °C COPh COPh
(R =Me) 41 42
Scheme 10

More recently, Lubell?5 disclosed the synthesis of (2S)-3,4-dehydro-4-phenylkainic acid 46 in eight steps and
39% overall yield (Scheme 11). After esterification of 1, protection of the nitrogen of proline with a 9-(9-
phenylfluorenyl) moiety (PhFI) and Swern oxidation, derivative 43 was converted to enol triflate 44 by means of
N-phenyltrifluoromethanesulfonimide (Tf2NPh). Alkylation at C-3 of this dehydroproline took place without
racemization at the chiral C-2 center. Palladium-catalyzed cross-coupling of the resulting triflate 44 with
phenylboronic acid gave styrene derivative 46 after deprotection of the two esters and the N-phenylfluorenyl
groups in good yield.
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1.BnOH,PTSA 0 COuMe
2.TMSCI, EtgN, _
PhFIBr, Pb(NO,), 1. KHMDS, BrCH,CO,Me PhB(OH),
1 — CO2Bn N7 ~COBn  ————>
3. Swem oxid. N 2. KHMDS, Tf,NPh \ (PPha)sPd
76% PhF 84% PhFi 92%
43 44
Ph COzMe Ph, COH
Z—_{ 1. NaOH, EtOH =
— -
N CO2Bn 2. TFA '\.l CO.H
PhFI 64% H
45 46
Scheme 11

3.3. Hydroxyprolines

Papaioannou® reported the inversion of the hydroxyl group at C-4 in a Mitsunobu reaction via an intermediate
lactone 48 (Scheme 12). More recently, Seki’ described the preparation of (25, 45)-4-hydroxyproline 51 via a
formate intermediate 50 in S steps and in 73% overall yield (Scheme 12).

HO., o HO
,\——: PPh,, DEAD o) 1. KOH n
{1 — —_—
N CO2H 60% 2. AcOH N 002H
) | ]
Tr Trt 60% H
47 48 51
HO, OHCO, 1. NaOH
1.2Z¢Cl Q 1. DCC, CuCl 2.Pd/C
—_——
2. SOCiz, MeOH | COMe 5 HEOH, toluene \ COzMe
r4 z
49 50

Scheme 12

Sardina26 reported a stereoselective synthesis of 56, a galactosidase inhibitor (Scheme 13). Regio- and
stereoselective introduction of the hydroxyl group at C-3 was achieved by treatment of 52 with NaHMDS
followed by oxidation of the corresponding enolate with MoOPH. Reduction of 53 with LiEt3BH led to triol 55
whereas with NaBH4 reduction, followed by acetylation with AcyO diacetate 54 was obtained. Deprotection of
proline 55 by hydrogenation to form prolinol 56 was quantitative. The overall yield from 1 to 56 was 57%.



trans-4-Hydroxy-L-proline 13811

] 1. MeOH/ H* n NaHMDS, THF m
2. PhFIBr, TMSCI N7 COMe  MooPH,-78°t0-23°c N7 COMe
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2
S I ¢
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Scheme 13

Very recently, Lubell2’ described the synthesis of the C-3 dimethylated proline derivative 57 by deprotonation
of 4-oxoproline 43 with an excess of potassium hexamethyldisilazane (KHMDS) (Scheme 14). Reduction with
NaBHj provided quantitatively a 3:2 mixture of 4-hydroxyprolines 58 and 59 whereas with LiAlH4 a 1:2 ratio of
58 and 59 was encountered in favor of the (45)-isomer.

fo) Me
43 KHMDS, Mel xs “Me NaBH,, MeOH/ THF
THF, DMPU, - 78° C N7 CO2BN o iAH,, THF, - 78 °C
1
82% PhF! 90-100%
57 o, Me
Hy, PA/C ]\' S"Me
HO, Me Ho, Me — —— N~ COzH
~-Me * --Me Boc,0 \
NG0B + K A~coBn  929% Boc
\ h 60 Me
PhF PhFI

58 59 1. CS;, NaH; CH4l ~Me
7 ~N— . Z §.
9 2. BuSnH, AIBN N COH

3. H, Pd(OH),, Boc,0 Boc
61
Scheme 14

Hydrogenation of 59 in the presence of di-ters-butyldicarbonate (Boc0) afforded proline 60 in excellent yield
(Scheme 14). Xanthate analogues of 58 and 59 were prepared in quantitative yield by thioacylation/alkylation of
the hydroxy group. Reduction of the xanthate of 59 with tributylstannane (Bu3SnH) and AIBN as radical initiator
in refluxing xylene gave an excellent yield (91%) of the corresponding 3,3-dimethylproline. Hydrogenation of
this proline in the presence of Boc20 furnished 61 in 41% overall yield from 1.
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After tosylation of 2-benzyl ester proline analogue of 49 at C-4 with triflate of 1-methyl-3-tosylimidazole (Ts-
3-Melm* TfO-), Baldwin28 prepared 3,4-dehydroproline 63 according to Riieger's2? method via a phenylseleno
derivative (Scheme 15). Derivative 63 was dihydroxylated with osmium tetraoxide in the presence of N-
methylmorpholine-N-oxide (NMO), to give predominantly 65, by addition to the face opposite the ester group.
Benzyl ester 65 gave 3,4-dihydroxyproline 66 after hydrogenolysis (Scheme 15).

1 1. ZCI [1 1.PhSeSePh, NaBH, - OB 0504, NMO
2. BnBr, Nal, K;CO3 COzBn 2, H,0, pyridine N 0280
3. Ts-3-Melm*TfO" 58% Z
60%
° 52 63
HO, OH HO,  OH HO,  OH
Z S Z S Hy, PA/C Z S
N~ ~COzBn + N~ - COzBn _ CO.H
) ) 92% )
z Z H
64 65 66
1:>10
Scheme 15

Slama,30 using the same methodology as above, performed OsO4 dihydroxylation of 3,4-dehydroproline 67 in
the presence of NMO in a 7:1 ratio to afford acetals 68 and 69 in 70% yield (Scheme 16). The protected diols 69
were quantitatively reduced to 70 while the cis-isomers 68 were found to be resistant to LiBH4. The overall yield

from 67 (R = Z) to 70 was 70%. Removal of the isopropylidene acetal followed by cleavage of the N-protecting
group afforded the (2R,3R,4S)-prolinol 71 in 80-90% yield from 70.

Y <

Q"o Q"
& 1. 0804, NMO z_i m LiBH,
——
COzMe  2.2,2-DMP, HCl cat. N7 COMe + N7 TCOzMe  100%
i )
R=ZorTs R R
6
7 68 -7 69
0><0 1. aq. HCI
f— 2. Hy, PA/C or HO.  OH
[;)\/OH naphthalenide anion OH
| 3. Dowex ",l
R H
70 7
Scheme 16

Baldwin2® obtained protected epoxides by known methods using meta-chloroperbenzoic acid (m-CPBA)
which after hydrogenation afforded in good yield 3,4-epoxyprolines 72 and 73 (Scheme 17). It was demonstrated
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that epoxidation of 3,4-dehydro-L-proline was catalytically epoxidized in a trans fashion by proline-4-
hydroxylase to furnish exclusively 72.

o} o]
1. m-CPBA —
o e A LA

2. H,, Pd/C N COzH and N COoH
I |
H H
72 (49%) 73 (20%)

Scheme 17

Wistrand3! disclosed anodic a-methoxylation of pyrrolidinol 74, after decarboxylation at C-2 and N-protection
with a methyl carbamate group (Scheme 18). No regioselectivity was found in the electrochemical methoxylation

1. Cyclohexanol RO,
2. CICO,Me, 95%

Z ! Anodic oxidation
! N MeOH MeO OMe
3. TBDMSCl or Ac,0 ) ©

COzMG

(43% for R = TBDMS) COzMe Cone
7 75 76
5M HCI [_X
75 —MSON_ -[ 3, NCD —_— quOgH and ~COoH
TlCI4, 78 °C > 85%
86% COZMG COQMB (R =Ac)
77 78 79 80
A = TBDMS 86:14
R=Ac 52:48
Scheme 18

reaction, which gave an equal ratio of 75 and 76. Substitution of the 2-methoxy group with a cyano group, via an

AcO,

AcO,
1. MeOH, SOCly, 100% n 1. Anodic oxidation ln
—_—_——
2. TEOC-Nj, Et;N r\.] COoMe MeOH MeO COzMe
3. PPh;, DEAD, AcOH TEQC

1. Ac;0, AcOH, H*

—

) 2. PhSeH, PTSA
2. ACZO TEOC 66%
59% 81 84% 82 ’
AcO, AcO, 1. O3, MeOH/CH,Cl, HO
D MeO,CCH=CHSn(Bu), . NaBH
4
COMe ————— COsMe .
PhSe ?EOC 2 67% J N 2 3. NaOH [ f:‘ COzH
MeO,C TE0C 4. TBAF OH H
83 84 42% 85

Scheme 19
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iminium ion, was shown to occur predominantly in a cis fashion with a -butyldimethylsilyloxy substituent at C-3
(Scheme 18). Under the same conditions, no diastereoselectivity was observed with a 3-acetoxy group.
Hydrolysis of the resulting 3-acetoxycyano compounds 77 and 78 gave the cis-and trans-(3R)-3-hydroxyprolines
79 and 80 in good yield.

In similar fashion, Barrett32,33 demonstrated the influence of structure on the efficiency of the electrochemical
C-5 oxidation of (25,45)-4-hydroxyproline N-trimethylsilylethoxycarbonylcarbamate (TEOC) esters 81 (Scheme
19). The key step was the stereospecific free radical substitution reaction at C-5 to produce acrylate derivative 84
which after ozonolysis, NaBH4 reduction, and deprotection furnished bulgecinine 85, the aglycon of bulgecins.

OH
NaO3SO

HO R
1. TFA then BnOCOC! Ho. O,
2. O3, MeOH, CH,Cl; AcHN 2—)\

84 — - - COH

3. NaBH, ( l\|l COzBn ( r\il 2
4. BnBr, Ag;0, reflux, 88% OBn Z OH H
5. BnOH, Ti(O'Pr), cat., 82% 86 87

Scheme 20

After judicious protection of 84, and after several additional steps, Barrett was able to synthesize bulgecin C 87
via a B-stereoselective glycosidation, regiospecific C-4' sulfation, and deprotection of benzyl groups using
transfer hydrogenation with formic acid and palladium black (Scheme 20).

3.4. Other proline derivatives

As indicated previously, displacement of 4-sulfonyloxyprolines with lithium diarylcuprates proceeds with
retention of configuration.!%21  Alternatively, Kronenthal34 has demonstrated inversion of configuration

MsO, P
Z \ Al PhH h
N7 TC0H oo N~ COH

/
HO, = ) )
O\ COPh COPh
N7~ COzH 88 90
H
; ~— MsQ, pn‘
T 2 \ o MClis PhH Z >
"ll 2 91% ",l COg2H
COPh COPh
89 91

Scheme 21
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under Friedel-Crafts conditions. Thus, treatment of 88 and 89 (Scheme 21), both readily prepared from trans-L-
Hyp 1, gave 90 and 91, respectively, with benzene-AlCl;. The saturated congener of 91, trans-4-cyclohexyl-L-
proline, is the amino acid component of the antihypertensive agent Fosinopril.

Webb35 reported the practical synthesis of conformationally constrained, protected arginine analogues which
should be useful as probes for understanding protein-peptide interactions (Scheme 22). After chlorination of 92

NTs
HO. cl 1. NaNy/ DMF HN™ NHp
n cel, 2. NaOH )
—— —
1 — {/~COEt “ppn, COEt 3 h,, Pac C;)“COeH
Boc 76% Boc Z' L?C:Sxe) 2 Boc
92 93 i oNOs 94
1 1. MsCl, pyr. NTs
2. NaCN/ DMSO, 52%
A HN NHz
N
1.NeOH 1. TsNC(SMe),
—_—
\ COEt 3 pac, H, Hy COH 5 NH,, AGNO, N7 COH
]
Boc 69% 73% Boc
95 96 97
Scheme 22

at C-4 with inversion of configuration, azidonation, hydrolysis of the ethyl ester, and hydrogenation, an amino
acid was isolated. When this amino acid was allowed to react with S,S-dimethyl-N-[(p-toluenesulfonyl)imino}di-

1. Na/ NH3 H,COG,
3
1. MeOH, HC CHzPh 2. &/OTS | SOz
2. Ac 0, NaHCO, S, MeO,C~ "N Boc
1 \ ,COzMe
3. TsCl, pyridine Boc 99 Y N—
1 == . N COH ——— \
4. MeOH, NaOH ) DMSO, 93 % S
5. PhCH,SNa, DMSO COCHj
30% 98 100
COMe
Hacoc\ 2
1. HONp, DCC!, AcOEt o J )
2. TFA
3. 0.001M in pyridine, DMPA "5 —CHz
30%

101
Scheme 23
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thiocarboimidate, arginine analogue 94 was isolated after treatment with AgNO3 (Scheme 22). The higher
guanidino homologue 97 was prepared using a similar sequence33 through cyano derivative 95.

Kemp36 described the preparation of the tricyclic derivative 101, a conformationally restricted analogue of
acetyl-L-prolyl-L-proline (Scheme 23). L-Hyp 1 furnished derivative 98 in 30% yield. Coupling of 98 and 99,
prepared from 2,5-dibromoadipate, afforded adduct 100 in excellent yield. Conversion of 100 to a p-nitrophenyl
ester (ONp) was followed by high dilution cyclisation in pyridine to lead to the desired lactam 101.

Rapoport37 disclosed the synthesis of conformationally constrained diethylenetriaminepentaacetic acid
(DTPA) analogues in an effort to probe the relationship between ligand structure and metal complex stability
(Schemes 24 and 25).

HO,, 1.Hp,Pac  HeN
] Z 5 2, BrCH,CO,'Bu
- —_—
N CO,'Bu : ) ~CO,!Bu

Y 3. MsCI
102 : :aN;d/c coz'eu N
. Hap, .N
103 .
77% ProNEt, 80% ! S
o * o ™ 1BuOC” N 4 CO,'Bu
Tf,0 Z > z CO,'Bu
1)
66% N7 "COzBu 105
2
104
Scheme 24

The key step was the condensation of 4-aminoproline 103 with 4-O-triflate proline 104, also obtained directly
from 1 after N- and carboxylic protections and triflation of the 4-hydroxyl group (Scheme 24). The 4,4'-
aminobispyrrolidine 105 was then hydrogenated and N-alkylated on the unsubstituted pyrrolidine. The exocyclic
amino group was easily alkylated with the triflate of benzyl glycolate. After deprotection, the pentaacid 107 was
isolated in 68% yield from 106 (Scheme 25).

COoH

¥ I/

1. Hg, PA/C { S n 1. TIOCH,CO A S
105 —————» 1Bu0,C" N CO,'Bu O HOKC N COzH

2. BICH,CO,'Bu ) 2. Hp, PA/C )
87% BuO,C CO.'Bu  3.aq HCl, dioxane  HO,C cozH
106 68% 107

Scheme 25
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A synthesis of the pyrrolidine part of meropenem 111 was recently described by Sunagawa.38 Derivative 109,
a key intermediate, was prepared from N-[[(4-nitrobenzyl)oxy]carbonyl] derivative 108, a N-PNZ-protected
derivative of 1 through mesylation, thiol substitution of the resulting mesylate, and cyclisation with EtzN
(Scheme 26). Intermediate 109 was used in a one-pot amidation (compound 110) and substitution of a 2-[(di-

HO, S
1 Z \ 1. MsCl, EtgN, - 25° f‘?‘o Me,NH. HC!
N~ "COzH [
\ 2.H,S, EN, - 25° N ProNEt
PNZ 3. EtgN, CH,Cl,, Rfix PNZ 92%
108 84% 109
H CONMe,
Me
N7~ CONMe, , P
) —_— N N.
PNZ o H
CO.H
110 11
Scheme 26

phenylphosphono)oxy}- 1-methylcarbapenem derivative. After deprotections of the p-nitrobenzyl ester group on

carbapenem and the N-PNZ group of the 2-(4-thio-4-yl-prolinamide) side-chain, antibacterial agent meropenem
111 was obtained (Scheme 26).

OMe

Q¥

N
OMe

Tasgs,

didemnin B (R = H)

The didemnins are a class of novel cyclodepsipeptides, with a common macrocycle and a variable side chain
attached to the backbone via the amino group of a threonine residue. Joullié39 introduced modifications of the R
side chain of didemnin B. In particular, a hydroxy group at C-4 of the proline was thought to increase the polar
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nature of the molecule. Unsaturation at C-3-C-4 of the proline ring was also selected to increase rigidity of the
ring.

HO,
Ho, )
2 \ TBDMSO Q ~CO,Me
1 N~ TCOxMe I BOP, CH.Cl,, NMM J\./ 1. TBDMSCI, ImH, DMF
—_ \ + - o
H HO” Y0 84% * 2. LiOH, HO/THF
oTBOMS
112 13 114
TBDMSO,, o HO., .
( > >/\)Lo’\/SiM°3 1. BOP-CI, CH,Ch, NMM &(M COzH
N”TCOH + fom 2. Bu,N* F, THF .
o © 60% OJ\l/
OTBDMS OH
115 116 17

Scheme 27

The lactylhydroxyproline didemnin B side chain was prepared in good yield by coupling 112 with 113 using
the (benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate coupling reagent (BOP)
(Scheme 27). The following step consisted in coupling of acid 115 using the N,N-bis(2-oxo0-3-
oxazolidinyl)phosphonic chloride coupling reagent (BOP-Cl) with amine 116, obtained from D-leucine in 4 steps
and 76% yield, which in turn furnished proline 117 after quantitative deprotection of the hydroxyl and carboxylic
acid groups.

HO,
1. MsCl, EtsN — =\ M
e
QCOQMG 2.Ph,Se, NaBH, N"YCOH | . 1-BOP-CICHClo NUM qer COH
— +
o 3. pyridine, 30% H,0, 2. BugN* F, THF 0
4. LIOH, THF, H,0 60% o
OTBDMS OTBDMS OH
46%
114 118 119
Scheme 28

A similar methodology39 to synthesize derivative 119 was employed with formation of the internal double
bond in the pyrrolidine ring by using the procedure described by Riieger?? (Scheme 28). The attachment of the
carboxylic side chains 117 and 119 to the didemnin core was successfully accomplished with the help of the BOP
coupling reagent in 65% and 84% yield respectively, including the final deprotection step.
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”e--Nm m

echinocandin D

Ohfune?0 studied the total synthesis of a new fungicidal molecule echinocandin D. The 2-pyridylthiol ester of
O-protected-L-threonine 120 was coupled with unprotected 1 in the presence of trimethylsilylimidazole (TMSIm)
to afford 121 (Scheme 29), which was in turn condensed in 72 % yield with 122 using diethylphosphorylcyanide
(DEPC) as a coupling reagent (Scheme 30). Compound 122 was prepared by coupling a triprotected
homotyrosine residue with the nitrogen of an O-silylated threonine residue followed by final addition of totally
synthetic 3-hydroxy-4-methylproline methyl ester, prepared from a glycidic acid derivative. Addition of a N®-

4
N TMSIm (2 equ.) Z_)'C‘)z"'

1 o+ TBDMSO S TBDMSO
EtaN (0.6 equ.)
Me o 67% Me 0
NH-Z NH-Z
120 121

Scheme 29

linoleyl-ornithine derivative to 123, afforded a hexapeptide intermediate which on deprotection and cyclisation
using diphenylphosphorylazide (DPPA) furnished echinocandin D in 27% yield from 123 (Scheme 30). Synthetic
echinocandin D was reduced (H;, Pd/C, 100%) and was found to be identical with a sample derived from natural

compounds.
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: OH

Me-- COMe  pepc, EtN Me-- COzMe
121 + N b N B

___ . echinocandin D
Me 72% Me
Mo \ﬁ(k
HO

o
HO NHZ
NH NH
“)° 0 A
NH, NN OTBDMS
a Y
OH
HO
122 123
Scheme 30

4, Pyrrolidine derivatives

Double inversion of 1, N-Boc protection, reduction with LiBHy, and protection with an O-p-methoxytriphenyl-
methyl group (MMTT) afforded 124. Vince#! described the condensation of 124 with 6-chloropurine to afford

¢l N NM82
NTH S 1. 40% aq. Me,NH NN
s ¢
\N N\

2. TFA, it l
HO, N‘ N/)
1. 6-chloropurine D 3. Dowex \
———
.._OMMTr PPh,, DEAD N _OH 4, Z-p-OMe-L-Phe [ . 5 .._OH
) ! 5. Hp, Pd/C
Boc 2. 80% AcOH Boc 0%
69% = o)
I =
MeO NH;
124 125 126
Scheme 31

intermediate 125, which was substituted with dimethylamine, deprotected with trifluoroacetic acid, acylated with
a phenylalanine derivative, to furnish the puromycin analogue 126 after a few steps (Scheme 31).
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1.80Cl; MeOH ~ AcO,_ AcO, AcO,
2. MeOCOC! / > 2e’, MeOH D [‘)\
. ———— e + &
3. Acz0, pyridine N” "COMe  Bu,NBF, MeO™ "N~ 'COMe  pmeo™ "N” "CO:Me
63% COsMe COsMe COsMe
127 128 (31%) 129 (7%)
Scheme 32

Walker#2 disclosed the preparation of an azanucleoside analogue as a potential antiviral drug. Protected proline
127 was electrochemically oxidized to furnish a mixture of 128 and 129 (Scheme 32). Coupling of 128 with bis-
silylpyrimidine in the presence of SnCly afforded a mixture of isomer 130 and its C-5 enantiomer in 26% yield.
Isomer 130 was further reduced with NaBH4 to 131 (Scheme 33).

Mg AcO, Mg  HO,
Bis-silylpyrimidine = _[‘)\ 1. NaBH,, THF — A
128 ° N COzMe 2. NaBH,, EtOH o N CH,0H
SnClg ﬂ"« f;l 2 . NaBHj, ”_< r;n 2
26% O COMe 15% O  CO,Me
130 (19%) 131
Scheme 33

Azami*3 prepared aldehyde 132 in high yield from 1 (Scheme 34). Aldehyde 132 was further reacted with 5-
lithium pyrazole to afford 133 after deprotection and reprotection with an allyloxycarbonyl group (AOC).

Reduction of the resulting hydroxyl function and thiol introduction in 134 via a Mitsunobu reaction was
performed in high yield.

3
1. AcCl, MeOH TBDMSO_‘ 1. Li N)\l TBDMSO, 1. NaH, CS;, Msl,
2.BnC), EtgN [ } Me ) » PhOCSCI
———— i ——e e —_—
3. TBOMSCI, ImH fil CHO 5 pa/C, HCO,NH, N N"" 2. BugSnH/ AIBN
4, DIBAL, - 78° Bn 3. AOCCI AOCOH Me o Lo veon
86% 85%
132 133 69%
HO, HS
M 1. PACOSH/ PPhg B
\ N 2. NaOMe \ N
Aoc  Me 83% Aoc Me
134 135

Scheme 34
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The key thiol 135 was coupled with a 2-[(diphenylphosphono)oxy]-1-methylcarbapenem in 73% yield
(Scheme 35) and was successively alkylated with a monotriflate of ethyleneglycol to furnish after two additional
steps the antibacterial carbapenem 136 (FR21818).

136 @ —

Scheme 35

Yoshifuji#4 demonstrated that the reaction of 4-chlorophenyl magnesium bromide with 137 proceeded
stereoselectively to yield a single adduct in 78 % yield (Scheme 36). Chlorination, dehydrohalogenation, and Hy/
Pt reduction of this adduct followed by decarboxylation in cyclohexanol and protection of the pyrrolidine ring led
to 138 (Scheme 36). Oxidation of 138 afforded a mixture of regioisomers 139 and 140 which were hydrolyzed to
PCPGABA 141 and (R)-baclofen 142 respectively. Baclofen (racemic form of 142) is a known antispastic agent.

Ci Cl Cl
1. p-CI-PhMgBr, CeCly
o?__)\ 2. SOCl,, pyridine
3. Ha, Pt RuO,
1= S\ coMe — > +
]

4.6N HCI, AcOH N"  Naio, Oy N0
Boc 5. Cyclohexanol, A Boc  83% Boc Boc
6. Boc,0O
137 o7 138 139 140
61:39
o HoN
—COH l
H COH . Y2 6N HCI
and H
HaN:
cl
142 141
Scheme 36

Giardina45 prepared 3-fluoro- and 3,3-difluoropyrrolidines in high yield and high enantioselectivity via
decarboxylated proline 143 (Scheme 37). Nucleophilic displacement of the tosylate of 143 with KF afforded, after
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1. Cyclohexanol HO, 1. TsCl, pyr F.
2. HCI 2. KF, ethyleneglycot
1 — + HCI
3.ZCl, EtsN N 3. Hy, PA/C \
| -2
70% z 4.Hel H
143 65% (R=2) 144
1. MsCl, EtsN « PCC
2. NaN;, DMF 73% | 2. DAST L
3. Hy, Ni Raney 3. Hy, PAC ‘

HzN 85%
9 F"B
N N
H

]
147 145 146

Scheme 37

hydrogenation, 3-fluoropyrrolidine 144. Oxidation of 143 with pyridinium chlorochromate (PCC) followed by
difluorination with diethylaminosulfur trifluoride (DAST) furnished 145 in good yield after hydrogenation.
Fluoropyrrolidines such as 144 and 145 led to potential analgesics of type 146.45

Sanchez46 described the preparation of protected (3S)-3-aminopyrrolidine 147 from intermediate 143 by
successive mesylation, inversion with sodium azide, and finally reduction with Raney nickel in good overall yield

(Scheme 37). Aminopyrrolidine 147 after deprotection was condensed with 7-halogeno-6-fluoroquinolones and
-naphthyridones.

5. Bridged piperazines and piperidines

A large number of new synthetic antibacterials such as 148, belonging to the class of fluoroquinolones, are
characterized by a 2,5-diazabicyclo[2.2.1] heptane moiety at C-7.47

o]

SEg
Rz—=N R,

148
Ri=Et, C-C3H5, BU;
Ry = H, Me;

X=CH,N
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The synthesis of the (15,4S) and (1R,4R) bridged piperazines were simultaneously reported by Bouzard,48
(Scheme 38), Braish4 (N-methylated derivatives) and Sauter;0 all started with L-Hyp 1, using similar pathways
by a method described previousty.51

HO, HO, Ts
1. Acz0 Z > 1. TsCl, pyr Z > oH 1. TsCl, pyr
——— ~, —_— > .~ »
2. EtOH, HCI " COEL 5 NEyAcO N 2. BiNHy,
H o 3. LiBH,, EtOH Ts toluene, A 8n
149 50% 150 8% 151
H
N
33% HBr @
R —— ———»
AoOH SrL 2 HBr
89% Bn 91 H (R4A)
152 153
Scheme 38

Inversion at C-25 of 1 was made possible by acetylation followed by esterification with ethanolic HCI to give
149. Inversion at C-4 was carried out by nucleophilic displacement’ of a 4-tosylate with tetraethylammonium
acetate followed by mild reduction with LiBH4 to give the free diol 150. Tosylation of the diol followed by
condensation with benzylamine afforded derivative 151. Deprotection with HBr in AcOH and then hydrogenation
led to the bridged piperazine 153 which was condensed with 7-halogeno-4-oxoquinolone or -naphthyridone in the
presence of bases such as DBU to afford derivatives of type 148.

1. AcsO TBDMSO TBDMSO,
2. EOH, HCI z—) 1KOH.EOH :) 1.LiAIH4,-40°C
1 ~——— . —_—
3. TsCl, pyr r:] COgEt 2. 3 5 (d|Me)pyrazoIe, I'I/N 2. MaMgBr, Et;,0
4. NayCO3 Ts 94% Ts 3. 3% HCI inEtOH
5. TBDMSCI, ImH 154 155 57%
25%
Ts H
Ho . ' 9 3
1. TsCl, pyridine 33% HBr
pMe 2. BnNHy, tol ane 70-90 % @ and
. BnNH,, toluene . .
¥e & ’ VoM ) Me N""Me N Me
S 61% Bn 50:50 Bn Bn B8n
156 157 158 159 160
Scheme 39

Remuzon52 reported the preparation of 7-(6-methylated 2,5-diazabicyclo[2.2.1]heptan-2-yl)-1,8-naphthyridone
derivatives for the synthesis of antibacterials53 (Scheme 39). The key step was the formation of an aldehyde by
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reduction of amide 158, followed by addition of a Grignard reagent to provide a 50:50 ratio of alcohols 156.
Further cyclisation of the ditosylate of 156 with benzylamine furnished (3R)- and (35)-3-methylpiperazines 159

and 160 after cleavage of the tosyl groups of 157 and 158 respectively.

1. Ac;0, AcOH EtCO,
2. ZCl, K,CO;4 AcO Meo 1. 6N HCI
1 3. KOH z") 1. (CHg)3CCHO, TFA N 2. HCV EtOH
4. Et4N*AcO’ N~ "COgH 2.LDA, Mel (6 equ.) Y 3.TsCl, pyridine
5. Hp, Pd/C H 50% 60%
19% 161 162
Ts
TsO N Me :.: Me
UMe 1. LiBH4 @ 33% HBr @
., ————————- —
N" COEt 2.TsCl, pyridine N 100 % N
Ts 3. BnNH,, xylene Bn B|n
163 10% 164 165
Scheme 40

Using known methodology, Remuzon54 synthesized Seebach's intermediate35 162 (Scheme 40) which led to
tosylate 163. This was reduced, tosylated and cyclised to the (1R)-1-methyl bridged piperazine 165 after
quantitative detosylation with HBr in AcOH.

m-CPBA, o) 1.MeoCuli, E0 ~ HO\  Me Me, OH
{ } CHCIa 2. H,, PA/C
1 —_— + .
“CO,Et N COEt CO,Et

45% N~ “CO2Et 3.TsCl, pyridine r‘ll
'z 60% Ts Ts
166 168 169
M
1. LiBH BnNH,, xylene
18 ——~ . 1—3\, 2 & — .
2. TsCI pyridine s% B N=Ts
0,
75% 9:2
170 171 172
(1R, 4R, 75)
Scheme 41

Methylated bridged piperazines of type 172 were described by Remuzon36:57 (Scheme 41). The key step
involved the opening of epoxide 167 with dimethylcuprate followed by deprotection and tosylation, allowing the
separation of regioisomers 168 and 169, obtained in a 8:1 ratio. Reduction of the mixture afforded, after
separation of diastereomers and tosylation, the pyrrolidines 170 and 171 in a 9:2 ratio. Cyclisation of 171
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occurred in good yield with benzylamine to furnish piperazine 172. Using the same procedure the (15,45,75)-
analogue was obtained from 170 in 51% yield. By selective deprotection either with HBr or hydrogenation it was
possible to get both (1R,4R,7S) or (15.,4S,7S) isomers of the final quinolones.57

Heterocyclic derivatives as 1-azabicyclo[2.2.1]heptanes have potential for the treatment of senile dementia of
the Alzheimer's type. Houghton38 disclosed the enantioselective synthesis of such derivatives (Scheme 42).

CO,Et Et0.C H EtO2 LN
1. Cyclohexanol S_ ‘ ‘
2. Boc;0, NaHCOg 1 \ g 7
T — - Nt

3. MsCl, EtgN, AcOEt t e Z’N 97%
73%
175

ANeBH, L_?*( 1TFA o \)—4 /r/\>>( 0

2. MsCl Et;N _ﬁ> —ﬁ> 2. NayCO4 [ + r
Boc 89%
177 173 179 180

Scheme 42

Reaction of mesylate 173 with an enolate anion of an oxadiazole derivative 174 in DBU gave a mixture of
adducts 175 and 176 which after reduction and mesylation afforded a mixture of 177 and 178. Deprotection of the
Boc group and cyclisation gave a 2:1 mixture of 179 and 180. (3R,4R)-Azabicyclo[2.2.1]heptane derivative 179
was enriched by epimerization with potassium z-butylate (Scheme 42).

6. Fused bicyclic derivatives

6.1. Benzodiazepine derivatives

Kamal3? reported the synthesis of benzodiazepines as potential antitumor antibiotics using an enzymatic
reductive cyclisation of the ethyl ester adduct of 181 and L-Hyp 1 resulting in the formation of 182 (Scheme 43).
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1.TEA RO n P
. . ROI:[NOZ 2 Eton, :@g}& PCC
MeO coc| 3. liver microsome MeC N -
o OH
182

79% (R = Bn)
181
H
RO N o , RO “ 9
H Baker's yeast H
MeO N 95% (R = Bn) MeO N
° o) o "OH
183 184
Scheme 43

Oxidation of 182 with pyridinium chlorochromate (PCC) furnished tricyclic derivative 183. Baker's yeast was
found to reduce selectively 183 to give derivative 184 in good yield and 97% ee.

64%

H
N
NO. 1. Ac;0, 95%
<0 2 1. Schotten-Baumann {3 H _———2——>
1+ —_— (o] N 2. Lawesson
o) CcOCl 2.5nCly
(o]

OH
185 186
NaBH,4
o Hs - % N /SCHa ™~ H_s
- 6]
SO % e SO SO
—
N 8% O N 0 N
0
OAc o OAc 'OH
187 188 189
Scheme 44

Using known methodology,50 RobbaS! prepared some dioxolo analogues of neothramycin and chicamycin
such as 187, 188, or 189 in order to design new antitumor agents (Scheme 44).

N3 N3 OH 1. EtOH, DCCI, DMAP H o}
1 + —_— 2. PBu, H
coci 6% 3. S0, CHoCly N
O COH gy J "
190 ;
19 192

Scheme 45
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Molina%? reported an efficient synthesis of prothracarcin 192 by an intramolecular aza-Wittig reaction of 2-
azidobenzamide ethyl ester of acid 191 (Scheme 45). Hydrolysis of the resulting iminoether led to 192 in an

excellent yield.
NO, n 0
1. Jones reagent
1+ ,& e H
0 2. HN03 o N
H 49%
0 o
193 195
g
@O N O
1. PhaP-CH -R S“C]Iﬂz H
2 LAH R H, 31% Ct N
R=H,51% R =Me, 5%
R = Me, Z+E mixture,39% N\R
197 M

Scheme 46

Breslin®3 has reported the preparation of analogues of TIBO (4,5,6,7-tetrahydro-5-methylimidazo[4,5,1-
jk][1,4]benzodiazepin-2(1H)-one), a known in vitro inhibitor of HIV-1 replication. Condensation of 1 with isatoic
anhydride 193 followed by Jones oxidation and nitration afforded 195. Wittig reaction and reduction with hydride
furnished benzodiazepines 196, which were cyclized to 197 by means of 1,1'-carbonylthicimidazole (Scheme 46).

6.2. Other bicyclic derivatives

A short synthesis of retronecine, a hepatotoxic derivative with some antitumor properties, was described

HO, TMSO, TMSO,
1. Cyclohexanol sec-BulLi, TMEDA Z 5 1.TFA :_CO2Me
1T — & TMS N D Taecn o TMS‘z > _—  »
2, BOCNa h TMSCI, - 78 °C ) 2. TMSCHzcl, N AQF, 72%
Boc ’ Boc  KoCOs3 L
86% 77% TMS
198 199 ° 200
HO,
b HQ, HO, DIBAL HO,
O . H. H. _— H.
"ll N+ MeO.C \ 95% HOH,
©
MeO,C 1:3
201 202 203 204

(+)-retronecine

Scheme 47
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by Pandey%4 (Scheme 47). Decarboxylated proline 198 was substituted at the 2-position by a silyl group. After
trimethylsilylmethy] substitution at the pyrrolidine nitrogen, compound 200 was coupled with methylpropiolate in
the presence of AgF to furnish a 3:1 mixture of 202 and 203 through a [3+2] cycloaddition of a non-stabilized
azomethine ylide (Scheme 47). Reduction of the methyl ester of 203 led to retronecine 204 .

7. Higher homologues of pyrrolidine rings

Haiisler83 reported the preparation of 4-hydroxyornithines 208 and 209 from 1 and also piperidone 214.

1.'8u0CI RO,
. +
1 Z 5 22BN ]\"‘ ; NH,OH.HCI CI‘HaN/Y\n/Co"’H
COMe 5 \aoH N TCONa  g2.91% OR NOH
00%
zos 206 207
+ + CO.H
207 2 . CrHgN . COH CI'HgN 2
NH OR NH, OR NH;
208 209
R=H 50 50
R=Bu 100 0
Scheme 48

The cyclic azomethine 206 easily underwent ring-opening with hydroxylamine (Scheme 48). Birch reduction

of the oximino derivative (R = t-Bu) gave stereoselectively the protected ornithine 208, while with no protection
(R = H), a 50:50 ratio of 208 and 209 was obtained.

F3CCOp.. (INOH
TEAA F3COCHN/\|/\CN +

207 NSO
A=H OCOCGF, H
210 (34%) 212 (35%)
MeOH MeOH | 86%
HO.. NOH  _  HO. . NHg*Cr"
F3COCHN/\'/\CN (I G L/I
OH N0 HCl N"o
i e i
211 213 214

Scheme 49
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Trifluoroacetic anhydride transformed oxime 207 into a mixture of nitrile 210 and piperidone 212,65 which
was further hydrolyzed to 213 and hydrogenated to give 3-amino-5-hydroxypiperidone 214 (Scheme 49).

TBDMSO, 1.TFAA

TBDMSO. OH HO., OH
27% ] > 2.EtsN NBu,F L/\/r
blj CH20H 3. NaOH [:] 89% f:l
Bn 65% Bn Bn
215 216 217
Scheme 50

Cossy56 disclosed a simple procedure for obtaining chiral 3-hydroxypiperidine from prolinol derivatives
(Scheme 50). Prolinol 215 obtained in three steps from 1, and reacted with trifluoroacetic anhydride to provide
216. An intermediate azidirinium ion was postulated. Alkaline hydrolysis of the intermediate trifluoroacetate
followed by desilylation of 216 with BusNF allowed isolation of 217 in high enantiomeric purity.

TBDMSO._ 1.DIBAH,-78°c  TBDMSO,
4 1. HCO,H, 37% HCHO Z 5 2. (E1O),P(O)CH,CO,El D\/\
N COoMe N COEt
2. SOCl,, MeOH h NaH b
3. TBOMSCI, ImH, CHxCl, Me 65% Me
90% 218 219
- -
TBDMSQ Me GO
AcCl, KoCO5 |__. _
ittt N"}. A ——» TBDMSO N
AlMeg, CHCly ®V\,COQEt p
65-85% \€ Me 4
o]
220 221
Scheme 51

NubbemeyerS” reported the synthesis of an optically active nine-membered ring lactam by a zwitterionic aza-
Claisen reaction (Scheme 51). After N-methylation, O-silylation and methyl ester formation, compound 218 was
transformed into an aldehyde which was subjected to a Horner olefination to provide ester 219. Special two-phase
conditions were developed for the Claisen rearrangement of allylamine 219, giving a [3,3]-sigmatropic

rearrangement (rather than a Von Braun degradation) as described with figure 220. Finally, lactam 221 was
isolated in 65% yield.
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8. Chiral catalysts

New hydrogenation catalysts were developed by Takeda®8.69. Their preparation is described in Scheme 52.
From 1, prolinol 222 was prepared in 28% yield in 6 steps. Double selective phosphorylation, mesyl deprotection,
reduction to the diphosphine, and urea formation with methylisocyanate furnished 223 in 16% yield from 222.

MeO,S0, 1.Cy,PNa Cy2P-,
2. H,0,, then HCI
1 — . OTBS -2 PP
N d 3. Hp, 5% Rh ~PPha
]

SOzMe 4. MsCl, pyr CONHMe
5. PhoPNa

222 6. HSICly, EtN 223

7. 33% HBr-phenol (2R.4R)-MCCPM
8. MeNCO, CH,Ch

16%

Scheme 52

(R)-(-)Phenylephrine 225 was obtained by Takeda®8 by asymmetric hydrogenation of a-aminoacetophenone
224 with the (25,45) enantiomer of N-(methylcarbamoyl)-4-(dicyclohexylphosphino)-2[(diphenylphosphino)-
methyl])pyrrolidine 223 or MCCPM rhodium catalyst with 85% ee (Scheme 53).

GBn 1. Hy, EtgN, 50°C, 20 atm. OH
[Rh(COD)Cll,/ 25,4S-MCCPM
e 2. Hy, PA/C N Ve
' HCI , |
o &nHC 98% OH H
224 225
Scheme 53

Using the same catalyst, the same author®® was able to reduce with high enantioselectivity (90% ee) derivative
226 which was further transformed into ($)-(-)-levamisole 228 in a few steps (Scheme 54).

&

Hy, EtgN, 50°C, 20 atm.

Cl/j [Rh(COD)CI]o/ 25,4S-MCCPM cl N
— i
N 90% N
i . HCI ] .HCI

o H OH H
227 228

0---
b2

226
Scheme 54
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Finally, enantioselective synthesis®® of (S)-propranolol 230 was achieved from 229 with the MCCPM catalyst
in excellent yield and good ee (91%) (Scheme 55).

O J\ Hap, EtaN, 50°C, 20 atm. /k
[Rh(COD)Cl],/ 25,4S-MCCPM O o N
(o VS
O H H
229

. HCI 98% OH
230

Scheme 55

9. Conclusion

We have explored a huge variety of chiral molecules, the synthesis of which started with L-Hyp 1. In a large
area of medicine, the drugs arising from L-Hyp 1 or derivatives are present: antibacterials with carbapenems and
fluoroquinolones; antibiotics for HIV infections: azaanalogues of nucleosides, puromycin and TIBO analogues;
potential antitumor compounds: fluoroglutamic derivatives; immunostimulants: azaanalogues of nucleosides;
antitumors: benzodiazepines analogues, retronecine; antifungals: echinocandins; antitussive drugs: baclofen;
analgesics: fluoropyrrolidines derivatives; senile dementia: 1-azabicycloheptane derivatives. Also, L-Hyp 1
derivatives act as catalysts for asymmetric hydrogenation.
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