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Introduction

Trans-4-hydroxy-L-proline 1 (Hyp) (Figure 1) is a non-proteinogenic amino acid produced by hydroxylation of proline by the
enzyme prolyl 4-hydroxylase during the post translational modification following protein synthesis.! Hyp is a major component of
the protein collagen and plays a key role in the stabilization of triple helical supercoil of collagen.? Hyp rich glycoproteins are vital
structural ingredients in the plant cell wall. They participate in the formation of crosslinked networks in the cell wall which is
significant for wall strengthening as well as disease resistance.”? Hydroxyproline is a rich source of reduced carbon and nitrogen.? Trans-
4-hydroxy-D-proline (D-Hyp) 2, enantiomer of natural Hyp 1, has also found enormous chemical and biological applications. In 2007,
Waffenschmidt reported the isolation of linear hydroxyproline bound O-glycans of unicellular green alga Chlamydomonas reinhardtii
from the outer cell wall of glycoproteins.’ Through structural identification® as well as chemical synthesis,* it was established that some
of these hydroxyproline bound O-glycans such as 3 and 4 are constituted of D-Hyp. It has also been shown that D-Hyp is a promising
candidate for the tuning of pharmaceutical, biological or physiochemical properties of de novo designed or naturally occurring peptides.
Nishizawa et al have shown that an analogue of peptide PYY possessing a combination of N-terminal 4-imidazolecarbonyl moiety and
three amino acid substitutions D-Hyp, isovalin and c-methylleucine, not only improved the binding affinity of the peptide for Y2R but
also increased its anorectic activity in lean mice.’ D-Hyp based amide 5 has been

developed by Pippel et al as histamine H; receptor antagonist.® Quinoline bearing proline derivatives such as 6 derived from D-Hyp
displayed significant a-amylase inhibitory activity.” A series of carboxamides derived from D-Hyp have been tested for their
antimicrobial and antifungal activities amongst which compound 7 was found to be the most potent.® Conformationally constrained
diethylenetriaminepentaacetic acid (DTPA) analogues derived from both Hyp and D-Hyp have been investigated for their complexation
with paramagnetic metals such as gadolinium and lutetium.® Stereoselective synthesis of N-protected alkoxy prolines, including
examples from D-Hyp, as potential serine protease factor X, inhibitors has been reported by Vrieze.!? Synthesis of novel peptide nucleic
acids through the replacement of the hydroxyl group of Boc-protected Hyp and D-Hyp by nucleobases was reported by Lowe.!! Several
N-acyl carboxamide derivatives were synthesized from various hydroxyprolines, including D-Hyp, and investigated for their efficacies
as inhibitors of human plasma kallikrein.!> Compound 8, an inhibitor of cathepsin C, a dipeptidase I, was synthesized from D-Hyp.'?
Hyp and D-Hyp have also found applications as asymmetric catalysts in organic synthesis.'* As D-Hyp is not naturally occurring, it has
to be synthesized and is about 75 times more expensive than natural Hyp. The method originally developed by Robinson,!* involving
epimerization of both the chiral centres of natural Hyp 1, through a sequence of steps is long, tedious, expensive and low yielding
besides formation of an unwanted olefin by-product that further complicated the purification process as claimed by Stille.!® Despite
these limitations, this strategy is the only one that has been followed by other groups mostly for the synthesis of
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Figure 1. Structures of hydroxyl proline and relevant compounds of biological significance

protected D-Hyp and not D-Hyp itself.#!! Two other strategies reported by Arai'” and Pilli'® are synthetically not attractive as D-Hyp
was obtained as one of the many possible products from mixtures.

Trans-4-hydroxy-D-prolinol 9, the reduced form of D-Hyp 2, also plays significant roles in the areas of synthetic organic chemistry
and biology. Synthesis of biologically important pyrrolidine based nucleosides derived from trans-4-hydroxy-D-prolinol and its
derivatives are known.!® Constrained FTY720 analogue 10, benzyl ether derivative of trans-4-hydroxy-D-prolinol, possess anticancer
activity.?’ Trans-4-hydroxy-D-prolinol and its derivatives such as 11 have been successfully employed as chiral catalysts in various
asymmetric synthesis?! and receptor binding studies.?? The only method available for trans-4-hydroxy-D-prolinol is through reduction
of the ester of D-Hyp.
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Figure 2. Structures of 4-hydroxy-D-prolinol and its derivatives.

Given this background and due to paucity of enough strategies to access D-Hyp and 4-hydroxy-D-prolinol, it was considered
worthwhile to develop a new chiron based approach for the synthesis of both of them starting from a substrate that already possesses all
the required absolute stereocentres and proceeds with complete stereochemical integrity.

Results and Discussion

Recently, we have reported a divergent synthesis of 1,4-dideoxy-1,4-imino-L-xylitol and deacetyl (+)-anisomycin wherein their key
pyrrolidine moiety was installed through an oxidative cleavage cum concomitant intramolecular cyclization of a vicinal diol derived
from tri-O-benzyl-D-glucal.? It was envisaged that a similar reaction on 4,6-di-O-benzyl-3-deoxy-D-glucal 12242’ derived vicinal diol
would offer a straightforward approach to D-Hyp and its corresponding prolinol. With this idea, we started our synthesis with the
chemoselective debenzylation of the primary benzyloxy group of hemiacetal 13, which, in turn, was synthesized in one-pot two steps
from 4,6-di-O-benzyl-3-deoxy-D-glucal 12 as reported by us earlier.?’> Exposure of hemiacetal 13 to ZnCl, in presence of Ac,0O and
AcOH? resulted in a facile debenzylative acetolysis of primary benzylozy group that was also accompanied with acetylation of the
anomeric hydroxyl group to give the diacetate 14 in 78% yield. Next, reduction of the acetate groups of 14 and in situ reductive ring
opening of
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Scheme 1. Synthesis of intermediate 15 from glucal 12.
the resulting hemiacetal to triol 15 (84% yield) was accomplished by refluxing it with LiAlH, in THF (Scheme 1).

As planned, oxidative cleavage of vicinal diol group of 15 was then carried out with NalO, in dichloromethane at 0 °C—rt for 12 h.
The reaction directly afforded a diastereomeric mixture of cyclic hemiaminal 17, in 92% yield, formed through concomitant cyclization
of the initially formed aldehyde 16, as evidenced from the crude NMR ('H and '3C) spectra of the product. Absence of signal due to
aldehydic proton and carbonyl carbon as well as appearance of a signal at 3 5.45 ppm (due to hemiaminal proton) and & 88.24 ppm (due
to hemiaminal carbon) in its 'H and 3C NMR spectra respectively confirmed the formation of pyrrolidine ring. The product was filtered
through a short silica gel column and was taken forward for the next step as such. Deoxygenation of hemiaminal 17 was next performed
with Et;SiH in presence of BF;.Et,0O to get 18 in 85% yield. Oxidation of side chain primary hydroxyl group of 18 under Jones’
condition (CrOs, aq. H,SO,4) smoothly delivered the corresponding carboxylic acid 19. One step deprotection of both the benzyl and
tosyl groups of 19 was conveniently achieved under Birch condition to obtain the target molecule, trans-4-hydroxy-D-proline, 2 in 79%
yield (Scheme 2). Its specific rotation [a]*°p +72.0 (¢ 1.0, H,0) is in complete agreement with the literature reported values [a]* +76.0
(c 2.0, H,0)} % and {[a]*'p+79.3 (¢ 2.0, H,0)},'¢ so also its 'H and *C NMR spectral data.!® On the other hand, direct Birch reduction
on 18 afforded frans-4-hydroxy-D-prolinol 9 in 71% yield (Scheme 2).
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In conclusion, we have accomplished a practical synthesis of 4-hydroxy-D-proline and prolinol starting from 4,6-di-O-benzyl-3-
deoxy-D-glucal through oxidative cleavage as the key step. The novelty of the work is that the whole synthetic sequence proceeds
through complete stereochemical integrity. Notably, there was no formation of unwanted side products/mixtures in any of the steps.
Synthesis of 4-hydroxy-D-proline has been accomplished in 11 steps from commercially available 3,4,6-tri-O-acetyl-D-glucal with an
overall yield of 9.6%. It may be noted that the literature reliable method'® to obtain 4-hydroxy-D-proline was carried out in 10 steps
from trans-4-hydroxy-L-proline with an overall yield of 4.2% and required excess of expensive silver carbonate as well as hazardous
diazomethane. As all the steps described herein are well established and also do not require any special reaction condition, this
methodology should be easily amenable for scale up. This synthetic protocol is thus expected to serve as an attractive alternative to the
existing ones for the synthesis of D-Hyp.
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HIGHLIGHTS

Trans-4-hydroxy-L-proline (Hyp) is a non-proteinogenic amino acid.
Trans-4-hydroxy-D-proline (D-Hyp) is a non-natural enantiomer of Hyp.
Hyp and D-Hyp have found various biological applications.
4,6-Di-O-benzyl-3-deoxy-D-glucal has been utilized to synthesize D-Hyp.

The reported synthetic protocol proceeds with complete stereochemical integrity.



