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Absatw The mwchenkal COLIW of the hydroxyM.ion of (Sjqroline by yline. 4-~ydroxylase from 
Streptomyccs griseoviridus P8648 has been investigated using (Zs, 4.5’)[4- Hll-prolme and (2S. 4R)-[4-*H&proIine 
and found to occur with retention of stere.oche.mistry at C-4 of proline. 

Hydroxylated proline residues are constituents both of certain proteins, such as collagen,* and of a number 

of peptide derived mictobial secondary metabolites? In the case of collagen, the biosynthetic mute to the 4- and 3- 

hy~ox~~line residues has been extensively studied and shown to occur as post-~slation~ modifications 

catalysed by prolyl dhydroxylase (E.C. 1.14.11.2) and prolyl3-hydroxylase (EC. 1.14. I 1.7) respectively. These 

enzymes require 2-oxoglutarate and dioxygen as cosubstrates and hence belong to the family of 2-ox0 acid and 

related dioxygenases.3 In contrast, in the biosynthesis of the antibiotic etamycin 1, produced by various strains of 

Srrepromyces griseoviridus? radiolabelled feeding experiments have revealed that free (S)-proline 2a is initially 

hydroxylated to give free (2S, 4R)-hydroxyproline 3a before incorporation into the macrocycle and epimerisation 

at the a-centres (Scheme 1). Subsequently, Onishi er a16 reported a crude cell free extract of S. griseoviridus 

P8648 which was capable of converting Q-proline to (2S, 4R)-hydroxyproline. The crude activity was reported to 

have similar cofactor/cosubstrate requirements to the mammalian prolyl hydroxylases and thus also belongs to the 

2-0~0 acid dioxygenase family. Proline 4-hydroxylase has now been purified by us7 and in this report we 

describe the strereochemical course of the pmline hydroxylation reaction. 

The desired substrates 2b and 2e have been previously synthesised from (2S, 4R)-hy~ox~~line 3a by 

Fujita Ed aI,8 however, this synthesis proceeded via prolinol intermediates, which necessitated undesirable redox 

manipulations, hence an improved protocol was developed. Thus, (2S, 4R)-hydroxyproline 3a was converted to its 

N-BOC, 4-tosyl derivative 4 in two steps 9vto and deuterium was stereospecifically incorporated by 8~2 

displacement of tosylate using lithium triethylborodeuteride in tetrahydrofuranlt Trifluoroacetic acid deprotection 

yielded the 4S-diastereomer 2b [m/z(DCI-NH3) 119 (O%), 118 (X5), 117 (MH+, lOO), 116 (3), 115 (S), 114 

(1.5). 113 (O)]. For the 4Rdiastereomer 2c, N-terr-butoxycarbonyl-(2S, 4R)-hydroxyproline was converted to the 

4Stosylate 5 via oxidation to the ketone 6 using Jones reagent in acetone12 followed by reduction using sodium 

borohydride in methanol13 and tosylation. 10 Reactions analogous to those utilised for the other stereoisomer led 

to the desired product 2c [rn/z(DCI-NH3) 120 (O%), 119 (1), 118 (5), 117 (MH+, lOO), 116 (3), 115 (4), 114 

(lS), 113 (O)] (Scheme 2). (During the sodium ~mhy~de reduction of ketone 6, a small amount (ea. 15%) of 

the 4R-al~hol was formed, which was removed at the tosylate stage by chromato~phy.) 
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Scheme 2 i, (tB~OCO~O, NaOH, ‘BuOH/H20. 1 8h9 (Yield=85%); ii, p-Toluenesulphonyl chloride, 

NaOH, H20/Eb0, 24h” (4 Yield=66%; 5 Yield=62%); iii, Lithium hiethylborodeuttide, THF, 24h 

t~flux” (4Spmduct, Yield=35%, 4R-product. Yield=367) o ; iv, Triflu~etic acid, 30 min. (Yield=quant.); 

v, Jones reagent, acetone, lh12 (Yield=73%); vi, Sodium borohydxide, MeOH, 0°C. 3.5h13 (Yield=90%); 

vii, Incubation with proline’rFhydroxylase - see text. Steps (i) to (vi) unoptimised. 
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The labelled [4S-2Ht] 2b and [4R-2Hi] 2c (2S)-prolines were incubated with partially purified bacterial 

proline 4-hydroxylase.7 in the presence of the appropriate cofactors. 14 The resultant (2S, 4R)-hydroxyprolines 

were derivatised to their N,O-bistrifluomacetyl methyl esters, essentially as described previ0usly,~5 for analysis 

by gas chromatography/mass spectrometry (BPX.5 column, DCLNH3) (Table 1). The substrates 2b, 2~ were 

reisolated from incubations to ensure no loss of label from the (S)-prolines had occured during the incubation 

(Table 2). 

In the case of the (2S, 4S)-[4-2Ht]-proline 2b, the W-MS analysis indicated retention of the deuterium 

label (Table 1 entry b) to give labelled product 3b, whereas, in the case of the (2S, 4R)-[4-at]-proline 2c. loss of 

the deuterium label was observed to give 3a (Table 1, entry c). In neither case was any loss of label from the 

proline substrates observed (Table 2, entries d and e). In each case the isotope content of the derivatised reaction 

products (3a or 3b), as indicated by GC-MS analysis demonstrates that the hydroxylation of (S)-proline by 

pmline 4-hydroxylase proceeds with loss of the pro-R hydrogen at C-4 with overall retention of stereochemistry. 

m/z 355, 356 - [MNIQ]+ 

% observed 241 242 243 244 245 258 259 260 261 354 355 356 357 358 

(a) 20 2 22 7 - 2- - - 100 8 - - 

(b) 2 22 12 64 3 2 20 2 2 100 9 - 

(c) 63 22 77 3 - 21 1 - - 100 12 - - 

Table 1 Mass spectra data for N,O-bistrifluoroacetyl methyl ester derivatives of (2S, 4R)-hydroxyprolines from 

(a) authentic (2S, 4R)-hydroxyproline 3a; (b) incubation of (2S, 4S)-[4-2Hil-proline 2b with proline 4- 

hydroxylase; (c) incubation of (2S, 4R)-[4-2Ht1-proline 2c with proline 4-hydroxylase. 

m/z 166,167 - [M-CO$H3]+ 226,227 - [MH]+ 243,244 - [MNI$]+ 

% observed 166 167 168 226 227 228 242 243 244 245 246 
(a) 69 5 - 73 6 - 100 8 - - 

(b) - 33 2 64 5 _ _ 100 8 - 

(c) 3 33 2 2 66 7 3100 8 1 

(d) - 22 - 45 1 3100 7 - 

(e) 2 31 2 2 63 6 1100 9 - 

Table 2 Mass spectra data for iWrifluoroacety1 methyl ester derivatives of (S)-prolines from (a) authentic (S)- 

proline 2a; (b) authentic (2S, 4S)-[4-2Ht]-proline 2b; (c) authentic (2S, 4R)-[4-2Ht]-proline 2c; (d) incubation of 

(2S, 4S)-[4-2Ht]-proline 2a with proline 4-hydroxylase; (e) incubation with (2S, 4R)-[4-2Ht]-prohne 2c with 

proline 4-hydroxylase. 

The observation that the hydroxylation of Q-proline 2a by proline 4-hydroxylase proceeds with retention 

of stereochemistry at C-4 is in accord with previous studies on hydroxylation reactions catalysed by 2-0~0 acid 

dependent dioxygenases, including mammalian prolyl 4-hydroxylase. 8~6-21 In addition, the desaturative 

cyclisations to form the clavams22 and the penams ,23 which are catalysed by related dioxygenases. have been 

shown to proceed with retention of stereochemistry at carbons which are oxidised. The only exceptions to this 

general trend have been observed in the ring expansion of penicillin N to deacetoxycephalosporin ~24-26 
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(catalysed by deacetoxy/deacetylcephalosporin C synthase) and for the second (S containing) ring formation in 

tripeptide bicyclisation reactions with certain unnatural substrates as catalysed by isopenicillm N synthase.27 It is 

noteworthy that the former exception involves a rearrangement via a postulated free radical and both exceptions 

involve carbon-sulphur ratber than carbon-oxygen bond formation. 

We are grateful to the S.E.R.C. for support of this work and to Mr. J. W. Keeping and Mr. R. G. Procter 

for expert technical assistance. 
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