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Synthesis of (ZS,3S)434Il]- and fZS~R)-[2~-2H21=Proline 
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The amino acid proline (1) and its analogues are co~ti~n~ of antibiotics and provide ~~0~~0~ 
constraint in proteins. Investigation of the stereochemistry of metabolic reactions of prolinet~ led to early 
syntheses of stemospeAfically labelled samples of prollue. Samples labelled in the 4-position were prepamd by 
reduction of tosylates of 4-hydroxyprolines with LiAl%I4 or Lii2H4.t For stereospecific labelling at C-3, 
catalytic tritiation of 3,~dehy~op~l~e (2) yielded (~S,~S,~R)-[~,~-~HZI-P~~ (1, ND = HA = 3E) 2.3 
and catalytic reduction of the protected [3-%I&2,3dehydroproline derivative (3), followed by deprotection and 
resolution, gave (2S,3R)-[3-3Ht]-proline (1, HB = 3H).5 Recent NMR spectroscopic studies have revealed 
that the samples of (2S,3S,4R)-[3,4-3H2]-proline (1, RD = HA = 3H) were not, in fact, entirely lab&xi only 
in the positions indica~,’ and it was also known5 that the sample of (~,3R)-[3-3~-~~ne (1, HB = 3H) 
exhibited some scrambling of the label. 

It is evident that an improved synthesis of samples of proline steteospecif~cally labelled at C-3 would be of 
considerable benefit to stereochemical studies of the metabolic reactions of proline. We thetefore wish to report a 
simple and effective synthesis of samples of proline which am labelled with deuterium in the 3-pro-R and ~-PI-O- 
S positions respectively. This synthesis has the added advantage of proceeding via stereospeciflcally labelled 
derivatives (4) of pytoglutsmic acid. Since we have shown that leucines and other amino acids9 can be auzssed 
from pytoglutamic acid, the synthesis of a variety of useful stereospecifically labelled amino acids can, therefore, 
in principle be completed. 

ti il h$le Ii 

(1) (2) (3) (4) 

As we had already completed a synthesis of stereospecifically labelled samples of glutamic acid,fu 
cycllsation of these seemed to provide a useful route to stereospeciflcally labelled samples of pyroglutamlc acid 
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and thence of proline. We therefore used the method of Gibian and Kliege@ to convert our samples of glutamic 
acid to the pyroglutamates (7) via the anhydride (6).12 The IH-NMR spectra of these compounds indicated 
that, although the labels at C-3 were intact in the products, the procedure was accompanied by a small amount of 
epimerisation at C-2 in the rearrangement of the anhydride (6) to the acid (7). The synthesis was also lengthy. 
At this point, ~in~stigation of our original synthesis of glutamic acid in conn~on with studies on the 
biosynthesis of carbapenam antibiotics, suggested a mom diit solution to the problem. 

(5) (6) (7) 

In connection with metabolic studies, we have devised general syntheses of stereospecifically labelled L- 
and D-ammo acids. As the fkst step in the synthesis of the L-amino acidsl*~1~~~4 and some &amino acids,l5Je 
we used the well know&*7 anti- addition of ammonia to the double bond of fumaric acid (8) to obtain samples 
of (2S,3R)-[3-2Ht]- and (2S,3S)-[2,3-2H2]-aspartic acids, (9, HA = %I) and (9, Hg = Hc = 2H) 
mspectively. Yields were of the order of 25 - 50% from this tea&on and it was not always easy to obtain the 
product free of inorganic salts. Subsequent to our work, Wooda@ reported that E. coli immobilised on 
poly~l~i~ gel could be used to effect this synthesis, and we have obtained the labelled asparmtes (9, HA = 
2H) and (9, HB = Hc = 2H) in excellent yield and purity using this method.19 The samples of aspattic acid 
were converted to the diazoketones (12) by the route outlined in the scheme below. Since reaction of the 
aspartates (9) with trifluoroacetic anhydride, followed by methanol treatment of the resultant protected anhydride 
was not entirely regiospecific, giving cu. 80 96 of the esters (lo), and 20 96 of the isomers (13). we originally 
purified the compounds in our synthesis by mcrystallisation of the acid chlorides (11) from benzene. We have 
now found it more convenient to carry the synthesis through on mixtures of regioisomers and to separate the 
diaxoketones (12) from theii regioisomers (14) by recrystallisation from dichloromethane and petroleum ether. 

(8) (9) (10) (11) 

(14) (13) (12) 

Photolysis of the diaxoketones (12) in redistilled methanol gave the desired protected dimethyl glutamates 
(16) and we have shownlO that this reaction proceeds with retention of stereochemistry at the migrating primary 
&ii centre in the Wolff ~gern~~ However, when pho~lys~ of the ~a~~~ diaxoketone was carried 
out iu methanol which had previously been dried by distillation from magnesium me&oxide or calcium hydride, a 
new product was often obtained. This was identified as methyl pyroglutamate (4) by spectroscopic comparison 
with an authentic sample. When the reaction was repeated using the labelled diaxoketones, stemospecifically 
labelled samples of me~yl p~~u~a~ were obtained with no loss of &irality. 
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The most reasonable explanation for the new course of the reaction was that the solution had become 
slightly alkaline leading to hydrolysis of the trifluoroacetate. ‘lbe resultant intermediate (17) would then undergo 
~~01~~~ nucl~p~ic ad~tion of the amine to the ketene axon, yielding the p~oglu~a~ (4). In 
neutral conditions the unhydrolysed trifh~oroacetami& moiety would not be nucleophihc enough to compete with 
methanol for tbe ketene in the intermediate (15) and so the protected dimethyl glutamate (16) would be formed. 
To test this hypothesis, the diaxoketone (12) was hydrolysed to the corresponding free amino acid by adaptation 
of the method of Weygandm and DeWald21 using 1N aqueous NaOH in me~ol. Pho~~ys~ of the crude 
amino acid diazoketone in methanol gave (2S)-pyroglutamic acid. Unfortunately when this sequence of reactions 
was conducted using the stemospecZcally lahelled samples of diaxoketone (12), the 3R and 3s deuterium labels 
(but not the C-2 label) were exchanged Photolysis in methanol containing sodium methoxide caused exchange of 
labels both at C-2 and at C-3. E~n~~ly con~tions were found which reliably gave the s~r~~~~y 
labelled methyl pyroglutamates (4). Photolysis in methanol containing 1 equivalent of 6% w/v aqueous sodium 
bicarbonate gave the labelled esters (4, HA = 2H) and (4, HB = Hc = 2H) in good crude yield. These were 
converted to the corresponding rert-butoxycarbonyl protected derivatives (18, HA = 2I.r) and (18, Hn = Hc 
= 2H) by reaction with ~-re~z-~tyl~~~ and DMAP in acetonitrile and the products were purified by flash 
chromatography on silica gel. 

o~~M--J--$k~ $iMF &12H 
2 2 

C02’Bu CO,‘Bu 
I 

H H 

(4) (18) (19) (1) 

There am several methods in the literatum for converting pyroghnamic acid derivatives to proline. We were 
unsuccessful in reducing pyroglutamic acid itself using the method of Montiero,p but reduction of the methyl 
re~-bu~xyc~~ny~~~u~ (18) was achieved in good yield using borane dimethyl sulphide. The 1H 
NMR spectra of the products (19) were complicated by the well known23 conformational isomerism found in N- 
acylproline derivatives but, when the products were deprotected using refluxing 6N HCl, good yields of the 
labelled prolines (1) were obtained. The lH NMR spectra of these compounds, shown in the Figure, indicated 
~~~0s~~~ Ia~R~g, and so synthesis of (2S,3S)-r3~HlJ-~o~~ (I, HA = 2H) and (2S,3R)-[2,3-2H& 
proline (1, HB = Hc = 2H) had been achieved. 
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Figure 360 MHz IH NMR Spectrum in 
CzH@H of (a) (2S)-proline (4) 
(b) (2S,3S)-[3-2Hj]-proline 

(4, HA = %I); and 
(c) (2S,3R)-[2,3-zHz]-proline 
(4, HB = Hc =zH) 
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