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Abstract: N-Diisopropyi phosphoryl protected amino acids can be prepared in high yield and without
racemization by slow addition of sodium hvpochlorite to a solution of the amino acid and

dnsopropylphosphxte in water while carefully maintaining a constant pH via the addition of sodium
hydroxide. © 1998 Elsevier Science Ltd. All rights reserved.
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As part of an ongoing drug development program we recently had a need for N-(O,O-diisopropyl
phosphoryl)-tfrans-4-hydroxy-L-proline (1; DIPP-HyPro). The dialkyl phosphoryl group has been used only

occasionally as an amine protecting group. We were attracted to this protecting group since it had been
reported that deprotection can be achieved under acidic conditions similar to those used to deprotect fers-butyl
carbamates (BOC groups). 23 The DIPP pmt_c cting group offers particular advantages over the BOC group.
Most importantly, diisopropylphosphite is a significantly cheaper reagent than di-zert-butyl dicarbonate in the

protection step.
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Bistrimethylsilylation of amino acids followed b reaction with di alkylphosphorochlorldates was recently
reported.*  Alternatively, several modifications of the classical Atherton and Todd® procedure have been
reported. Most notably, Zhao’s group has described the reaction of amino ac1ds with diisopropylphosphite in a
mixture of water, ethanol (or DMF), carbon tetrachloride and triethyl amine.® While this procedure provided 1
in good yield in the racemic series,” we considered this process impractical for scale-up since carbon
tetrachloride is a known carcinogen. It is accepted that under the Atherton/Todd conditions dialkylphosphite 2
is chlorinated to give dialkyl phosphorochloridate 3 (Scheme 1). Reaction of 3 with the amino acid 4
produces the product 5. A total of two equivalents of base are needed to accomplish these transformations
with one equivalent presumably deprotonating the phosphite in the first step® and the other neutralizing the
hydrogen chloride in the second step. It was our idea that the reaction of 2 with 4 to yield 5 could potentially
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be achieved under more practical conditions by the use of sodium hypochiorite which formally is a
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In this letter we would like to report our discovery of exceedingly practical and general conditions for the
high yielding preparation of diisopropyl phosphoryl protected amino acids under aqueous conditions via the
reaction of diisopropylphosphite’ with sodium hypochlorite in the presence of the amino acid. Optimal
reaction conditions for protection of rrans-4-hydroxy-L-proline were defined. Solutions of sodium
hypochliorite and sodium hydroxide are added simultaneously to an ice-cold solution of the amino acid and
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diisopropyiphosphite in water Whiie "nouqenola bleacn (a 5.25 wt% solunon ot sodlum hypochlonte in

Reactions were run mamf.ammg the pH within different ranges. It was feund that at pl1<9.0 and pH>9.5
vmldq were lower than i thc pH 9.0-9.5 mnge It is ncss;ble that at nH 9.0 hosphoramlda.e formation i

which has a dlfterent oxxdatlon potential.'® On the other hand at pH>9 5 hydrolysls of the mtermed1ate
diisopropyl phosphorochloridate is presumably becoming competitive to phosphoramidate formation. The
same trend was also observed for several other amino acids (vide infra). The pH during the reaction can be
accurately controlled via the addition rates of the bleach and sodium hydroxide. For optimum reaction control
we preferred to use a pump for addition of sodium hypochlorite at constant rate and a pl{ stat to control the
addition of sodium hydroxide and maintain a constant pI.

The foliowing observations are of interest to obtain optimal reaction performance. Sodium hypochlorite
solutions, particularly at mgner concentrations, are not stable 1naenmt ly. Therefore, these solutions were
titrated wuumeti‘icahy shor uy before use. Abbu sodium ‘ny‘nchi tions with decreased titers perforrncu
equally well in the reaction as long as the charge was based on domet titration. When the pH is kept
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constant in the optimal range (9.0-9.5) identical reaction yields are ebtamed regardless of the absolute addition
rates of sodium hypochlorite and sodium hydroxide provided that the temperature is maintained in the 0-5 °C

range. The reaction is quite exothermic and efficient cooling is important particularly when the more
concentrated sodium hypochlorite is used. At higher temperatures reaction yields decrease, presumably
because diisopropyl phosphorochloridate hydrolysis becomes competitive. On 5 g scale we were able to add
the sodium hypochlorite over 1 h while maintaining the temperature at 0-2°C and the pH at 9.0-9.2, without
any problem. The end of the reaction is conveniently determined. When all diisopropylphosphite has been
consumed, the addition of more sodium hypochlorite leads to upward drift of the pH and a change of the color
of the reaction mixture from colorless to faintly yellow. Upon scaling of a reaction using 20 wt% sodium
hypochiorite it was found that efficient mixing of the reaction is critical. This is indeed expected from a
reaction wherein a fast reacting reagent is added in ‘nig‘n concentration.
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tne opti nal conditions N~(O,O- diisopropyl puuopumyl) trans-4-hydroxy-L-proline (1) is produced
in 80-90% yield according to an HPLC assay of the crude reaction mixture. Diisopropylphosphite, sodium
1

hypochlorite and sodium hydroxide are consumed in near stoichiometric quantities (1.1, 1.1 and 1.0 mol
equivalents relative to the amino acid, respectively) under these co_nditlons Innocuous sodium chloride and
water are formed as the only side-products. We were able to secure multikilogram quantities of 1 using this

procedure.



We decided to probe the generality of this novel synthetic method by preparing several other diisopropyl
phosphoryl (DIPP) protected amino acids under essentially identical conditions as used for 1. Table 1 shows
the results. For most entries the optimum pH window for the reaction was reexamined. In all of those cases it
was found that optimum yields are achieved in the same pH 9.0-9.5 window. In most cases the products could
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be crysramzea after an extractive workup (DIPP-Trp was precipitated as its DCHA salt from aletnyl ether;
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i e ¢

g
old. The rather low

ection of noar MHinantimizad) ervetallizatinn afficiency than nf nanr

1% W ANALF ALL LB AW Wt IWe) AL W AAAV AW W AWWVAN/LL VA yvv; \“llv}lbllllluvu} V‘»J WIVRALALAAVINAL \rlll\/lyu‘] LAKALL VA \J Y
reaction performance. The reaction assay yields were uniformly good with the exception of c.y.,_eme (entry 5).
As expected for this amino acid, sulfide oxidation competes with DIPP protection and as a result DIPP

protected cystine was isolated in mediocre yield (even when 2 molequivalents of dusopropylphosphlte are used
in the reaction). However, tryptophan which is also oxidation sensitive yielded the expected product in good
yield (entry 6).

Table 1: Preparation of DIPP protected amino acids using the optimum general procedure.

entry aminoacid® product b assay isolated m.p. in °C © [aln
yieldin% ¢ yieldin% ¢

1 L-Ala DIPP-Ala 80 35 118-120 (110-112)*  -5(-7°
2  L-Glu DIPP-Glu 72 61 65-68 (73-75)° +2 (-4)°
3 L-Phe DIPP-Phe 86 36 64-66 (50-52)° +7 (+6)°
4  L-PhGly DIPP-PhGly 86 61 130-132 +103
5  L-Cys DIPP-Cystine 57 44 166-171 (166-168)"! -688
6 L-Trp DIPP-TrypsDCHA 82 172-175 -4
hd il o it *Jr ~
7  L-Pro DIPP-Pro 93 57 58-60 (62-64)° -49 (-63)°
8 L-Hyp DIPP-Hyp 89 80 94-95 -45

a. Abbreviations: Ala = alanine; Glu = glutamic acid; Phe = phenylalanine; PhGly = phenylglycine; Cys = cysteine; Trp =

tryptophan; Pro = proline; Hyp = 4-hydroxyproline; DCHA = dlcyclohexylamme

b. All products showed satisfactory 'H, "°C and *'P spectra.

¢. As determined before workup by reversed phase HPLC.

d. Yield of pure product after workup and crystallization.

e. Melting points are not corrected. Literature values, if available, are given in parenthesis.

f. All rotations were measured at ambient temperature in EtOH (c=1) unless indicated otherwise. Literature values under similar
conditions, if available, are given in parenthesis.

g. Rotation measured at ambient temperature in MeOH/H,O 1/1 (c=1).
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It was determined that DIPP protection can be achieved without any racemization under the described
conditions by close examination of the product of entry 4. Phenylglycine is considered to be the most
racemization prone amino acid of those examined. SFC analysis of the methyl ester corresponding to the
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isolated (b) (+)-DIPP-phenylglycine using a chiral stationary phase showed that the enantiomeric purity of this

In conclusion, we have developed an exceedingly practical method for the racemization-free preparation of
diisopropyl phosphory! protected amino aclds‘

Procedure for the preparation of N-(O, O-diisopropyl phosphoryl)-trans-4-hydroxy-L-proline:

trans-4-Hydroxy-L-proline (200 g) was dissolved in 500 mL of water at ambient temperature. The solution
was cooled to 0-5 °C and the pH was adjusted from 5-6 to 9 by adding a 25% sodium hydroxide solution (18
mL). Diisopropylphosphite (280 g) was added in one portion. Sodium hypochlorite (20 wt%; 640 mL;
concentration determined at 2.6 mol/L via iodometric titration) was added over 2.5 h to the resulting mixture
while maintaining the pH at 9 usmg a 25% sodium hydroxide solution. The temperature was controlied at 0-
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5°C throughout. Any excess bleach was then q
resulting solution was adjusted to 2 by slow addition at 0-5 °C of conc. hydrochlonc acid (230 mL). Sodium

chloride (170 g) was added and the resulting solution was extracted with cold iso-propyl acetate (2 x 2 L). The
organic extracts were combined (DIPP-HyPro was assayed at 89% vyield using HPLC) and partially
concentrated in vacuo. The crystal slurry was flushed with fresh iso-propyl acetate. The crystals were filtered,

washed and dried in vacuo at RT to yield 359 g of the product (80% 1solated yield).
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