
Journal of Labelled Compounds and Radiopharmaceuticals - Vol. XIX, No. 3 405 

SYNTHESIS OF TRITIUM-LABELED FOSFOMYCIN 

Holly E. Mertel  and Henry T. Meriwether 
Merck Sharp & Dohme Research Laboratories 
P.O. Box 2000 
Rahway, New Jersey 07065 

SUMMARY 

Tritium gas was used as a labeling agent for t he  preparation of [1,2- 
3H]fosfomycin. Introduction of tr i t ium into a precursor, t he  synthesis 
including resolution of t h e  intermediate racemic 1,2-epoxyprupylphos- 
phonic acid, and preparation of  both amine and calcium sal ts  of the 
labeled antibiotic a re  described. 
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INTRODUCTION 

Studies requiring a radiolabeled t r ace r  have become a standard par t  of  the 

develupment of most new medical substances. Discovery o f  the  new antibiotic 

fusfomycin (I) ,  (2~-cis)-(3-methyluxiranyl)phosphonic acid 0, followed by deter-  

mination of its s t ructure  and chemical synthesis (21, prompted the  request fur 

synthesis of a labeled sample of t he  material  in our laboratory. 

Fosfomycin 

DISCUSSION 

A survey of available routes t o  fosfomycin ('2,3, and unpublished reports) 

suggested that  a practicable process for generating the needed t racer  would 
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commence with propargyl alcohol. Labeled propargyl alcohol was  not conimercially 

available, however, nor was  there  any obvious or a t t r ac t ive  route  fur  its synthesis. 

Accordingly, a decision was  made t o  employ t r i t ium as  t h e  labeling agent  for  this 

assignment. (The short  half-life of phosphorus-32 rendered this isotope unsuitable 

for  many of t he  intended studies.) 

Trea tment  of di-(n-butyl) 1-propynylphosphonate (2) (from propargyl alcohol, see 

(4)) in benzene with hydrogen diluted t r i t ium gas  over a presa tura ted  Lindlar 

ca ta lys t  (Pd/BaSOq + quinoline) led t o  di-(n-butyl) ci~-l-[l,2-~H]propenylphosphonate 

(6-1. In order t ha t  format ion  of t he  undesired, labeled propanyl analogue through 

overreduction would be  avoided, t h e  labeling reduction was  car r ied  only t o  partial  

completion. The resulting tritium-labeled in te rmedia te  (6) was purified by dilution 

with car r ie r  and distillation. Hydrolysis of t h e  3H-labeled di-(n-butyl) phosphonate 

(6) in conc. hydrochloric acid gave ~is-l-[1,2-~H]propenylphosphonic acid (J). 

-. 

.--. 
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In our initial synthesis t h e  epoxidation of (1) was done in the  presence of 

benzylamine, yielding the benzylammonium salt .  The acidic s t rength of the  free 

phosphonic acid is sufficient t o  catalyze opening of t he  oxirane ring. Accordingly, 

the isolation, resolution, and other  necessary manipulations were done t o  the  ex ten t  

possible in the salt  form. To convert  t he  benzylammonium sal t  t o  the optically 

active - D( t )-a-methylbenzylammonium sal t  for resolution, t he  benzylamine was 

removed by passing a solution of (1) through a cold-jacketed column containing resin 

on the  acid cycle. Eluate  from t he  column was led directly into a cold solution of 

the  optically act ive amine in water.  The combination of low temperature  and short  

residence t ime a s  f r ee  acid served t o  suppress the  formation of 1,2-glycol. 

Resolution was then readily accomplished by dilution of the  sa l t  with a ten-fold 

amount of optically act ive carr ier  and recrystall ization (2X) f rom isopropyl alcohol. 

That the resulting product was optically pure was demonstrated by extensive 

dilution with optically pure carrier,  followed by five-fold recrystallization. The 

observed constancy and distribution of radioactivity indicated t h a t  resolution was 

complete a f t e r  two recrystallizations. 

Subsequent epoxidation of t he  olefinic acid (7) was done in the presence of an 

equivalent amount of Da-methylbenzylamine, leading directly to  i ts  s a l t  of QC-1,2- 

epoxy[l,2-3H]propylphosphonic acid @). Resolution was then achieved by dilution 

with resolved carr ier  and crystallization. Success of resolution, again, was indicated 

by the gross distribution of radioactive material  and by the specific radioactikity of 

the  product. 

A slightly alkaline solution of fosfomycin sodium salt was obtained by 

t r ea tmen t  of a solution of (8) with sodium hydroxide followed by removal of t he  

l iberated amine with chloroform. The calcium sal t  was then formed by the  addition 

of a concentrated solution of calcium ace ta t e .  

.\-I 

Preparation of these sal ts  of t he  labeled antibiotic, with the concomitant 

demonstration of optical purity completed our objectives for  the labeling of this 

substance. 
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EXPERIMENTAL 

Radioactivity measurements  were  made  with a Packard  Instrument Co. Tri 

Carb" Series 3000 liquid scintillation spec t rometer ,  using a phosphor comprised of 

PPO and POPOP in toluene-ethanol 7 5 .  Melting points were  measured in open 

capillaries in a modified Hershberg appara tus  with totally immersed, ca l ibra ted  

thermometers  and were  not corrected.  Analytical  TLC was done with silica gel and 

with cellulose p la tes  with adsorbent layer 250 microns in thickness. Trit ium gas was  

supplied by New England Nuclear; measurement  of its specific activity has been 

previously described (5). 

Di-(n-butyl) Cis-l-propenyl[1,2-3H]phosphonate (2 -- A suspension of 230 mg of 

Lindlar ca ta lys t  (Pd-BaSOq/quinoline) in 40  ml of benzene was shaken under 

tritium/hydrogen (3H) a t  760 Torr,  22O until t he re  was no fur ther  uptake. 

displaced with nitrogen, and 1.162 g, 5 mmoles, of di-(n-butyl) propynylphosphonate 

( 5 )  was added along with 10 ml more benzene. The 3H a tmosphere  was  restored, 

and shaking was continued until t h e  uptake  slowed -- 16.1 CC (STP), approx. 0.8 

mmole, had been absorbed at this point. The 3H a tmosphere  was again removed, 

replacing with nitrogen, and 230 mg of fresh ca ta lys t  was  added. 3H was again 

returned t o  the  sys tem and shaking was  continued until a t o t a l  of 81.7 cc was  

absorbed. Assuming t h a t  t he  additional ca ta lys t  required 35.3 ml of this, the  to ta l  

uptake by t he  subs t ra te  was 62.5 cc (STP, 2.79 mmoles for the  5 rnnioles o f  (6)). 
Afte r  standing overnight under nitrogen the  mixture  was f i l t e red  froni catalyst .  

An aliquot o f  t he  solution was  removed fo r  determination o f  t he  specific activity.  

The aniount of radioactive mater ia l  in t he  aliquot indicated a to ta l  t r i t ium uptake 

by subs t ra te  of 750 millicuries. 

3H was 

L 

Most of the  benzene was distilled off through a short  Vigreaux culumn, under 

nitrogen sweep and a t  atmuspheric pressure. The residual oily product was  

t ransfer red  to  a small distilling unit with a Vigreaux side arni, completing t h e  

transfer with 3 grams of pure di-(n-butyl) I-propenylphosphonate (9 car r ie r .  A f t e r  
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removal of residual benzene under vacuum, product was distilled and collected,  b.p. 

80-89°/0.2 mm, leaving about 1 g of residue. Four additional 1 g portions of car r ie r  

were  added and distilled in t h e  same  manner,  leaving a final residue o f  approx. 1 

g. Tota l  carrier added: 6.95 9. Tota l  distilled product: 6.73 g. The specific 

activity o f  this product was  found t o  be  107 l.ICi/mg, 25 mCi/mmole. 

Cis-l-[1,2-3H]propenylphosphonic Acid (7) -- The diluted, distilled di-(n-butyl) 

propenylphosphonate (A) 6.7 g, 18.7 mmoles, was suspended in 67 ml of conc. 

hydrochloric acid. This mixture was stirred and hea ted  such tha t  dist i l late was 

slowly removed through a small Vigreaux column. Af te r  five hours of slow 

distillation the  residual mixture was allowed t o  cool and stand. Any  remaining es te r  

or o ther  neutral  mater ia l  was removed by ex t rac t ion  (4  x 10 ml) with chloroform. 

The aqueous phase was then concent ra ted  under vacuum on the  rotary evaporator,  

leaving the water  soluble product (3. This residual mater ia l  was f reed  of residual 

HCI and water  by addition and distillation of 2 x 25 ml of water followed by 2 x 

25 ml o f  benzene, and finally 25 ml of chloruform, leaving 3.26 g, 26.7 mmoles, 93% 

of cy. 
D,L-1.2-Epo~v[1,2-~H]prop~lphosphonic Acid @) 0(+)4-Methylbenzylamine Salt 

--Crude l-[1,2-3H]propenylphosphonic acid (L), 3.26 g, 26.7 mmoles, was suspended 

in 13.4 ml of I-propanol and 3.71 g x  30.7 mmoles of D(+)a-methylbenzylamine was 

added. The pH of the  result ing mixture was 5.5. The 100 ml, four-necked flask 

containing this mixture was  f i t t ed  with a st irrer,  a pH electrode, a thernionieter,  

and an  addition funnel. Af t e r  t he  addition of 146 rng o f  sodium tungs ta te  and 2.9 

mg  of disodiurn versena te  t h e  mixture  was  warmed t o  50-55"C and 5.1 ml of  30% 

hydrogen peroxide was added f rom t h e  dropping funnel over a 20 minute period. 

Stirring was continued a t  50-55"C, with additional arriine being added .as needed t o  

maintain the  pH above 5.0. Afte r  45 minutes an  additional 1 mi of hydrogen 

peroxide was introduced. Af t e r  a to ta l  of 80 minutes f rom the  s t a r t  of t he  peroxide 

addition t h e  excess peroxide was quenched by the  addition of sa tura ted  aqueous 

sodium sulfi te with st irring and cooling to keep the  tempera ture  below 60°C. 



410 H.E. Merte2 and H.T. Merhether 

Water was removed by displacement distillation (modera te  vacuum) with 1- 

propanol t o  leave the  product @-salt) as  a solution in this solvent. Inorganic sa l t s  

were removed by fi l tration, and the  cake  was washed with 100 ml of methariul 

which was combined with the  f i l t ra te .  

(2R-Cis)-(3-1nethyloxiranyl)[l,2-~H]phusphonic Acid D(+)-a-Methylbenzylarriine 

Salt (2) Carrier Resolution -- The alcoholic solution containing crude QL-pruduct 

was concentrated under vacuum t o  an es t imated  30 ml vulume. A slurry of 3.000 

g of pure unlabeled (2~-cis)-(3-methyluxiranyl)phosphonic acid Q(+)-a-methyi- 

henzylamine salt  (fosfornycin) in 8 ml of wate r  was  added, and the  mixture was 

warmed by stirring briefly in a 50° water  ba th  t o  comple te  the  solution of the  

carrier.  This mixture was seeded (with resolved car r ie r )  as the  solution cooled, apd 

separatiun of crystals was well advanced a s  the  mixture c a m e  t o  room teniperature.  

Af te r  aging overnight (cold) t he  product was collected and washed 3 x 5 ml with 

cuid isoprupyl alcohol-water &:I.  The air-dried product weighed 3.0865 g. This 

material  was twice  recrystall ized f rom isopropyl alcohol-water 4:1, 35 ml and 21; ml 

respectibely (minimum volumes for  comple te  solution a t  reflux) t o  obtain 2.266 g uf 

final, resulved product. 8.b x l o 3  

cpm/pg; a f t e r  one recrystall ization the  value c a m e  t o  7.32 x lo3; and a f t e r  the  

second recrystall ization the  activity was 7.77 x l o 3  (no fur ther  decretise). At the  

observed counting efficiency of 18% the  count value leads t o  an actibity o f  19.6 

)ICi/mg, or 5.43 mCi/mrnule, for  a to ta l  of 44.3 rnCi in t h e  product. 

__ 

Radiuactibe count uf f i r s t  isolated material:  

Purity of this product was determined by radio-GLC and by thiri layer 

chromatography. For the  GLC analysis a sample of t he  salt  was trimelhylsilylated 

with bis-triniethylsilylaretamide (BSA) and then injected into an inslrunient f i t t ed  

with buth a mass  detec tur  (flame) and a radioactivity de t ec tu r  suitably a r r m y r d  fo r  

tr i t ium actibity measurement.  (Car r ie r  gas: h e l i ~ r n ,  75 mI/rniri; rulumri: duo1 L 

f t .  with 3.8% SE-30; The miiiri mas:. peak {ca. 

92% by peak area; curresponded t o  the  mairi radiuactivity peak {ca.  99.6%). The 

4 min. at 105", 5O/min t o  150°). 
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minor, impurity peaks in the mass trace (total  ca. 8%) were shown to be due to  

products from interaction of t he  phenethylamine with BSA. a. 

methanol/pyridine/water, 30/5/15, SiO2, 99.2% of the  total  plate  radioactivity in 

the product spot, Rf 0.73; b. methanol/pyridine/water, 30/5/15, cellulose, Rf 0.8, 

99.55% of  the  plate  radioactivity in the product spot. The melting point, which is 

dependent on the degree of hydration, was 136.5-138OC, compared with 138-140°C 

for the best available reference sample. 

TLC analysis: 

QC-l,2-Epo~y[l,2-~H]propylphusphonic Acid - Benzylamine Salt  (8) .- -- As de- 

scribed for the  example with a-methylbenzylamine, crude (I), benzylamine salt ,  was 

t reated with 30% of hydrogen peroxide (4.2 ml) in the presence of sodium tungstate 

(0.165 g of the  dihydrate). Product in this case was isolated from 95% ethanol. 

Af t e r  a recrystallization froni 95% ethanol (10 ml for 628 mg of  crude &) 430 mg 

of  (5) with a specific activity of 80 l.ICi/mg was obtained. This product showed an 

excellent 1:l correlation of benzylamine and the phosphonic acid by N M d  160 mhz. 

d20, c = 5  molar: 

rnultiplet, 2.7-3.6 ppm; 3H (methyl), d,d, centered a t  1.56 ppm],TLC analysis 

revealed a single radioactive spot. 

5 H  (phenyl), s, 7.56 ppm; 2H (benzylic), s, 4.27 ppm; 2H (methinel, 

Resolution the  Free Phosphonic Acid - -  A solution of 400 mg o f  (8) (1.63 

rnmoles, 31.5 mCi) in 5 ml of water  (deoxygenated by N2 bubbling -- as was all the  

water  used in this particular experiment) was passed through a column (jacketed, 

cooled with circulating water  maintained at l°C) containing 25 ml of Dowex" 50 x 

4 resin on the acid cycle, prewashed t o  neutrality. The solution required about 3 

miri t o  pass through the column, and was discharged into a cold, st irred 

solution/suspension of E(+)-a-methylbenzylamine (200 mg) as it came  from the 

column. Elution was completed with 30 ml of water  (combined with the product). 

Water was removed from the  resulting salt  by concentration under vacuum, and the 

residual material  was slurried with acetone (2 x 5 ml) t o  obtain a residual product, 
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439 mg. This 

sample  was  t h e n  recrys ta l l ized  t w o  t i m e s  f r o m  isopropyl a lcohol /water  4:1, w i t h  

a f inal  recovery  of 145 mg. This  m a t e r i a l  had a spec i f ic  a c t i v i t y  of 8 3 p C i / m g ,  

m.p. 139:5-141OC. Recovery  over  t h e  t w o  recrys ta l la t ions  w a s  37.3%. Tota l  

radioact ivi ty  in t h e  resolved salt: 12:03 mCi.  The  smal l  numer ica l  magni tudes  

repor ted  (6)  for  t h e  D(+) -a  -methylbenzylamine  s a l t s  of t h e  i s o m e r s  of 

(&) [& ( fosfomycin) :  [a]$:; -2.6O (C = 5% in w a t e r ) ;  D: [c1]@50 + 15.6O (C = 5 % )  

in w a t e r ) ]  wi th  t h e  resu l t ing  smal l  d i f f e r e n c e  f r o m  r a c e m i c  m a t e r i a l  m a d e  d i r e c t  

m e a s u r e m e n t  of ro ta t ion  of t h e  rad ioac t ive  s a m p l e  of l i t t l e  va lue  and  s u c h  w a s  

no1 done.  Distr ibut ion of rad ioac t iv i ty  a c r o s s  t h e  resolut ion [16.8 m C i  (recovery 

adjusted) f rom 31.5 mCi]  ind ica ted  c lear ly  t h a t  resolut ion had been  a c c o m -  

p I I shed. 

This m a t e r i a l  w a s  aga in  s lurr ied w i t h  a c e t o n e ,  leaving 389 mg. 

and  

__ Check for  Comple teness  of Resolut ion -- In s e p a r a t e  15 ml  c e n t r i f u g e  t u b e s  

were  weighed a .  0.6S6 and b. 0.750 m g  of t h e  salt just  descr ibed .  To t h e s e  w e r e  

added 399.0 and 400.0 m g  respect ively of pure  I car r ie r .  These  s a m p l e s  w e r e  

Then recrys ta l l ized  six t i m e s  e a c h ,  withdrawing a s a m p l e  for  rad ioac t ive  c o u n t  

a f t e r  e a c h  o f  c y c l e s  4-6. The  a c c u m u l a t e d  s a m p l e s  w e r e  s imultaneously dr ied 

O U T  and counted ,  giving for a .  27.3, 27.3 and 27.3; and  for  b. 29.6, 30.5 and 30.0 

C P M h g .  Based on t h e  CPM (remeasured  contemporaneous ly  for  th i s  e x p e r i m e n t )  

and dilution of t h e  s ta r  ing sample  t h e  c a l c u l a t e d  va lues  w e r e  a. 27.7, and b. 30.3 

CPM. This exce l len t  a g r e e m e n t  and cons tancy  t h u s  conf i rm t h a t  t h e  resolu-  

tion was comple te .  

[1,2-3H]Fosfomycin Calc ium Sal t  -- In a I 5  ml c e n t r i f u g e  t u b e  w a s  placed 

40.4 m g  of ( ~ c ~ - m e t h y l b e n z y l a m i n e  s a l t )  and 755  m g  of unlabeled c a r r i e r ,  and 3.5 

ml of warer .  Sodium hydroxide (50% aqueous,  0.18 ml)  was  added (subsurface) .  
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f r o m  a m i c r o m e t e r  p ipe t te ,  a t  t h e  r a t e  of 0.01 ml/min)  wi th  s t i r r ing ,  cooling 

and  under  N2, bringing t h e  pH to  9.0. Cent r i fuging  and decant ing  removed t r a c e s  

of prec ip i ta ted  impuri ty .  The pH was  brought  up to 11.4 by t h e  addi t ion of 0.13 

m l  m o r e  NaOH in t h e  s a m e  manner .  The  l ibera ted  phenethylamine  separa ted  a s  

a n  oil. The  aqueous  layer  was  d e c a n t e d  t o  a c l e a n  t u b e ,  and t h e  f inal  t r a c e s  of 

a m i n e  w e r e  removed by 3 x 1 ml e x t r a c t i o n s  wi th  chloroform.  The  pH w a s  

ad jus ted  to  9.0 wi th  a c e t i c  acid.  A freshly f i l t e red  solut ion (1.95 ml)  of ca lc ium 

a c e t a t e  (8.8 g of Ca(OAc)2.H20 in 211 ml of w a t e r )  was  t h e n  introduced (sub- 

s u r f a c e  and f r o m  a m i c r o m e t e r  p i p e t t e )  with s t i r r ing,  cool ing and seeding. Cry-  

s ta l l iza t ion  was  prompt .  A f t e r  aging in a n  ice b a t h  for 40 min ,  t h e  product  was  

co l lec ted  on  a small  s in te red  funnel  and washed 3 x 5 ml with w a t e r ,  t ak ing  c a r e  

not  t o  al low t h e  f i l t e r  c a k e  to  col lapse.  A f t e r  removal  of t h e  f inal  wash t h e  

product  w a s  a i r  d r ied  br ief ly ,  t h e n  dr ied  overnight  in v a c u o  at 5 6 O  to obta in  

432.2 m g  (2.22 m f w  - monohydrate) ,  77.8% of t h e  theory.  The  60 mhz proton 

N M R  s p e c t r u m  (4.7 molar  solut ion in v e r s e n e - d 2 0  at pH 9.2) showed n o  

d e t e c t a b l e  glycol ,  which would have  been d e t e c t e d  if p resent  to  t h e  e x t e n t  of 

5% or m o r e  by t h e  a p p e a r a n c e  of a double t  (6 hz  spl i t t ing,  and possibly e x -  

hibiting long-range spl i t t ing by P of ca. 0.5 hz)  s i t u a t e d  0.23 ppm upfield f rom 

t h e  methyl  3H doublet-doublet  of t h e  fosfomycin ca lc ium sa l t .  
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