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SYNTHESIS OF OPTICALLY ACTIVE DEUTERIUM LABELLEI) SERIN'E AND 

GLYCYLSERINE DERIVATIVES 

J. Kovacs , G. Jham and K. Y. Hui 
St. John's University, Department of Chemietry 
Grand Central & Utopia Parkways, Jamaica, N.Y. 11439, U.S.A. 

* ++ 

SUMMARY 

Optically active &-deuterated serine dipeptide active ester 

derivatives were prepared to study the racemization mechanism. 

N-Acetyl-0-benzyl-DL-serine , 1, was converted to 5( &)-oxazolone 2 
and deuterated with CH COOD in M-position. 5(4 H)-Oxazolone 2 
was converted to Z-(K%)-L-Ser(Bal)-OH 

5(4 H)-oxazolone ring with D20, removal of the N-acetyl qroup, treat- 

ment with carbobenzoxy chloride and resolution with (+)- g-phenyl- 

ethylmine. 

Z-Gly-(K H)-L-Ser(Bz1)-OPcp, lo, after removal of carbobenzox;. 

group by catalytic hydrogenation. The deuterium content of the 

intermediates was determined by mass spectronetry. 

2 

*+x 
3- 

1, after opening the 
2 

Pentachlorophenyl ester 8 of 1 was converted to 
2 

2 2 Key Words: Derivatives of OC €I-Serine, H-Glycylserine, 5( 42H)-0xazolone Serine 

Active Ester, Optical Resolution 

* 
To whom reprint requests should be addressed. 

** 
Present address: Universidade Fpderal De Vicosa 

Department de Quimica, Vicosa, MG. 36.570, Brasil 
This work is a portion of his Doctoral Dissertation 

C H  
The following abbreviations are used: benzyloxycarbonyl = 2; tert-butyloxycar- 

bony1 = Boc; benzyl = Bzl; pentachlorophenyl = Pcp; dicyclohexylcarbodiimide = DCC; 

dicyclohexylurea = DCU, tetrahydrofuran = THF; thin layer chromatography = TLC 

0362-4803/82/010083-11$01.10 
0 1982 by John Wiley & Sons, L t d .  

Received February 12, 1981 
Revised April 22, 1981 



84 J .  Kovacs, G. Awn and K.Y. Hui 

The unusual slow rate of racemization of N-carbobenzoxyglycyl-S-bencyl- 

I.-cysteine active esters and the absence of S(&I)-cxazolone peak in the IR 

spectrum during racemization led us to conclude that these active esters 

probably racemize via the %-hydrogen abstraction mechanism instead of the 

usual s(@)-oxazolone route (1 ). 

mechanism of N-carbobenzoxyglycyl-S-benzyl-L-cystejne p-nitrophenyl ester was 

carried out and the %-hydrogen abstraction mechanism was verified (2,3). Since 

the 2-Gly-Ser(Bz1)-OPcp also racemizes slower than expected (1,) it seemed neces- 

sary to investigate the racemization mechanism of the N-carbobenzoxyglycyl-0- 

benzyl-L-serine active esters. 

( 5 )  we needed optically active deuterium labelled serine derivatives. 

communication we describe the synthesis of w-deuterated serine and glycylserine 

pentachlorophenyl ester cerivatives. 

Detailed investigation of the racenization 

In order to study the mechanism of racemization 

In this 

DISCUSSION 

The scheme below shows the synthesis of N-carbobenzoxyglycyl-0-benzyl-q- 

deuterio-L-serine pentachlorophenyl ester. 

was converted to 5(&)-oxazol one derivative 2 with dicyclohexylcarbodiimide (7). 
5(@)-Oxazolone derivative was needed to introduce the deuterium in q-position 

since the K-hydrogen is more acidic in 2 than the q-hydrogen in 1 due to easy 
enolization of the neighboring carbonyl group (9); 

reaction is the formation of the aromatic oxazole derivative ( 9 ) .  

was achieved by treatment of 2 with CH 
with deuterium oxide to open the ring without the l o s s  of deuterium. 

content of N-rmetyl-O-benzyl-~-deuterio-DL-serine, 4, was 98% as c’etemined by mass 

spectrometry. 

serine, 5, which was converted to N-carbobenzoxy-0-benzyl-e-deuterio-DL-serine, 6, 
with carbobenzoxy chloride the usual way (9). 

N-Acetyl-0-benzyl-DL-serine, 1, ( 6 )  

the driving forcc in this 

The deuteration 
2 COOD. The 5(4 H)-oxazolone 2 was treated 3- 

The %-deuterium 

Compound 4 was then hydrolyzed with HC1 to 0-benzyl-q-deuterio-DL- 

Optically active N-carbobenzoxy-0- 
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benzyl-&-deuterio-L-serine, 1, was obtained from 6 by resolving it with (+)-K- 

phenylethylamine. Mass spectrometry showed at least 9596 deuterium content; the 

possible loss of some devterium during this procedure is due to the basic q-phenyl- 

ethylamine. N-Carbobenzoxy-0-benzyl-x-deuterio-Irserine pentachlorophenyl ester, 

8, was prepared from 1 with DCC and pentachlorophenol. 
- 8 was found to be 87 - 70%; 

compound 2, which was prepared from g, has at ieast $596 deuterium content. 

carbobenzoxy group was removed by catalytic hydmgenation in the presence of p-tolu- 

enesulphonic acid to obtain 0-benzyl-@-deuterio-L-serine pentachlorophenyl ester 

p-tolueneshulphonate, 2. Active ester salt, 2, was cotipled with N-carbobenzoxy- 
glycine using the mixed anhydride procedure (10) to obtain N-carbobenzoxyglycyl-0- 

benzyl-&-deuterio-L-serine pentachlorophenyl ester, lo, which was needed f o r  

racemization rate studies. 

of deuterium might be due to the pre8ence of N-methyl morpholine during the coupling 

procedure since tho Rtrongly electron withdrawing pentachlorophenyl ester residue 

increases the acidity of the a-deuterium (12). 

by chemical ionization mass spectrometry by comparing the relative intensities of 

M+, (M+l)+ a?d (M+2H)+ of the labelled a n d  unlabelled compounds. 

pentachlorophenyl esters, calculations were made on the basis of M+l 

The deuterium content of 
+ however this valut? must be higher than 87% since 

The 

The deuterium ccntent of 2 was at least 8%. The loss 

The decterium content was measured 

In the case of the 

5' -HOPhCl 

MPEAIMENTAL 

Melting points were taken on a Thomas-Hoover melting point apparatus in open 

capillaries and are uncorrected. The purity c f  compounds were checked routinely 

using Brinkman pre-coated TLC plates, silica gel 6OF-254. 

determined on a Rudolph spectropolarimeter, Model 200s-340-8006 and on a Cary 60 

spectropolarineter. 

Laboratcry, Woodside, N.Y. Mass spectra were made at the Rockefeller University, 

N.Y. at Mass Spectrometric Biotechnology Resource. 

Optical rotations were 

Elemental aqalyses were performed by Schwarzkopf Microanalytical 
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N-Acetyl-O-benzyl- g-deuterio-DLserine, 4. 
N-Acetyl-O-benzyl-DLserine, 1, (6) (4.74 g, 0.02 mol) was added with s t i r r i n g  

t o  30 m l  of sodium dried tetrahydrofuran solution of DCC (4.33 g 0.021 mol). 

solution was s t i r r e d  at room temperature f o r  1 h. 

and washed with sodium dried tetrahydrofuran; 

oxazolcne 30 equivalent (36 m l )  f resh ly  prepared deuterated ace t ic  acid was added 

and the solution was l e f t  at room temperature f o r  8 h. t o  obtain ~ ( ~ ) - o x a z o l o n e  2. 

The 

The DCU was removed by f i l t r a t i o n  

t o  the f i l t r a t e  containing the 5(m)- 

Deuterated ace t i c  ac id  was pregared by refluxing an equimolar mixture of D 0 

I n  another experiment the 

2 

and f resh ly  d i s t i l l e d  ace t i c  anhydride f o r  10 minutes. 

TBF solution, a f t e r  f i l t r a t i o n  from DCU, w a s  evaporated and the IR ( f i l m )  of the 

o i l y  r e s i h e  showed the charac te r i s t ic  S(M)-oxazolone peak (11) at  5 . 4 5 ~ .  

A t  the end of 8 h., 55 r n l  of D 0 (99.w deuterium) w a s  added t o  the solution 

when mcre DCU precipitated out, and the mixture w a s  allowed t o  stand at room tem- 

perature overnigfit, then f i l t e r ed .  

10 m l  and w a s  ac id i f ied  with 2N H C l  u n t i l  p rec ip i ta t ion  w a s  complete. 

l i n e  N-acetyl-0-benzyl-K-C-leuterio-Dkerine, 4, was f i l t e r e d ,  washed with water and 

dried under vacuum; y ie ld  3.15g,75%; 

water, mp 137-138OC; 

The deuterium content w a s  98% as determined by mass spectrometry. 

N-Carbobenzoxy-O-benzyl-q-6euterio-DLserine, 6. 

2 

The f i l t r a t e  was evaporated i n  vacuo a t  4OoC t o  

The crystal-  

mp 133-135OC. It w a s  recrys ta l l ized  from hot 

l i t e r a t u r e  ( 6 )  mp f o r  the unlabelled compound is  139-14OoC. 

N-Acetyl-0-benzyl- K-deuterio-DLserine, 4, (24.89 g, 0.104 mol) w a s  suspended 

i n  186 m l  of 1 N H C l  and the solution was refluxed f o r  2 h. 

ized r i t h  ammonia t o  give 8.45 g of 0-benzyl-Kdeuterio-DLserine, 5, which w a s  used 

without pur i f ica t ion  for the preparation of 6. 

The solution was neutral- 

Crude 0-benzyl-K-deuterio-DL-serine, 5, (8.45 g, 0.043 mol) w a s  added t o  a 

solution of sodium bicarbonate (7.31 8, 0.086 mol) i n  225 m l  of water and then 225 m l  
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ether containing carbobenzoxy chloride (0.0665 mol) was added. 

mixture was vigorously stirred for 1.5 h. at room temperature. 

was separated and the aqueous layer was extracted with two 100 ml portions of 

ether then aoidified to pH 2 with 1 N HC1. The aqueous layer was extracted with 

three 35 ml portions of ether and the combined ether layer was extracted with 25 ml 

of water, dried over anhydrous sodium sulfate and evaporated to dryness. 

residue was triturated with petroleum ether to give 9.35 g of  N-carbobenzoxy-0-benzyl- 

N-deuterio-DEserine, yield 65%; mp 98-100°C. 

unlabelled compound is 99-1OO0C. 

The reaction 

The ether layer 

The oily 

The literature value (6,13) f o r  the 

The deuterium content was calculated to be 92.w 

from the relative intensity data presented in Table I. 

TABLE I 

Compound Molecular Wt., M 2 (M+H)+ (M+2H)+ 

ZDGSer(Bz1) 329 0.62 100 20.85 

Z-(N~H)-DL 
Ser(Bz1) 330 6.78 100 22-57 

Resolution of N-Carbobenzoxy-0-benzyl-x-deuterio-DL-serine, 1. 

(+g+ 100 

20.85 

22.57 

N-Carbobenzoxy-0-benzyl- C&deuterio-DGserine (8.23 g, 0.025 mol) was suspended 

in 10.7 ml of ieopropanol, followed by addition of (+)-1-phenylethylamine (3.34 g, 

0.027 mol) to give a clear solution. The solution was allowed to stand at room 

temperature for 4 h., the solid which precipitated was filtered and washed with 

15 ml of isopropanol and two 15 ml portions of dry ether and then dried in vacum 

to give 4.16 g salt; 

compound was recrystallized from 10 ml isopropanol t o  give 3.06 g (Sl&) pure salt 

of 1, mp 123-125OC, [<];Ti8 + 150 (c 1, EtOII). The following physical constants 

have been reported in the literature (14) for the undeuterated N-carbobenzoxy-0- 

benzyl-D-serine (-)-1-phenylethylaine salt; mp 124OC; 

yield 74% based on the L isomer, mp 115-122°C. The crude 

;:3 - 147.6 (c 1, EtOH). 
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The x-phenylethylamine salt of N-carbobenzoxy-0-benzyl-deuterio-Lserine 

w a s  suspended i n  25 m l  of water and 2 N NaOH was added un t i l  the eolid dissolved. 

The solution was extracted with two 30 m l  portions of ether and the aqueous layer 

w a s  acidified t o  pH 2 with 1 N HCl.  

which was f i l t e r e d  and washed with 10 m l  water t o  give 2.19 g of N-carbcbenzoxy-0- 

benzyl-q-deuterio-Gserine, mp 95-97OC; 

(c 1, EtOH). 

ture (14) for the resolved undeuterated N-carbobenzoxy-0-benzyl-Ibserine; 

[a]: - 16.8 (c 1, EtOH);[d:y3 - 89.6 (c 1, EtOH). The extent o f  deuteration 

w a s  calculated to  be at l eas t  95%. 

N-Caxbobennoxy-O-benzyl~-deuterio-laere Pentachlorophenyl Ester, g. 

On cooling crystall ine 1 was precipitated 

i3 + 13 (c 1, EtOH); [d $:3 + 80 

The following physical constants have been reported in  the l i tera-  

mp 98OC; 

N-Carbobenzoxy-0-benzyl- Or-deuterio-Lserine (0.33 g, 1 mmol) and pentachloro- 

phenol (0.293 g, 1.1 mmol) were dissolved in 5 m l  cf ethyl acetate. 

0.227 g (1.1 mmol) DCC w a s  added. 

at O°C and f i l t e r ed  again to  remove zdditicnal DCU. 

i n  vacuo at 40°C, and on the addition of petroleum ether the crude e s t e r  precipitated 

out i n  crystall ine form, f i l t e r e d  and washed 3 times with 4 m l  portions of ether- 

petroleum ether (1:3); 

point with the unlabelled 

i s t i c  active e s t e r  peak (11) a t  5 . 6 2 ~ .  

t o  be 87%. 

N-Carbobenzoxy-0-Benzyl-L-Serine Pentachlorophenyl Ester, 8. 

To t h i s  solution 

The DCU w a s  f i l t e r ed ,  the f i l t r a t e  l e f t  overnight 

The solvent was concentrated 

yield 0.46 g, 8@6, mp 124-124.5°C and the mixed melting 

gave no depression; t h i s  compound shows the character- 

The extent of deuteration was calculated 

This unlabelled e s t e r  was synthesized as described fo r  the labelled compound. 

The crude compound w a s  recrystall ized from absolute methanol, yield 62%; mp 123- 

12S0C;[d Eo + 9.58 (c 3.6, THF); I R  (ICBr) showed the characterist ic active 

e s t e r  peak at 5 . 6 2 ~ .  

Anal. Calcd. f o r  C24H18C15N05: C, 49.99; H, 3-14; N, 2.45. Found: C, 49.77; 

H, 3.38; N, 2.28. 
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0-Benzyl-L-Serine Pentachlorophenyl Ester Trifluoroacetate. 

Boc-L-Ser(Bz1)-OPcp (10) (3.3 g; 6.07 mmol) was dissolved in 18 ml of anhy- 

< r o w  trifluroacetic acid a d  after 15 minutes 40 ml of anhydrous ether was 

added and the solution waa refrigerated for 1 h. The crystalline trifluoroace- 

tate was filtered and washed with two 50 ml portions of dry ether and dried in a 

desiccator over sodium hydroride and P205; 

pcrtion of the trifluoroacetate salt was converted to the EBr salt as described 

below for characterization. 

yield 3.1 g, 90%; mp 139-141°C. Another 

0-Benzyl-L-Serine Pentachlorophenyl Ester Hydrobromide. 

N-tert-Butyloxycarbmyl-0-benzyl-L-serine pentachlorophenyl ester, lo, (1 Q, 

1.814 mmol) was dissolved in 5 ml of trifluoroacetic acid. 

af HBr/AcOH (40%) wss added to the clear solution. 

immediately; the solution was diluted with ether and the 3olid filtered, washed 

After 10 minutea 4 ml 

Crystalline HBr salt was formed 

82OC. The crude HBr salt was with ether and dried; yield 0.80 g (96%); mp 180- 

recrystallized from ethanol-ether, mp 182.5-183.5'C 

IR (KBr) showed the active ester peak at 5.59~. 
Anal. Calcd. for C H BrC15N03: C, 36.66; H, 2.50; N, 2.67. Found: C, 36,63; 16 13 

H, 2.56; N, 7.84. 

N-Carbobenzoxyglycyl-0-Benzyl-GSerine Pentachlorophenyl Ester. 

N-Carbobenzo-yglycine and 0-banzyl-Lserine pentachlorophenyl ester trifluoro- 

acetate were coupled in tetrahydrofuran in the usual manner by the mixed anhydride 

procedure (10). 

lized from tetr2hydrofuran-pentane and then from tetrahydrofuran petroleum ether; 

yje!d 3596; mp 11;9.5-151.5°C,[4 i3 -4.57 (c 3.17, TIIF); IR (KBr) showed the active 

ester peak at 5.58p,  amide I and amide I1 peaks at 6.02 and 6 . 5 ~  respectively. TLC 

in CHCl - MeOH (4 : l )  showed a major spot for the active ester and a very faint spot 

corresponding to the gentnchlorophenol. 

The crude dipeptide ester was obtained in 75% yield and recrystal- 

3- 
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Anal. Calcd. f o r  C26H2,C15N206: C, 49.2; H, 3.33; N, 4-47. Found: 

C, 49.36; B, 3.51; N, !+.24. 

0-Benzyl-M -Deuterio-L-Serine Pentachlorophenyl E s t e r  p-Toluenesulphonate, 2. 

Anhydrous p-toluenesulphonic ac id ,  prepared from the  hydrate  (2.07 mmol) by 

drying over  P20s i n  vacuum t o  cons tan t  weight w a s  d issolved in 30 m l  d ry  methanol, 

followed by addi t ion  of 0.36 g Pd/C (loch). The palladium on charcoal  w a s  prehy- 

clrogenated f o r  :5 minutes, then f i n e l y  powdered N-carbobenzoxy-0-benzyl- q*-deu- 

terio-L-serine pentachlorophenyl e s t e r  (1.2 g, 2.07 mmol) w a s  added and t h e  

mixture was hydrogenat4  f o r  ?c! minutes. The s o l u t i o n  was warmed and t h e  s o l i d  

Was remcved by f i l t r t j o n  of t h e  wr?m solu t ion .  The res idue  w a s  washed with 10 ml 

of methanol, the  f i l t r a t e  w a s  evsporated t o  dryness i n  vacuo at 35OC and d i lu ted  

with 10 m l  of d r y  e ther .  

dr ied;  

t u r e  was r a i s e d  f a s t  t o  175OC first ,  then the  np w a s  211°C. 

evaporated t o  dryness and t h e  s o l i d  res idue  was washed with 10 m l  of  dry "?IF and 

w a s  r e c r y s t a l l i z e d  frcm absolute  methanol; t o t a l  y i e l d  8096; I R  (KBr) showed the  

a c t i v e  e s t e r  peak a t  5.65 

0-Benzyl-L-Serine Pentachlorophenyl E s t e r  p-Toluenesulphonate. 

The c r y s t a l l i n e  material was washed with 5 ml of THP and 

mp 181-182OC when t h e  temperature raised 2'C/min., however, i f  the  tempera- 

The mother l i q u o r  w a s  

P 

This compound was synthesized as the  l a b e l l e d  e s t e r  above, y i e l d  6%; mp 180- 

I R  (KBr) shows i d c n t i c i l  a c t i v e  e s t e r  peak with the  unlabel led compound. 182.5OC;  

Anna:. Calcd. f o r  C H ''1 UC S :  C ,  bb.81; H, 3.27; N, 2.27. Po-md: 23 20" 5' 6 
C ,  44.76; H, 3.3; N, 2.28. 

N-Carhober,zoy~l:lircvl-0-Benzyl-~-X-Beuterio-L-Serine Pentachlororhenyl Es te r ,  lo. 
N-Carbobenzoxyglycine (0.078 g, 0.373 m o l )  was dissolved i n  3 ml of dry 

tetrahyfirofuran m d  isobutylchlorcformate (0.049 xl, 0.373 mmol) w a s  added followed 

by the  addi t ion  of &methyl norpholine (0.04'6 nl, 0.373 mmol). 

was s t i r r e d  at -S3C. After  7 minutes a suspension of  0-benzyl- q-deuter io-Lser ine  

pentachiorcphenyl e s t e r  p-toluenesulphonnte, 2, (0.23 g, 0.373 mmol) i n  2 m l  of dry 

The reac t ion  mixturl 
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tetrlihydrofuran w a s  added. 

0.0416 m l  (Q.373 m o l )  of X-methyl morphcline was added t o  the  15sve mixture over  

a period of 2 h. wi th  s t l r r i n g ,  the  temperature being maintained betwcen -10 en& 

O°C. 

so lu t ion  was evaporated t o  dryness Sn vacuc at  35°C. 

solved i n  50 m l  of e t h y l  a c e t a t e  and washed with 7 por t ions  of H,O. 

A s o l u t i o n  of 3 ml o f  d r y  te t rahydrofur ln  containing 

The s o l i d  w a s  f i l t e r e d  and washect c i t h  10 ml of tetrahyc?rofurzn a d  the 

The 3 C l t d  residuO was dis- 

The organic 
L 

l a y e r  was d r i e d  ever  anhydrous sodium s u l f a t e ,  f i l t e r e d ,  evapcrated i n  vacuo. 

The s o l i d  r ss idue  was dissolved i n  10 m l  e thy l  a c e t a t e ,  f i l t e r e d ,  an2 evaporpted 

i n  vzcuum. 

w a s  p r e c i p i t a t e d  w i t h  4.5 m l  of petroleum e ther .  

washed w i t h  tetralhydrofuran:petroleum e t h e r  (1 : 1) %d dr ied ;  

153-154OC; 

(KBr) showed t h e  active ester peak a t  5 . 6 2 ~ .  an2 the amide I and ami3e I1 peaks 

a t  6 . 1 5 ~  2nd 6.58 r e s p e c t i v e l y ; [ d F  -4 ( c  1 ,  THF). 

The residiie was dissolved i n  4.5 ml o f  te t rahydrofi i ran and the  product 

The c r y s t a l l i n e  lo was f i l t e r e d ,  

:rield 8696; mp 

the  mixed melt inR poin t  w i t h t b  m l a b e l l e d  lo gave no 3epression; IR 
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