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SUMMARY 

A potent and long act ing calcium antagonist YM-09730-5, 

(3S)-l-benzy1-3-pyrrol i d i  nyl methyl (4S)-2,6-dimethyl- 

4-(~nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate 

hydrochloride (7a-HC1) - , was labeled w i th  carbon-14 and 

deuterium. 

cyc l  i z i n g  Michael add i t ion  o f  3-aminocrotonate t o  

benzyl idene acetoacetate (6) or  the modified Hantzsch reaction 

using m-ni trobenzal dehyde, aminocrotonate(2) and acetoacetate 

(El. The 14C-labeled material (7c.HCl) - was synthesized from 

methyl [3-14Clacetoacetate (Qc) i n  a 32.0% radiochemical y ie ld ,  

a t  a spec i f i c  a c t i v i t y  o f  60.9 mCi/nnnol. The deuterium labeled 

material (C -HCl )  was synthesized from 1-benzyl-3-hydroxy- 

pyrrol idine-d4 (a) which was obtained by the reduction o f  

succinimide (11 w i th  LiA1D4. 

The labeled mater ia ls were prepared by e i ther  the 
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A dihydropyridine compound w i th  two c h i r a l  centers, (*I-1-benzyl- 

3-pyrrol i d i n y l  methyl 2.6-dinethyl-4-(n~-nitrophenyl)-1,4-dihydropyridine- 

3,5-dicarboxylate hydrochloride (YM-097301, was previously found t o  be very 

potent i n  producing marked hypotention o f  long duration.') Recently i t  was 

elucidated tha t  the potent a c t i v i t y  found i n  YM-09730 resided i n  the 

enantiomer - 7a.HC1 (YM-09730-5) w i th  the absolute configurations o f  

(S)- l ,Cdi  hydropyridine-C4 and (S)-pyrrol idine-C3 .2'3) This repor t  describes 

the synthesis o f  H- and 14C-labeled YM-09730-5 t o  enable studies on the 

metabolism and d ispos i t ion  o f  t h i s  promising agent. 

2 

RESULTS AND DISCUSSION 

2 14 The preparation o f  [ H41- and [ Cl- labeled YM-09730-5 ( E H C l  and &- 
HC1, respectively) was depicted i n  the fo l low ing  Scheme. 

essent ia l l y  on the procedures developed f o r  the non-labeled compound. 

Introduct ion o f  4 atoms of deuterium i n  the py r ro l i d ine  r i n g  was car r ied  out 

by reduction o f  1s)-succinimide (L) wi th  l i t h i u m  aluminium deuteride. Mass 

and 'H-NMR spectra o f  the product (g) showed t h a t  the 2 and 5 posi t ions o f  

the pyr ro l id ine  r i n g  were completely deuterated. Enantiomeric p u r i t y  of g 
was evaluated t o  be 84% ee by NMR analysis o f  i t s  (R)-mandelate. Opt ica l l y  

pure g was obtained by reso lu t ion  w i th  use of (R)-mandelic acid. Reaction 

o f  - 2b w i th  diketene gave acetoacetate (21, which was subjected t o  modified 

Hantzsch react ion w i th  - m n i  trobenzal dehyde and methyl 3-aminocrotonate (!&I 
t o  y i e l d  a diastereomeric mixture o f  2 and s. 
separated from i t s  isomer @ by column  chromatograph^.^) The f ree  base o f  

- 7b thus obtained, whdch was contaminated by a small amount o f  & and other 

inpurities ,was fu r ther  p u r i f i e d  by rec rys ta l l  i za t i on  o f  i t s  (S)-ma1 i c  acid 

sa l t .  

i n t o  hydrochloride s a l t  furnished [2H4]YM-09730-5 (EHC1) .  Isotopic pu r i t y  

of t h i s  material was greater than 99 atom % 0. 

22.4%. 

The route i s  based 

3) 

The desired - 7b was 

Yield of the malate was 25.2% based on c. Conversion o f  the malate 

Yield o f  - 7b-HC1 from was 
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Carbon-14 was in t roduced convent ional ly  a t  6 p o s i t i o n  o f  t h e  dihydro- 

p y r i d i n e  nucleus. 5 s 6 )  Reaction o f  methyl C3-14Clacetoacetate w i t h  

gaseous a m n i a  i n  methanol gave aminocrotonate I n  order  t o  

maximize the y i e l d  based on the  rad io labe led  precursor, benzylidene 

acetoacetate (6-1 was chosen as the reac t ion  par tner  i n  the  f i n a l  

cyc l  i za t ion .  Knoevenagel condensation o f  m-nitrobenzaldehyde w i t h  3 
y i e l d e d  a E/Z mix tu re  o f  5, from which (El- isomer was c r y s t a l l i z e d  f o r  the  

purpose o f  p u r i f i c a t i o n .  A f t e r  reac t ion  o f  and 6, the  diastereomeric 

mix tu re  (7c - and 

prov ide C14ClYM-09730-5 ( k H C 1 )  wi th  a s p e c i f i c  a c t i v i t y  o f  60.9 mCi/nmol 

and a radiochemical p u r i t y  o f  greater  than 99%. Overal l  radiochemical y i e l d  

was 32.0%. 

was worked up by the  same manner described above t o  

EXPERIMENTAL 

The p u r i t y  and i d e n t i t y  o f  deuterium labe led  compounds were confirmed by 

r o u t i n e  spectra and a n a l y t i c a l  techniques. 

recorded on a JEOL FX-100 NMR spectrometer. Chemical s h i f t s  are i n  p a r t s  

per m i l l i o n  ( 6 )  r e l a t i v e  t o  tetramethyl s i lane.  Coupling constants ( J  

values) are i n  Hertz (Hz). MS spectra were recorded on a H i tach i  M-80 mass 

spectrometer. TLC analyses were conducted on Merck s i l i c a  ge l  60F254 

p la tes.  

column: Nucleosi l  5C18, 4.6 mm X 300 mn (Marchery Nagel); mobile phase: 

0.05M KH2P04 (adjusted t o  pH 3 w i t h  H3P04)/CH3CN conta in ing 3 mnol tetra-n- 

pentylamnonium bromide (1:4 v/vI8); f l o w  r a t e  : 0.9 ml/min; UV wave length  : 

254 nm. The diastereomeric r a t i o  o f  

a n a l y s i ~ . ~ )  The o p t i c a l  p u r i t y  o f  

i t s  1R)-mandelate according t o  the repor ted m e t h ~ d . ~ )  Spec i f i c  r o t a t i o n s  

were determined w i t h  a Perkin-Elmer 241 polar imeter .  Me1 t i n g  po in ts  and 

b o i l i n g  po in ts  are uncorrected. 

‘H- and 13C-NMR spectra were 

HPLC analyses were performed on a Waters 6000A chromatograph; 

t o  S was d e t e n i n e d  by HPLC 

was evaluated by H-NMR analys is  o f  1 

The i d e n t i t y  o f  the 14C-labeled compounds was determined by comparison 

of t h e i r  chromatographic p roper t ies  wi th those o f  standard non-labeled 
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materials. The rad ioac t i v i t y  was measured w i th  a Packard Model 4640 L iqu id  

S c i n t i l l a t i o n  spectrometer. The radiochemical pu r i t y  was determined by TLC 

wi th  a Berthold Radio-TLC Scanner LB 2723. 

(S )-l-Benzyl-3-hydroxy succinimlde ( l a )  - 
~ ~~ 

Thls material prepared from (S)-malic ac id  was pu r i f i ed  according t o  the 

reported method3): mp 105-107'C ( l i t . 31  mp 99-101'C); [aIpoD -54.8' ( c  1, 

&OH) ( l i t .  [a] -51.1' (c 1, &OH)). 31 20 

(S 1-1 -Benzyl-3-hydroxy[2, 2,5 ,5-d41pyrrol i dine (2b) - 
A solut ion o f  5 (12.3 9. 60 mnol) i n  dry THF (130 m l )  was added t o  

a suspension o f  LiALD4 (6.45 g, 154 m o l ,  minimum Isotopic p u r i t y  98 atom % 

D,  Merck) i n  dry THF (230 m l ) .  The mixture was heated under r e f l u x  f o r  2.5 

hr w i th  s t l r r l ng .  A f te r  cooling, the react ion mixture was quenched 

successively w i th  dropwise addi t ion o f  H20 (5.1 m l ) ,  4 N NaOH (5.1 ml), and 

H20 (15.4 ml). The so l i d  was removed by f i l t r a t i o n ,  and the f i l t r a t e  was 

concentrated. The residual o i l  was d i s t i l l e d  t o  a f fo rd  9.9 g (91.2% based 

on - l a )  o f  crude - 2b, bp 107-llO'C (1.1 RaHg). The opt ical  p u r i t y  o f  2 was 

84% ee. Resolutlon o f  the crude alcohol (9.8 g, 54.1 moll w i th  use o f  

(R)-nandelic acid by the same procedure f o r  non-labeled 5 descrlbef 

before3) gave 6.0 g (61.3%) o f  op t i ca l l y  pure 3. 
- 2b (R)-aandelate: np 104-105'C, CaI2OD -44.9' (c  1, MeOH). Anal. calcd. 

f o r  C19H19D4N04: C, 68.44; H, 5.74; 0, 2.42; N, 4.20. Found: C, 68.49; H, 

5.76; D ,  2.36; N, 4.17. 

'H-NMR (CDC13): 6 1.95 (lH, dd, JHaHb=14, JHbHc=4, Hb), 2.17 (lH, dd, 

JHaHb=14, JHaHc=6, Ha), 4.03 (2H. ABq, 5112, 
Hc Fa H0.i =AHbHod OOH %Ph), 4.38 (1H, dd, JHaHc=6, J ~ b k = 4 ,  HC), 

* 6 4.99 (lH, 5, Hd), 7.20-7.68 (lOH, n, phenyl-HI. 
CH,Ph 

No slgnal o f  the methylene protons i n  the benzyl 

group correspoding t o  (R)-isomer ( b 4.01, ABq, J=14I3) was detected. 

Opt ica l l y  pure g: bp 111-113*C (1.7 W g ) ,  CaI2OD -4.1' ( c  1, MeOHl. 

MS: m/z 181(Mt), 137, 104, 91. 
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'H-NMR (C030D): d 1.72 ( l H ,  dd, JHaHb=15, JHbHc=4, Hb), 2.24 ( l H ,  dd, 

JHaHb- 
Hc), 7.36 (5H, m, phenyl-H). MS and NMR spectra showed complete deuterat ion 

a t  both the 2 and 5 p o s i t i o n s  o f  the  p y r r o l i d i n e  r i n g .  

-15, JHaHc=8, Ha), 3.68 (2H, 5, %Ph), 4-35 (1H, dd, JHaHc=8, 

(3s)-1-Benzyl-3-C2,2,5,5-d41pyrrolidinyl methyl 

(4S)-2,6-dimethyl-4- (m-nl - trophenyl l-1.4-di hydropyr id i  ne-3,5-di- 
~~~ ~ 

carboxylate hydrochloride ( C - H C l )  

Freshly  d i s t i l l e d  diketene (1.28 g, 15.2 m o l l  was added dropwise t o  a 

s o l u t i o n  o f  3 (2.76 g, 15.2 mg) i n  benzene (12 ml) a t  50-60'C. and the  

mix tu re  was heated a t  70-8O'C f o r  3 hr .  A f t e r  evaporation o f  t h e  solvent, 

( 3S)-l-benzy1-3-[2,2,5 ,5-d41pyrrol i d i  n y l  3-oxobutyrate (3) was obtained 

q u a n t i t a t i v e l y  as an o i l .  A s o l u t i o n  o f  2 (4.04 g, 15.2 m o l ) ,  

- m-nitrobenzaldehyde (2.30 g, 15.2 mnol), and methyl 3-aminocrotonate (s, 
1.75 g, 15.2 m o l l  i n  Isopropanol (10 ml) was heated under r e f l u x  f o r  8hr. 

A f t e r  evaporation o f  the  so l  vent, (3S)-l-benzyl-3-[2,2,5,5 ,-d41pyrrol i d i  ny l  

methyl ~4R/S~-2,6-dimethyl-4-(~nitrophenyl)-1,4-dihydropyridine-3,5- 

dicarboxy late (2 and @) was af forded as a caramel. The diastereomeric 

r a t i o  o f  t h e  product was about 1:l. The product was subjected t o  Column 

chromatography on s l l l c a  gel (2  kg, Wakogel C-200). The column was e lu ted  

w i t h  n-hexane/ethyl acetate ( 1 : l  v /v l .  The f r a c t i o n s  were checked by HPLC 

and those conta in ing on ly  the  d i a s t e r e o m r  2 were c o l l e c t e d  and 

concentrated t o  ob ta in  2.59 g (34.4% based on 5) o f  f r e e  base 

caramel. 

was added a s o l u t i o n  o f  (S)-malic a c i d  (700 ng, 5.22 m l )  i n  acetone (7 

m l ) ,  and t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  a t  5'C overn lght  t o  c r y s t a l l i z e  

- 7b (S)-malate. 

from MeOH (42 ml) t o  prov ide 2.41 g (25.2% based on 

pure malate: mp 195-196'C (decamp.), [a] 

Calcd. f o r  C31H31D4N3011: C, 59.13; H, 4.96; D, 1.28; N, 6.67. Found: C, 

58.87; H, 4.99; 0, 1.25; N, 6.56. 

as a 

To a s o l u t i o n  o f  the  caramel (2.59 g. 5.23 m l )  i n  acetone (6 m l )  

The c r y s t a l s  were c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i z e d  

o f  t h e  o p t i c a l l y  

20 +82.2 ( C  0.5, *OH). Anal. 
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'H-Nm (CD30D): 8 1.94 (1H, dd, J ~ ~ ~ b ' l 5 ,  J H ~ H ~ = ~ s  Hb). 2.29 ( ~ H s  dd, 

J ~ ~ ~ b ~ l 5 ,  JH~Hc=~ ,  Ha) s 0"" 2.32 (6H, s, 2,6-CH3), 2.52 

t$& (1H, dd, J H ~ H ~ = ~ ,  H $ o o c U  H\t, 0 o a b  Hc Ha qG~f 
H He), 2.80 (lH, dd, JHeHf=16, 

I 
H F  6 2 CH, D 

H 
Hf), 3.63 (3H. s, CH,Ph JHfHga6* 

OCH3), 4.18 (2H, 5,  CH,Ph), 4.33(1H, dd, J H ~ H ~ ~ ~ *  J H ~ H ~ ~ ~ ,  Hg). 5-05 (1H, 5 ,  

4-H), 5.22 (lH, dd, JHaHc=7, JHbHc=4, Hc), 7.32-8.16 (9H, m, phenyl-HI. 

The malate (2.2 g, 3.49 m l )  i n  CHC13 (10 ml) was treated successively 

w i th  saturated aq. NaHC03 (10 mlx2), H20 (10 ml), and 1 N HC1 (10 mlX2). 

The organic layer  was separated followed by concentration, and the residue 

was c rys ta l l i zed  from &OH (9 nil) t o  ob ta in  1.65 g (88.8% based on the  

malate) o f  7b.HC1: mp 226-228'C (decmp.), [a1 20 +115.2'(c 1, MeOH). Anal. - 
Calcd. f o r  C27H26D4N306C1: C, 60.95, H, 4.93; D, 1.51; N, 7-90; c1, 6-66. 

Found: C, 60.78; H, 4.94; D, 1.48; N. 7.87; C1, 6.76. MS: m/z 495 ( M + ) ,  

478, 464, 373, 315, 162. The isotopic p u r i t y  was estimated by the 

comparison o f  MS spectra o f  2 HC1 w i th  those o f  3 - H C 1  t o  be greater than 

99%. 

'H-NMR (CD30D): 8 2.10 (lH, dd, JHaHb=15, JHbHc=4, Hb), 2.2-2.5 ( lH, dd, 

JHaHb'15* JHaHc- -7, Ha), 2.32 (3H, s, 6-CH3), 2.34 (3H, s, 2-CH3), 3.66 (3H, 

S, OCH3), 4.43 (2H, ABq, 5~13 ,  %Ph), 5.08 (1H. 5, 4-H), 5.30 ( lH, dd, 

=7, JHbHc=4, Hc), 7.3-8.16 (9H, m,  phenyl-HI. JHaHc 

Methyl 3-a1ninoC3-~~CIcrotonate (zl 

To a glass ampoule containing methyl C3-14Clacetoacetate (g; 40 mCi,  

60.9 mCi/mol, 0.657 ml; Aniersham Internat ional  plc, England) were added 

under ice-cool ing 1.7 m l  o f  MeOH and 0.55 m l  o f  a saturated so lu t ion  o f  NH3 

i n  MeOH (about 19 w/vS a t  O'C). The mixture was allowed t o  stand a t  room 

temperature f o r  20 hr. The solvent and an excess o f  NH3 were evaporated t o  

obtain c rys ta ls  o f  (75.8 mg. 98.6%). Radiochemical pur i t y :  94.5% by TLC 

(n-hexane/ether. 2:l v/v, R f  0.25). The product was used i n  the next step 

without fu r ther  pur l  f i cation. 
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( 3s )- l-Benzyl-3-pyrrol i d i  n y l  (E 1-2- ( E n i  trobenzyl idene) acetoacetate (6)  - 
To a benzene s o l u t i o n  o f  (S)-l-benzy1-3-pyrrol i d i n y l  3-oxobutyrate (21, 

which was prepared by the  reac t ion  o f  (S)-l-benzyl-3-hydroxy-pyrrol i d i n e  

(@,3'9) 5.22 g, 29.5 m o l l  and diketene (2.48 g, 29.5 m o l l ,  were added 

- m-nitro-benzaldehyde (4.46 g, 29.5 mnol), p i p e r i d i n e  (0.1 ml), and AcOH (0.3 

ml ) ,  The mixture was heated under r e f l u x  f o r  3 h r  us ing Dean-Stark t rap.  

A f t e r  cool ing, t h e  r e a c t i o n  mix tu re  was app l ied  t o  s i l i c a  gel column 

chromatography (Wakogel C-200. 470 9). The column was e lu ted  w i t h  

benzene/ethyl acetate ( 3 : l  v /v)  t o  ob ta in  9.63 g (82.9%) o f  5 as an o i l .  

The product was a EL!-mixture and contaminated by a small amount of 

impur i t ies .  By a d d i t i o n  o f  e ther  (19 ml) fo l lowed by standing a t  0°C f o r  2 

hr, pure (E)-isomer was c r y s t a l l i z e d .  Yield: 7.67 g (66.6%): mp 84-85'C, 

Ca120D -12.5' (c  1, MeOH). Anal. Calcd. f o r  C22H22N205: C, 66.99; H, 5.62; 

N, 7.10. Found: C, 66.97; H, 5.62; N, 7.06. 

'H-NMR (CDC13): 6 1.6-3.2 (6H, in, CH2NCH2CH2), 2.44 (3H, s, CH3CO), 3.60 

Hc Hb 
(2H, ABq, J=12, $Ph), 5.44 (1H, m, Hf), 

7.28(5H, s, CH2P3,  7.52 (lH, t, 

JHbHc=JHcHd=8, Hc), 7.60 (lH, S, Ha), 7.76 

(1H. m, Hb), 8.24 (1H. m, Hd), 8.32 (lH, m, 

Hf 

CH.Ph ~'. .. 
He). Any s ignal  o f  2.38 (CH3CO), 3.65(CH,Ph), 

and 7.34 (CH2fi) which corresponded t o  (Z)-isomer was n o t  detected. 

13C-NMR (CDC13): 631.4 (CH3CO), 166.6 (COO), 193.8 (CHSO). Any s ignal  o f  

31.8, 163.6, and 201.4 which corresponded t o  (2)-isomer was n o t  detected. 

(3s )-l-Benzy1-3-pyrrol i d i n y l  methyl (4s )-2,6-dimethyl-4- (m-ni trophenyl ) - 
1,4-di hydro[6-14Clpyridi ne-3,5-dicarboxyl a t e  hydrochlor ide (& HC1) 

A mix ture o f  - 5c (75.8 mg, 0.648 mnol),  6 (281 mg, 0.713 m o l l  and 

isopropanol (2  ml)  was heated under gent le  r e f l u x  f o r  14 hr .  A f t e r  

evaporation o f  the solvent, the  diastereomeric product (2 and &; 1:l by 

HPLC) was appl ied t o  a Lobapco lumn ( L i C h r o p r e p  S i  60, Size C, Merck). 

The colunn was e lu ted  w i t h  n-hexane/ethyl acetate ( 1 : l  v/v) a t  a f l o w  r a t e  
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o f  20 ml/min. The f r a c t i o n  e l u t e d  from 160 t o  200 min was c o l l e c t e d  and 

concentrated. The res idua l  caramel (156.1 mg, 0.316 mnol , -- 7c:8c=97.6:2.41 

was t rea ted  w i t h  (S)-malic a c i d  (43 mg, 0.32 mmol) i n  acetone (1 m l l  t o  

ob ta in  c r y s t a l s  o f  & (S)-malate (182.6 mg) , which was r e c r y s t a l l i z e d  from 

MeOH (2.7 ml) t o  prov ide t h e  o p t i c a l l y  pure product. 

(38.1% based on - 5c). The malate was converted i n t o  hydrochlor ide s a l t  by 

t h e  same manner described above t o  y i e l d  E.HC1. Yield: 

from - 5c); 12.8 m C i .  Spec i f i c  a c t i v i t y :  115 pCi/mg, 60.9 mCi/mnol; 

Radiochemical p u r i t y :  greater  than 99% by TLC analys is  (CHC13/MeOH (1O:l 

v/v), R f  0.53); Chemical p u r i t y :  99.8% by HPLC analysis. 

Yield: 155.0 mg 

111.4 mg, (32.0% 
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