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ENANTIOSELECTIVE SYNTHESIS OF 1S,35,55- and lR.3S.5~-~-AZABICYCLO[~.~.~~OCTANE- 

3-CARBOXYLIC ACID STARTING FROM L-SERINE* 
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Abstract  - (15,35,5S)- and (1R,3S,5R)-2-Azabicyclo[3.3.0loctane-3-carboxylic ac id  have 

been synthesized by in t ramolecu lar  r ad i ca l  c y c l ~ s a t i o n  of methyl 2-(5)- IN-benzyloxycar 

bonyl-N-(Z-cyclopenten-l-yl)amino]-3-iodopropionate and subsequent reac t ions .  

(1S,3S,55)-2-Azabicyclo[3.3.0loctane-3-carboxylic ac id  1 and (lR,3S,5R)-2-azabicyclo[3.3.01oc- 

tane-3-carboxyl ic  ac id  2 are precursors o f  the  h i gh l y  potent  angiotensin conver t ing  enzyme 

2  i n h i b ~ t o r s  3''' ( r a m i p n l a t )  and 4 . i n  order t o  prepare these i n h i b i t o r s  f o r  i n v e s t i g a t i n g  the  - 

s t ruc tu re  a c t i v l t y  r e l a t i o n s h i p  i n  v i t r o Z a  we had t o  synthesize 1 and 2 as intermediates.  

2 
Recently, we repor ted  the  synthesis o f  racemic 12,3 and . To avoid the  reso lu t i on  of the  racemic 

benzyl es te r  of 1 or 2 i n  prepar ing 1 and $'3 we looked f o r  an enant iose lec t ive  synthesis.  I t  was 

repor ted  t h a t  carbon r a d i c a l s  der ived from the  s ide  chain of o p t i c a l l y  a c t l v e  o-amino ac id  

de r i va t i ves  reac t  w i t h  o l e f i ns  t o  g i ve  f u n c t i o n a l i r e d  o-amino acids under r e t e n t i o n  o f  conf igura-  

t i o n  a t  C-2 of t he  amino Consequently, we be l ieved t h a t  an in t ramolecu lar  r a d i c a l  

c y c l ~ z a t i o n  of an appropnate  o p t i c a l l y  a c t i v e  o l e f i n i c  o-amino ac id  d e r i v a t i v e  should prov ide  1 
and 1 w i t h  the  co r rec t  con f i gu ra t i on  a t  C-3 o f  the  b i c y c l i c  system. 



Treatment of 3-bromocyclopentene 2 w i t h  L-ser ine methyl es te r  6 af fo rded a diasteromeric mix ture  

o f  the  L-ser ine d e r i v a t i v e  1 i n  36 % y i e l d ,  which was acylated w i t h  benzyl chloroformate t o  g ive  8 
i n  90 % y i e l d  (Scheme I ) .  The compound 8 was t r ea ted  w i t h  iodine,  t r iphenylphosphine and imidazole 

6 i n  benzene t o  g ive  the  iodo compound 9 i n  45 % y i e l d .  The key compound 9 was subjected t o  r a d i c a l  

c y c l i z a t i o n  w i t h  t r i - n - b u t y l t i n  hydr ide  i n  benzene i n  t he  presence o f  2,Z'-azoisobutyronitrile 

( A I B N ) .  A  diasteromeric mix ture  conta in ing  10 and d was obtained i n  88 % y i e l d .  To separate 

t he  isomers, 10 and d have been t r anses te r i f i ed  w i t h  benzyl a lcohol  and t i t a n i u m  

7 te t ra isopropox ide  t o  g ive  t he  benzyl es ters  11 and 11 i n  78 % y i e l d  i n  a r a t i o  of 1.25:l. The 

diastereomers cou ld  be separated e a s i l y  by column chromatography on s i l i c a  gel .  Upon hydrogenation 

of 11 o r  11 w i t h  10 % pal ladium on carbon i n  ethanol the  des i red  p r o l i n e  de r i va t i ves  1 and 1 
were each obtained i n  92 % y i e l d .  

Scheme I 

I 

Bun3SnH d7, 
~nudazolf C02CH3 AIBN 

I H C02CH3 
COzClHl C o m b  
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We found t h a t  diastereomer could be separated out from the isomeric mix ture  1 by several 

r e c r y s t a l l i s a t i o n s  o f  the  HCl s a l t  i n  a c e t o n i t r i l e .  The extent o f  separat ion could be followed by 

pmr (270 MHz) o f  the f r e e  base i n  CD30D observing the r e l a t i v e  i n t e n s i t i e s  of the  we l l  separated 

signals o f  the  o l e f i n i c  protons t e n t a t i v e l y  assigned t o  C-2 (5.70 ppm and 5.76 pprn). The compound 

7 a was subjected t o  the  same react ion  sequence described above t o  g ive  the  pure isomer 10 v i a  - 
8 a and 5. Conf igura t ion  of 1 and 1 has been determined by comparison of the  pmr spectra of - 

3 8 authent ic samples of 1 and 1 . The op t i ca l  p u r i t y  o f  1 and 2 was > 99 %. The determinat ion o f  the  

op t i ca l  p u r i t y  of 1 was poss ib le  by pmr measurements o f  the N-methyl methyl es ter  de r i va t i ve  13 i n  

the presence of the s h i f t  reagent S-It)-1-19-anthry1)-2,2,2-trifluoroethanol and by q u a n t i t a t i v e  

evaluat ion o f  the  enantiomers o f  1 on HPTLC pre-coated p la tes  QHIR w i t h  concentrat ing zones 

(E. Merck, Darmstadt). The o p t i c a l  p u r i t y  o f  1 was determined using the method o f  H. Frank e t  

a l .  10 

EXPERIMENTAL 

Mel t ing  po in t s  were determined by the  c a p i l l a r y  method and are uncorrected. In f ra- red ( i r )  spectra 

were determined w i t h  a Perkin Elmer 683 spectrophotometer and pmr spectra were recorded w i th  a 

Bruker AM 270 spectrometer opera t ing  a t  270 MHz and using te t ramethy ls i lane (=  0.0 ppm) as 

i n t e r n a l  reference. Mass spectra were obtained w i th  a Kratos MS 80 spectrometer and the o p t i c a l  

r o t a t i o n  values w i t h  a Perkin Elmer 141 polar imeter.  The gas chromatograph Varian 3700 was used. 

The quan t i t a t i ve  eva luat ion  of the  high performance t h i n  layer  chromatography (HPTLC) was 

performed w i t h  a TLCIHPTLC scanner (Fa. CAMAG, Muttenr, Switzer land).  Column chromatography was 

performed on Merck s i l i c a  gel  @bi 60 F254. 

N-(2-(1R.S)-Cyclopenten-1-yl)-L-serine methyl es te r  7. 

So l i d  K2C03 (135 g, 0.977 mol) was added t o  L-ser ine methyl es ter  hydrochlor ide (34.2 g, 0.29 

mnol) i n  dry  a c e t o n i t r i l e  (200 ml 1 .  3-Bromocyclopentene [prepared from cyclopentene (51.6 g, 0.757 

11 mol) and N-bromosuccinimide (43.5 g, 0.244 mol) i n  CC14 (139 ml )  I was added t o  t h i s  mix ture  

wh i le  coo l i ng  w i t h  i ce .  The mix ture  was allowed t o  reach room temperature and was s t i r r e d  a t  t h i s  

temperature f o r  2 h. A f t e r  f i l t r a t i o n  and concentrat ion o f  the  so lu t i on  the  residue was 

chromatographed on s i l i c a  gel  using CH2C12 as eluant t o  g i ve  1 (14.8 g, 36 %)  as colour less o i l .  

Pmr (CD30D) 6 1.57 (lH,m), 2.06-2.53 (3H,m), 3.48 (lH,t,J=bHz), 3.70-4.05 l6H,m), 5.70 (0.5H.m). 

5.76 (0.5H,m), 5.90 (1H.m). Anal. Calcd f o r  CgH15N03: C 58.36; H 8.16; N 7.56. Found: C 58.10; 

H 8.12; N 7.32. 



N-(2-(1s)-Cyclopenten-I-yl )-L-serine methyl ester hydrochloride 7 a. 

The compound L (5 g, 27.0 mmol) was treated with ethanolic HC1 (27.0 ml, IN) in ethyl acetate (50 
mll to give the diastereomeric mixture of hydrochlor~des (5.11 g, 87 %), mp 150-160°C. 

22 A sample was recrystallized several times from dry acetonitrile to yield iq, mp 179-18O0C, Iol 
22 -67.5" (c = 0.85 in CH30H); [ale of the free base -111.7' (c = 0.865 in CH30H). >contained 6 % 

of the (R,S)-diastereomer. Pmr of the free base (C0300) 6 1.55 (lH,mI, 2.10-2.34 (2H,m), 2.25-2.53 

(1H.m). 3.47 (lH,t,J=6Hz), 3.72 (5H,mI, 3.87 (IH,m), 5.70 (0.06H.m). 5.76 (0.94H,m), 5.90 (lH,rn). 

Ms (CI), mlz 186 (M~H)+. Anal. Calcd for C9H16C1N03: C 48.76; H 7.28; N 6.32; C1 15.99. Found: 

C 48.52; H 7.30; N 6.15; C1 15.85. 

N-(2-(1R)-Cyclopenten-1-yl)-L-serine methyl ester hydrochloride 7 b. 

Crystals obtained from the mother liquors of 5 were recrystallized several times from ethyl 
22 acetate and CH2C12 to yield Zq, mp 152-154-C, containing 13 % of the (S,Sl-diastereomer. ["ID 

22 182.8" ( c  = 0.61 in CH30H), [olo of the free base +38.3" (c = 0.88 in CH30H). Pmr of the free 

base (CDC13) 6 1.56 (lH,m), 2.05-2.33 (2H,m), 2.38-2.53 (1H.m). 3.47 (lH,t,J=6Hr), 3.72 (SH,m), 

3.82 (IH,m), 5.70 (0.87H,m), 5.76 (0.13H,m). MS (Cl), mlz 186 (MIHI'. Anal. Calcd for C9HI6C1NO3: 

C 48.76; H 7.28; N 6.32; C1 15.99. Found: C 48.66; H 7.14; N 6.10; C1 15.80. 

N-~enzyloxycarbonyl-N-(2-(1R,S)-cyclopenten-l-yll-L-serine methyl ester 8. 

The compound L (0.5 g, 2.7 mnol) was suspended in saturated aqueous NaHC03 solution (7.5 ml), 

benryl chloroformate (0.47 g, 2.77 rnmol) was added with ice cooling and the mixture stirred for 80 

min. After usual work up and column chromatography of the residue on silica gel using CH2C12/ethyl 

acetate (95:5) as eluant (0.8 g, 90 % )  was obtained as colourless 011. Pmr (CDCl3I 6 1.50-1.80 

(lH,m), 2.20-2.70 (3H,m), 3.30-3.90 (6H,m), 4.25 (lH,m), 4.95-5.52 (3H,m), 5.60-5.73 (lH,m), 6.00 

(lH,m), 7.37 (5H,br 5). Ir (CHC13) 3470 (OH), 1740, 1700 (C-O), 1620, 1580 (C-Cl cm-I. Ms (EI), 

mlz 319 (M+). Anal. Calcd for C17H21N05: C 63.93; H 6.63; N 4.39. Found: C 63.81; H 6.50; 

N 4.38. 

N-Benzyloxycarbonyl-N-(2-(1S)-cyclopenten-l-yl)-L-serine methyl ester 8 a. 

The compound ip (1.29 g, 6.97 mmol, containing 6 % of the (R,S)-diastereomer) was treated as 
22 

described above to give (2.2 g, 99.6 % )  as colourless oil. ["lo -112.6' (c = 1.45 in CH30H). 

Pmr (C0Cl3) 6 1.50-1.80 (lH,mI, 2.20-2.70 (3H,m), 3.30-3.90 (6H,ml, 4.25 (IH,ml, 4.95-5.52 (3H,m), 

5.62 (0.06H,m), 5.69 (0.94H,m), 6.00 (IH,ml, 7.73 (5H.b~ s). Ir (CHC13) 3480 (OH), 1740, 1700 

(C=Ol, 1620, 1590 (C=C) cm-l. Ms (FAB), mlr 320 (M+H)+. Anal. Calcd for C17H21N05: C 63.93; 



H 6.63; N 4.39. Found: C 63.74; H 6.65; N 4.20. 

Methyl  2-(S)-~N-benzyloxycarbonyl-N-(2-(lR,S)-cyclopenten-l-yl)aminol-3-iodopropionate 9. 

Tr ipheny lphosph ine  15.55 g, 21.16 mmol) and im idazo le  (1.44 g, 21.16 mmol) was d i s s o l v e d  under 

n i t r o g e n  i n  d r y  benzene (95 m l ) .  I o d i n e  (4.62 g, 18.2 rnmol) i n  d r y  benzene (40  rnl) was added 

dropwise t o  t h e  s o l u t i o n  a t  room temperature.  A f t e r  a y e l l o w  p r e c i p i t a t e  had separated t h e  m i x t u r e  

was s t i r r e d  f o r  10 min.  Then, a t  room temperature and p r o t e c t i n g  from l i g h t ,  8 (4.3 g, 13.48 mmol) 

i n  d r y  benzene (27 m l )  was added dropwise. The m i x t u r e  was s t i r r e d  a t  room temperature f o r  5 h .  I t  

was then poured on to  e t h e r l w a t e r .  The e t h e r e a l  s o l u t i o n  was washed w i t h  water ,  d r i e d  over  

magnesium s u l f a t e  and concen t ra ted  i n  vacuo. The r e s i d u e  was chromatographed on s i l i c a  ge l  u s i n g  

cyc lohexane le thy l  a c e t a t e  ( 9 : l )  as e l u a n t  t o  o b t a i n  9 (2.62 g, 45.3 %) as c o l o u r l e s s  o i l .  Pmr 

(CDCI3) 6 1.70-2.60 (4H,m), 3.24-4.10 (6H.m). 5.00-5.37 (3H.m). 5.70 (0.5H.m). 5.84 (0.5H,m), 6.05 

(1H.m). 7.33 (5H.br s ) .  I r  (CHCI3) 1750, 1705 (C=O), 1615, 1590 (C=C) cm-I .  Ms (FAB), m/z 429 

(M+H)+. Anal .  Calcd f o r  C17H201N04: C 47.56; H 4.70; N 3.26. Found: C 47.60; H 4.65; N 3.12. 

Methyl 2-(S)-~N-benryl0xycarbonyl-N-(2-(1S)-cycl0penten-l-yl )amino]-3-iodopropionate 9 a. 

The compound fi (2 .2  g, 6.84 m o l ,  c o n t a i n i n g  6 % o f  t h e  (R,S)-d iastereomer)  was t r e a t e d  as 

72 descr ibed  above t o  g i v e  fi (1.54 g, 52.5 $1 as c o l o u r l e s s  o i l .  -96.7" ( c  = 0.95 i n  CH30H). 

Pmr (CDCI3) 6 1.92 (1H.m). 2.20-2.60 (3H,m), 3.23-4.10 (6H,m), 5.00-5.37 (3H,m), 5.70 (0.94H,m), 

5.84 (0,06H,m), 6.04 (IH,m), 7.33 (5H,br s ) .  Ir (CHCI3) 1750, 1705 (C-01, 1615, 1590 (C=C) cm-'. 

Ms (FAB), m/z 429 (MIH)'. Anal. Calcd f o r  C17H201N04: C 47.56; H 4.70; N 3.26. Found: C 47.40; 

H 4.55; N 4.50. 

M i x t u r e  o f  methyl  ~-benz~lox~carbon~l-(1~,3~,5~)-2-azabic~clo3,3.0octane-3-carboxylate 10 a and 

methyl  N-benzyloxycarbonyl-(1R,3S,5R)-2-azabicyclo[3.3.O]octane-3-carboxylate 10 b. 

The compound 2 (3.224 g, 7.56 nunol), 2,2'-azoisobutyronitrile (AIBN, 0.521 g )  and t r i - n - b u t y l t i n  

h y d r i d e  (2.310 g, 7.94 mmol) were d i s s o l v e d  i n  d r y  benzene (260 m l )  and r e f l u x e d  under n i t r o g e n  

f o r  4 h. A f t e r  evapora t ion  i n  vacuo t h e  r e s i d u e  was taken up i n  e t h e r  (100 m l ) .  The e t h e r e a l  

s o l u t i o n  was s t i r r e d  w i t h  aqueous KF s o l u t i o n  0 % 100 m l )  f o r  30 min. A f t e r  f i l t r a t i o n  t h e  

s o l u t i o n  was d n e d  over sodium s u l f a t e  and concen t ra ted  i n  vacuo. The r e s i d u e  was chromatographed 

on s i l i c a  g e l  u s i n g  cyc lohexane /e thy l  a c e t a t e  ( 4 : l )  as e l u a n t  t o  g i v e  10 and d (2.1 g, 88 % )  

as a 1 . 3 : l  m i x t u r e  o f  d iastereomers (determined by HPLC: P a r t i s i l  column, mob i l  phase c y c l o -  

hexane/DME 50:1, 220 nm). Pmr (CDC13) 6 1.22-2.03 (7H,m), 2.10 (0.5H.m). 2.42 (0.5H,m), 2.72 

(IH,rn), 3.50-3.80 (3H,rn), 4.30 (lH,m), 4.44 (1H.m). 4.96-5.24 (2H,m), 7.27-7.40 (5H.m). Ir (CHCI3) 



1750, 1710 (C-0). 1590 (C=C) cm-l. Ms (EI), mlz 303 (M+). Anal. Calcd for CI7HZlNO4: C 67.30; 

H 6.98; N 4.62. Found: C 67.01; H 7.02; N 4.55. 

Methyl N-benzyloxycarbonyl-(lS,3S,5S)-2-azabicyclo3.3.Oloctane-3-carboxylate 10 a. 

The compound (1.466 g, 3.42 mmol, containing 6 % of the (R,S)-diastereomer) was treated as 

described above to give 10 (0.884 g, 81 %) as colourless oil. [u1i2+5.7" (c 7 1.13 in CH30H). 

Pmr (CDCI3) 6 1.23-1.90 (5H,m), 1.97 (2H,m), 2.40 (IH,m), 2.68 (lH,m), 3.53-3.78 (3H,m), 4.28 

(IH,m), 4.42 (IH,m), 5.02-5.20 (2H,m), 7.28-7.40 (5H,m). Ir (CHCI3) 1750, 1705 (C=O), 1585 (C-C) 

cm-I. Ms (CI), mlz 304 (M+H)+. Anal. Calcd for C17H21N04: C 67.30; H 6.98; N 4.62. Found: 

C 67.24; H 6.80; N 4.60. 

Benzyl N-benzyloxycarbonyl-(1S,3S,5S)-2-azabicyclo[3.3.0loctane-3-carboxy1ate 11 a and benzyl 

N-benryloxycarbonyl-(1R,3S,5R)-2-azabicyclo[3.3.0]octane-3-carboxylate 11 b. 

The mixture of 10 and I0 b (1 g, 3.3 mmol) was dissolved in benzyl alcohol (10 ml), titanium - 
tetraisopropoxide (0.337 g, 1.19 mmol) was added dropwise, and the mixture was stirred a t  90'C for 

4 h in vacuo (20 mm Hg). The benzyl alcohol was then removed in vacuo, the residue was taken up in 

ether and the ethereal solution was washed with aqueous HCI (ZN), saturated aqueous NaHC03 

solution and saturated aqueous NaCl solution after the precipitate had been removed by filtration. 

After drying over sodium sulfate the solution was concentrated in vacuo. The residue was 

chromatographed on silica gel using cyclohexane/ethyl acetate (9:l) as eluant. The compound 

(0.422 g, 34 %) eluted first, followed by the more polar 11 (0.553 g, 44 % ) ,  both are colourless 

oils'. 

1 1  a: [GI;' -2.8. (C = 1.09 in CH30H). Pmr ICDCI3) 6 1.30 (IH,m), 1.50 (IH,m), 1.60-2.10 (5H,m), - 
2.42' (IH,m), 2.68 (lH,m), 4.28 (IH,m), 4.49 (IH,m), 4.95-5.27 (4H,m), 7.32 (IOH,m). Ir (CHCI3) 

1750, 1705 (C-0) cm-I. Ms (EI), mlz 379 (M'). Anal. Calcd for CZ3Hz5NO4: C . 72.80; H 6.64; 

N 3.69. Found: C 72.53; H 6.62; N 3.58. 
22 1 1  b: lalo -101.6O (c = 0.82 in CH30H). Pmr (CDC13) 6 1.41-1.95 (7H,rn), 2.10 (IH,m), 2.74 (1H.m). - 

4.34 (IH,rn), 4.48 (0.5H,dd,J1=3Hz,J2=9Hz), 4.55 (0.5H,dd,J1=3Hz,JZ=9Hz), 4.92-5.23 (4H,m), 7.28 

(IOH,m). Ir (CHC13) 1745, 1710 (C=O) cm-l. Ms (El), mlz 379 (M'). Anal. Calcd for CZ3HZ5NO4: 

C 72.80; H 6.64; N 3.69. Found: C 72.60; H 6.50; N 3.58. 

When 10 (0.878 g, 2.89 mmol) was used as starting material, 11 (0.836 g, 76 %) was obtained. A 

small amount of 11 (0.06 g, 5.5 % )  was found, resulting from the (R,S)-diastereomer in 2 
(6 %). 11 and 11 of this run showed identical pmr-spectra (270 MHz) to' those obtained from 
10 a and 10 described above. - 
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(1S,3S,5S)-2-Azabicyclo[3.3.0loctane-3-carboxylic ac id  1. 

The compound 11 (0.5 g, 1.32 mnol) obtained from the mix ture  o f  lo and 10 o r  obtained on l y  

from 10 was dissolved i n  ethanol (10 ml ) ,  PdlC (10 %, 50 mg) was added and the mix ture  

hydrogenated for  6 h a t  room temperature. The ca ta l ys t  was removed by f i l t r a t i o n ,  the  so lu t i on  was 

concentrated i n  vacuo and the residue was t reated w i t h  e thy l  acetate t o  a f f o r d  1 1186 mg, 91 %) as 

co lour less  c r ys ta l s ,  mp 235-238°C. [a] -53.1' (c = 0.52 i n  CH30H). Pmr (D20) 6 1.58 (1H.m). 

1.69-1.95 (4H,m), 2.02 (2H,m), 2.62 (1H.m). 3.00 (lH,m), 4.15 (1H,dd,J1=2Hz,J2=8Hz), 4.20 (1H.m). 

Ir (KBr p e l l e t )  1620, 1580 (C-0) cm'l. Ms (CI) ,  m/z 156 (M+H)+. Anal. Calcd f o r  C8H13N02: 

C 61.91; H 8.44; N 9.03. Found: C 61.84; H 8.20; N 8.86. The o p t i c a l  p u r i t y  was > 99 % 

determined by quan t i t a t i ve  t h i n  l aye r  chromatography (HPTLC pre-coated p la tes  QHIR w i t h  

concentrat ing zone 2.5 cm ( E .  Merck, Darmstadt); e luant :  ethanolli-propanollwater 60110130 

(v /v /v ) ;  migra t ion  distance: 20 cm; detec t ion :  p la tes  were dipped i n  0.5 % n inhydr in  i n  

ethanol /acet ic ac id  9812 followed by heat ing up t o  120-C f o r  10 min; eva luat ion  w i t h  TLC/HPTLC 

3 scanner (CAMAG, UV 410 nm)). Using benzyl (1S,3S,5S)-Z-arabicyclo~3.3.0loctane-3-carboxylate as 

s t a r t i n g  mater ia l  1 was obtained w i t h  i d e n t i c a l  pmr spectrum (270 MHz), [=I; -52.2" (c = Q.5 i n  

CH30H), mp 236-238°C. 

Methyl N-methyl-(1S,3S,5S)-2-azabicyclo[3.3.Oloctane-3-carboxylate 13. 

The compound 1 (0.1 g, 0.65 mmol) was dissolved i n  methanol ( 4  ml ) .  To the so lu t i on  was added a t  

room temperature dropwise an ethereal  so lu t i on  of diaromethane (obtained from N-methyl-N-nitroso- 

p-toluolsul fonamid (2.14 g, 0.01 mmoll and e thano l ic  KOH (0.4 g KOH i n  10 ml ethanol 1 1  u n t i l  the  

so lu t i on  remained s l i g h t l y  yel low. Ni t rogen was bubbled through the so lu t i on  which was then 

concentrated i n  vacuo. The residue was chromatographed on s i l i c a  gel  using cyclohexane/ethyl 

acetate ( 4 : l )  as eluant t o  obta in  13 (55 mg, 47 % )  as co lour less  o i l .  [=I 02' -54.6" ( c  = 1.53 i n  

CH30H). Pmr (CDC13, 400 MHz) 61.22-1.82 (7H,m), 2.29 (lH,m), 2.35 (3H.s). 2.57 (1H.m). 2.81 

(1H,dd,J1=3Hz,J2=6Hz), 2.98 (1H,dd,J1=5Hz,J2=6Hr), 3.74 (3H,s). Ir (neat)  1750, 1730 (C=O) cm-l. 

Ms (C I ) ,  mlz 184 (M+H)+. Anal. Calcd f o r  C10H17N02: C 65.54; H 9.35; N 7.65. Found: C 65.23; 

H 9.31; N 7.48. The o p t i c a l  p u r i t y  o f  13 was > 99 % determined by 400 MHz-pmr measurement i n  the  

presence o f  S-(+)-1-(9-anthryl)-2.2.2-trifluoroethanol: add i t i on  of S-(+)-l-(g-anthryl)-2.2.2-tri- 

f luoroethanol  (40 mgl t o  a COC13-solution of (5  mg i n  0.5 ml CDC13) resu l t ed  i n  a 

d ias tereotop ic  s p l i t  o f  the  N-CH3 s igna ls  (5,S.S-isomer: 2.25 ppm ( s l ;  R,R,R-isomer: 2.05 ppm 

( s ) ) .  Racemic 1J was obtained by the  fo l l ow ing  procedure: 

Methyl N-methyl-(1SR,3SR,5SR)-2-azabic~clo[3.3.0loctane-3-carboxylate rac. 13. 



Racemic l3 (0.5 g, 3.22 mmol I was suspended i n  d r y  DMF ( 5  m l  ) and d i i sopropy le thy lamine  (0.833 g, 

6.45 m o l l  was added. Methyl i od i de  (0.915 g, 6.45 mmoll was added dropwise t o  the  suspension a t  

room temperature and s t i r r e d  f o r  16 h. The m ~ x t u r e  was poured i n t o  water and the  aqueous s o l u t i o n  

was ex t rac ted  w i t h  e thy l  acetate.  The e thy l  acetate s o l u t i o n  was washed w i t h  water, d r i e d  over 

sodium s u l f a t e  and concentrated i n  vacuo. The res idue was chromatographed on s i l i c a  gel  t o  y i e l d  

rac .  13 (170 mg, 29 $1 as co lour less  o i l .  Pmr and ms was i d e n t i c a l  w i t h  the  spectra o f  o p t i c a l  - 
pure 12. Anal. Calcd f o r  CIOHI7NO2: C 65.54; H 9.35; N 7.65. Found: C 65.28; H 9.50; N 7.41. 

(1R,3S,5Rl-2-Azabicyclo[3.3.0]octane-3-carboxylic ac id  2 .  

The compound 11 (64 mg, 0.17 m o l l  was d isso lved  i n  ethanol  (10 m l ) ,  PdlC (10 %, 10 mgl was 

added and the  m i x tu re  hydrogenated f o r  1  h  a t  room temperature. The c a t a l y s t  was removed by 

f i l t r a t i o n ,  t h e  s o l u t i o n  was concentrated i n  vacuo and the  res idue was t r ea ted  w i t h  e thy l  ace ta te  

t o  g i ve  i ( 2 2  mg, 85 %) as co lour less  c r ys ta l s ,  mp 220°C. The o p t i c a l  p u r i t y  was > 99 % determined 

10 by the  method of H. Frank . [a]: -47.2" ( c  = 0.4 i n  CH30H). Pmr (D201 6 1.50-2.17 (7H,ml, 2.33 

(IH,mY, 2.94 (lH,rn), 4.21 (1H,dd,J1=J2=7Hz), 4.31 (1H,ddd,J1=4Hz,J2=J3=7Hrl. Ir (KBr p e l l e t )  1620, 

1585 (C=O) cm-I. Ms ( C I ) ,  mlz 156 (M+H)+. Anal. Calcd f o r  C8H13N02: C 61.91; H 8.44; N 9.03. 

Found: C 61.63; H 8.51; N 8.74. 
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Abrtract - The app l i ca t i on  o f  a novel method fo r  the  prepara t ion  of c h i r a l  

d i t h i oace ta l s  t o  the  synthesis of the enantiomers of L-660,711, an antagonist  of 

leukot r iene D4. i s  described. Reaction o f  3-(t-butyldiphenylsi1yloxymethyl)- 

benzaldehyde o r  isophthalaldehyde w i t h  (R)-(-)-a-methoxyphenylthiolacetic ac id  and 

N.N-dimethyl-3-mercaptopropionamide provides diastereomeric acy l  t h i o a l k y l  t h i o -  

aceta ls  ( 1 0 , l l  o r  17a.b) which a re  r e a d i l y  separable and can be subsequently 

deacylated w i t h  sodium methoxide and the r e s u l t a n t  t h i o l a t e  anion a l ky la ted  wi th  

methyl ac ry la te  t o  prov ide enantiomeric d i t h i oace ta l s  (12a.b o r  14a.b) which are 

converted t o  the  enantiomers o f  L-660.711. 

INTRODUCTION 

The leukot r ienes C4. D4 and E4 are postu la ted as important mediators i n  the  e th io logy of 

human asthma. These leukot r ienes exe r t  t h e i r  potent b i o l o g i c a l  e f f e c t s  through i n te rac t i on  

w i th  s p e c i f i c  c e l l u l a r  receptors and i n  the  human lung they a re  thought t o  a c t  on a common 
1 

receptor on which l euko t r i ene  D4 exer ts  the most potent e f f e c t s  . Over the past  several 

years a number o f  spec i f i c  receptor  antagonists of leukot r iene D4 have been developed and 
2 

are cu r ren t l y  being evaluated as p o t e n t i a l l y  novel therapies f o r  bronchial  asthma . 

We have recen t l y  described the discovery and synthesis o f  a novel. potent.  s p e c i f i c  and o r a l l y  

3 ac t i ve  leukot r iene D4 antagonist  (L-660.711) (1) which contains an unusual asymmetric d i t h i o -  

q -coon 
CI ~ s - c o N ~ c H -  

(rl or (-1 L-860711 (1) 

+Dedicated t o  Professor S i r  Derek Barton on the occasion o f  h i s  70th b i r thday.  



acetal moiety as a  key s t r u c t u r a l  feature.  Our o r i g i n a l  synthesis provided the compound as a  

racemic mixture.  I t  was thus important t o  prepare s i g n i f i c a n t  quan t i t i es  o f  the pure 

enantiomers of 1 i n  order  t o  f u l l y  evaluate the in  xi^ and in W bio log i ca l  a c t i v i t i e s  of 

t h i s  i r p o r t a n t  new drug. As c lass i ca l  r eso lu t i on  techniques f a i l e d  t o  provide these 

4  enantiomers we were forced t o  develop novel synthet ic  procedures t o  prepare asymmetric and 

chira15 d i t h i oace ta l s  and the app l i ca t i on  of t h i s  methodology t o  the  preparat ion o f  the 

enantiomers of L-660,711 (1) i s  the subject  of t h i s  repor t .  

DISCUSSION 

There are very few repo r t s  of the  preparat ion of acyc l i c  asymmetric d i t h i oace ta l s  i n  the 

6 l i t e r a t u r e  and we are unaware of any published repor ts  o f  successful r eso lu t i on  o f  such a  
7  species . However, as 1 contains a  carboxy l ic  ac id  group t h i s  f u n c t i o n a l i t y  could poss ib ly  

serve t o  a i d  i n  the reso lu t i on  i n  racemic 1. Before at tempt ing c lass i ca l  r eso lu t i on  

techniques we requ i red a  method t o  assess the c h i r a l  p u r i t y  and hence the success o f  our 

attempts. Preparat ion of several c h i r a l  esters (by carbodiimide condensation o f  1  w i t h  

(R)-methyl a-hydroxyphenylacetate, I-borne01 , (S)-(+)-E-butanol , (+)-isopinocampheol and 

1-menthol) o r  amides (from (-)-a-methylbenzylamine) gave diastereomeric adducts which were 

not r e a d i l y  resolved by reversed phase hp lc  and which d i d  no t  prov ide any r e a d i l y  resolved 

signals i n  the pmr spectra which could serve as a  measure o f  enantiomeric p u r i t y .  I n  the end 

we found t h a t  the es ters  prepared by condensation o f  1  and (-)-2.2,Z-trifluoro-I-(9-anthry1)- 

ethanol exh ib i ted  resolved s igna ls  i n  the  pmr spectra ( p a r t i c u l a r l y  a t  4.97 and 4.98 ppm f o r  

the th ioaceta l  methine protons) which could be used t o  q u a n t i t a t i v e l y  assess c h i r a l  p u r i t y  o f  

the enantiomers o f  1  w i t h  an accuracy >95% e.e. 

With t h i s  method i n  hand we sought t o  reso lve  1  v i a  c l ass i ca l  techniques (se lec t ive  

c r y s t a l l i z a t i o n  o f  the  (-)-ephedrine, brucine o r  (-)-c inchonidine s a l t s ,  chromatographic 

separation of the  diastereomeric es ters  described above). These e f fo r ts  were uniformly 

unsuccessful. With respect t o  es ter  formation i t  appeared t h a t  the r e l a t i v e  s i m i l a r i t y  of the 

two chains and the remoteness o f  the  two c h i r a l  centres i n  such diastereomeric der iva t ives  

mi t iga ted against  the  success o f  such techniques. 

We there fore  app l ied  the novel synthet ic  methodology we have recen t l y  developed for  the 

preparai ion of asymmetric d i t h i ~ a c e t a l s ~ ' ~  (Scheme 1) t o  successful ly achieve t h i s  goal. I n  

t h i s  procedure aldehydes are reacted w i th  one equivalent each of a  t h i o l  ac id  and t h i o l  t o  

provide e s s e n t i a l l y  exc lus i ve l y  the mixed acylthioalkylth.oacetals (2 ) .  When a  c h i r a l  t h i o l  

ac id  (such as (R)-(-)-a-methoxyphenylthiolacetic acid) i s  used i n  t h i s  reac t i on  the derived 
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Scheme 1 

HSCOR' 1) separsle dlaslereomcrs ~ 4 ~ '  sR' 21 NaocH1 . R'X R-&2 sR1 

2 3 

diartereomeric mixed d i t h i oace ta l s  are genera l ly  e a s i l y  separable by chromatographic 

techniques. Subsequent deacy la t ion  o f  these mixed adducts ( 2 )  w i t h  sodium methoxide a t  a  low 

temperature proceeds t o  prov ide the intermediate t h i o l a t e  anions which can be a l ky la ted  wi th  a  

va r i e t y  of e l ec t roph i l es  t o  prov ide c h i r a l  d i t h i oace ta l s  ( 3 )  wi thout  any l oss  of enantiomeric 

5 p u r i t y  . 
Scheme 2 

l3a.b ; R = CHSOH 

14a.b ; R I CHO 



The successful synthet ic  routes t o  the enantiomers of 1 are de ta i l ed  i n  Schemes 2 and 3. Our 

o r i g i n a l  synthesis of 1 u t i l i z e d  isophthaladehyde (4) end 7-chloroquinaldine as s t a r t i n g  

3 mater ia ls  . To achieve the c h i r a l  synthesis we requ i red se lec t i ve  react ion  o f  one o f  the 

aldehyde functions of isophthaldehyde and t h i s  was achieved by two methods. I n  the f i r s t  

sequence (Scheme 2) isophthaldehyde was p a r t i a l l y  reduced w i th  sodium borohydride t o  provide 

3-hydroxymethylbenzaldehyde (6) which was protected as the t -bu ty ld ipheny l s i l y l  ether (7). The 

ether 7 was then reacted w i t h  1.1 equivalents each of N,N-dimethyl-3-mercaptopropionamide (9) 

and (R)-(-)-a-methoxyphenylthiolacetic ac id  (8) under ac id  ca ta l ys i s  t o  provide the mixture 

of d iasteromeric mixed acyl th ioalkyl th ioaceta ls  (10.11) i n  good y i e l d .  Flash chromatography 

effected clean separat ion of these diastereomers t o  provide 10 ( less  po la r )  and 11 (more 

po lar )  i n  30% and 36% i s o l a t e d  y i e l d s  respect ive ly .  They were then ca r r i ed  on i n d i v i d u a l l y  i n  

Subsequent steps. The l ess  po la r  diastereomer (10) was reacted a t  - 7 8 T  w i t h  sodium methoxide 

and the l i be ra ted  t h i o l a t e  anion was reacted w i th  methyl ac ry la te  t o  provide the asymmetric 

d i t h i oace ta l  12a (60%) which was t reated w i th  tetrabutylammonium f l uo r i de  t o  remove the s i l y l  

p ro tec t i ng  group and prov ide the alcohol  13a (84%). Oxidat ion w i t h  manganese d iox ide gave the 

aldehyde 14a (76%). P a r a l l e l  reac t ions  s t a r t i n g  w i t h  11 gave enantlomeric intermediates 12b 

(74%). 13b (90%) and 14b (74%). I n  each case the enantiomeric p a i r s  showed equal and opposite 

op t i ca l  r o t a t i o n s  (see experimental sect ion).  Enantiomer 14a was then reacted w l t h  the  y l l d  

der ived from (7-chloroquinolin-2-yl)methyltriphenylphosphonium bromide (prepared from 

7-chloroquinaldine by photobromination and subsequent reac t i on  w i t h  t r iphenylphosphine) t o  

provide the es te r  15a (96%) which on care fu l  hydro lys is  w i t h  aqueous l i t h i u m  hydroxide i n  DME 

gave '  the  (+)-enantiomer of 1 ([a]: t9.1') (50%). S im i l a r  t ransformat ion of the 

intermediate 14b gave 15b (91%) and the ( - ) -enant imer  of 1 ( [a1 i5  -9.2'). Final  

conf i rmat ion of the enantiomeric p u r i t y  was obtained by conversion of (+)-I and (-)-I t o  the 

(-)-2.2,2-trifluoro-I-(9-anthry1)ethanol esters  (16a.b). Examination a t  h i gh  reso lu t i on  of 

the pmr s igna ls  f o r  the  d i t h i oace ta l  methine protons allowed es t imat ion  of the enantiomeric 

p u r i t y  as >95% e.e. i n  each case. Subsequently a more convergent prepara t ion  of the 

di th ioacetalaldehydes (14a.b) was achieved (Scheme 3).   has isophthalaldehyde (4) was reacted 

d i r e c t l y  w i t h  one equ iva lent  each of N.N-dimethyl-3-mercaptopropionamide (8) and 

R-(-)-a-methoxyphenylthiolacetic ac id  (9) w i t h  p-toluenesul fonic ac id  t o  provide (a f te r  

p u r i f i c a t i o n  and separat ion by f l a s h  chromatography) the niixed acyl th ioalkyl th ioaceta ls  17a.b 

(each i n  16% i s o l a t e d  y ie lds ) .  The pure diastereomers were reacted w i t h  sodium methoxide a t  

-78'C and thence w i t h  methyl ac ry la te  (-78'C f o r  8 hours) t o  prov ide the prev ious ly  obtained 

c h i r a l  d i t h i oace ta l s  14a (87%) and 14b (83%). Opt ica l  r o t a t i o n s  o f  the  enantiomers 14a.b 

obtained i n  t h i s  manner were e s s e n t i a l l y  i d e n t i c a l  t o  those obtained by the previous sequence. 
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Scheme 3 

14O.b 

CONCLUSIONS 

A useful  and e f f i c i e n t  p repara t ion  o f  the  enantiomers o f  L-660,711 (I). a potent  leukot r iene 

D4 antagonist  bear ing  an a s p e t r i c  d i t h i oace ta l  moiety, has been achieved. The synthesis 

demonstrates the  u t i l i t y  of the  novel procedure f o r  the  prepara t ion  of asymmetric 

d i t h i o a ~ e t a l s .  We have very  recen t l y  been ab le  t o  assign the S con f i gu ra t i on  t o  the 

enantiomer (+)- I  based on X-ray ana lys is  of a r e l a t e d  de r i va t i ve .  This study and the 

b io log i ca l  p r o f i l e  o f  the  two enantiomers w i l l  be repor ted elsewhere. 

EXPERIMENTAL 

A l l  mel t ing  po in t s  were determined on a Buchi 510 mel t ing  p o i n t  apparatus and are uncorrected. 

'H Nmr were recorded on Bruker AH 250 o r  AM 300 spectrometers using te t ramethy ls i lane as 

i n te rna l  standard. Opt ica l  r o t a t i o n s  were determined on a Perkin-Elmer 241 polar imeter.  

Elemental analyses were performed by e i t h e r  Guelph Chemical Laborator ies Limited, Guelph, 

Ontar io  o r  by Galb ra i t h  Laborator ies Inc. ,  Knoxv i l le .  Tennessee. 

2-Bromomethvl-7-~hlor~uinoline 
8 

A so lu t i on  o f  7-chloroquinaldine (177 g. 1 mol). N-bromosuccinimide (178 g. 1 mol), and 

benzoyl peroxide (I g) i n  CCI4 (2  1) was heated a t  r e f l u x  f o r  2 days under a 150 watt  

p ro jec t i on  f l o o d  lamp. The reac t i on  mix ture  was cooled, passed through a p lug  of Si02 

(approximately 1 kg) using toluene as eluent.  Further chromatography on 2 x 1 kg Si02 

columns using toluene as e luent  afforded 120 g of the  t i t l e  compound, mp 112'C (dec.). 



'H Nmr (CDCI3) 6: 4.72 (s,  ZH), 7.42-7.75 (m, 2H), 7.95-8.15 (m, ZH), 8.35 ppm (d, J 

= I 0  Hz. IH). 

Anal. c a l c ' d  fo r  CIOH7NBrCI: C. 46.82: H. 2.75; N. 5.46; Br. 31.14; CI. 13.82. Found: C. 

47.13; H, 2.91; N, 5.49: Br, 31.08; CI, 13.83. 

(7-Chl~r~uinoline-2-vl)methvltri~henvl~hosohonium bromide 

TO a suspension of 2-bromomethyl-7-chloroquinoline (120 g. 0.5 mol l  i n  800 ml o f  CH3CN a t  

60'C was added tr iphenylphosphine (183 g) .  The react ion  mix ture  was heated overnight a t  60'C. 

Cooled and 400 ml ether was added. The s o l i d  was f i l t e r e d  and d r i ed  t o  y i e l d  170 g of 

phosphonium s a l t .  'H Nmr (CDCI3) 6: 5.90 (d, J = 15 Hz, 2H), 7.50-8.35 p.p.m. (m, 

20H). 

Anal. c a l c ' d  f o r  C28H22P 8rC1: C, 64.82; H, 4.27: N, 2.70; Br, 15.40:C1, 6.83; P, 6.00. 

Found: C, 64.61, H. 4.27: N, 2.70; Br,  15.41: Cl 6.85; P, 6.42. 

3-Hvdr0x~methv1benzaldehvde (6) 

To a so lu t i on  o f  isophthalaldehyde (4) (8 g) i n  ethanol (80 ml)  a t  room temp. was added 

Na8H4 p o r t i o n  wise, u n t i l  about 50% react ion  was observed by t l c .  The reac t i on  mixture was 

quenched w i t h  25% ammonium acetate,  extracted w i th  e thy l  acetate,  washed w i t h  b r i ne  ( 2 ~ ) .  

d r ied  over sodium su l f a te ,  f i l t e r e d  and evaporated t o  dryness. A f t e r  p u r i f i c a t i o n  by f lash 

chromatography (50% Et20/Hex.) 3 g o f  pure hydroxyaldehyde 6 was obtained. 

'H Nmr (CDCI3) 6: 2.45 (s,  IH, OH), 4.78 ( 5 ,  2H, CH20H), 7.50-7.90 (m, 4H, Ar) ,  

10.05 ppm ( 5 ,  IH, CHO). 

3 - t -Bu tv ld iohenv ls i l v loxvmethv lbenza ldehvde  ( 7 1  

To a so lu t i on  of hydroxyaldehyde 6 (3 g) i n  methylene ch lo r i de  (15 m l )  and tr iethylamirre (4.1 

m l )  was s lowly  added the t-butylchlorodiphenylsi lane (8  ml). F i n a l l y ,  1 c r ys ta l  of 

4 -pyr ro l id inopyr id ine  was added as a ca ta l ys t .  The react ion  mix ture  was s t i r r e d  overnight a t  

room temp. The so lu t i on  was quenched w i t h  25% ammonium acetate,  ex t rac ted w i t h  e thy l  acetate, 

washed w i t h  b r i ne  ( 2 ~ ) .  d r i ed  over sodium su l fa te ,  f i l t e r e d  and evaporated t o  dryness. 

Pu r i f i ca t i on  by f l a s h  chromatography (4% AcOEtIHex), a f fo rded 8.98 g of aldehyde 7. 

'H Nmr (CDCI3) 6: 1.13 (s,  9H, t-Bu), 4.82 (s,  ZH, CH20), 7.25-7.85 (m, 14H. Ar), 

10.05 ppm (s,  IH, CHO). 

D i th ioaceta ls  10 and 11 

TO a so lu t i on  of aldehyde 7 (8.98 g, 24 mmol) i n  benzene (90 ml)  was added t h i o l  9 (3.5 g. 26 
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mmol), t h i o l a c i d  8 (4.76 g, 26 rnmol) and p-toluenesul fonic ac id  (2.26 g. 13 mmol). The 

so lu t i on  was re f luxed f o r  - 3.5 h w i t h  a Dean-Stark apparatus f i l l e d  w i t h  ac t iva ted 3A 

molecular sieves. The s o l u t i o n  was cooled t o  room temp., quenched w i t h  25% ammonium acetate. 

extracted w i t h  EtOAC, washed w i t h  b r i ne  ( 3 ~ ) .  d r i ed  over sodium su l f a te ,  f i l t e r e d  and 

evaporated t o  dryness. The two diastereorners were separated by f l a s h  chromatography (10 i n .  

of s i l i c a  ge l ) ,  40% AcOEtlHex. g i v i n g  5.35 g of the  less  po la r  compound 10 and 4.51 g o f  the 

more po la r  11. 

10: [ u1 i5  = t46.4' (c = 2.23, acetone). 'H Nmr (CDC13) 6: 1.12 ( 5 ,  9H, 

t-Bu). 2.45 (t. 2H. J - 7 Hz. CH2). 2.78 (t. 2H. J - 7 Hz. CH2). 2.82 and 2.88 (2s. 6H. 

N(CH3)2), 3.42 ( 5 ,  3H, 0CH3), 4.70 (s,  IH, CH), 4.74 (s,  ZH, CH20), 5.61 (s,  IH, CH), 

7.26-7.71 ppm (m. 19H. Ar) .  

Anal. c a l c ' d  f o r  C38H45N04S2Si: C. 67.92; H, 6.75; S, 9.54. 

Found: C, 67.86: H, 6.98; S, 9.36. 

11: [uli5 = -39.2' ( c  - 1.98. acetone). 'H Nmr (CDC13) 6: 1.10 (5. 9H. 

t-Bu). 3.59 (t, 2H, J = 7 Hz, CH2), 3.85 (t, 2H, J = 7 Hz, CH2). 3.95 and 3.96 (2s, 6H. 

N(CH3)2), 3.48 ( 5 ,  3H. 0CH3), 4.72 (s,  2H, CH20), 4.78 (s, IH, CH), 5.64 (s,  IH, CH), 

7.26-7.85 ppm (m, 19H, Ar) .  

PrqQaration o f  d i t h i oace ta l  12a 

A so lu t i on  o f  d i t h i o a c e t a l  I 0  (2.6 g. 3.87 mmol) was cooled t o  -78°C. A so lu t i on  of sodium 

methoxide 1M i n  methanol (3.47 ml. 0.9 eq) was added. Af ter  s t i r r i n g  f o r  10 min (-78"C), 

methyl ac ry la te  (0.52 ml. 1.5 eq.) was added and the s o l u t i o n  was s t i r r e d  f o r  2 h a t  -78'C. 

The reac t i on  mix ture  was quenched a t  low temperature w i t h  a saturated so lu t i on  of ammonium 

ch lor ide ,  ex t rac ted w i t h  EtOAc, washed w i t h  b r i ne  ( 3 ~ ) .  d r i ed  over sodium su l f a te ,  f i l t e r e d  

and evaporated t o  dryness. P u r i f i c a t i o n  by f lash chromatography gave 1.4 g o f  d i t h i oace ta l  

25 12a. IdD - 1.62' ( C  - 1.22, acetone). 

'H Nmr (CDC13) 6 :  1.12 (s,  9H, t-Bu), 2.50-2.90 (m, 8H, 4(CH2)), 2.91 and 2.92 (2s. 

6H, N(CH3)2), 3.68 ( 5 ,  IH. 0CH3), 4.77 ( 5 ,  2H, CH20), 5.00 ( 5 ,  IH, CH), 7.27-7.72 ppm 

(m, 14H, Ar) .  

Anal. ca l c ' d  f o r  C33H43N04S2Si: C. 64.68; H, 7.10: 5, 10.51. 

Found: C, 65.03; H, 7.21; S, 10.19. 

Compound 11, t rea ted the same way a f fo rded the enantiomer i 2 b  

IdD 25 + 2.05' (c = 1.84, acetone). 

Anal. found: C, 65.08: H, 7.40; S, 10.73. 



P r e ~ a r a t i o n  o f  a lcohol  13a 

To a so lu t i on  of s i l y l  e ther  12a (1.377 g, 2.26 m o l )  i n  THF (25 ml) a t  room temp. was slowly 

added tetrabutylammonium f l uo r i de  1M i n  THF (2.34 ml). The so lu t i on  was s t i r r e d  2 h a t  room 

temp. Ethyl  acetate was added t o  the react ion  mixture, i t  was washed w i t h  b r i ne  (3x), d r i ed  

over sodium su l fa te ,  f i l t e r e d  and evaporated t o  dryness. Af te r  f lash chromatography (40% 

acetonelhexane). 709 mg of a lcohol  13a was obtained. [,I? - 4.2' (c - 2.04, acetone). 

'H Nmr (COCl3) 6: 2.50-2.91 (in. 8H, 4(CH2)). 2.94 and 2.96 (2s. 6H, .N(CH3)2). 

3.70 (s, 3H, 0CH3). 4.69 (s.  2H. CH20H). 5.05 (s. lH, CHI, 7.26-7.49 ppm (m. 4H, Ar). 

S imi la r  treatment o f  the  enantiomer 12b, a f fo rded the enantiomer 13b [di5 + 4.1' (c - 
1.78, acetone). 

m a r a t i o n  of aldehyde 14a 

TO a so lu t i on  of a lcohol  13a (679 mg) i n  e thy l  acetate (30 ml)  was added Hn02 (1.3 g) .  The 

suspension was s t i r r e d  overn ight  a t  room temp. The suspension was f i l t e r e d  on a pad o f  s i l i c a  

gel w i t h  EtOAc and the solvent was evaporated a f f o rd ing  516 mg o f  aldehyde 14a 

[w1i5 - 6.9' (c - 1.73, acetone). 

'H ' ~ m r  (CDCI3) 6: 2.56-2.94 (m, BH, 4(CH2)), 2.95 and 2.97 (2s. 6H. N(CH3)2), 

3.70 (s,  3H. 0CH3), 5.14 (s. IH, CH). 7.52, 7.80 and 7.98 (t, 3 - 7 Hz. t. J - 7 Hz and s ,  

4H, Ar), 10.03 ppm (s,  IH, CHO). 

Anal. c a l c ' d  f o r  C17H23N04S2: C. 55.26; H. 6.27: 5 ,  17.36. 

Found: C. 55.19; H, 6.57; S. 17.06. 

T h e  same treatment o f  the  enantiomer 13b afforded the enantiomer 14b [,I: t6.7' (c - 
1.38, acetone). 

Anal. found: C. 55.06; H, 6.57: 5. 17.18. 

Preparat ion of o l e f i n  15a 

To a S~SpenSiOn o f  (7-chloroquinolin-2-yl)methyltriphenylphosphonium bromide (809 mg, 1.56 

mmol) i n  THF (15 ml)  a t  -78°C. was added a so lu t i on  of n-BuLi i n  Hexane 1.6 M (0.89 ml. 1.43 

mmol). The mix ture  was s t i r r e d  f o r  0.5 h a t  -78'C. Then, aldehyde 14a (480 mg. 1.3 mmol) i n  

THF (4  ml) was s lowly  added. The mix ture  was s t i r r e d  f o r  0.5 h a t  -78°C and then warmed t o  

room temp. and s t i r r e d  fo r  an add i t i ona l  2 h. A so lu t i on  o f  25% ammonium acetate was added, 

the mixture was ex t rac ted w i t h  e thy l  acetate, and the ex t rac ts  were washed w i t h  b r i ne  (3x), 

d r i ed  over sodium sul fate.  f i l t e r e d  and evaporated t o  dryness. P u r i f i c a t i o n  by f lash 
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chromatography afforded 660 mg o f  o l e f i n  15a. 

[1,1i5 - 4.2" (c - 1.28. acetone). 

'H Nmr 6: 2.54-2.93 (m, 8H, 4(CH2)), 2.94 (s,  6H, N(CH3)2), 3.70 (s,  3H, 0CH3), 

5.08 (s,  IH, CH), 7.34-8.14 ppm (m, 11H, Ar + v i n y l ) .  

Anal. ca l c ' d  f o r  C27H29N203S2CI: C. 61.29: H. 5.52: S. 12.12. 

Found: C, 61.03: H. 5.68: S, 12.32. 

S i m i l a r l y  the enantiomer 14b gave 15b [ul i5 + 3.5' (c = 1.74, acetone). 

Anal. found: C. 61.06: H, 5.66; S, 11.91. 

P r w r ~ t i w  o f  (+)-I W L - ) - 1) 

To a so lu t i on  of es te r  15a (640 mg, 1.21 m o l )  i n  peroxide f r e e  1.2-dimethoxyethane (15 ml) 

and water (1.5 ml) was added LiOH (1M. 1.8 ml, 1.8 m o l ) .  The so lu t i on  was s t i r r e d  f o r  3 h a t  

room temp. Water was added and the mix ture  was washed w i t h  EtOAc. The aqueous layer  was 

a c i d i f i e d  w i t h  IN  HCI, ex t rac ted w i t h  EtOAc. the ex t rac ts  were washed w i t h  b r i ne  (2x1, dr ied  

over Na2S04, f i l t e r e d  and evaporated t o  dryness. The o i l y  residue was coevaporated 

several times w i t h  EtOAc and f i n a l l y  was allowed t o  c r y s t a l l i z e  i n  t h i s  solvent overnight a t  

O T .  F i l t r a t i o n  afforded 310 mg of pure (+)-I 

Mi5 + 9.1' ( C  - 0.88. 1% NaHC03) 

'H Nmr 6: 2.70-3.19 (m, 8H. 4(CH2)), 3.00 and 3.02 (2s. KH, N(CH3)Z), 5.15 (s, 

1H, CH). 7.34-8.14 ppm (m, 11H. Ar + v i n y l ) .  

Anal. c a l c ' d  f o r  C26H27N203S2CI: C. 60.63: H. 5.28: N. 5.44; S. 12.45: CI. 6.88. 

Found: C, 60.88: H. 5.38; N, 5.21; S ,  12.33: C1, 6.98. 

S i m i l a r l y  15b was converted t o  the enantiomer (-1-1 [ul i5 - 9.2' (c - 0.68, 1% 

NaHC03). 

Anal. found: C. 60.78; H. 5.46: N. 5.35; S, 12.35; C l ,  6.78. 

Determination o f  e.e. o f  (+)-I (and (-1-1) 

To ac id  I (51 mg) i n  methylene ch lo r i de  (0.3 ml)  was added 

I-cyclohexyl-3-(2-morpho1inoethyl)carbodimide metho-p-toluenesulfonate (46 mg, 1.1 eq). 

(-)-2.2.2-trifluoro-I-(9-anthry1)ethanol (30 mg, 1.1 eq.), DMAP (1 c r y s t a l )  and py r i d i ne  (0.1 

m1). The s o l u t i o n  was s t i r r e d  fo r  4 h. The mix ture  was app l ied  d i r e c t l y  t o  a prepara t ive  t l c  

p la te ,  which a f t e r  e l u t i o n  w i t h  30% acetonelhexane, a f fo rded the es ter  16a. The chemical 

s h i f t  of the  methine pro ton of the  d i t h i oace ta l  o f  16a and i t s  diastereomer (from the 



(-)- enantiomer of 1) are d i f f e r e n t  (4.97 and 4.98 ppm). thus a l lowing f o r  the determination 

o f  e.e. I n  our case t h i s  value was > 95% f o r  both compounds. 

To (R)-(-)-or-methoxyphenylacetic ac id  (2  g) i n  benzene (20 ml) a t  -10°C was slowly added 

oxa ly l  ch lo r i de  (1.15 ml)  and 1 drop of DMF. The so lu t i on  was s lowly  warmed t o  room temp. and 

s t i r r e d  2 h. The solvent was evaporated and the o i l y  residue was coevaporated w i th  toluene 

( 3 ~ ) .  This ac id  ch lo r i de  was used as such i n  the next step. Ir (neat) 1790 cm'l ( G O ) .  

To ethanol (20 m l )  a t  -10°C. anhydrous NaSH (1.34 g, 3 eq.) was added. Then, the ac id  

ch lor ide  i n  THF (8  ml)  was s lowly  added. The react ion  mix ture  was s t i r r e d  f o r  20 min a t  

-10'C. The mix ture  was a c i d i f i e d  w i t h  6N HCI, extracted w i t h  EtOAc, washed w i th  b r i ne  ( 2 ~ ) .  

d r i e d  over NaZSOq, f i l t e r e d  and evaporated t o  dryness g i v i n g  1.64 g of t h i o l a d d  8. 

25 
= -32.7" (c - 3.1, acetone). I r  (neat)  2550 (SH) and 1700 cm-I (c-0). 

P r e ~ a r a t i o n  of t h i o l  9 

To N,N-dimethylacrylamide (19.8 g. 0.2 mol) a t  0°C was s lowly  added t h i o l a c e t i c  ac id  (15.22 9, 

0.2 mol). The ice-bath was then removed and the react ion  mix ture  s t i r r e d  a t  room temp. fo r  15 

min. On d i s t i l l a t i o n  (bp 96-98'C10.06 t o r r )  32.24 g o f  t h i o l e s t e r  were obtained. 

To the t h i o l e s t e r  (5.66 g, 32.34 mmol) i n  methanol (20 ml) a t  0°C was added potassium 

t-butoxide (3.622 g. 1 eq.) i n  3 por t ions .  The mix ture  was s t i r r e d  a t  room temp. f o r  1.5 h. 

The react ion  mix ture  was poured over 25% ammonium acetate and methylene ch lor ide .  2N HCI was 

added t o  b r i n g  the pH t o  7.0-7.5. A f t e r  two more ex t rac t ions  w i t h  methylene ch lor ide ,  the 

organic layers were combined, d r i e d  over sodium su l fa te ,  f i l t e r e d ,  and evaporated t o  dryness, 

4.1 g of t h i o l  8 were obtained as a pale orange o i l .  

P r e ~ a r a t i o n  of aldehvde aceta ls  17a.b. 

Isophthalaldehyde (4) (18.4 g, 137 mmol). (R)-(-)-or-methoxyphenylthiolacetic ac id  (25 g, 137 

mmol), and N,N-dimethyl-3-mercaptopropionamide (18.24 g, 137 mmol) were dissolved i n  benzene 

(550 ml). p-Toluenesulfonic ac id  monohydrate (13 g, 68 mmol) was added and the mixture was 

re f luxed fo r  3 h under a Dean Stark  apparatus f i l l e d  w i t h  3A sieves. Ammonium acetate (25%) 

was added and mix ture  was extracted w i t h  e thy l  acetate.  The organic ex t rac ts  were washed wi th  

b r i ne  (3  x), d r i ed  over sodium sulphate, f i l t e r e d  and evaporated t o  dryness. The residue was 

p a r t i a l l y  p u r i f i e d  on f lash chromatography on Si02 and then the diastereomers were fu r the r  
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separated using a Waters prep 500 HPLC apparatus e l u t i n g  w i th  hexane - acetone (65:35) t o  

provide a pure diastereomers 17a (more po la r ,  9.32 g) and 17b ( l ess  po la r ,  8.90 g) 

17a: Anal. c a l c ' d  f o r  C22Hz5N04S2: C. 61.23; H. 5.84; 5, 14.86. 

Found: C, 60.95; H, 6.09; S, 14.54. 

'H Nmr (CDCI3) 6 :  2.51 (t, 2H, J - 7 Hz, KHz) ,  2.83 (t, 2H, J - 7 Hz, CH2), 2.88 

-and 2.91 (2s. 6H, N(CH2)Z), 3.44 ( 8 ,  3H. OMe), 4.71 (s,  IH, CH), 6.65 (s,  IH, CH), 

7.28-7.97 (m, 9H, Ar) ,  10.01 ppm (s,  IH, CHO). 

Conversion of 17a t o  t h e  aldehvde 14a 

A so lu t i on  o f  d i t h i oace ta l  17a (9.32 g. 21.6 mmol) i n  anhydrous THF (236 ml)  was t reated w i th  

a so lu t i on  o f  NaOCH3 (IM) i n  methanol (19.4 m l ,  0.9 eq.) a t  -78'C. A f t e r  5 min methyl 

ac ry la te  (2.92 m l ,  1.5 eq.) was added and the mix ture  was s t i r r e d  a t  -78'C f o r  8 h. A 

saturated so lu t i on  of ammonium ch lo r i de  was added, the mix ture  was ex t rac ted w i th  e thy l  

acetate, and the organic phase was washed w i t h  b r i ne  (3  x), d r i ed  over sodium sulphate. 

f i l t e r e d  and evaporated t o  dryness. P u r i f i c a t i o n  by f lash chromatography on Si02 e lu t i ng  

w i th  hexane:acetone (60:40) gave pure 12a (7.08 g. 88%) [di5 = -6.6" (c = 1.63, 

acetone). S i m i l a r l y  16b (1.974 g) was converted t o  1Zb (1.4 g. 83%) [ a l i 5  = +6.4' (c = 

1.42. acetone). 
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