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SYNTHESIS AN0 DETERMINATION OF THE ABSOLUTE STEREOCHEWISTRY OF THE 

ENANTIOMERS OF 3-SUBSTITUTED 1.2.3.4-TETRAHYDROISOQUINOLINES RELATED TO 

THE CALCIUM ANTAGONIST VERAPAMIL' 
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- The fou r  stereoisomers of 3-[4-cyano-4-(3.4-dimethoxypheny1)- 

5mthylhex-l-yll-1.2.3.4-tetrahydro-6.7dimethoxy-2mthy1isoquinoline 

(1) were prepared. The stereochemistry o f  t h e  s ide chain quaternary 

carbon was derived from iod ide 4 o f  knnm absolute conf igurat ion.  The 

absolute stereochemistry a t  t he  3-posi t ion of t he  te t rahydro isoquino l lne 

was determined by co r re la t i on  w i t h  L-DOPA. These compounds are re la ted  

t o  t h e  calcium antagonist  verapamil and the  calcium antagonist a c t i v i t y  

was greatest  f o r  t he  (35.45) isomer. 

S t r u c t u r e - a c t i v i t y  re la t i onsh ip  (SAR) studies t o  date on the  Group 11 calcium antagonist  

verapamil ( u ~ - ~  have d e a l t  u i t h  subs t i t u t i ons  i n  the aro imt ic  o r  modif icat ions a t  

t h e  quaternary carbon atom.'-' Our i n t e r e s t  i n  the SAR of verapamil prompted us t o  prepare 

and evaluate a number o f  r i g i d  phenethylamine analogs and pre l iminary  resu l t s  of these 

inves t iga t i ons  ind icated t h a t  compound 2 had in te res t i ng  pharmacological a c t i v i t y .  I n  t h i s  

s t ruc ture.  t h e  [4-cyano-(3.4dimethoxyphenyl)-5-methyllhexan-l-yl c w o n e n t  o f  verapamil i s  

attached t o  t h e  3-posi t ion o f  6.7dimethoxy-1.2.3.4-tetrahydroisoquinoline (THIQ). Addi t iona l  

i n t e r e s t  i n  2 arose from the  f a c t  t h a t  remarkably few 3-subst i tuted THlQ der ivat ives have been 

reported. This i s  i n  cont rast  t o  numerous examples of pharmacologically a c t i v e  1, 2, and 4 

subst i tu ted THlQ compounds.1° Since compound 2 contains two asynnetr ic centers, it was of 

i n t e r e s t  t o  prepare the fou r  isomers inherent i n  t h i s  s t ruc ture.  Reported herein are the  

synthesis and establishment o f  t h e  absolute stereochemistry o f  these fou r  stereoisomers. 

The preparat ion o f  1 from 3-(3.4-dimethoxypheny1)pmpionic ac id  (3) i s  ou t l i ned  i n  Scheme I. 

Alky la t i on  o f  t h e  dianion o f  3 w i t h  iod ide 4 (prepared from the  corresponding chloride1' u i t h  

NaI-acetone) gave a mixture o f  d i a s t e r e m r i c  ac ids 2. Treatment o f  5 w i t h  diphenylphosphoryl 

azide ( O P P A ) ~ ~  gave isocyanate 5 which, w i thout  iso la t ion,  was reduced w i t h  NaBH4 t o  an 



approximately 1:l mixture o f  formamides 1 as determined by t l c  and 'H NWR analysis.  

Eischler-Napieralski c y c l i z a t i o n  of Z f o l l w e d  by NaBH4 reduct ion gave THIQ @ which was 

subjected t o  Eschweiler-Clarke methylat ion t o  a f ford 2. Compound Z thus obtained was an 
1 approximately 1: l  mixture of diastereomers as determined by H NHR and hplc analysis. 

Scheme I 
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a) LDA. THF; b) (Ph0)2PON3. TEA, toluene; c)  NaEH4. DUE; 

d) POC13. AcN; e) NaBH4. EtOH: f )  CHZO. HC02H. 

The four isomers of 2 were obtained by the same basic route as was used f o r  the parent compound 

(Schemes I 1  and 111). The (S)-iodide 4 was obtained from the known o p t i c a l l y  ac t i ve  ch lo r ide  

which had been used t o  prepare the e n a n t i m r s  of verapamil.ll Ak ly la t i on  of 3 w i t h  (&)-4 

followed by DPPA treatment and Na8H4 reduct ion as before gave d las te reomr ic  fommides  (-)-9 
and (-)-1D which were separated by ch rmtography  on s i l i c a  gel.  The pure diastereomers thus 

obtained were converted t o  the THIQ f i n a l  products as previously. described t o  a f f o r d  

(-)-(3&45)-n and (+)-(35.4&)-12. The stereochemical assignments f o r  pos i t i on  3 of the  THIQ 

are made i n  a fo l lowing section. 

The other twa isomers. (+)-(35,4R)-fi and (-)-(3R,4!)-12. were obtained by an analogous ser ies 

of reactions (and c h r m t o g r a p h i c  separation) from (!)-4_ uhich was obtained from the 

corresponding known (!)-chloride1' (Scheme 111). The physical data obtained f o r  these f o u r  

isomers (Table I )  i s  i n  accord w i th  the assignment o f  11 and 12 as enantiomeric pa i rs .  

Compounds (-)-11 and (+)-12. both of vh ich were derived from (S)+, are assigned e n a n t i m r  

excesses (eel o f  >BE% based on the op t i ca l  p u r i t y  (>BE% ee) o f  ( 5 1 3  (experimental section). 

Compounds (+)-ll and (-)-= are assigned ee o f  >96% based on the p u r i t y  of (R)* (>9b% ee). 
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Scheme ll 



Scheme Ill 
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TABLE I 

PHYSICAL DATA FOR THlO DERIVATIVES 

Absolute 
Compound Stereochem Scheme mp:C Solvent [.]is (c, neon) 

The assignment o f  t he  absolute stereochemistry o f  the 3 p o s i t i o n  o f  the THIQ was made by 

synthesis of ( - ( 3 4  from (5)-13 which was prepared from (-)-(3-3.4- 

dlhydroxyphenylalanine (L-DOPA)" (Scheme 1V). h i n o  alcohol 13 was converted t o  the  BOC 

der i va t i ve  1Q and then t o  tosy la te  15. Treatment of 15 wi th  vinylmagnesium bromide and cuprous 

iod ide afforded 16. Precedent f o r  t h i s  usefu l  conversion comes from the  reported reac t ion  of 

BOC-serine de r i va t i ves  w i t h  o r g a n ~ c u p r a t e s . ' ~  Conversion of 16 t o  alcohol L1 and mesylate 18 
proceeded w i thou t  inc ident .  However. attempted a l ky la t i on  o f  B w i t h  the l i t h i u m  s a l t  of 

2-(3.4-dimethoxyphenyl)d-methylbutyronitrile (19) gave none o f  t he  desired product (21). The 

major s ide reac t ion  which occurred under these conditions was in t ramolecu lar  a l k y l a t i o n  o f  t he  

BOC n i t rogen t o  form a BOC protected p y r o l l i d i n e .  Fortunately, use of f resh ly  prepared iod ide  

20, whi le  an unstable mater ia l .  d i d  a f f o r d  a modest y i e l d  of 21 as a mix ture o f  two - 
diastereomers. Deprotect ion of 21 followed by formylat ion gave t h e  diastereomeric formamides 

which were separated by chromatography as before t o  a f fo rd  (-)-(3&7N-9 and (+)-&lRJ-U. 

The major fonmmide thus obtained, - was cycl ized, reduced, and N-methylated t o  a f f o r d  

(-)-n i d e n t i c a l  i n  a l l  respects t o  ma te r ia l  obtained by the  previous rou te  (Scheme 11). This 

sequence establ ished the 3 1  conf igurat ion o f  the THlO ( - ) - c  and. coupled w i t h  the known 45 

conf igurat ion, establ ished the  complete absolute stereochemistry o f  (-)-11 as 3R.45). The 

complete absolute stereochemistr ies of t he  o ther  th ree  isomers f o l l o w  from t h e  enantlomeric and 

diastereomeric re la t i onsh ips  already established. 



Scheme IV 
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20 x: I 

a) (~-BUOCO)~O. THF; b) TsCl, pyr idine; c)  (CH2=CH)NgBr, Cul, THF; 

d) ( 0 i s i a m ~ l ) ~ B H .  THF; NaOH, H202; e) NsC1. TEA. CH2C12; f )  Hal. 

acetone; g) 19. THF; h) HC02~, HCO~AC; i) poC13. AcN; j )  NaBH4. 

EtOH; k)  CH20, HC02H. 

These isomers were tested f o r  calcium antagonist a c t i v i t y  as determined by t h e i r  a b i l i t y  t o  

relax the  barium ch lor ide contracted r a t  a o r t i c  s t r i p  (Table 11). It was found t h a t  the 

major i ty o f  the  calcium antagonist a c t i v i t y  o f  the  parent compound 2 resided i n  the (35,451-12 

enantiomer. This i s  consistent w i th  the f i n d i n g  t h a t  the 5 enantiomer of verapamll i s  

responsible f o r  most o f  the parent conpounds ac t i v i t y .15  I n  the  THIO der ivat ives,  

constraining the phenylethylamine moiety i n  the THIQ framework apparently introduces an 

addit ional stereochemical requirement i n  t h e  binding o f  these compounds t o  the receptor which 

mediates the calcium antagonism i n  t h i s  ser ies. 16 



HETEROCYCLES, Vol 26, No. 5, I987 

TABLE 11 

CALCIUW ANTAGONIST PROPERTIES OF THIQ DERIVATIVES' 

Compound EDs0 ("II) Relative Potency 

(+)-(32,4R)-ll 4.0 0.08 

(-)-(3R.42)-lJ 0.7 0.4 

(+)-(32.49-12 0.1 3 
(-)-(3&.4R)-12 2.0 0.15 

2 - 0.3 1 

Verapami 1 (1 ) 0.2 

a Determined by measuring the  relaxat ion o f  

BaC12 contracted r a t  a o r t i c  str ips. 

EXPERIMENTAL 

'H NMR spectra were recorded w i t h  a Bruker WI1 300 instrument and are reported i n  ppm 6 

downfield from an in te rna l  standard o f  TWS. Wedium pressure ( f l ash )  chromatography was 

performed using 230400 mesh Merck Kieselgel.  Melting po in ts  are uncorrected. Elemental 

analyses were done by the Syntex ana ly t i ca l  department. 

I S )  and ~ R ~ - 3 - C ~ a n o - 3 - 1 3 , 4 - d i m e t h o x ~ ~ h e n ~ l ~ - 6 - i o d o - 2 ~ t h ~ l h e x a n e  l (S1-4 and 1R)-41 

Resolution of 4-(3.44imethoxyphenyl)-4-(2-propyl)4-pentenoic ac id  using (-)-cinchonidine was 

ca r r ied  out as described i n  the l i terature. ' '  The opt ica l  p u r i t i e s  o f  the (?)-(-)-add and 
1 (&)-(+)-add thus obtained were determined by H NMR analysis o f  the  d i a s t e r e ~ n e r i c  amides 

derived from the ac id  ch lor ides (oxa ly l  ch lor ide.  benzene) and (2)-(-)-o*thylbenzylamine. 
1 I n  the H NMR spectrum o f  the amide from the (2)-(-)-add. resonances f o r  the methoxy groups 

were a t  6 3.63 and b 3.87 wh i le  i n  the amide from the @)-(-)-add. resonances a t  6 3.74 

and b 3.86 were observed. I n  the  amide from the racemic a d d ,  these fou r  resonances appeared 

w i t h  equal i n t e n s i t i e s  ( thus r u l i n g  out any differences i n  the ra tes o f  formation of the  

diastereomeric amides). The amide from the  (I)-(-)-acid'  was determined t o  have a 

d ias te reomr ic  r a t i o  of >94:<6 by in teg ra t ion  o f  the methoxy resonances a t  b 3.63 and 6 

3.74 respect ive ly .  Thus. an ee of >88% was assigned t o  the (2)-(-)-acid. . The m i d e  from the 
1 (R)-(+)-acid was pure (>98%) by H NMR analysis and the (&)-(+)-acid was therefore assigned 

an ee of >96%. 

These acids were converted i n t o  the  (2)- iodide 4 and @ - i o d i d e  4 by conversion t o  the 

corresponding ch lor ides as described.'' followed by t r e a t m n t  w i th  NaI i n  acetone. They were 

obtained as t h i c k  o i l s  which were used without pu r i f i ca t ion  i n  the next step. 

13S.lRl and ~3S .7S~ -7 -Fommido-3 .8d i -~334 -d imethox~~hen~ l ) - 2 -ne th~ l -3 -oc tanen i t r i l e  (1-)-9 

and (-)-lor 
To a so lu t ion  o f  21 m1 (0.15 nml) of diisopropylamine i n  480 ml of THF a t  -50nC was added 91.8 

m1 (0.147 mol) of 1.6W n-bu ty l l i t h ium i n  hexane. HWPA (56 ml) was added fol lowed by a so lu t ion  

of 15.1 g (0.072 mol) of 3-(3.4dimethoxyphenyl)propionic a d d  (3) i n  75 ml of THF. The 



resu l t ing so lu t ion  was allowed t o  warm t o  10.C over 1 h and was then cooled t o  -50'C. A 

solution o f  28.0 g (0.072 m l )  of (S)-iodide + i n  75 ml of THF was added and the mixture was 

s t i r red  and allowed t o  warm t o  room temperature. Af ter  12 h the  mixture was poured i n t o  water 

and washed w i th  Et20. The aqueous laye r  was a c i d i f i e d  w i t h  HCl. extracted w i t h  Et20, and 

the Et20 ex t rac t  was washed w i t h  aqueous NaHS03 and br ine, d r ied  (Na2504), and 

evaporated t o  31.0 g (91%) o f  crude acid. This mater ia l  (30.5 g. 0.066 mol) was dissolved i n  a 

mixture of  200 m1 of toluene and 11.7 ml (0.084 mol l  of t r ie thy lamine and 15 ml (19.3 g. 0.07 

m l )  of diphenylphosphoryl azide was added. The mixture was gradual ly heated t o  1 0 0 T  over 1 h 

a t  which time I R  analysis showed conversion t o  the  isocyanate. The mixture was concentrated 

under reduced pressure and the residue was dissolved i n  300 ml o f  OME. The so lu t ion  was cooled 

i n  an i c e  bath and 4.0 g (0.11 mol) of Na8H4 was added i n  small por t ions over a 2 h period. 

The mixture was added t o  water and extracted w i t h  EtOAc. The ex t rac t  was washed w i t h  br ine. 

dried (Na2S04). and evaporated t o  a f ford a mixture of formamides ( - ) -9 and ( - ) - a  vh ich 

were separated by medium pressure chromatography (10% hexaneft0Ac). The f i r s t  component 

eluted was - - : o i l  5.8 g (19% overa l l  y ie ld) :  'H NMR (CDC13) a 0.76 (d. 3H). 1.00 (m. 

IH), 1.16 (d. 3H). 1.35-1.60(m, 3H). 1.90-2.10 (m, 3H). 2.68 (dd. 2H. H-7ab). 3.85 (s, 6H). 

3.81 (s. 3H). 3.90 (s. 3H). 4.20 (m. 1H. H-6). 6.58-6.90 (m, 6H). 8.03 (s. 1H. CW); 

[ a l i 5  -6.84' (c  0.2. MeOH). Anal. Calcd f o r  C2,H36N205: C.69.20; H, 7.74; N. 

5.98. Found: C, 68.89; H. 7.80; N. 5.81. 

The second component e lu ted was - - : o i l  8.7 g (28% overa l l  y ie ld ) ;  'H NMR (CDCI3) a 
0.78 (d, 3 1 . 1  m 1 1 . 1  d 3H). 1.30-1.55 (m, 3H). 1.75 (m. 1H). 2.00-2.20 (m. 2H). 

2.65 (d, ZH), 3.85 (s, 3H), 3.86 (1. 3H), 3.89 (5, 6H), 6.60-6.92 (m, 6H), 8.07 (s, lH, CIJ); 

-2.We(c 0.2, MeOH). Anal. Calcd f o r  C27H36N205: C. 69.20; H. 7.74; N. 

5.98. Found: C. 68.81; H. 7.85; N. 5.84. 

~S)-3-1(S~-4-C~ano-4-(3.4-dimethox~~henyl)-5~thvlhex-l-~l1-1.2.3.4-tetrahydro-6.7-dimethoxy-2- 

meth~ l i soau ino l ine  hydrochlor ide ((35.45)-12L 

To a so lu t ion  o f  5.67 g (0.012 mol) of ( - ) - a  i n  100 m1 o f  MeCN was added 2.8 m1 (0.03 ml) of 

POC13. The r e s u l t i n g  so lu t ion  was s t i r r e d  3 h a t  room temperature, concentrated a t  reduced 

pressure, and par t i t i oned  between Et20 and aqueous NH40H. The Et20 was evaporated and 

the residue was dissolved i n  100 ml of EtOH, cooled i n  an i c e  bath, and t reated w i t h  1.0 g of 

Na8H4. The mixture was s t i r r e d  f o r  30 min and then added t o  water and a c i d i f i e d  w i t h  HCl. 

The so lu t ion  was washed w i th  Et20 and the  aqueous laye r  was bas i f l ed  u i t h  NH40H and 

extracted u i t h  Et;O. The Et20 ex t rac t  was evaporated and the  residue was dissolved i n  30 

m1 of formic ac id  and 30 ml of 37% aqueous formaldehyde. This so lu t ion  was s t i r r e d  a t  10O0C 

for 1 h and then added t o  i c e n a t e r  which was subsequently bas i f ied w i t h  NH40H. Et20 

ext ract ion followed by dry ing (Na2S04) and evaporation afforded the  crude f r e e  base as an 

o i l .  Th is  was dissolved i n  a s m l l  amount o f  EtOH-HCl and c r y s t a l l i z a t i o n  was induced by 

adding Et20. The y i e l d  o f  (35.45)-12 was 4.5 g (74%): 'H NWR (WezSO-d6) 0.71 (d. 3H). 

1.13 (d. 3H). 2.65 and 2.70 (broad s. 3H. pseudo ax ia l ,  e q u i t o r i a l  NCtj3). 3.73 (s. 6H). 3.78 

(1, 6H). 6.74 (5, 2H). 6.91 (s. In ) .  6.96 (s. ZH). a. Calcd f o r  C28H38N204-HCl: 

C. 66.85; H. 7.81; N. 5.51. Found: C. 66.79; H, 7.85; N. 5.57. 

(R)-3-1(S~-4-C~an0-4-(3.4-dimethox~~henyl)-5lnethylhex-l-yl1-1.2.3.4-tetrahydro-6.7-dime~hox~-2- 

rnethvlisoquinoline hydrochlor ide ((3R.45)-112 

This compound was prepared from (-)-9 i n  67% y i e l d  using procedures analogous t o  those used f o r  
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(3S.41)-12: NMR (We2SO-d6) 6 0.72 (d, 3H), 1.14 (d, 3H). 2.64 and 2.78 (broad s, 3H, 

NCH3). 3.73 (5. 3H). 3.74 (s. 3H). 3.78 (s. 6W. 6.74 (s. 2H). 6.93 (s. 1H). 6.96 (s, 2H). 

Anal. Calcd f o r  C28H38N204-HC1-H20: C, 65.54; H. 7.93; N 5.38. Found: C, - 
64.10; H. 7.98; N. 5.30. 

J3R.75) and (3R.7Rl-7-Formamido-3.84i-(3.4dimethox~~hen~ll-2+th~l-3-octanenitrile ((+l-9 

and ( + ) - l o l l .  

A mix ture o f  (+)-9 and (+)-10 was obtained i n  78% overa l l  y i e l d  from ac id  3. The pure 

compounds were obtained by medium pressure chromatography (10% hexane-EtOAc). The f i r s t  

component e lu ted was (+)-?:(oil) NWR i d e n t i c a l  t o  (-)- I :  [a]i5 e . 0 7 -  (c  0.33, 

MeOH). m. Calcd f o r  C27H36N205: C.69.20; H. 7.74; N. 5.98. Found: C. 69.09; H. 

7.76; N. 5.93. The second component e lu ted was (+)-@:(oil) 'H NWR i d e n t i c a l  t o  (-)- lo;  

[,IF +3.84* (c 0.37. WeOH). m. Calcd f o r  c ~ ~ H ~ ~ N ~ o ~ :  C, 69.20; H, 7.74; 

N, 5.98. Found : C. 69.00; H, 7.95; N. 5.74. 

jRl-3-I(R)-4-C~ano-4-(3.4-dimethox~~hen~ll-5-meth~lhex-l-~ll-1.2.3.4-tetrah~dr0-6,7dimethoxy-2- 

m e t h ~ l i s o a u i n o l i n e  hydrochlor ide ((3R.4Rl-121 

This compound was prepared from (+)-10 i n  76% y ie ld  and was spec t ra l l y  i d e n t i c a l  t o  

(35.45)-12. m. Calcd f o r  C28H38N204.HC1: C. 66.85; H. 7.81; N, 5.57. Found: C. 

66.77; H. 7.86; N. 5.54. 

[Sl-3-1(Rl-4-C~ano-4-(3.4-dimethox~~hen~1l-5-~ethvlhex-l-~l1-1.2.3.4-tetrah~dm-6.74imethox~-2- 

methy l isoquino l ine hydrochlor ide ((35.4Rl-112 

This compound was prepared from (+)-9 i n  66% y i e l d  and was s p e c t r a l l y  i d e n t i c a l  t o  (3R,45)-fi. 

Anal. Calcd f o r  C28H38N204.HCl.0.5 H20: C. 65.57; H. 7.87; N. 5.47. Found: C. - 
65.59; H. 7.89; N. 5.46. 

~RSl-3-1(RSl-4-Cvano4-(3.4-dimethoxy~henyll-5+thylhex-l-Y11-1.2.3.4-tetrahydro-6.7dimethoxy-2- 

methy l isoauino l ine hydrochlor ide ( 2 1  

This was prepared according t o  the  procedures described fo r  the  synthesis o f  t h e  isomers except 

t h a t  (93 was used and the  diastereomeric formamides were not  separated. The f i n a l  product 

was analyzed by HPLC using a Spherisorb 5 C8 column w i th  a mobi le phase o f  0.1 M t r i e thy lamine  

adjusted t o  pH 5.0:keOH:AcN. 60:35:10. The two diastereomers were c lean ly  separated w i t h  the  

(R,S)/(S,R) p a i r  e l u t i n g  as t h e  f i r s t  peak fol lowed by the (R.R)/(S,S) p a i r  as the  second. The 

diastereomer r a t i o  was determined t o  be -50:50. Anal. Calcd f o r  C28H38N204-HCl: 

C. 66.85; H. 7.81; N. 5.57. Found: C. 66.92; H. 7.58; N. 5.60. 

(Sl-2-(tert-8utox~~arbon~laminol-3-(3.4dimethoxy~hen~ll oroDanol (142 

To a so lu t i on  o f  23.3 g (0.11 nml) of d3 i n  400 ml of THF was added 24.0 g (0.11 ml) of 

d i - m - b u t y l d i c a r b o n a t e  and the  r e s u l t i n g  so lu t i on  was heated a t  r e f l u x  f o r  1 h. The mixture 

was concentrated a t  reduced pressure and the  residue was f i l t e r e d  through s i l i c a  gel  (EtOAc). 

25 -19.6' (c 0.3. WeOH). Evaporation a f forded 32.4 g (95%) o f  (5)-14: mp 92-93-C; [nlO 

Anal. Calcd f o r  Cl6HZ5No5: C, 61.72; H, 8.09; N, 4.50. Found: C, 61.62; H, 8.13; N. - 
4.57. 



~S)-2-(tert-Butox~carbon~laminol-3-I3.44~-methoxYDhenY1l-1-I4~th~lbenzenesulfon~lox~l- 

propane (15) 

A so lu t ion  o f  32.4 g (0.10 m l )  of 14. 29.8 g (0.16 ml) of e-toluenesulfonyl ch lor ide,  and 

0.63 g of OWAP i n  100 ml of py r id ine  was s t i r r e d  a t  room temperature f o r  48 h. The mixture was 

di luted w i t h  e ther  and washed u i t h  aqueous cupr ic  su l fa te  and water. The ether  was d r ied  

(Wgso4) and evaporated t o  a residue t h a t  was p u r i f i e d  by mdium pressure chromatography (30% 

EtOAc-hexane) t o  a f f o r d  43.5 g (90%) o f  H: mp 146-148.C; [a]f -15.4. (c 0.36. 

CHC13). u. Calcd f o r  C23H31 N07S: C. 59.34; H. 6.71; N. 3.01. Found: C. 59.37; H. 

6.73; N. 2.98. . . 

~RI -2 - I te r t -Butox~carbon~ lamino~-1 - I3 .44 imethox~hen~114-~entene  I161 

Vinylmagnesium bromide (37.3 ml. 0.06 ml, l.6M i n  THF) was added t o  a -5.C suspension o f  5.8 g 

(0.03 m l )  o f  cuprous iod ide i n  75 ml of THF. The mixture was cooled t o  -70.C and a so lu t ion  

o f  4.6 g (0.01 mol l  of 15 i n  80 ml of THF was added slowly. The r e s u l t i n g  mixture was s t i r r e d  

a t  -70.C f o r  0.5 h and then allowed t o  warm t o  room temperature. The mixture was poured i n t o  

aqueous NH4Cl and extracted w i t h  Et20. The Et20 was d r ied  (MgS04) and evaporated. 

Pur i f i ca t ion  o f  the residue by medium pressure ch rmtography  (30% EtOAc-hexane) gave 2.0 g 

(63%) o f  16: mp 91-92-C; 'H NWR (COC13) 6 1.41 (s, 9H). 2.05-2.30 (m, 2H), 2.70 (m. 2H), 

3.86 (s, 3 ~ ) .  3.86 (m. 1H. CW). 3.87 (S. 3H). 5.10 (m. 2H). 5.80 (m. 1H). 6.70-6.82 6. 3H): 

[*]is -20.9. (c 0.26. WeOH). m. Calcd f o r  C18H27N04: C. 67.26; H. 8.47; N, 

4.36. Found: C, 67.33; H. 8.49; N. 4.36. 

~S~4-(tert-8utox~carbonylamino)-5-(3.44imethoxhenvll-l-~entanol (172 

A so lu t ion of 1.6 g (0.005 mol) of 16 was added t o  a 0-C so lu t ion  o f  disiamylborane (0.0075 

ml, from 1.6 ml of 2iwthyl-2-butene and 7.5 ml o f  1.OW BH3) i n  25 ml o f  THF.. The mixture 

was s t l r r e d  a t  room temperature f o r  1 h, cooled t o  OeC. and t reated u i t h  1.7 ml o f  3N NaOH and 

1.1 m1 of 30% H202 The r e s u l t i n g  so lu t ion  was s t i r r e d  0.5 h a t  room temperature, d i l u t e d  

u i t h  ether, and washed w i t h  water and br ine. Evaporation o f  the ether  and c r y s t a l l i z a t i o n  of 

the residue from Et20-hexane gave 1.2 g (70%) o f  11: mp 73-75.C; [a]: +0.89* (c  0.2. 

WeOH). Anal. Calcd f o r  C18H2gN05: C. 63.69; H. 8.61; N. 4.13. Found: C. 63.58; H. 

8.64; 1. 4.06. 

1-1-9 and I+)-10 frm 17. Scheme I V  

A so lu t ion  o f  1.0 g (0.003 mol) of 11 i n  15 ml o f  CH2C12 and 1.3 ml o f  t r ie thy lamine was 

cooled t o  OeC and 0.26 ml (0.003 m l )  o f  methanesulfonyl ch lor ide was added. A f t e r  10 min the 

mixture was added t o  water and the CH2C12 was separated, d r ied  (WgS04). and evaporated. 

The crude nresylate (18) was dissolved i n  25 ml o f  acetone and 3.0 g o f  Nal were added. The 

mixture was heated under r e f l u x  of 0.5 h. poured i n t o  water, and extracted u i t h  Et20. The 

Et20 ex t rac t  was washed w i t h  aqueous NaHS03, water. and brine. d r i e d  (WgS04), and 

evaporated t o  crude 20 which was used a t  once i n  the next react ion. 

A so lu t ion  of 1.3 g (0.006 ml) o f  n i t r i l e  19 i n  5 m1 of THF was added t o  a -70.C so lu t ion  of 

LOA (0.006 m l )  i n  20 m1 o f  THF. A f te r  20 min a t  -70aC, the mixture was t reated w i t h  a 

solution of crude 20 (from above) i n  5 m1 of THF and the  r e s u l t i n g  so lu t ion  was allowed t o  warm 

t o  0.C. Aqueous H C l  was added and the  mixture was extracted w i t h  Et20. The Et20 ex t rac t  

was washed w i t h  water and brine. d r i e d  (WgS04). and evaporated t o  a residue which was 
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p u r i f i e d  by medium pressure chromatography (30% EtOAc-hexane) t o  a f f o r d  0.6 g (38%) o f  the  

diastereoueric mixture 21. This mater ia l  was dissolved i n  5 ml o f  formic ac id  and the 

r e s u l t i n g  so lu t ion  was heated a t  re f lux  f o r  15 min. The mixture was concentrated under reduced 

pressure and the  residue was t reated w i t h  2 ml of fon ic -ace t i c  anhydride. Et20 was added 

and the mixture was washed w i t h  water, aqueous NaHC03, and br ine. A f t e r  dry ing (Na2S04) 

the ether was evaporated and the residue was pur i f ied by medium pressure chromatography 

(EtOAc). The f i r s t  component e lu ted was (-1-9. (0.18 g), i den t i ca l  by t l c  and nrnr analysis 

w i t h  mater ia l  from the other  route: [-1i5 -4.3. (c 0.28, MeOH). The second component 

e lu ted was (t)-10 (0.04 g) i d e n t i c a l  by t l c  and nmr analysis w i th  mater ia l  from the other  

route: [*IF +2.3* (c 0.3. MeOH). 

1-)-(3R.45)-11 from Scheme I V  

This was prepared from f o m m i d e  (-)-9, derived from 13 i n  Scheme I V ,  i n  68% y i e l d  according t o  

the prev ious ly  described procedure. Anal. Calcd f o r  C28H38N204.HC1.0.5 H20: C. 

65.57; H, 1.81; N, 5.47. Found: C, 65.59; H, 7.89; N, 5.46. 
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