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A b s t r a c t :  Enantiomerically pure 4,4-disubstituted tetrahydroisoquinolin-3-ones can be easily 

prepared by bis-alkylation of 1,2,3,4-tetrahyroisoquinolin-3-one 1 derived from (R)-(-)- 

phenylglycinol. The observed diastereoselectivity was explained by a rigid chelated intermediate. The 

obtained bis-alkylated products were used to prepare the ABC and ABD rings of the crinine alkaloid 

skeleton. © 1998 Elsevier Science Ltd. All rights reserved. 

I n t r o d u c t i o n  

During the last few years we have studied the diastereoselective alkylat ion of iactams 

derived from (R)-(- ) -phenyglycinol  in the p iper id ine  2 and piperazine  3 series. We recently 

extented this work to te t rahydroisoquinol ine  derivatives. Indeed, an increasing interest  has 

emerged for the stereoselective synthesis  of 4-subs t i tu ted  t e t r ahydro i soqu ino l ines  4,5,6 as 

in t e rmed ia t e s  for the p repa ra t i on  of biologically active compounds .  Moreover we were 

interested in the stereocontrolled creation of the C-4 quaternary  center of the cr inane skeleton 

by a bis alkylat ion of a te t rahydroisoquinol ine lactam (Figure 1). This strategy appeared to be 

very at t ract ive cons ider ing  our  previous invest igat ions in this field. Despite a var ie ty  of 

approaches  7 for the total synthesis of crinine type alkaloids, methods relying on this approach 

have received no a t ten t ion  unt i l  now. This observat ion and the few n u m b e r  of asymmetric  

processes7a, 7c reported in this area prompted us to investigate this strategy. 
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Start ing with funct ional ized chains suppor ted  by the newly created qua te rna ry  center,  the 

final s tep would include : 

i) format ion  of r ing C by  a nucleophil ic at tack onto the iminium salt der ived  from the 

lactam function. 

ii) closure of  r ing D by a N-alkylation. 

The aim of this work was to explore the feasibility of these individual steps. 

I 

Crinine alkaloid skeleton 

Figure 1 

Results and discussion 

Fol lowing o u r  p r ev ious  resul ts2,  3, we des igned  a chiral ,  non racemic  bu i ld ing  block 

sui table  for  a lkyla t ion at C-4 namely  1,2,3 ,4- te t rahydroisoquinol in-3-one 1, de r ived  from (R)-(- 

) -phenylg lyc ino l .  Opt ica l ly  pu re  1 was ob ta ined  from O-tolylacetic acid 2 with a 3596 overall 

y ie ld  in three  s teps (Scheme 1), by a radical  brominat ion of the methyl  group, an esterif icat ion 

of the acid function and the condensat ion with (R)-(-)-phenylglycinol in refluxing methanol.  

_CH3 H 3 C \ / C H 3  

- ~  -CH 3 

Z 1 Ph Ph Ph 

(a) NBS, CCh, hv, 64% ; (b) H2SO4, MeOH, 87% ; (c) (R)-(-)-NH2CH(Ph)CH20H , Et3N, EtOH, 63% ; (d) 
LDA, Mel, THF, -78 °C, 7396, 92% d.e. 

Scheme I 
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During this s tudy,  we were aware that Levacher and  co-workers, insp i red  by our  

methodology, prepared the same lactam 1 for the synthesis of a series of simple 4-monoalkylated 

te t rahydro isoquinol ines  4. For this model reaction, small differences in chemical yields and d.e's. 

were observed between our results and those of the former group. 

Deprotonat ion-alkyla t ion of 1 were investigated using iodomethane (Table 1, entries 1-5). 

Under s tandard  conditions,  a mixture of mono and dialkylated derivatives 3 a nd  4 was obtained 

in a modest  to good chemical yield with a d.e. varying from 64 to 92%. The yields refer to 

charac ter ized  mater ia l  as isolated by flash chromatography.  Diastereomeric r a t i o s  were 

calculated on crude product mixtures from 1H NMR peak intensities. 

T a b l e  1 : Diastereoselectivity of the alkylation of 1 

Entry Base 

(2.5 equiv} 

s-BuLl 

Mel (equiv) 

1 1.5 

2 n-BuLi 1.5 

2.5 

3 LiHMDS 2.5 

4 LDA 1.5 

2.5 

5 n-BuLl 

+ HMPA 

1.5 

2.5 

Products (Ratio) 

1(25) + 3 150} + 4 (25} 

1 (50) + 3 (50) 

3 (50) + 4 (50) 

3 (60) + 4 {40} 

1 (10) + 3 (90) 

3 /90} + 4 f l0} 

1 (50) + 3 (50) 

3 (50) + 4 (50) 

Compound 3 

Yield % Id.e.I 

37 (84} 

51 (64) 

n.d. (64) 

24 (88) 

73 (92) 

n.d. 192} 

n.d. (69) 

n.d. (69) 

With strong alkyll i thium bases, such as s-BuLi (2.5 equiv.), the reaction was not complete. 

Formation of dialkylated product  4 was observed, indicating that the second enolate was formed 

faster than the first one. This observation was confirmed when an excess of n-BuLi was used. 

The best yields and  diastereoselectivities were observed with LDA. However, contrary to 

Levacher's work, the addition of HMPA did improve neither the d.e. nor  the chemical yield. 

In the piper idine  series 8, we explained the diastereoselectivity of the alkylation step by the 

formation of a rigid chelated intermediate,  resulting from the interaction between the nitrogen 

lone pair  of the amide enolate and  l i thium that enhances the acidity of the pro ton  ct to the 

carbonyl.  This hypothesis  was recently confirmed by Meyers 9 during the aikylation of bicyclic 

lactams. We assumed our model would apply in this case too. A 4S configuration was expected due 

to the facial differentiat ion (Figure 2) allowing iodomethane to approach from the less hindered 

side of the enolate. 

Recently, the same conf igurat ion was also assigned by Levacher and  co-workers who 

confirmed this hypothesis by means of X-ray analysis of the 4-benzyl derivative 10. 
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E + ~  ~ L i  i ~  o ~ ,,, Ph 

Figure 2 

The  ease  o f  f o r m a t i o n  of  the  enola te  f rom the monoa lky l a t ed  amide,  p r o m p t e d  us to embark  

in a s e c o n d  a lky la t ion  r eac t ion  with  func t iona l i zed  cha ins  which  cou ld  be  cyc l ized  to cons t ruc t  

the C or  D r ing o f  the  c r inane  skele ton (Figure 1). 

The  4-CH3 l ac t am 3 was chosen  as a subs t ra te  for  mode l  react ions .  For the  i n t r o d u c t i o n  of  

the  e t h a n o  b r i d g e  o f  the  D ring,  a d ie lec t roph i l i c  r eagen t  was r e q u i r e d  in o r d e r  to connec t  the 

C-4 a n i o n i c  c e n t e r  to t he  n u c l e o p h i l i c  N-2 a tom.  Alkyl  b r o m o a c e t a t e s  wh ich  a re  k n o w n  as 

excel lent  e lec t rophi les  were  chosen  for  this purpose  (Scheme 2). 

H 3 C ~  ..... - - C O 2 R  
" O 

OH 

5a  R = Et Ph 
5 b R = t-Bu 

H 3 C ~  .,,,~--CO2 tBu 

6 Ph 

(a) n-BuLi, HMPA, then BrCHzCOzR, THF, -78 °C, Nz, 52 -> 100 %, 43 -> 84 d.e. 
S c h e m e  2 

W h e n  h i n d e r e d  bases  (LDA o r  LiHMDS) were  used ,  s t a r t i ng  m a t e r i a l  was r e c o v e r e d  

u n c h a n g e d ,  w h e r e a s  s-Buli led to the  f o r m a t i o n  of  n u m e r o u s  by -p roduc t s .  Final ly,  the  mos t  

eff icient  base  found  was n-BuLL The resul ts  a re  summar ized  in Table 2. 

Tab l e  2 : S tudy of  the  bis-alkylat ion reac t ion  

Entry 

1 

2 

Base Electrophile Temp. Products 

rvBuLi -78 °C Sa 

rvBuLi 

tvBuLi + HMPA 

rvBuLi + HMPA 

BrCH~CO~Et 

BrCH2CO2t-Bu 

BrCH2CO2 t-Bu 

BrCH2CO 2 t-Bu 

-78"c sb 

-78°C 5b 

-780C-> 

0 "c 
6 

Yields and d.e. were calculated from 1 H NMR analysis 

Yield (%) d.e. 

52 43 

70 67 

85 84 

100 84 
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As with lactam 1 an excess of base was necessary to give efficient deprotonat ion.  However, 

in most cases, the disubst i tu ted products  5a and Sb were accompanied by unreac ted  starting 

material 2t (entries 1-3). 

A considerable  improvement  of stereochemical induct ion was obtained by increasing the 

ester bulk and  by the addit ion of a complexing additive (entries 3-4), contrary to our  previous 

results. 

The best result was obtained when 2.5 equiv, of n-BuLl, 5 equivalents of HMPA and a large 

excess of t -butylbromoacetate were used (entry 4). In this experiment, the reaction mixture was 

allowed to warm to room tempera ture  and stirred for 15 h., leading to C- and O-alkylated 

compound  6 in quant i ta t ive yield, with the same d.e. as in entry  3, indicating that the second 

alkylation occurred before O-alkylation. 

The absolute configuration of the major diastereomer of 6 was expected to be S, as depicted 

in Scheme 3, since it likely was formed in the same way as the first substi tuent,  i.e. ant i  to the N- 

Li bond.  This proposal  was eventual ly  confirmed by an X-ray analysis  11 of major  diol 7 b  

obtained by LiA1H4 reduction of 6 (Figure 3). 

Indeed the mixture of diastereomeric amide-ester 5b or 6 was completely reduced to the 

corresponding amino-alcohols  whose major diastereomers 7a and 7b  could be isolated at this 

stage (Scheme 3). Removal of the chiral appendage of 7a or 7b by hydrogenolysis afforded the 

enan t iomer i ca l l y  pure  amino-alcohol  8. Cyclization of a secondary amine  with a pr imary  

alcohol is theoretically possible according to various procedures. Thionyl chloride in refluxing 

dioxane, used in a similar case by Ninomya 7h led to a complex mixture. Reaction carried out in 

mild condit ions using PPh3, CC14 and Et3 N12 or PPh3 and DEAD (Mitsunobu reaction 13) resulted 

in compound  9 only, according to MS and c0mparaison of NMR data with those of na tura l  

crinine-types alkaloids 14. 

However, despite several efforts to get an analytical sample of 9, the yield of pure product 

was poor, due to its incomprehensible instability. 
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C16 

C17 

014 

I C12 

1018 011~~ 

C9 

C15 

C5 

C3 C24 

Cl 

C23 

H9 

C19 

C20 

C7 
C8 

C22 C21 

ORTEP diagram of compound (-)-Tb 

Figure 3 
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5bR=H Ph 7a R=H Ph 
6 R = CHzCO2t-Bu 7b R = CH~CHzOH 

9 

(a) LAH, THF, Rfx, 52% 2 steps, 84% d.e. ; (b) Hz, Pd-C, MeOH, 54% ; (c) PPh 3 , Et3N, CO4, CH3CN, 1 5% 

Scheme 3 

In the  second par t  of this work, we turned  our  a t tent ion to the synthesis  of the ABC ring 

system of crinine alkaloids. Once again, 4-methyl derivative 3 was used as the start ing material.  

. ~ H a C ~  RI Nu 
~ N ~  H3C~ ,...N u 

, ~, ~ ' , .  v ~ 0 

~OH 
Ph l " 

Ph 

~ 0  iii) ~ M g X  Nu = i) ii) ~ S i M e 3  

Figure 4 

3 

The synthes i s  was to s ta r t  with the a lkyla t ion  at C-4 with a chain  bear ing  end-g roup  

funct ional i ty  capable  of  nucleophi l ic  a t tack at C-3. For this purpose,  we dec ided  to explore the 

react iv i ty  of  the oxazol idine function, which could be obta ined by RedAl ~ par t ia l  reduct ion  of 

the l a r t am-pr imary  alcohol system. 

Indeed,  it is well known that  an oxazolidine is a potent ia l  iminium salt  which can react 

with a l a rge  v a r i e t y  of nuc leoph i l i c  reagen ts  on the cond i t i on  of a c i d - m e d i a t e d  r ing 

opening 15. At least, three approaches  seemed possible (see Figure 4) : 

i) The Mannich  condensa t ion ,  allowing fur ther  t r ans format ions  towards  the subs t i tu t ion  of 

natural  products .  

ii) The Overman  cyc l iza t ion  of  a v inyls i lane ,  also offer ing the poss ib i l i ty  of  i n t roduc ing  

functionalit ies on the C ring. 

iii) An in t ramolecu la r  Grignard  react ion which, however, is not  sui table for the format ion  of a 

functionalized C ring. 

The first  two approaches  proved to be impossible to use. Indeed, we encoun te red  problems 

to p r e p a r e  the  ( Z ) - ( 4 - b r o m o - l - b u t e n y l ) - t r i m e t h y l s i l a n e  16, a vo la t i l e  c o m p o u n d ,  which 

a p p e a r e d  d i f f i cu l t  to h a n d l e .  F u r t h e r m o r e ,  a l k y l a t i o n  with  ( Z ) - ( 4 - b r o m o - l - b u t e n y l ) -  

t r ime thy l s i l ane  o r  2 - (~ -b romoe thy l ) -2 -methy l - l , 3 -d ioxo lane ,  resu l ted  only  in i so la t ion  of 4- 

h y d r o x y - 4 - m e t h y l  de r iva t ive  10 (15% yie ld  ; 70% d.e.). Bubbling argon in THF before  use 
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preven ted  the fo rmat ion  of  the hydroxy-compound  which was most l ikely ob ta ined  from the 

ac t ion of  oxygen v ia  a t rans ien t  peroxyde.  The a lkyla t ion  reac t ions  were, however ,  always 

unsuccesful  desp i t e  ha logen  exchange with NaI/ CH3CN, due to the uns tabi l i ty  of the reagents.  

Unfortunately,  we found  it to be impossible  to get the above-ment ioned hydroxyla t ion  react ion 

under  control  by  del ibera te ly  using 02. 

Partial  r educ t ion  of  d ias te reomer ic  te r t i a ry  alcohol 10, al lowed the isolat ion of  11 as a 

single i somer  a f te r  pur i f ica t ion .  NOESY exper iments  led to the  a s s ignement  of  the re la t ive  

s te reochemis t ry ,  as dep ic t ed  in formula  1 1, in agreement  with previous  a lkyla t ion  react ions  

(Scheme 4). 

H3~_ 

O H 

Ph 

HsC~.....0-- O-Li+ 
• 0 0 

Ph 

C_H3 n ,Ph 

Scheme 4 

H3% ..,,OH 

10 / 

H3 C~N,.'"OH , 

Ph 

The th i rd  route  to be invest igated was the in t ramolecular  Grignard react ion.  Alkylat ion of  

the anion  der ived  from 3, using 1-chloro-4-iodo-butane,  gave the expected chloro  der ivat ive 12 

(65% yield ; 8696 d.e. ; unseparable  diastereomers) without any problem (Scheme 5). 

3 

1 a 
H 3 C ~  . . . " ' xN~N~ C1 H3C• .....-"~C 1 H3 ~ 

b d 

14 / Ph 
cl l Z b X =  I , Ph Pit 

(a) n-Bull, HMPA, I(CH2)4C1, THF, -78 °C, 6596, 8696 d. e. ; (bl RedAl °, THF, -50 °C, 6196 
(c) Nal, CH3CN, 9096 ; (d) t-BuLl, THF, -78 °C, 1096. 

Scheme 5 
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The dias tereomeric  mixture was reduced with RedA1 (~, leading, after purif icat ion,  to a 

single oxazolidine 13 (Y = 6196). NOESY experiments showed correlations between H-1 H-3 and H~, 

indicating an equatorial  configurat ion for the oxazolidine oxygen atom. Moreover, correlations 

between CH3 and H-5 confirmed the equatorial position of the methyl group (Figure 5). 

Fh 

O 

Figure 5 

Whatever the experimental  condit ions were, it was impossible to make the corresponding 

Grignard reagents  from 13 or its iodo analogue, obtained after halogen exchange. In most 

experiments, the starting material was recovered unchanged. 

This failure forced us to look for an al ternative route for this deceptively reaction. We 

therefore tu rned  towards the intramolecular  alkylithium addition to the lactams which was used 

by Jones 17 and  also Meyers 18 in a case similar to ours, Compound 12b  was submit ted  to an 

iodide-metal exchange with t-BuLi in THF at -78 °C. The cyclized oxazolidine 14 was obtained in 

poor yield which proved impossible to improve despite addition of KH, as suggested by Meyers. 

All a t temps  to accomplish oxazolidine opening (NaBH4, Pal(OH)2, Na/NH3) resulted in 

recovery of the starting material which was too stable to be reduced. 

C o n c l u s i o n  : 

During this work we were successful in the diastereoselective mono- and  di-alkylations of 

t e t rahydro i soqu ino l ine  at the C-4 position, ct to lactam funct ional i ty .  Although difficulties 

emerged in applying this methodology to the synthesis of the cr inine alkaloid skeleton, it is a 

new way to p repa re  chiral  n o n  racemic t e t r ahydro i soqu ino l ines ,  o therwise  not  easily 

accessible. 

E x p e r i m e n t a l  s e c t i o n  

G e n e r a l  

Melting points were de termined on a Kofler apparatus and are uncorrected.  1H and  13C spectra 

were recorded at 300.13 and 75.43 MHz respectively on a Bruker AC 300-P ins t rument .  Chemical 

shifts are given in ppm with TMS as internal  standard. IR spectra were recorded on a Perkin- 

Elmer FTIR 1600 spectrometer  as solutions in either, d ichloromethane or chloroform. Optical 
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rota t ions  were ob ta ined  using a Perkin-Elmer 141 po la r imete r  and  [a]D values are  expressed in 

units  l O - l d e g  cm 2 g-1. Chemical ionisat ion mass spect ra  (CI.MS) were r eco rded  on a Nermag 

R10-10 in s t rumen t  at  30 eV using ammonia  as the ionizing gas. High reso lu t ion  mass spec t ra  

were r eco rded  on a Kratos MS-80 ins t rument  opera t ing  in chemical  ioniza t ion  mode  at 70 eV 

using m e t h a n e  as the  ioniz ing  gas. Elementary  ana lyses  were p e r f o r m e d  by  "Service de 

microanalyse ,  Ins t i tu t  de Chimie des Substances Naturelles du CNRS, Gif sur  Yvette, France". 

Analyt ica l  TLC was p e r f o r m e d  on sil ica gel or  an a lumin iumoxyde  F-254 p la tes  of 0.2 mm 

thickness. Flash ch romatography  was carr ied out on 230-400 mesh silica gel or  on 70-230 mesh 

a luminiumoxyd.e .  Te t rahydro fu ran  was dist i l led pr ior  to use from sod ium-benzophenone  ketyl. 

Tr ie thylamine and e ther  were distil led from calcium hydr ide  pr ior  to use. 

(aR)-N-[2-Hydroxy- 1 -phenyle thy l ] -  1,4 d ihydro-2  H-isoquinol in-3-one ( 1 ) 

Tolyl-acetic acid  2 (25 g, 170 mmol),  N-bromosuccinimide (29.6 g, 170 mmol)  and  a catalyt ic  

amount  of  benzoyl  peroxyde  were refluxed in CC14 (400 mL) for lh. ,  under  a 1000 watt-lamp. The 

crude mixture  was f i l tered on a pad  of MgSO4 and the organic layer  was concen t ra ted  in vacuo. 

The resul t ing yellow solid was recrysta l l ized 4 times in CC14 to give 25 g (64% yield) of a white 

crystal l ized solid. 1H NMR (8, ppm, J, Hz) : (CDCI3) : 3.85 (s, 2H), 4.58 (s, 2H), 7.28 (m, 4H). 13C-NMR 

(5, ppm) : (CDCI3) : 31.7 (CH2), 38.1 (CH2), 128.3-131.5 (4 CH), 132.8 (C), 136.5 (C), 176.7 (C). IR : 1718 

cm-1 

Toly l -bromide-ace t ic  acid  (1.46 g, 6.37 mmol) and concen t ra ted  sul fur ic-acid  (160 ~L) were 

dissolved in MeOH (10 mL) and s t i r red at room tempera ture  for 3h.. The react ion mixture  was 

t rea ted  with sat. aq. NH4C1 (5 mL). The aq. layer  was extracted three times with CH2C12 (15 mL) 

and the combined  organic  layers  were dr ied  over MgSO4 and concent ra ted  to give 1.35 g (87% 

yield) of  a yellow oil which was taken on without  fur ther  pur i f i ca t ion . I l l  NMR (5, ppm, J, Hz) : 

(CDC13) : 3.71 (s, 3H), 3.83 (s, 2H), 4.60 (s, 2H), 7.32 (m, 4H). 13C-NMR (& ppm) : (CDC13) : 31.7 (CH3), 

38.1 (CH2), 52.2 (CH2), 128.0-131.2 (4 CH), 133.3 (C), 136.3 (C), 176.4 (C). IR : 1734 cm "1 

Phenylglycinol  (0.836 g, 6.09 mmol) and NEt3 (0.850 mL, 6.09 mmol) were dissolved in EtOH (6 

mL). 

The benzyl -bromide-methyl  ester  (1.35 g, 5.54 mmol), dissolved in EtOH (1 mL), was added.  After 

refluxing for 48h. (TLC showed completed  reaction) and cooling to RT., the react ion mixture was 

t reated with sat. aq. NH4C1 (10 mL). The aq. layer  was extracted three times with ethyl  acetate (50 

mL) and  the c o m b i n e d  organic  layers  were d r i ed  over  MgSO4. Removal of the  solvent  and  

purif icat ion of  the res idue  by flash chromatography on silica gel (eluent  : CH2CI2/MeOH 9.8/0.2) 

gave 0.925 g (63% yield) of the chiral 1,4-dihydroisoquinolin-3:one 3 as a yellow solid, mp 120°C 

(CH2CI2=MeOH). [~]D 25 = -47(c = 1.05, MeOH). 1H NMR (8, ppm, J, Hz) : (CDC13) : 3.64 (s, 2H), 4.09 (dd, 

1H, J = 8.9, 11.7), 4.11 (d, 1H, j = 15.5), 4.22 (dd, 1H, J = 5.3, 11.7), 4.45 (d, 1H, J = 15.5), 5.95 (dd, 1H, J = 

3.0 and 8.9), 7.14 (m, 9H). 13C-NMR (5, ppm) : (CDCI3) : 38.2 (CH2), 46.4 (CH2), 57.9 (CH), 61.4 (CH2), 

125.1-128.7 (9 CH), 131.9 (C), 132.6 (C), 136;7 (C), 170.9 (C). IR: 3421, 3053, 1654 cm -1. m / z  (CI.MS) 

268 [MH] +. AnM. Calcd. for C17H17NO2: C 76.37, H 6.41, N 5.24; Found: C 76.26, H 6.64, N 5.09. 
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( a R , 4 S ) - N - [ 2 - H y d r o x y - l - p h e n y l e t h y l ] - 4 - m e t h y l - l , 4  d i h y d r o - 2 H - i s o q u i n o l i n -  3 - o n e  

(3) 
A solution of 1,2,3,4-tetrahydroisoquinolin-3-one 1 (1.00 g, 3.74 retool) in d ry  THF (10 mL) cooled 

to -78 °C was added ,  unde r  ni trogen,  to a solution of LDA (9.35 retool) in d ry  THF (100 mL). The 

react ion mixture  was s t i r red  for lh .  at -78 °C, after which time, methyl  iodide (350 I~L, 5.61 mmol) 

was a d d e d  at -78 °C and the mixture  was s t i r red for 2h. at the same t empera tu re  before  being 

quenched  with sat. aq. NH4CI (50 mL). The aq. layer was extracted three t imes with ethyl acetate 

(50 mL) and  the combina ted  organic layers were dr ied over MgSO4. Removal of the solvent  and 

p u r i f i c a t i o n  of the  r e s i d u e  by f lash c h r o m a t o g r a p h y  on s i l ica  gel ( e l ue n t  : e thy l  

a c e t a t e / c y c l o h e x a n e  5 .0 /5 .0)  gave 0.77 g (73% yield)  of 5 as a yel low c rys ta l l i zed  solid. 

Diastereomeric excess = 92%. [Ct]D25=-23.5 (c = 1.2, CHCI3). 1H NMR data  for the major  d ias tereomer  

(8, ppm, J, Hz): (CDCI3) : 1.51 (d, 3H, J = 7.0), 3.61 (q, 1H, J = 7.0), 4.12 (d, 1H, J = 15.5), 4.18 (m, 2H), 

4.30 (d, 1H, J = 15.5), 5.85 (dd, 1H, J = 5.0, 9.0), 6,92 (m, 9H). 13C-NMR (8, ppm) : (CDCI3) : 16.1 (CH3), 

41.9 (CH), 46.5 (CH2), 58.9 (CH), 62.1 (CH2), 125.2-128.9 (9 CH), 132.0 (C), 136.7 (C), 137.7 (C), 174.2 

(C). IR : 3421, 1638 cm -1. m / z  (CI.MS) 282 [MH] +. AnM. Calcd. for C18H19NO2: C 76.84, H 6.81, N 4.98; 

Found: C 76.51, H 7.03, N 4.92. 

(aR,4S)-[N-( 2- H y d  r o x y -  1 - p h  e n y l  e t h y l ) - 4 -  m e  t h y l -  3 - o x o -  1 , 2 , 3 , 4 -  te  t r a h y d r  o -  

i soquinol in-4-y l ] -acet ic  acid ethyl  ester (5a) 

To a solut ion of 3 (0.175 g, 0.62 mmol) in dry THF (10 mL) cooled to -78 °C, was added,  under  

n i t rogen,  n-BuLi (0.97 mL, 1.56 mmol). The red suspension was s t i r red for 30 min. at -78 "C and 

then,  e thy l -b romo-ace t a t e  (104 ~tL, 0.93 mmol) was added  dropwise  ( turns  pale  yellow). The 

mixture was s t i r red  for 4h. at the same tempera ture  before being di lu ted  with ethyl  acetate(100 

mL) and p o u r e d  into sat. aq. NH4CI(IO mL). The aq. layer  was extracted three t imes with ethyl  

acetate  (5 mL) and  the combina ted  organic layers were dr ied  over  MgSO4 and concen t ra ted  i n  

v a c u o .  The c rude  p r o d u c t  was pur i f i ed  by  flash c h r o m a t o g r a p h y  on si l ica gel (e luent  : 

CH2C12/MeOH 95/5)  to give a mixture of diastereomers  (0.119 g, 52% yield,  d.e. = 43%), which 

could be s epa ra t ed  fur ther .  IR : 2985, 1684 c m - l . m / z  (CI.MS) 378 [MH] +. Data for  the minor  

d ias tereoisomer  : [tX]D25=-31 (c = 0.9, MeOH). 1H NMR (& ppm, J, Hz) : (CDCI3) : 1.04 (t, 3H, J = 7.1), 

1.56 (s, 3H), 2.93 (d, 1H, J = 16.2), 3.16 (br s, 1H), 3.55 (d, 1H, J = 16.2), 3.94 (m, 2H), 4.08 (d, 1H, J = 

16.2), 4.28 (m, 2H), 4.77 (d, 1H, J = 16.2), 6.25 (dd, 1H, J = 4.7, 9.2), 7.33 (m, 9H). 13C-NMR (5, ppm) : 

(CDCI3) : 14.1 (CH3), 28.0 (CH3), 44.8 (CH2), 45.3 (CH2), 57.8 (CH2), 60.8 (CH), 61.1 (CH2), 125.0-128.9 

(9 CH), 129.9 (C), 136.8 (C), 171.8 (C), 174.1 (C). Data for the major diastereomer : [¢t]D25=-56 (c = 1.2, 

MeOH). 1H NMR (3, ppm,  J, Hz) : (CDC13) : 1.01 (t, 3H, J = 7.1), 1.47 (s, 3H), 2.98 (d, 1H, J = 16.7), 3.16 

(br s, 1H), 3.59 (d, 1H, J = 16.7), 3.93 (m, 2H), 4.30 (d, 1H, J = 15.9), 4.31 (m, 2H), 4.58 (d, 1H, J = 15.9), 

5,72 (dd, 1H, J = 5.0, 9.5), 7.32 (m, 9H). 13C-NMR (5, ppm) : (CDCI3) : 14.1 (CH3), 29.3 (CH3),43.0 

(CH2), 44.6 (C), 47.4 (CH2), 60.5 (CH2), 61.0 (CH), 65.7 (CH2), 124.2-138.9 (9 CH), 136.8 (C), 138.9 (C), 

171.2 (C), 174.6 (C). HRMS Calcd. for C22H25NO4 : MH +, 368.1862 found : 368.1869. 
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( c t g , 4 S ) - [ N - ( 2 - H y d r o x y - 1  - p h e n y l e t h y l ) - 4 - m e t h y l - 3 - o x o -  1 , 2 , 3 , 4 - t e t r a h y d r o -  

i soquino l in -4-y l ] -ace t ic  ac id  te r -buty l  es te r  (Sb) 

To a solut ion of  3 (0.697 g, 2.48 mmol) in dry  THF (30 mL) cooled to -78 °C, was added,  under  

ni t rogen,  n-BuLi (3.9 mL, 6.2 mmol) and HMPA (2.2 mL, 12.4 mmol).  The red  suspension was 

s t i r red  for  30 rain. at  -78 °C and  then, t -bu ty l -b romo-ace ta t e  (601 ~L, 3.7 mmol)  was added  

dropwise  ( tu rns  pa le  yellow). The mixture  was s t i r red  for 4h at the same t empe ra tu r e  before 

being d i lu ted  with ethyl  ace ta te( lO0 mL) and poured  into sat. aq. NH4CI(IO0 mL). The aq. layer 

was extracted three  times with ethyl acetate (50 mL) and the combined organic layers were dr ied 

over  MgSO4 a n d  c o n c e n t r a t e d  in vacuo. The c rude  p r o d u c t  was p u r i f i e d  by  f lash 

ch roma tog raphy  on sil ica gel (e luent  : ethyl acetate) to remove HMPA. The resul t ing  crude oil 

(0.997 g) consis t ing of more  than 90% of the des i red  product ,  was taken on wi thout  fur ther  

purif icat ion.  Fur ther  analyses  have been pursued  on the pure  major  d ias te reomer  isolated as an 

analyt ical  sample  by prepara t ive  TLC. [Ct]D25=-55 (c = 1.2, CHCI3). 1H NMR (8, ppm, J, Hz) : (CDC13) : 

1.19 (s, 9H), 1.47 (s, 3H), 2.84 (d, 1H, J = 16.0), 3.23 (br s, 1H), 3.45 (d, 1H, J = 16.0), 4.16 (m, 1H), 4.36 

(d, 1H, J = 15.9), 4.45 (m, 1H), 4.57 (d, 1H, J = 15.9), 5.43 (dd, 1H, J = 4.8, 9.6), 6.92 (m, 9H). 13C-NMR 

(8, ppm) : (CDCI3) : 14.1 (CH3), 28.8 (3 CH3), 38.7 (C), 48.1 (CH2), 69.4 (CH), 69.9 (CH2), 73.2 (CH2), 

89.2 (C), 125.6-129.4 (9 CH), 133.7 (C), 135.7 (C), 139.0(C), 200.0 (C), 201.3 (C). IR : 3421, 1638 cm -1. 

m / z  (CI.MS) 396 [MH] +. 

( aR,  4 S ) - [  2- (  4 - t e r t - B u t  o x y c a r b o n  y l m  e t h  y l - 4 - m e  t h  y l -  3 - o x o -  3 , 4 - d i h  y d r o - 1  H- 
isoquinolin-2-yl)-2-phenyl-ethoxy]-acetic acid tert-butyl ester (6) 
C o m p o u n d  3 was a lkyla ted  according to the procedure  descr ibed for the synthesis  of  6a, exept 

that  the react ion mixture  was s t i r red at -78 °C for 3h. and let at room tempera tu re  for 15h. after 

the addi t ion  of an excess of electrophile.  1H NMR (8, ppm, J, Hz) : (CDC13) : 1.21 (s, 3H), 1.48 (s, 9H), 

2.89 (d, 1H, J = 16.0 ), 3.57 (d, 1H, J = 16.0), 4.02 (d, 1H, J = 16.0), 4.21 (m, 6H), 4.62 (d, 2H, J = 16.0), 

6.24 (m, 1H), 7.22 (m, 9H). 13C-NMR (6, ppm) : (CDC13) : 14.1 (CH3), 27.3 (6 CH3), 43.3 (CH2), 44.5 (C), 

45.2 (CH2), 54.3 (CH), 68.5 (CH2), 69.6 (CH2), 79.9 (C), 81.4 (C), 124.1-128.0 (9 CH), 128.4 (C), 130.1 (C), 

136.6 (C), 169.3 (C), 169.9 (C), 173.2 (C). 

(~R,4S)-N-[4-(2-Hydroxyethyl ) -4-methyl -3 ,4-d ihydro-  1 H- l soquino l in -2 -y l ] -2 -  
phenyl-ethanol (7a) 
To a solution of lactam 5b (0.997 g, 2.52 mmol) in dry  THF (60 mL), LAH (0.904 g, 41.98 mmol) was 

added  in small  por t ions  at 0 °C. The mixture was refluxing for 3h. and t rea ted  with H20 (904~tL), 

1N NaOH (904 ~L) and H20 (2.7 mL). The resulting a luminium salts were f i l tered off and washed 

with Et20 (3x50 mL). The organic layer  was concent ra ted  in vacuo . The crude  yellow oil was 

pur i f ied  by  flash c h r o m a t o g r a p h y  on a luminia  gel (eluent  : ethyl  ace ta t e / cyc lohexane  80/20) .  

The two dias tereomers  could be separated,  to give 0.366 g of the major  d ias tereomer  and 0.032 g of 

the minor  one (52% overall  yield, 2 steps, d.e. = 84%). Data for the major  d ias te reomer  [et]D 25 = -25 

(c = 0,95, CHCI3). 1H NMR (8, ppm, J, Hz) : (CDCI3) : 1.21 (s, 3H), 1.85 (m, 2H), 2.08 (d, 1H, J = 11.5), 

2.89 (d, 1H, J = 11.5), 2.96 (m, 1H), 3.40 (dt, 1H, J = 4.0, 8.0), 3.61 (d, 1H, J = 14.5), 3.84 (m, 2H), 3.97 (d, 

1H, J = 14.5), 4.26 (m, IH), 6.92 (m, 9H). 13C-NMR (8, ppm) : (CDC13) : 29.2 (CH3), 38.7 (C), 47.7 (CH2), 
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55.1 (CH2), 58.5 (CH2), 59.2 (CH2), 62.2 (CH2), 71.3 (CH), 126.2-129.4 (9 CH), 133.8 (C), 135.4 (C), 139.4 

(C). IR : 3372, 3062 cm -1. m / z  (CI.MS) 312 [MH] +. HRMS Calcd. for C20H25NO2 : MH +, 312.1963 

found : 312.1956. 

(~R,4S)-2-12- [ 2- ( 2 - H y d r o x y - e t h o x y ) -  1 - p h e n y l e t h y l ] - 4 - m e t h y l -  1 , 2 , 3 , 4 - t e t r a h y d r o -  

isoquinolin-4-yl }-ethanol (Tb) 

Compound 7b was obta ined  by the reduction of 6 as for the prepara t ion  of 7a (57% overall  yield, 

2 steps, d.e. = 84%). Data for the major diastereomer [Ct]D 25 = -5 (c = 0.95, CH2C12). 1H NMR (~ ppm, 

J, Hz) : (CDCI3) : 1.24 (s, 3H), 1.83 (m, 2H), 2.1 l(d, 1H, J = 11.6 Hz), 2.76 (m, 2H), 2.84 (d, 1H, J = 11.6), 

3.35 (dt, 1H, J = 3.4, 12.0), 3;52 (m, 1H), 3.55 (m, 1H), 3.60 (d, IH, J = 14.7), 3.71 (t, 1H, J = 3.5), 3.78 (m, 

1H), 3.81 (m, 1H), 3.99 (dd, 1H, J = 6.7, 9.5), 4.09 (d, 1H, J = 14.7), 7.21 (m, 9H). 13C-NMR (5, ppm) 

:(CDC13) : 28.8 (CH3), 38.7 (C), 48.1 (CH2), 54.6 (CH2), 57.7 (CH2), 58.6 (CH2), 61.3 (CH2), 69.4 (CH), 

69.8 (CH2), 73.2 (CH2), 125.7-129.4 (9 CH), 133.7 (C), 135.7 (C), 138.9 (C). IR : 1640 c m - l . m / z  (CI.MS) 

356 [MH] +. Anal  Calcd. for C22H29NO3 + 0,25 MeOH : C 73.52, H 8.32, N 3.85; Found: C 73.71, H 8.21, N 

3.72. 

(4S)-2-(4-Methyl-  1 ,2 ,3 ,4 - te t rahydro- i soqu ino l in -4-y l ) -e thano l  (8) 

Catalytic hyd rogena t i on  of the major  d ias te reomer  of the amino-diol  ? a  or  7b (0.185 g, 0.59 

mmol) was car r ied  out  with 10% Pd-C in MeOH (2 mL), for 24h., under  a tmospher ic  press ion of 

hydrogen .  The ca ta lys t  was r emoved  by f i l t ra t ion on a pad  of cel i te  and  the f i l t ra te  was 

e v a p o r a t e d  to give a c rude  oil which was pur i f ied  by flash c h r o m a t o g r a p h y  on sil ica gel 

(eluent : e thyl  acetate/MeOH 80/20) to give the desired product  as a single enan t iomer  (0.061 g, 

54% yield). [et]D 25 = +3 (c = 0.9, CHCI3). 1H NMR (5, ppm, J, Hz) : (CDCI3) : 1.32 (s, 3H), 1.86 (m, 2H), 

2.84 (d, 1H, J = 11.7), 2.95 (dt, 1H, J = 6.5, 12,1), 3.10 (d, 1H, J = 11.7), 3.40 (dt, 1H, J = 3.6, 12.1), 4.05 (s, 

2H), 6,92 (m, 4H). 13C-NMR (5, ppm) : (CDC13) : 29.1 (CH3), 37.9 (C), 48.5(CH2), 48.6 (CH2), 56.1 

(CH2), 58.10 (CH2), 125.7-128.6 (4 CH), 133.8 (C), 134.1 (C), 139.9 (C). IR : 3253, 2920 cm -1. m / z  

(CI.MS) 192 [MH] +. HRMS Calcd. for C12H17NO : MH +, 192.1388 found : 192.1395. 

(gs)-9-Methyl-3,9-methano- 1,2-dihydro-4H-benzo-[c]-azepine (9) 
The amino-alcohol  10 (0.115 g, 0.60 mmol), Et3N (84 ~L, 0.60 mmol) and CC14 (70 ~tL, 0.72 mmol) 

were dissolved in acetoni t r i le  (2 mL) at RT. PPh3 (0.173 g, 0.66 mmol) was added  at 0 °C in small 

port ions.  The reac t ion  mixture  was s t i r red  for 60h at RT. under  ni t rogen before  being poured  

into sat. aq. Na2CO3 (15 mL).  The aq. layer was extracted 3 times with Et20. The combined organic 

layers  were d r i ed  over  MgSO4 and concentra ted  in vacuo.  After removal  of POPh3 by selective 

r ec r i s t a l l i za t ion  in Et20, the  crude  oil was pur i f ied  by flash c h r o m a t o g r a p h y  on si l ica gel 

(eluent  : ethyl  acetate) to give the desired product  which, because of its instabil i ty,  was s tored as 

its ch lo rhydra t e  (0.019 g, 15% yield).  Fur ther  analyses have been pursued  on the pure  amine. 

[Ct]D 25 = -13 (c = 0.95, CHCI3). IH NMR (8, ppm, J, Hz) : (CDC13) : 1.56 (s, 3H), 1.81 (m, 1H), 1.99 (m, 

1H), 2.73 (d, 1H, J = 11.2), 2.87 (m, 1H), 3.01 (d, 1H, J = 11.2), 3.32 (ddd, 1H, J = 3.5, 10.9, 16.1), 3.83 (d, 

1H, J = 17.2), 4.42 (d, 1H, J = 17.2), 7.02 (rn, 4H). 13C-NMR (5, ppm) : (CDCI3) : 19.3 (CH3), 29.5 (C), 
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45.0(CH2), 54.6 (CH2), 61.3 (CH2), 63.7 (CH2), 122.5-131.9 (4 CH), 144.3(2 C). IR : 2956 cm -1. m / z  

(CI.MS) 173 [MH] +. 

( a R , 4 R ) - 4 - H y d r o x y - N - ( 2 - h y d r o x y -  1 - p h e n y l e t h y l ) - 4 - m e t h y l -  1 , 4 d t h y d r o -  2 H- 

i soqu ino l in -3 -one  (10) 

The lactam 3 (0.217 g, 0.77 retool), LDA (1.5 mL, 1.93 retool) and HMPA (670 gtL, 3.86 mmol) were 

reacted at - 78 °C, u n d e r  argon in 10 mL of d ry  THF. After the addi t ion of 4 -bromo- l - ( t r imethy l ) -  

s i ly l - l -bu tene  (0.273 g, 1.32 rnmol), the react ion mixture was s t i r red for 6h. at -78 °C, and  then at 

RT. for  the  fo l lowing night .  Af ter  c lass ical  workup,  the  r e s idue  was p u r i f i e d  by  flash 

c h r o m a t o g r a p h y  on si l ica gel (e luent  : cyclohexane)  to give 34 mg of  10 as an in sepa rab le  

mixture of isomers and  40 mg of 5 (15% yield, d.e. = 70%). 1H NMR (fi, ppm, J, Hz) : (CDC13) 8 1.21 

(s, 3H), 2.67 (d, OH, J = 9.5), 4.08 (d, 1H, J = 16.2), 4.16 (m, 2H), 4.24 (d, 1H, J = 16.2), 4.72 (t, 1H, J = 

5.5), 7.25 (m, 9H). 13C-NMR (6, ppm) : (CDCI 3) : 27.6 (CH3), 46.4 (CH2), 59.8 (CH), 61.3 (CH2), 71.1 (C), 

12.2-128.9 (9 CH), 135.8 (C), 139.2 (C), 175.0 (C). IR : ,  3447 (large), 1648 c m - l . m / z  (CI.MS) 298 

[MH] +. HRMS Calcd. for C18H19NO3 : MH +, 297.1365 found : 297.1366. 

( 10 R) - 1 0 - H y d r o x y -  1 0 - m e t h y l -  3 - p h e n y l - 2 , 3  - d i h y d r o - 5  H - o x a z o l o - [ 2 , 3  -a] - i s o q u i n o l i -  

ne (11) 
Compound 11 was obta ined  by the reduction of 10 as for the prepara t ion  of 13. [Ct]D 25 = -184 (c = 

1.05, CHC13). 1H NMR (5, ppm, J, Hz) : (CDC13) : 1.76 (s, 3H), 3.16 (s, OH), 3.56 (d, 1H, J = 14.7), 3.90 

(dd, 2H, J = 2.9, 12.1 Hz), 4.01 (d, 1H, J = 14.7), 4.22 (s, 1H), 4.42 (t, 1H, J = 12.1), 7.37 (m, 9H). 13C-NMR 

(6, ppm) : (CDC13) : 21.1 (CH3), 52.2 (CH2), 68.0 (CH), 69.5 (C), 74.3 (CH2), 97.4 (CH), 126.4-128.8 (9 

CH), 132.9 (C), 139.4 (C). IR : 3587, 2934, 2253 cm -1. m / z  (Ci.MS) 282 [MH] +. A n a l  Calcd. for 

C18H19NO2, 0.25 MeOH : C 75.75, H 6.97, N 4.84; Found: C 75.81, H 6.97, N 4.98. HRMS Calcd. for 

C18H19NO2 : MH +, 281.1416 found : 281.1412. 

(aR,4S)-4-( 4-Chlorobutyl )-N-( 2-hydroxy- l-phenylethyl )-4-methyl- l,4-dihydro- 
2H-isoquinolin-3-one (12a) 

The lactam 3 (0.624 g, 2.22 retool), n-BuLi (4.3 ml~ 5.55 retool) and HMPA (1,9 mL, 11.1 retool) were 

reacted at - 78 °C, under nitrogen in 30 mL of dry THF, as for the preparation of 8. After the 

addition of 1-iodo-4-chloro-butane (410 ~L, 3.33 retool), the reaction mixture was stirred for 6h. 

at -78 °C, and then at RT. for the following night. After usual treatments, the residue was 

purified by flash chromatography on silica gel (eluent : ethyl acetate/cyclohexane 3.0/7.0) to 

give 0.532 g (65% yield) of 12a as an inseparable mixture of isomers (d.e. = 86%). 1H NMR (8, 

ppm, J, Hz) : (CDCI3) : 1.51 (s, 3H), 1.71 (m, 5H), 2.09 (m, IH), 3.40 (t, 2H, J = 6.7), 4.14 (d, IH, J = 16.0), 

4.22 (m, 2H), 4.43 (d, IH, J = 16.0), 6.01 (dd, IH, J = 3.4,5.4), 6.95 (m, 9H). 13C-NMR (8, ppm) : (CDCI3) 

: 22.6 (CH2), 26.2 (CH2), 32.6 (CH2), 38.9 (CH2), 44.6 (CH2), 45.5 (CH2), 46.4 (C), 58.3 (CH), 61.2 (CH2), 

125.1-130.3 (9 CH), 136.6 (C), 138.8 (C), 174.8 (C). IR: 3418, 3053, 1640 cm -1. m/z (CI.MS) 370. 372 

[MH] +. HRMS Calcd. for C22H26NO2Cl : MH +, 371.1652 found : 371.1649. 
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( 10 S)-  10 -  ( 4 - C h l o r o b u  ty l  )- 1 0 - m e  t h y l -  3 - p h e n y l -  2 ,3  - d i h y d r o -  5 H - o x a z o l o -  [ 2 ,3  - a] -  

l soquinol tne  (13)  
To a solut ion of  12a  (O.116 g, 0.319 mmol), in d ry  THF (20 ml.), a 65% solut ion of Red-Al®(l mI, 

3.11 retool) was a d d e d  dropwise,  at -50 °C, under  nitrogen. The reaction mixture was s t i r red at -50 

°C for 3h. and  t rea ted  by  1N KOH (3 mL). The aq. layer was ext rac ted  three  t imes with ethyl 

acetate (15 mL). The combined  organic layers were dr ied over MgSO4 and concen t ra ted  in vacuo. 

The c r u d e  p r o d u c t  was pur i f i ed  by flash c h r o m a t o g r a p h y  on s i l ica  gel ( e luen t  : e thyl  

ace ta te /cyc lohexane  2.0/8.0),  to give a pale yellow oil (0.067 g, 61% yield).  [a]D25=-71.O (c = 1.1, 

CHC13). l t t  NMR (8, ppm,  J, Hz): (CDC13) : 1.46 (s, 3H,), 1.78 (m, 4H), 1.92 (m, 2H), 3.45 (d, 1H, J = 

14.4), 3.49 (t, 2H, J = 6.9), 3.71 (m, 2H), 3.89 (d, 1H, J = 14.4), 4.24 (s, 1H), 4.31 (t, 1H, J = 11.9), 6.94- 

7.48 (m, 9H). 13C-NMR (8, ppm) : (75 MHz) : 21.8 (CH3), 24.9 (CH2), 33.5(CH2), 36.8 (CH2), 42.8 (C), 

44.8 (CH2), 52.5 (CH2), 68.0 (CH), 74.3 (CIt2), 125.7-128.6 (9 CH), 133.9 (C), 138.2 (C), 141.9 (C). IR : 

3372, 3062 c m - l . m / z  (C1.MS) 356, 358 [MH] +. HRMS Calcd. for C22H26NOCI : MH +, 355.1702 found : 

355.1703. 

(TR, 13b$)- 13b-Methy l -7 -pheny l -  1 ,2 ,3 ,4 , .6 ,7 ,9 ,13b-octahydro-oxazolo- [2 ,3-e] -phenant r td tne  

04) 
To a so lu t ion  of  1 2 b  (0.260 g, 0.56 mmol) in a dry  mixture  of p e n t a n e / e t h e r  (9 : 1) under  

ni t rogen,  at  -78 °C, t-BuLl (1.7 mL, 2.24 mmol) was added  dropwise.  The da rk  red  solut ion was 

s t i r red at the same t empe ra tu r e  for 1/2 h.. After usual t rea tment ,  the res idue  was pur i f ied by 

flash c h r o m a t o g r a p h y  on a lumin iumoxyde  (eluent  : cyclohexane) to give O.017 g (10% yield) of 

yellow pale  oil. [et]D 25 = - 6 (c = 1.0, CH2C12). 1H NMR (5, ppm, J, Hz) : (CDCI3) : 1.25 (s, 3H), 1.51 (m, 

7H), 1.83 (td, 1H, J = 3.6, 13.8), 2.34 (m, 2H), 3.69 (t, 1H, J = 7.8), 3.70 (d, 1H, J = 15.2), 3.86 (d, 1H, j = 

15.2), 4.10 (t, 1H, J = 7.8), 4;35 (m, 1H), 7.17 (m, 9H). 13C-NMR (8, ppm) : (CDCI3) : 22.0 (CH2), 22.7 

(CH2), 23.8 (CH2), 27.8 (CH2), 29.7 (CH3), 44.1 (C), 48.3 (Ell2), 63.2 (CH), 74.0 (CH2), 95.1 (C), 125.3- 

128.6 (9 CH), 134.0 (C), 139.8 (C), 143.2 (C). IR: 1150 cm -1. m / z  (CI.MS) 320 [MH] +. 
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