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- Acyc l i c  s tereose lec t ion  v i a  organometal l ic  compounds (M = L i ,  Mg, 

Zn, Cd, Cu, B, Al ,  S i ,  Sn. Ti. Zr, Cr, and Pd) i s  surveyed. App l ica t ion  o f  

the  organometal l ics t o  the synthesis of the  Prelog-Djerassi l a c t o n i c  a c i d  

i s  described along w i t h  o ther  approaches. 

One o f  the  chal lenging problems f o r  the  organic chemist today i s  con t ro l  o f  stereochemistry i n  

conformat ional ly non r i g i d  complex molecules, such as polyether,  ansamycin, and macrol ide a n t i b i o -  

t i c s .  The i r  b i o l og i ca l  a c t i v i t i e s  and considerable comnercial importance, coupled w i t h  the 

i n t r i g u i n g  s t r u c t u r a l  problems, have s t imula ted intense e f f o r t s  d i rec ted  toward t h e i r  t o t a l  

synthesis.' The methods fo r  the  stereoregulated synthesis of t h e i r  key intermediates genera l ly  

comnence w i t h  the  crossed a l d o l  reactions,' the  condensation of organometal l ic  compounds w i t h  

carbonyl compounds, t h e  r i n g  opening react ions  of c y c l i c  com~ounds .~  the epoxidat ion of a l l y l i c  

 alcohol^,^ the hydroborat ion o f  o l e f i n i c  cornpo~nds,~  the reduct ion  of carbonyl  derivative^,^ the 

sigmatropic rear rangen~ent ,~  and the reac t i on  o f  carbohydrates.' The f i r s t  chapter o f  t h i s  review 

repo r t s  the  c u r r e n t l y  avai!able methods v i a  organometal l ic  compounds fo r  the  stereoregulated 

synthesis of acyc l i c  systems. The crossed a l d o l  reac t ion ,  i n  which t h e  metal c a t i o n  p lays  an 

important r o l e  i n  the stereocontrol ,  i s  n o t  involved i n  t h i s  a r t i c l e .  I n  the second chapter. 

the  synthet ic  methods o f  the  Prelog-Djerassi l ac ton i c  acid, which holds a conspicuous p o s i t i o n  as 

a stereochemical touchstone i n  the chemistry of the  macrol ide a n t i b i o t i c s ,  are summarized. I t  i s  

i nd i ca ted  t h a t  the  s t ra tegy v i a  the organometal l ic  compound i s  shor t  and e f f i c i en t .  

Chapter 1. Organometall ic Way t o  Control  S tereose lec t ion  

[I 1 Organol i thium compounds 

(E) and (2)-2-Alkenyl-N,N-dimethyldithiocarbamates (1) are prepared as shown i n  - 
eqs. 1 and 2.9,10 



Treatment o f  1 w i t h  l i t h i u m  diisopropylamide i n  THFIhexane a t  -60PC, fo l lowed by the add i t i on  of - 
benraldehyde a t  -90°C, gives a mix ture  o f  a and y-adducts (2 and 4 .  respect ive ly ) (eq 3) .  

The r a t i o  o f  f ou r  possible isomers of 4 are summarized i n  the Table 1.  11 
- 

Table 1. Regio and S te reose lec t i v i t i es  i n  Reaction of 2 w i t h  Benraldehyde - 
Anion 2 Yie ld  of y l a  Isomer r a t i o  of 4 

R 3 - + 4 - (%)  r a t i o  -(E) =(Z) -(El e ry thro(Z)  

Me 85 9 : l  11.0 0 89.0 0 

2& Et 84 9 : l  8.0 0 92.0 0 

Z& Me 92 9 : l  50.7 7.2 23.7 18.4 

E t  87 9 : l  53.6 2.6 25.1 18.7 

i - P r  85 9 : l  74.6 7.1 9.8 8.5 

As evident, 2-2 gives the e ry th ro  isomer s te reose lec t i ve l y  and the r a t i o  of E I Z  of 4 i s  - 
except iona l ly  high; e ry thro  s e l e c t i v i t y  =-.go %, and E s e l e c t i v i t y  = 100 %. On the o ther  hand. 

although a f f o rds  the threo isomer predominantly, bo th  the  threo s e l e c t i v i t y  and E s e l e c t i v i t y  

are no t  so high. These stereochemical cha rac te r i s t i cs  are explained by a six-membered c y c l i c  

t r a n s i t i o n  s ta te .  An analogous t r a n s i t i o n  s t a t e  i s  f requent ly  used t o  understand the stereo- 

chemical aspects o f  the a l d o l  condensation react ion. '  The strong preference fo r  a cha i r  
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conformation (5) explains the  s tereose lec t ive  formation of - e r y t h r o - ( E )  (eq 4 ) ,  though the - - 
r e l a t i v e l y  low s e l e c t i v i t y  of E-2 can no t  be explained completely. A t  l e a s t  i n  the  react ion  o f  - 
2-2, the t r a n s i t i o n  s t a t e  (6) leading t o  - e r y t h r o - ( Z )  i s  des tab i l i zed  i n  comparison w i t h  5 owing - - - - 
t o  the s t e r i c  repu ls ion .  

The threo se lec t i ve  coupl ing between c r o t y l l i t h i u m  and aldehydes wi thout  the use of the pure 

E-isomer i s  rea l ized;  merely the add i t i on  o f  BR3 before the  a d d i t i o n  o f  aldehydes t o  c r o t y l l i t h i u m  

(2) produces the threo s e l e c t i v i t y  (eq 5). l 3  Such an improvement of the stereo- and reg io-  

s e l e c t i v i t y  of 1 v i a  a  simple procedure i s  noteworthy, s ince i t s e l f  produces both a and y- - - 
adducts and does no t  e x h i b i t  t h e  s t e r e o s e l e c t i v i t y  (e ry th ro l t h reo  = 50150). The "a te"  complex 

(8) i s  invo lved as an intermediate,  whose c r o t y l  u n i t  possesses predominantly E-conf igurat ion - 
desp i te  o f  the f l u c t i o n a l i t y  of 2. 1  

- 
l4 

The E-conf igurat ion i s  confirmed by the H and 13c NMR 

spectra. 14 

Stereoselect ive "heteroconjugate add i t ion"  of a l k y l l i t h i u m s  t o  the  ac t i va ted  o l e f i n s  subst i -  

tu ted w i t h  heteroatoms, such as s i l i c o n  and sul fur ,  i s  an useful method f o r  e ry th ro  se lec t i ve  

synthesis of the  m e t h y l  a lcoho l  u n i t  (eq 6).15 The stereochemical cont ro l  i s  understood by  

considerat ion of the conformation (2). where the methyl group i s  forced t o  a t t ack  from the one - 
side because o f  the  coord inat ion  of l i t h i u m  c a t i o n  t o  the  MEM qroup. 

[2] Organomagnesium, z inc,  and cadmium compounds 

Aldehydes reac t  w i t h  c r o t y l  and secondary-butyl Grignard reagents t o  form pa i r s  o f  d iastereo- 

isomeric a lcoho ls  (eqs 7 and 81. I n  both cases, the s t e r e o s e l e c t i v i t y  i s  q u i t e  low o r  even 



S q P h  
M e L i  

M9s\),MM - 
Ph - J 

J 

Ye 
-M9X + RCHO ---+ R  

T M g X  + RCHO - R ; H ~ H C H ~ C H ~  
OH 

negligible. Cyclization of 7;bromohept-5-enal in the presence of Mg preferentially affords 

trans-2-vinylcyclopentanal in low yield. These stereochemical findings suggest that the 

reaction proceeds through a non-cyclic bimolecular electrophilic substitution mechanism ( ~ ~ 2 ' ) .  
16a 

On the other hand, a six-membered cyclic mechanism has often been proposed, since the reaction of 

crotylmagnesium bromide with carbonyl compounds gives an o-methylallyl product (eq 9).17 However, 

this product can also be explained by consideration of the allylic rearrangement; would 

predominate in the equilibrium, but - would be more reactive. If the cyclic mechanism, is operative, 
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t r ans -c ro t y l  Grignard reagent w i l l  g i ve  the  th reo product predominantly, and the c i s  d e r i v a t i v e  

the e ry th ro  isomer as discussed above. Such an experiment us ing the stereochemical ly def ined 

c r o t y l  d e r i v a t i v e  has n o t  been performed yet.18 Furthermore, i t  should be noted t h a t  the  

add i t i on  of c e r t a i n  a l l y l i c  organometal l ic  compounds t o  a  carbonyl compound i s  revers ib le .19 

For example, as the  s t e r i c  bu l k  o f  t h e  carbonyl compound increases. there i s  a  concomitant increase 

i n  the  c r o t y l  product a t  the  expence o f  the a-methy la l ly l  product. This tendency depends on t h e  

nature of the organometal l ic  compound; the order o f  the  r e v e r s i b i l i t y  i s  ~ n )  ~ i )  Mg. The 

stereochemical aspects of t h e  reac t i on  w i t h  epoxides are no t  invest iga ted yet!6b This reac t i on  

may produce an i n t e r e s t i n g  s te reose lec t i v i t y .  Although Grignard reagent does not e x h i b i t  an 

useful  s t e r e o s e l e c t i v i t y  i n  the  above reac t i on  types, recent i nves t i ga t i ons  reveal  t h a t  some 

Grignard react ions  are q u i t e  usefu l  i n  the che la t i on  con t ro l l ed  nuc leoph i l i c  a d d i t i o n  t o  carbonyl 

compounds. This subject  i s  discussed i n  the  sec t ion  o f  organocopper compounds. 

D i a l l y l z i n c  reacts  w i t h  aldehyde (12) s te reose lec t i ve l y  t o  g i ve  3, the r a t i o  of 11 t o  i t s  - - - 
isomer i s  4.3 : 1  (eq 10). 20 Allylmagnesium bromide y i e l d s  a  1.1 : 1.0 mix ture  favor ing the 

undesired product. Dial ly lcadmium and diallylmanganese f a i l  t o  r e a c t  w i t h  12. - 

This process i s  used t o  const ruc t  the  a l i p h a t i c  b u i l d i n g  b lock  o f  r i famyc in  5 (eq 11). 20 

A l l y l cadmim d e r i v a t i v e  reac ts  w i t h  aldehydes t o  produce s e l e c t i v e l y  the  a-adduct (eq 12). 21 

The adduct ( E )  i s  converted t o  t rans-v iny lox i rane (15) s te reose lec t i ve l y  i n  good y i e l d  on - - 
treatment w i t h  sodium hydr ide.  It i s  noteworthy t h a t  the  th reo adduct (14) i s  obtained - 
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stereoselectively. Presumably, oxygen-substituted allylcadmium (16) possesses the trans confi- - 
guration in the transition state. This reaction is applied to the stereoselective synthesis of 

L- and D-ribose (18). 22 The reaction of 16 with 2,3-0-isopropylidene-0-glyceraldehyde gives - 
stereoselectively 1L along with small amounts of the regioisomer (y-adduct). The stereo-' ' , 8  . .  - 
selective formation of 11 is explained by the Felkin model - 
(Fig 1). L-Ribose, quite rare in nature, is synthesized 

via the same procedure from L-glyceraldehyde. 

H,' k 

HO 
D-glyceraldehyde OH 62% 

17 
H 8% 

= \ 1) separation 
2) NaH 

t- 
H2/Pd 3) silica gel i + 

18 D-Ribose - OH 52% 11% 
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131 Organocopper compounds 

The r i n g  opening of c i s  epoxide (2) w i t h  l i t h i u m  dimethylcuprate proceeds i n  a  reg io-  and 

s tereose lec t ive  manner g i v i n g  exc lus i ve l y  the  alcohol  (El i n  95 % y i e l d .  23 Sim i l a r l y ,  the  

r i n g  open.ing w i t h  d i v i ny l cup ra te ,a f f o rds  .exc lus ive ly  the  alcohol  (21 i n  90 % y i e l d .  Since - 3 

can be converted i n t o  2 v i a  se lec t i ve  reduct ion  of the  OH group, two diastereoisomers can be - 
prepared  independent!^. The cuprate opening of t rans  epoxide (21) - gives 22 exclusi,Vely. 

On t h e  o t h e r  hand, the  cuprate opening o f  epoxide (2) y i e l d s  a  1  : 1 mix ture  o f  two poss ib le  

alcohols. Therefore, the  h igh reg io-  and s t e r e o s e l e c t i v i t y  are presumably a r e f l e c t i o n  of the 

s t e r i c  hindrance caused by Me group and o f  the  presence o f  OH group (E).  This opening reac t i on  - 
i s  app l i ed  to the  synthesis of r i famycin 5 .  20 

Or ig ina l l y .  Cram and coworkers examined the reac t i on  of a  v a r i e t y  of a-alkoxyketones w i t h  

nucleophi les and found t h a t  the  major products can be explained by a  c y c l i c  model i n  which the 

nuc leoph i le  adds t o  the  l ess  hindered s ide  of a  chelated carbonyl (eq 13).  24 The a- induct ion  

v i a  t h i s  method was n o t  so h igh ( from - 2  : 1 t o  9 : I ) .  Recently, h i g h l y  s tereose lec t ive  



R = HEW Threo Ery thro  

ThreoIErythro 

M = L i  M = MgBr 

Solvent: C5H12 2 9 

CH2C1 3 14 

Et20 1 9 

THF 0.7 ) l o 0  

add i t i on  o f  organometall ic compounds t o  c h i r a l  u-alkoxyketones and aldehydes i s  reported. The 

Grignard reagent i n  THF a t  -7PC gives extremely h igh s te reose lec t i v i t y  f o r  the  th reo product (eq 

14).'~ This h igh s te reose lec t i v i t y  i s  a l so  observed w i t h  other p ro tec t i ng  groups, such as R = 

methoxymethyl, methylthiomethyl, CH2Ph, and CH20CH2Ph. Further,  a c h i r a l  complex d i o l  i s  r e a d i l y  

constructed by t h i s  method (eq 15). which i s  app l ied  f o r  the  synthesis o f  monensin. 26 

The h igh l y  s tereose lec t ive  add i t i on  t o  8-alkoxyaldehydes i s  rea l i zed  by using organocuprate (eq 

16 ) . ' ~  The s tereose lec t ive  add i t i on  i s  not l i m i t e d  t o  the aldehyde w i t h  Bn (benzyoxymethyl) 

p ro tec t ing  group; h igh th reo s e l e c t i v i t y  i s  a lso  achieved w i t h  THP and CH2Ph p ro tec t i ng  groups. 

RM, - 7 8 ~  

BnOCH2 &CHO BnOCH2 &," + BnOCH20 06)  

Threo Ery thro  . 

ThreoIErythro 

R = CH3 RM = CH3Li 0.7 

CH3MgBr 1.0 

(CH3)2CuLi 30.0 

R = n-CqHg RM = COH9Li 1.7 

(C4H9)2C~Li 17.0 
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The h igh s t e r e o s e l e c t i v i t y  t o  8-alkoxyaldehydes i s  no t  extended t o  the  corresponding a-alkoxy- 

aldehyde (g). The a d d i t i o n  of dimethylcuprate gives a 2 : 1 mix ture  of two isomers. Further, 

the  s e l e c t i v i t y  h igh l y  depends upon the subst i tuents  both a t  the  a and 0 pos i t i ons  (27 - 29). 
The isomer r a t i o  i n  t h e  dimethylcuprate add i t i on  i s  as fol lows; ( ) 2 0  : I ) ,  28 (2.3 : 1).  and - - 
29 (-1 : 1). Consequently, the  cuprate o r  Grignard add i t i on  i s  h i g h l y  useful i n  c e r t a i n  cases. - 
but  t h e  mechanism of such h igh s e l e c t i v i t y  remains obscure. The che la t i on  con t ro l l ed  reac t i on  

i s  app l ied  t o  t h e  synthesis of It)-muscarine (eq 17). 
28 

+ 

(17) 

Bn0 Muscarine 

Normally, the SN2' type s u b s t i t u t i o n  reac t i on  of a l l y l i c  substrates w i t h  organocopper reagents 

proceeds v i a  an a n t i  ( t rans)  s te reose lec t i v i t y .  29 For example, (s)-ciS-4-(l-ethoxyethoxy)pent- 

2-en-1-01 (30) gives (s)-trans-: upon treatment w i t h  methylmagnesium iod ide  i n  t h e  presence o f  - - 
Cut, wh i l e  is ) - t rans-30 a f fo rds  the  ( ~ ) - e n a n t i a r n e r . ~ ~  it i s  suggested t h a t  a -a l ly1  complex 

CuIII . . i s  ~ n v o l v e d  as an intermediate.  



The a n t i - ~ ~ 2 '  reac t ion  o f  organocopper compounds i s  useful  f o r  the  c h i r a l i t y  t r ans fe r  i n  a c y c l i c  

systems. 31 Treatment of the  2 - o l e f i n  isomers (2 and b )  w i t h  the  alkylcyanocuprate gives i n  - 
each case a s i ng le  product (g and b, respec t i ve l y ) .  On the o ther  hand, the reac t i on  of t h e  - - 
E-isomers ( z  and d )  leads t o  a  n i x t u r e  o f  two isoners(&+ a + , 326 + g). - - - - A  - - 
These r e s u l t s  are cons is tent  w i t h  an a n t i  SN2' subs t i t u t i on .  The reac t i on  o f  the 2-isomers 

occurs from the one conformer (a, b - a n t i ) ,  wh i le  t h a t  o f  the E-isomers from bo th  conformers ( - - 
32c, d - a n t i  and syn). Presumably, g, b - syn form i s  des tab i l i zed  owing t o  the nonbonded - - - - - 
interac t ions ,  f o r c l ng  the i o n i z a t i o n  o f  the OC(0)- group from the a n t i  form. On the o the r  hand, 

the  d i f f e rence  between &, A -  a n t i  and -syn i s  much less ,  though some preference s t i l l  e x i s t s  f o r  

products from the a n t i  form. The r e s u l t  of the E-isomers i s  i n  a  marked cont ras t  t o  the 

pal ladium mediated react ion  as discussed l a t e r .  

32a b  a n t i  32a, b syn ==== - z, 6 a n t i  - - 32c, syn -' = - - - 
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[4] Organoboranes and alanes 

E-Crotylboronate (36) reac ts  w i t h  aldehydes t o  produce the threo adduct w i t h  2 94 1 stereo- - 
s e l e c t i v i t y ,  wh i le  Z-isomer (37-1 gives the e ry th ro  adduct w i t h  s i m i l a r l y  h igh s te reose lec t i v i t y .  32 

Although the react ion  i s  very c lean and proceeds i n  h igh y i e l d s  and i n  h i g h l y  s tereose lec t ive  

manner, the  prepara t ion  of the stereochemical ly defined c r o t y l  de r i va t i ves  (2 and 3 s e a s  t o  be 

no t  easy (eqs 18 and 19). 33 

The reac t i on  o f  crotylmagnesium ch lo r i de  w i t h  bis(dimethylamino)chloroborane, fol lowed by heat ing 

i n  the presence of Zn8r2, produces a 7 : 3 mix ture  of E-38 and 2-38, The s i m i l a r  r eac t i on  o f  - 
crotylpotassium a f fo rds  a 10 : 1 mix ture  o f  2-38 and 39. Therefore, the  separat ion by a - - 
spinning band column i s  requ i red before the t reatment w i t h  p inaco l .  The advantage of t h i s  method 

i s  t h a t  t h e  enant iose lec t ive  synthesis o f  secondary homoallyl a lcoho ls  i s  possible by using a 

c h i r a l  d i o l .  Use of the g l yco l ,  obtained from (+)-camphor v i a  the  ke to l  and i t s  react ion  w i t h  

pheny l l i th ium i n  ether,  instead of p inacol  produces a c h i r a l  2-croty lboronate ( Z - 3 ) .  Reaction - 
o f  2-40  w i t h  acetaldehyde gives the e ry th ro  3-methylpent-1-en-4-01 i n  93 % y i e l d  along w i t h  2 X 

of the  threo isomer. The enantiomeric p u r i t y  of the  e ry th ro  isomer i s  about 60 - 70 %. 

Fur ther  t ransformat ion leads t o  a 2 : 1 mix ture  of 41 and 42. The stereochemistry a t  C-3 i s  - 



y y % ' + Y ) y  0 ,\$ 0 %@ 8.3 

0 
42 43 Stegobinone zd - - 

l o s t  presumably dur ing  the  c y c l i z a t i o n  process. T h i s  synthesis enables t h e  c o r r e c t  stereoche- 

m i s t r y  of stegobinone (s), t h e  sex pheromone of the  d rugs tore  bee t l e .  34 - , , 
36 "Double s t e reod i f f e ren t i a t i on "  3 5 ' i s  a l so  examined i n  c ro t y l bo rona te  systems (&s 20 and 21). 

React ion of  racemic E - 2  w i t h  t h e  (S)-(+)  aldehyde (44) g i ves  the  a lcoho ls  @and  s) i n  t h e  r a t i o  -. - - 
of 3 : 1, w i t h  t h e  Cram product  (45) predominantly. Use of c h i r a l  E-@ increases the  d ias te reo-  - - 
s e l e c t i v i t y  t o  ca. 11 : 1. Th i s  r e s u l t  i nd i ca tes  t h a t  t h e  tendency toward predominant 
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formation o f  the  Cram product and t h a t  o f  the  reagent t o  form an a lcoho l  w i t h  (R) con f i gu ra t i on  

a t  C-4 cooperate. The increase from 3 : 1 t o  I 1  : 1 i s  the  enhancement caused by the  c h i r a l i t y  

o f  the  reagent. I t  can be deduced t h a t  the  combination between  the(^)-(-) aldehyde and ( - ) - E - z  

i s  an unmatched pa i r .  The anti-Cram product (Q8) predominates i n  the  r a t i o  o f  2.3 : 1 on the - 
reac t i on  o f  racemic 2-40 w i t h  (5)-(+)-44. Although the amount o f  increases by using the 

c h i r a l  (-1-2-40, - it  i s  no t  poss ib le  t o  overcompensate the anti-Cram preference. The anti-Cram 

preference i n  the reac t i on  of w i t h  2:s should be noted. Th is  m y  be a r e s u l t  o f  the  more 

compact c y c l i c  t r a n s i t i o n  s t a t e  v i a  horon reagents. 

Heteroatom subst i tu ted a l l y l bo rona tes  (4'337 - 50,37s 38 -' 51 3gs 40 - d o )  reac t  s i m i l a r l y ;  the  

2-isomer g ives  t h e  e r ' ~ t h r o  adduct and the E-isaner a f fo rds  the  th reo alcohol .  Heteroatom 

subst i tu ted a l l y l i c  aluminum "ate" complex41 (53) reacts  w i t h  aldehydes reg iose lec t i ve l y  a t  the  - 
a-pos i t ion  t o  produce 3. - 

40 The alcohol  (54) possesses the th reo conf igurat ion,  and hence the - 
el im ina t i on  reac t i on  ( t rans)  g ives  the  corresponding t rans  1.3-diene. This process can be 

app l ied  t o  the  synthesis of a sex pheromone of Diparopsis castanea (E) 

A l l y l i c  borane ( 5 6 ) ,  generated i n  s i t u  from t r i a l ky lbo ranes  (BR3) and 2-butenyloxybenzimida- - 
zole,  reac ts  w i t h  aldehydes and ketones t o  g i ve  the  threo homoallyl a lcohol  (x) (eq 22). 

42 
- 

The threo and E s e l e c t i v i t y  can be explained by assuming a preference of the  E-form i n  the  '"ate" 



RCHO - - 

2 3  

Threo s e l e c t i v i t y )  95 X ,  EIZ = 90110 

complex (58 )  , which leads t o  t h e  E-56, and by cons idera t ion  of a  six-membered.chair t r a n s i t i o n  - - 
state .  The t r a n s i t i o n  s t a t e  w i t h  an e q u a t r i a l  R group i s  more s t ab le  than t h a t  w i t h  an a x i a l  

R ' ,  l ead ing  t o  the  p re fe ren t i a l  format ion of  E - 5 7 .  
a - S i l y l -  o r  s tanny l -subs t i tu ted  crotyl-9-borabicyclo[3.3.l]nonane ( 2 )  i s  a  useful reagent 

f o r  the  s te reoregu la ted  syn thes is  of four consecut ive carbon u n i t s  i n  a c y c l i c  systems ( ~ 1 ~ ~ ;  t h e  - 
three r e l a t i o n  between C-1 and C-2, and t h e  c i s  con f i gu ra t i on  a t  C-3 and C-4. It i s  essen t i a l  

t o  use an a d d i t i v e  such as p y r i d i n e  o r  n -bu t y l l i t h i um .  

The h igh  th reo  and Z  s e l e c t i v i t y  can be understood by a  six-membered c y c l i c  t r a n s i t i o n  s t a t e  (2). 
The a l l y l i c  borane ( 2 )  cons i s t s  o f  a  m i x tu re  o f  E and Z  forms. The coo rd i na t i on  of p y r i d i n e  o r  

n - b u t y l l i t h i u m  stops the  a l l y l i c  rearrangement o f  59 - 
and makes the  c r o t y l  u n i t  t o  possess p r e f e r e n t i a l l y  

the  E-form l4 (see a l s o  eq 5 ) .  Bu lky  Me3Si o r  Me3% 
A:% -:a 8 

group occupies the a x i a l  p o s i t i o n  owing t o  the  &ie3 61 

s t e r i c  r epu l s i on  by t h e  protons o f  the  9-BBN r i n g ,  ( sns) - 
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isomer r a t i o  = 85 : 15 
OH 

isaner r a t i o  = 88 : 12 

leading t o  the  se lec t i ve  fo rmat ion  of 60 among 8 possible combinations. The p re fe ren t i a l  f o y a -  - 
t i o n  o f  the  th reo Z isomer (a i s  i n  marked con t ras t  w i t h  t h a t  of the threo E isomer ( E - 2 )  i n  - 
eq 22. This i s  a r e f l e c t i o n  of the wing shaped s t ruc tu re  of the  9-BBN r i ng .  The threo, c i s  

(g) thus obtained i s  useful f o r  the  f u r the r  e labora t ion  of complex molecules. The epoxidat ion 

of ,b& w i t h  MCPBA g ives  the corresponding epoxide w i t h  reasonably h igh s te reose lec t i v i t y .  

Transmetal lat ion of a w i t h  n-BuLi, fol lowed by treatment w i t h  formaldehyde, produces stereo- 

s e l e c t i v e l y  the  one carbon homologated alcohol ,  which subsequently undergoes the epoxidat ion w i t h  

MCPBA. These epoxides can undergo the cuprate opening reac t i on  (see E j Z J ) .  - 
2-Crotylaluminum compound (62) reac ts  w i t h  aldehyde (63-1 t o  g i ve  64 w i t h  reasonably good - - 

s t e r e o s e l e c t i v i t y  (eq 23). 26 It should be noted t h a t  the  r e l a t i o n  between C-5 and C-6 i s  

ery thro ,  which i s  expected from the Z conf igura t ion  of 62, and more impor tant ly  the  stereochemistry - 
between C-4 and C-5 i s  produced v i a  the  Cram's ru le .  The l a t t e r  observat ion should be 

compared w i t h  the  reac t i on  o f  c r o t y l t i n  - BF3 system a$ mentioned later(%). The react ion  o f  62 
i s  app l ied  t o  t h e  synthesis o f  monensin. 26 

the r a t i o  of isomers = 3 : 

[51 Organosilanes and stannanes 

I t  i s  repor ted t h a t  the  thermal reac t i on  of 2 - c r o t y l t r i b u t y l t i n  (65) w i t h  an aldehyde bear ing - 
an e lec t ron  withdrawing group must g i v e  an e ry th ro  alcohol  (eq 24). 44 However, these authors 

do not use a stereochemical ly pure 2-65. instead the above conclusion i s  deduced from the reac t i on  - 
w i t h  a mix ture  o f  E and Z c r o t y l t i n s .  



I t  i s  not so easy t o  prepare stereochemical ly pure 2 -c ro t y l s i l ane  and stanr;dne, though such 

compounds are useful for  e r y th ro  se lec t i ve  synthesis o f  B-alkyl  a lcohol  de r i va t i ves .  The reac t i on  

of a l l y l i c  magnesium o r  l i t h i u m  compounds w i t h  R3SiX o r  w i t h  R3SnX, o r  t h a t  o f  a l l y l i c  ha l ides  w i t h  

R3MLi (M = S i  o r  Sn), g ives  a mix ture  o f  E and 2-2-alkenyl der iva t ives .  The c i s  hydrogenation of 

the  propargyl de r i va t i ves  i s  promising. However, the  preparat ion o f  such a canpound always 

accompanies the a l l e n i c  der iva t ives .  Use o f  the  boron-substituted a l l y l  carbanion solves t h i s  

problem. 45 

Although a boron-subst i tuted a l l y l  carbanion bear ing a bu lky  siamyl group d i r e c t s  t r i m e t h y l s i l y l  

group a t  the y -pos i t i on  (eq ~ 5 ) , ~ ~ t h a t  w i t h  a s t e r i c a l l y  l e s s  bu l ky  9-BBN d i r e c t s  a t  the  a-pos i t ion  

t o  produce (E) (eq 26). Hydro lys is  o f  6 6 g i v e s  stereodef ined 2 -c ro t y l s i l ane  and stannane (eq 

27). Completely e ry th ro  se lec t i ve  coupl ing i s  rea l i zed  v i a  the  thermal o r  Lewis ac id  mediated 

reac t i on  o f  2 - c r o t y l t i n  , as expected. On the o ther  hand, t i t an ium t e t r a c h l o r i d e  mediated, 
, .. 

react ion  o f  2-2-alkenyls i lanes w i t h  propanal produces a mix ture  o f  t h e  e ry th ro  and threo alcohols 

i n  the  r a t i o  o f  60 : 40. 

If a six-membered c y c l i c  t r a n s i t i o n  s ta te  i s  a l so  invo lved i n  the reac t i on  of 2 -a lkeny l t ins ,  

E - c r o t y l t l n  must g ive  the  th reo alcohol .  Ac tua l ly ,  the  thermal reac t i on  of E - c r o t y l t r i b u t y l t i n  

44, w i t h  C13CCH0 af fords  the  th reo alcohol .  . To our surpr ise ,  BFj mediated reac t i on  o f  E -c ro t y l -  

t i n  w i t h  aldehydes produces the ery thro  alcohol  (eq 28).47 Consequently, the e ry th ro  alcohol  
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i s  obtained regardless of t h e  geometry o f  the  c r o t y l  u n i t .  The r e s u l t s  are sunmarized i n  the  

Table 2. 

Table 2. Ery thro  Se lec t ive  Synthesis of 6 -Methy lhmoal ly l  Alcohols 

c r o t y l t i n  ( t rans  andlor c i s )  aldehyde Yield,  % . e ry th ro l t h reo  

CH3CH=CHCH2Sn(n-Bu)3 ( t )  C6H5CH0 90 98 : 2 

CH3CH=CHCH2Sn(n-Bu)3 ( t  90%,c10%) C6H5CH0 90 98 : 2 

CH3CH=CHCH2Sn(n-Bu)3 ( t  60%,c40%) C ~ H ~ C H O  90 96 : 4 

CH3CH=CHCH2Sn(n-Bu)3 ( c )  C6H5CH0 90 99 : 1 

CH3CH=CHCH2SnMe3 ( t )  C6H5CH0 90 95 : 5 

CH3CH=CHCH2SnMe3 ( t )  (CH3)2CHCH0 89 95 : 5 

c .  

Such an independence from the stereochemistry o f  the  s t a r t i n g  ma te r i a l s  i s  p a r t i c u l a r l y  useful f o r  

synthet ic  app l i ca t i dn  and , more important ly,  h i g h l y  i n t e r e s t i n g  f o r  the  mechanistic considerat ion.  

We propose an a c y c l i c  mechanism (Scheme 1). It i s  e a s i l y  understood t h a t  two conf igura t ions  

Scheme 1 Threo Erythro 



(D and 0 ' )  leading t o  the  ery thro  isomer should be favored f o r  s t e r i c  reasons. The react ion  v i a  

L i ,  Mg. Cd, 0,  Al ,  and Sn (thermal react ion)44'  45 must proceed through a six-membered c y c l i c  

t r a n s i t i o n  state,  as f requent ly mentioned above. The carbonyl group i n  the  present react ion  i s  

coordinated by BF3, and hence no coord inat ion  s i t e  on the C=O group i s  ava i l ab le  f o r  the  t i n  atom. 

Moreover, the a f f i n i t y  of Sn toward oxygen atom i s  weaker than t h a t  of Si. These combined 

e f f e c t s  force c r o t y l t i n s  t o  take an acyc l i c  mechanism. 

O i f l uo ro t i n  mediated add i t i on  o f  a l l y 1  iod ide t o  aldehyde@) i s  used t o  the  synthesis o f  - 
2-deoxy-0-ribose (68). 48 - 

'I'o 
O d H  + -1 

l)SnF2 R = C H ~ D P ~  

CHO 2)EocI 0% ThreoIErythro = 81/19 

s? 
1) separat ion OH 
2) NH.OH 1 )  03  
3) AcOH/H20 * - " r , 2 ~  OH OH 

E 

C o n f o m t i o o a l l y  s tab le  organo l i th ium compounds are h i g h l y  useful f o r  the  s tereocont ro l led  

synthesis of acyc l i c  systems. These reagents have been l i m i t e d  t o  v i n y l -  and cyc lopropy l l i th iums.  

3 Recently, sp hybr id ized, a c y c l i c  con f i gu ra t i ona l l y  s tab le  l i t h i u m  de r i va t i ves  a r e  prepared fran 
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the  corresponding organostannanes (eq 29). 49 When 8-alkoxy aldehyde (69) i s  t rea ted w i t h  tri- 
9 

bu ty l s tanny l l i t h i um i n  THF, a 5 : 1 ( a t  -78'C) o r  8 : 1 ( a t  -llO°C) mix ture  o f  diastereomers i s  

obtained (eq 30). These isomers a re  independently converted s te reose lec t i ve l y  i n t o  the  corres- 

ponding Me de r i va t i ves  v i a  the t ransmeta l la t ion  - methylat ion.  When 69 i s  reacted w i t h  methyl- - 
magnesium bromide o r  methy l l i th ium,  an almost equ iva lent  amount of two diastereomers i s  obtained. 

[6] Organotitanium and zirconium compounds 

a-Crotyldicyclopentadienyltitanium (111) complex reacts  w i t h  aldehydes and ketones reg io-  

s e l e c t i v e l y  and s te reose lec t i ve l y  t o  af ford the  th reo homoallyl a lcohols (eq 31). 50 

t h reo le ry th ro  = 9515 

Croty lz i rcon ium der iva t ives ,  prepared i n  s i t u  from the react ion  of crotylmagnesium ch lo r i de  

o r  c r o t y l l i t h i u m  w i t h  bis(cyclopentadieny1)zirconium d ich lo r i de ,  undergo a f a c i l e  reac t i on  w i t h  

aldehydes t o  g i ve  the th reo alcohols predominantly (eq 32).51 The r a t i o  of Cramfanti-Cram 

product v i a  t h i s  reagent i s  ca. 75f25-60f40. 

[71 Organochromium compounds 

A l l y 1  ha l ides  reac t  w i t h  aldehydes and ketones i n  the  presence o f  C r ( I 1 )  t o  g i ve  h o m a l l y l i c  

a lcohols.  52 The reac t i on  between benzaldehyde and c r o t y l  bromide gives on l y  one stereoisomer, 52 

which i s  determined t o  be t h e  th reo a lcoho l  (eq 33).53 With 1 - c r o t y l  bromide, the threo alcohol  

i s  again obtained. 54 Presumably, the  isomer iza t ion  occurs a t  the  step of t h e  formation o f  the 

crotylchromium species. 

M r  CrCl2 or 
+ RCHO R+ (33) 

CrC$-&LAH 
OH 



62 X 31 ", 7 % 

t h reo le ry th ro  = 9317 

Cramlanti-Cram = 69/31 

The threo s e l e c t i v i t y  can be explained on the basis o f  a six-membered c y c l i c  t r a n s i t i o n  state. ,  

Although the threo s e l e c t i v i t y  i s  very high, the Cramlanti-Cram product r a t i o  i s  low [eq 34). 

[8] Organopalladium compounds 

The r i n g  stereochemistry of lactone (2) can be relayed t o  the  stereochemistry o f  a c y c l i c  

systems v i a  a n - a l l y l i c  pal ladium complex (kg 35). 55 Such a 1.5-stereochemical con t ro l  i s  

r ea l i zed  when (1) the i o n i z a t i o n  of the v i ny l  lactone occurs f rom one conformation, ( 2 )  the  n- 

a l l y l i c  pal ladium complex r e t a i n s  i t s  stereochemistry, and (3) the  nuc leoph i le  a t tacks  reg io-  

se lec t i ve l y  a t  the  a-pos i t ion .  Actual ly,  the  high degree o f  s tereoregu la t ion  i s  achieved. 

The lac tone (70) i s  t rea ted w i t h  methyl sodiomalonate and 3 mol % tetrakis(tripheny1phosphine)- - 
palladium i n  re f l ux ing  THF t o  g i ve  L i n  90 % y i e l d  as a s i n g l e  product (=+&, Z-+c). 

C%H , R..... '&%Me 
R 

C 0 2 M e  
73 . - 2 a) R=H. R '=cH~ ;  b)  R=CH 3 . R'=H .= a) R-H, R ' = c H ~ ;  b~ R = C H ~ .  R.'=H 
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Sim i l a r l y ,  E-olef ins ( x a n d  b) g ive  s te reose lec t i ve l y  and b. respect ive ly .  This h igh - - 
s t e r e o s e l e c t i v i t y  should be compared w i t h  the  s e l e c t i v i t y  o f  organ3copper react ions  (3 and 3. 
The d i f f e rence  presumably r e f l e c t s  the  a b i l i t y  o f  the  increased bu l k  o f  the  pal ladium c a t a l y s t  t o  

accentuate the  s t e r i c  d i f fe rences i n  the  t r a n s i t i o n  state.  The i o n i z a t i o n  of OC(0)- group from 

t h e  a n t i  form 1%. a n t i )  must occur more r e a d i l y  than t h a t  from t h e  syn form (a, d syn), s ince - - 
the former produces the more s tab le  n - a l l y l i c  syn-syn pal ladium complex and the l a t t e r  produces the 

less  s tab le  syn-ant i  -complex. Consequently, ne t  s$' reac t i on  w i t h  e i t h e r  r e t e n t i o n  o r  i nve rs ion  

i s  ava i l ab le  by choosing e i t h e r  pa l lad ium o r  compound, respect ive ly .  

O p t i c a l l y  ac t i ve . v i t am in  E s ide  chain i s  synthesized from D-glucose by using t h e  c h i r a l i t y  

t rans fer  method v i a  organopalladium compound.56 The a l k y l a t i o n  of the v i n y l  lac tone i n  the  

presence of c a t a l y t i c  amounts o f  Pd(0) proceeds smoothly t o  y i e l d  the  expected open chain compound 

i n  95 % y i e l d .  The epoxide opening v i a  cyanocuprate gives the enant iomer ica l iy  pure alcohol .  

Tosy la t ion  of the alcohol ,  fol lowed by dimethylcuprate coupling, produces the desired z c o n t a m i -  - 
nated by e l im ina t i on  products. 

H.... 
Me Me 

, H 

Chapter 2. Synthesis o f  the  Prelog-Djerassi Lactonic Acid 

The synthesis o f  the  Prelog-Djerassi  l a c t o n i c  ac id  (3, P-D lac tone)  has been rea l i zed  v i a  - 
the a ldo l  condensation, the  r i n g  opening reac t i on  o f  c y c l i c  compounds, the  react ion  o f  carbo- 

hydrates, t h e  ene react ion ,  t>e reduct ion  o f  carbonyl compound, and the organometal l ic  reac t ion  

Therefore, most of the  methods for: the synthesis of a c y c l i c  systems have been examined t o  t h i s  

p a r t i c u l a r  compound. 

[ll Aldol  condensation 

Treatment of (rat)-76 w i t h  boron eno la te  (z) gives a 55 : 45 mix ture  o f  the  corresponding 



+ '*& (36) SPh g z  - - .2 

SPh 

( 55 : 45 1 

- - -  how+ 
- + qLi - M 

R 
(37) 

OSiE 2 
OH 

epi-3 
6~ 

24 R =  %(s) 
- 15 : 1 

OSi 5 
1 : 10 

condensation products. Interestingly, the anti-Cram product predominates, though only slightly 

(eq 36). 57 The concept o f  double stereodifferentiation is examined for the reaction of 

optically pure (-)-2 with optically active lithium enolate (78). 35b SChiral reagent (s) - 
gives a mixture of 79 and epi-79 in a ratio of 15 : .l, while R-78 affords in a ratio of 1 : 10 - - - 
(eq 37). 2 can be converted into P-D lactone. Therefore, this method can be used to control 

the 3, 4-stereochemistry of 79 with high diastereoselection. The double stereodifferentiation - 

Me0 

@ 1) HF/CH3CN, 2)  Na104 - , H 
85 % 

OSi + stereoselectivity 2 
4 0  : 1 

___+ 
*H 

H & L 
stereoselectivity epi-3 
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i s  a lso  examined w i t h  the  c h i r a l  boron enolates (80 and 9, and except iona l ly  h igh diastereo- 

se lec t i on  i s  achieved.58 The r e a c t i o n  of (-)-76 w i t h  S-ch i ra l  reagent (E) proceeds w i t h  the - 
s t e r e o s e l e c t i v i t y  o f  40 : 1 (eq 38). and the reac t i on  w i t h  R-chiral  reagent (2) gives a 15 : 1 

mix ture  o f  the  diastereomers. 

[2] The r i n g  opening reac t i on  o f  c y c l i c  compounds 

61 Three d i f f e r e n t  methods i n  t h i s  category (~asamune,~' wh i tesS0 and Stork  ) are amply 

demonstrated i n  the  previous review a r t i c l e , '  and hence these syntheses are not described here. 

Another type of the  r i n g  opening reac t i on  i s  c a r r i e d  ou t  by Grieco's group, which s t a r t s  from 

o p t i c a l l y  pure bicyclo[2.2.l]heptanone (82). 62 - 

Treatment o f  lac tone (g) w i t h  LDA fol lowed by the a d d i t i o n  o f  Me1 i n  HMPA gives a 1 : 1 mix ture  - 
of 84a and b. Reaction o f  a THF s o l u t i o n  of t h i s  mix ture  w i t h  LDA a t  -78T fol lowed by k i n e t i c  - 
protonat ion  (10 % c i t r i c  ac id )  of the  lac tone eno la te  produces a 3.5 : 1 mix ture  o f  84a and b i n  - - 
85 % y i e l d .  Separation of &, followed by d e s i l y l a t i o n  and ox ida t i on  w i t h  Jones reagent, g ives - 
o p t i c a l l y  pure P-D l ac tone  i n  82 % y i e l d .  

[31 Synthesis from carbohydrates 

O p t i c a l l y  pure P-D lac tone i s  prepared from g l yca l  4.6-0-benzylidene-D-allal (85). 63 The 

ester-enolate Claisen rearrangement of 86 gives a 9 : 1 mix ture  of 87 and i t s  diastereomer. - - 
The predominant formation o f  87 imp l ies  t h a t  a boa t - l i ke  t r a n s i t i o n  s t a t e  i s  fo l lowed w i t h  the  ( 2 ) -  - 
s i l y l  ketene aceta l .  Further t ransformat ion of 81 leads t o  the  enone 88. Conjugate add i t i on  - - 
of dimethylcuprate t o  2 produces 89 s te reose lec t i ve l y  i n  an isomer r a t i o  of 94 : 6. N i t t i g  

methylenat ion of the  ketone 89 , followed by bhe caba l y t i c  hydrogenation, produces 2 having - 
the two requ i red r i n g  methyl groups w i t h  the  desired 8-conf igurat ion.  A f t e r  conversion of the  



M e  I )  B U ~ N F  = '+w y x 2) 3) NaI M e ; ' H Z  Me i p-TSCI * 

M e  .a 4) AgF ' 2 

C-6 oxygen funct ion ( X )  through the tosy la te  t o  the iodide, AgF-Py promoted e l iminat ion 'leads t o  
~ ., 

the enol ether (z). Ozono l~s i s  followed by saponif icat ion give; o p t i c a l i y  pure P-D lactone., , 
64 . Op t i ca l l y  pure methyl a, Ocglucopyranoside i s  used as a s t a r t i n b  mater ia l  (z). . W i t t i g  . . - 

meth~lenabion of 92 - .produces 93. The hydrogenation of 2 gives a:mixture o f  gqa and b i n  a - - - 
r a t i o  of 4 : 1. Separation o f  B, and f u r t h e r  transformations ( i ,  removal o f  Tr pro tect ing - 
group; ii, PCC oxidat ion; iii, MeLi then PCC; i v ,  Ph3P=CHOMe) lead,,to 95. Jones ox idat ion o f  - 
95 y ie lds  a 3 : 2 mixture o f  P-D,lactone (75) and i t s  epimer. Opt ical  p u r i t y  of 75 thus 

# ,  ! - - - 
obtained i s  not  described. , , , 

C-- 
. '  . 

2. epi-3 22 OH 
Tr = t r y t y l  3 : 2  
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C41 The ene reac t i on  

The Lewis ac id  mediated ene reac t i on  of 97 w i t h  formaldehyde gives %as  a  major product along - 
w i t h  99 and 100, wh i l e  the s i m i l a r  r eac t i on  o f  101 a f fo rds  100 as a  major product.65 The h igh  - - - 
r e g i o s e l e c t i v i t y  o f  t h i s  ene reac t i on  should be noted; (2 + 91100 from 97 = 911, and t h a t  from 

101 = 119. The s t e r e o s e l e c t i v i t y  i n  the  reac t i on  of 97 i s  a l so  h igh  (WE = 7/11. presumably - - -- 
due t o  the s t e r i c  e f fec t  of Me group. The ene products undergo an epoxidat ion w i t h  MCPBA, and 

epox ide (2 )  i s  opened w i t h  BFj. Baeyer -V i l l iger  ox ida t i on  w i t h  MCPBA gives the lac tone (2). 
Methy la t ion  of 83 produces P-D lac tone and i t s  epimer as mentioned above (83 4 84). - - - 

&' 

5 .a=- 
H ..c MCPBA Hz: -.. 

83 - u 
[53 Reduction 

Reduction of 103 w i t h  LiAlH,, g ives a l l  of the  four poss ib le  isomers. Separation of each - 
isomer and fu r the r  transformations produce fou r  poss ib le  isomers i nc lud ing  the desired P-D 

lactone. The racemic P-D lac tone hds been resolved by using L-threo-2-amino-1-(4-methylthio- 

pheny1)-1,3-propanediol .66 



1. EtOH 
1, L iAlH4 

>. 75 t isomers 
0 Et% €1 2, P a r t i a l  l y s i s  Hydro- = 

EtO . -- 3) Hydro lys is  

[6] Organometal l ic  way t o  P-0 l ac tone  

In t ramolecu la r  oxymercuration i s  used f o r  t h e  synthesis o f  P-D l a ~ t o n e , ~ ~  though t h e  Stereo- 

s e l e c t i v i t y  i s  n o t  so high.  Th is  sub jec t  i s  a l ready  discussed i n  the  e a r l i e r  review. 
1 

Our method i s  based on the  observa t ion  t h a t  the  r eac t i on  o f  c r o t y l t r i a l k y l t i n s  w i t h  aldehydes 

g ives  an e r y th ro  a lcoho l  regard less  o f  t h e  geometry o f  t h e  c r o t y l  u n i t  (eq 28). which p red i c t s  t h e  

c o r r e c t  stereochemical r e l a t i o n  between C-3 and C-4 of 10Q. The impor tan t  problem i s  whether 

the  stereochemistry between C-4 and C-5 produced by t h i s  method i s  oppos i te  t o  t h e  usual Cram's 

r u l e  o r  no t .  The r e s u l t  i s  q u i t e  s u r p r i s i n g  s ince  the  condensation proceeded through almost 

complete v i o l a t i o n  of  t h e  Cram*s r u l e  (Table 3) .  68 

1 )  C r o t y l t i n ,  8F3.0Et2 , - L E  
- 

2) BF3-H20 H2°2 

Table 3. Reaction w i t h  c r o t y l  o rganometa l l i c  reagents 

C ro t y l  metal .' - 104a ( % I  - 104b ( 4 )  = = 104d ($1 To ta l  1 M c  (%) = 

M = ery th ro ,  anti-Cram ery th ro ,  Cram threo,  Cram threo,  anti-Cram y i e l d  

SnBu3 

1 eq BF3.0Et2 94 - 97 3 - 4  1 1 92 

2 eq 8F3.0Et2 83 - 91 5 - 9 1 - 3  2 - 5 90 

3 eq BF3.0Et2 41 10 17 32 90 

a The isomer r a t i o  was determined by t h e  Glc ana l ys i s  (CW 6000) o f  the  r eac t i on  mix tu re .  



The reac t i on  of c r o t y l t i n  i n  the  presence of 1 eq BF3.0Et2 produces P-D lac tone w i t h  a t  l e a s t  

94 % s te reose lec t i v i t y .  The s t e r e o s e l e c t i v i t y  decreases w i t h  the  increase of BF3.0Et2. As i s  

expected, c r o t y l  zirconium and crotyl-9-BEN g i ve  the threo products predominantly; th reofery thro  = 

88/12 fo r  Zr, and 60140 fo r  B .  The r a t i o  of Cramlanti-Cram product i s  49/51 f o r  Zr and 22/78 

f o r  B. The h igh  s t e r e o s e l e c t i v i t y  v i a  c r o t y l t i n  can be explained by the eight-membered c y c l i c  

intermediate (Scheme 2). 

CROWN BOAT - CHAIR 

Scheme 2. Eight-membered c y c l i c  intermediate 

The crown form leads t o  the anti-Cram products, s ince the molecular model c l e a r l y  ind ica tes  t h a t  a 

nuc leoph i le  i s  forced t o  a t t ack  from the d i r e c t i o n  i nd i ca ted  by an arrow owmg t o  the  s t e r i c  

repu ls ion .  On the o ther  hand, the  boat-chair  form g ives  the Cram products. Since t h e  crown 

form i s  more s tab le  than the boat-chair  form, the reac t i on  must proceed through t h e  crown type. 

Excess BF3.0Et2 permits the  coord inat ion  a t  each carbonyl group t o  prevent the  formation o f  the  

eight-membered c y c l i c  intermediate.  The boron atom of crotyl-9-BEN presumably ac ts  as a s i m i l a r  

che la t i ng  agent, wh i l e  such a che la t i on  does n o t  occur w i t h  the  z i rconium reagent. 
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