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OLEFIN SYNTHESIS VIA, THE Li-DERIVATIVE OF N,N,N ',N '- 
TETRAMETHYLDIMIDES OF ARYLMETHANEPHOSPHONIC ACIDS 

J0RDAliK.A PETROVA, SNEJANA MOMCHILOVA a d  MARK0 KIRILOV 
Faculty of Chemistry, University of Sofia, Bulgaria 

Abstract The high erythro-stereoselective reaction a2 
Li-tetramethyldiamides of arylmethanephosphonic acids 
wi-kh carbnyl compounds is used fur synthesis o f  (2)- 
alkenes by thermolysis of the erythro-adducts as well as 
in acidic media. 

IN2RODUCTIObl 

It i s  known from the literature' that (Z)-alkenes are 
rather difficulty accessible by the Horner-Emmons reac- 
tion, because it proceeds in a highly (E)-stereoselectLve 
manner. (Z)-Alkenes can be obtained by resolving diaste- 
reomeric mixtures of hydroxyphosphonamide2 or phosphin- 
oxide3 adducts, followed by stereospecific olefination of 
the erythro-adducts or their alkaline salts. This appro- 
hovever is not suitable in most of the cases, because the 
stereoselectivity is lost when Ar or o-kher conjugaked 
graups are ind-position to the PO group. 

RESULTS AND DISCUSSION 

We found that a large number of (Z)-stilbenes as well as 
fi-mono and dish&zLlm%ed styrenes can be ewily obtained 
in high dimtereomeric purity by achieving a high erythro 
dkasILereoselectivity (95-9996) of the reaction between the 
Li-reagenC of tetramethyldimides of arylmethanephospho- 
nic acids and carbonyl compounds, following by stereospe- 
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174 J . PETROVA, S . M O M C I L O U  AND M, K I R I L O V  

c i f i c  olefimikion of t h e  erythro-adducts. This way, t h e  

corresponding ( Z )  Oalkenes were obtained i n  good y i e l d  m d  
high (Z)-diaskreomeric pu r i ty  (95-9996) 4 -6 . 

$p-CH-Ar Li [ c :?  I - +  
- 1- L; 

0 ' It 
11 R'COR~ 

& x21 P -C H - ~ r  

HO- k R 2  

2 
x' I 1 0 R  2) H20 

- 3 R2=H erythro/threo = 9 5 / 5  

I 
I 

A ~ C H = C R ~ R ~  

586 

- 5 R ~ = H  Z / E = 9 5 / 5  

SCHEME '1. 

We studied also the  hnteract ion o f  t he  Li-reagent w i t h  ke- 
tones. The y i e lds  o f  the  o l e f in s ,  obtained by Horner- 
Emmons reac t ion  a r e  very l o w  i n  the  cases of enalyzable 
keDmes6. We studPed the r eac t ion  with some alkanones, 
cyclcmlkanones, a ry l a lky l  and d ia ry1  ketones'. Further ,  
by thermal o l e f ina t ion  o f  t he  adducts the  corresponding 
alkenes were obtained (60-8096 y i e l d s ) ,  Thus t h e  described 
reac t ion  represents  a convenient syn the t i c  pathway f o r  ail- 
kenes even from enolyeable ketones. 
Recently we suceeded t o  s top  t h e  r eac t ion  of Li-derivative 
of d ie thy l  e s t e r  o f  phenylmethanephosphononlc acfd (Scheme 
1 ,  X1'=X2=E%O) w i t h  carbony1 compounds &-%he e j d o l  stfbge. 

The s t e r e o s e l e c t i v i t y  is l ow,  w i t h  some ketones threo  fsa- 

t he  erythro-adducts 3 a r e  thermodinamically control led 
products i n  cont ras t  k o  meny o ther  c w e s  o f  the  Wi-Yttfg- 
Horner react ion.  This unexpected fact w a s  confirmed by 
t h e  complete. eomversion o f  the  threo-isomer i n t o  erythro 

mem predominate. Our r e s u l t s  show t h a t  when X I T  A =Me2N 
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i n  conditions o f  thermodinamic cont ro l ,  i .e.  
BuLi threo-3 -tthreo-J-Li -1-U .k - L e r y % h r o 2  

This r e s u l t  w a s  explained w i t h  t he  formation o f  p e r y  slta- 
b l e  complex o f  4-coordinated Li’ i n  the  metal de r iva t ive  
o f  erythro isomers du +LO a. chain-polymer a s s o c i a t i o n  
(Fig. $1 

1 
0- 
I 

I 

L i  

H @HAr 

H 

erythro - - 3-Li t h r o o - 3 - l i  

FIGUFG3 I .  Possible  conformatdons o f  3 - L i  

The r e l a t i v e  configurations and favoured conformations o f  
t h e  i s o l a t e d  adducts were deGermined by NMB and I R  spec- 
t r a l  daka. On the bases o f  IR-spectra i n  deluted (lo-%) 
CC1 so lu t ion  and the  v i c i n a l  H-H coupling cons tan t  as 
well  as t h e  H-P coupling conskants i t  i s  concluded t h a t  
t h e  erythro-isomers exisP pregerably i n  conformation E1, 
i . e .  Eli>> E2 and E j .  (Figure 2). For threo-isomers t h e  pre- 

f e rab le  conformation depends on the  subs t i t uen t s  en  t h e  
benzene r i n g  o f  t he  s-ttarting aldehyde. For unsubs t i tu ted  
o r  p-subfs-tzituted threo-isomers T,>T2))  T I n  t h e  cases  
w i t h  ortho subshituents as well  as i n  t h e  case o f  t he  
adduct with acetophenon the  p a r t  of t h e  conformation T 2  

increases .  On the  basis o f  t h e  J constantvalue f o r  t h e  
methyl P O U P  (3JCH=6.4 Ez) and Oaking i n t o  account t h e  

4 

3’  
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176 J. PETROVA, S , MOMCHILOYAL AND M, KIRILOV 

Carplus dependence o f  J on the  d ihedra l  angle ,  i t  canbe 
assumed t h a t  T p  T,>>Tso 8 

A r 

T2 T3 

FIGURE 2, Poss ib le  conformations o f  e ry thro  and 
t h e o - 2  

I n  a,ll experiments f o r  synthese of Z-alkenes we appl ied 
t h e  Corey el iminat ion proeedure as *econd s t age  o f  t h e  
cxrbonylolef inat ion.  The high temperature, required i n  
t h i s  s tage,  i s  a shortcoming i n  thermal o l e f ina t ion .  For 
t h a t  reason we s tudied the  o l e f i n  formation i n  a c i d  me- 
d i m g .  We found t h a t  i n  aqueous hydrochlor ic  a c i d  i n  a l l  

cases  the  r eac t ion  proceeds not s t e r e o s p e c i f i c a l l y .  I n  
e thanol  i n  t h e  presence o f  hydrochlor ic  a c i d  at roam tem- 
pera ture  o r  a t  r e f lux ,  however, p r a c t i c a l l y  pure cis-al- 
kenes were obtained, t h a t  i s  Z-stereospecif ic  o l e f i n  f o r -  
mahion takes  place (Scheme 2). The Z-stereospecif ic  c l e a -  
vage probably proceeds as syn e l imina t ion  v i a  c y c l i c  in- 
termediate.  I n  t h i s  case t h e  ac id  probably inc reases  t h e  
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Ar-C H= CH-k'  

(Z) + (El- - 5 
0 

(Me2N12 P-CH-Ar I 

It 

Ar- C H= C H-Ar' 
H 0- c H - ~ r '  I 25% aqHCI,EtOHt 

(a - 5 s r y t h r o  -2 a1 78OC 
- b) room. temp. 

SLUEME 2. 

e l e c t r o s h i l i t y  o f  t he  phosphorus a t o m  (Scheme 3 , ) ,  This  me- 
chanism f o r  t h e  o l e f i n a t i o n  i n  e thanol  i s  i n  accordance 
with 
n e t i c s  of t h e  reac t ion ,  The high negat ive va lue  of  t h e  en- * -1 t ropy  o f  a c t i v a t i o n  4 s  = -18 kJK mol" proves a mecha- 
nism with fo rma t ion  of  cycli iP.intermediate,  

t he  d a t a  o f  our prel iminary experiments on the  k i -  

0 6 H  - ( Me2N12 P 4 -CH - A r  -- H i  . [ (Me2 N 12 (-7H - Ar 
I 

H 0 - CH-Ar' H 0 - CH-Ar' 
ery t h r o -2 

It  was experimentally pro ed t h a t  t h e  d i r e c t  i somer i sa t i -  

reacttion conditions.  
on Z,-sti lbene+ E-sti lbene does n o t  hake p lace  i n  t h e  
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