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ORGANIC PREPARATIONS AND PROCEDURES INT. %I), 77-84 (1990) 

COMPETITIVE BIMOLECULAR REDUCTION IN THE SYNTHESIS OF KETclNES 

BY MICHAEL ADDITION OF GRIGNARD REAGENTS TO a-ENONES 

C. A l v a r e z - I b a r r a * ~ ,  M. S. Arias-PCrez#, E. Maya# 
and  M. A. Rodriguez-Barranco# 

§Depar t amen to  de Quimica O r g l n i c a  I, Facu l t ad  de Quimica 
Univers idad  Complutense, Ciudad U n i v e r s i t a r i a  s / n  

28040 Madrid, SPAIN 
#Depar tamento  d e  Quimica Orglnica,  Facu l t ad  de  Ciencias 

Univers idad  de  Alcall de Henares  
Alcall d e  Henares,  Madrid, SPAIN 

The mechanism of t h e  widely used add i t ion  of Gr igna rd  r e a g e n t s  t o  

carbonyl  compounds h a s  been unde r  inves t iga t ion  f o r  many years.l12 From t h e  

s y n t h e t i c  s t a n d p o i n t ,  it is i m p o r t a n t  t o  know t h e  possible compet i t ive  

r e a c t i o n s  a n d  t h e  n a t u r e  of b y - p r o d u c t s  u n d e r  t h e  u s u a l  p r e p a r a t i v e  

cond i t ions .  T h i s  p a p e r  d e s c r i b e s  t h e  r e a c t i o n  of (&)-i ,3-diphenylprop- 

2 - e n  - 1-0 n e  a n d  

2,2 - d i q e t h y 1 - i - p h e n y 1 prop  y 1 mag n e s i u m 

(la) ( & )- 4,4 - d i m e t h y I - 1 - p h e n y I p e n t  - 1 -en - 3- o n e ( ll&) w i t h 

1 - p h l n y 1 e t h y 1 - c h 1 or id  e (22) a n d  

magnesium c h l o r i d e  (2J) i n  t e t r a h y d r o f u r a n .  P roduc t s  of t h e  prev ious ly  

u n d e ~ c r i b e d ~ * ~ @ ~  bimolecular  r e d u c t i o n  as a c o m p e t i t i v e  p rocess  i n  t h e  

Michael add i t ion  of Gr ignard  r e a g e n t s  t o  a-enones a r e  c h a r a c t e r i z e d  and  t h e  

conditions t o  avoid t h e i r  fo rma t ion  are  also es tab l i shed .  

01990 by Organic Preparations and Procedures Inc. 
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ALVAREZIBARRA, ARIAS-PEREZ, MOYA AND RODRIGUEZBARRANCO 

The process has  been used t o  prepare t h e  diastereomeric racemates 

(RR,SS)- and (RS,SR)-5,5-dimethyl-i,3,4-triphenylhexan-l-one (&I, 2,2,7,7- 

tetramethyl-5,6-diphenyloctan-3-one (s), and 2,2-dimethyl-5,6-diphenyl- 

heptan-3-one (3c). Ketones & and a have been previously employed in  t h e  

synthes is  of B,B-disubstituted acyclic a-enones wi th  an asymmetric carbon.5 

Ketone is obtained by f i r s t  time. 

Only conjugate addition t o  t h e  expected ketones 3 occurred, and t h e  

1,e-addition products were not  detected.  Isomerization of t h e  a-enone 

and/or Michael addition of t h e  intermediate  enolate t o  t h e  s t a r t i n g  a-enone 

were not observed. By-products PhCH2R and R(Ph)CH-CH(Ph)R, derived from t h e  

organomagnesium reagents  were observed in  all  cases. The react ions were 

ini t ia l ly  car r ied  o u t  by d i r ec t  addition of t h e  a-enone t o  t h e  Grignard 

r eagen t  prepared 'in sito" (Table 1, r u n s  1-3). The v e r y  eas i ly  

reducible  a-enone (E1/2=-1.41 V)3,4,6,8 r e a c t e d  w i t h  2_a leading 

exclusively t o  t h e  Michael addition product & in  agreement wi th  previous 

 observation^.^,^ The reaction of t h e  a-enone l_b (Ei/2=-1.70 V)3,6-8 wi th  3 
gave t h e  expected ketone toge ther  with a by-product (24X) identified a s  

one of t h e  diastereomeric  racemates  of l-tert-butyl-2-(2',2'-dimethyl- 

propanoyl)-3,4-diphenyl-i-cyclopentanol ( 5 ) .  Never the l e s s ,  a complex 

m i x t u r e  of high molecular weight  materials w a s  obtained from l_b and 

Grignard reagent  2_b. In t h i s  l a t e r  case, only t r aces  of ketone were 

found, and t h e  cyclic aldol 5 was isolated a s  pr inc ipa l  p roduc t .  

Nevertheless, when a decanted and t r ans fe r r ed  reagent  solution of 2_b w a s  

used (Table 1, r u n  41, only t h e  ketone and s t a r t i n g  a-enone were 

detected.  The format ion  of cyclic aldol 2 was avoided under  t h e s e  

conditions.  House e_t &7 have  also obtained one of t h e  possible 

d ias te reomer ic  racemates  of t h e  cyclic aldol 5 (probably, t h e  same 

diastereomer) by reduction of t h e  a-enone g with  alkali metal solutions 

t h r o u g h  a .single-electron t r a n s f e r  m e c h a n i ~ m . ~ , ~  These observations and 
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t h e  related process observed i n  t h e  r e a c t i o n  of s c c - b u t y l  3- 

phenylpropenoate w i t h  n-butylmagnesium bromide,g led t o  the conclusion 

t h a t  t h e  cyclic aldol 2 should originate from the bimolecular reduction of 

t o  t h e  dihydrodimer 9 followed by a n  intramolecular  condensation 

(Scheme); t he  related cyclic aldol and/or diitctonc f o r  reaction of was 

not observed. As t h e  formation of 3 is avoided using a decanted solution of 

t he  Grignard reagent (Table 1, run  V), possibly the  bimolccular reduction 

may be due t o  some insoluble t rans i t ion  metal impurities of the magnesium 

metal. 

TABLE 1. Products  of t h e  Reactions of g w i t h  Grignard Reagentsa 

Run a -none  R2(Ph)CEMgClb Ketone 3c Aldol 5c Unreacted a-Enonec 
( X  ( X  1 ( X  1 - 

I l a  2a 100(67)d 0 0 

2 l b  2a 76(69Id 24 0 

3 l b  2b t r ace  e 0 

4 l b  2b 60 0 yo 

a) a-Enone w a s  added d i r ec t ly  t o  t h e  Grignard reagent  prepared " in  
situn a t  O W ,  except f o r  r u n  4 in  which a decanted and t r ans fe r r ed  
Grignard solution was used. Reaction time: 12 hrs. a t  r.t. Each reaction 
was repeated two times t o  t es t  the reproducibility of results. b) (ca. 
0.7 M). Prepared using a molar r a t i o  Mg/R2(Ph)CHCl l:l, except fo r  run  4 
which was  2:l. c) Determined by Glc and normalized: lOOX=% ketone 3 + X 
aldol 5 + X unreacted a-enone. Error :  + 3 X .  d) Yield in  pure itetone. Ref. 5. 
e) Complex mixture from which the  cyclic aldol 5 was isolated as principal 
product. Isolated pure product yield: 31%. 

The present  renul t s  c lear ly  ind ica te  t h a t  competitive bimolecular 

reduction may occur in the reaction of a-enones w i t h  Grignard reagents; t h e  

analogy w i t h  the behaviour of benzophenonesl 8eems obvious. Then, this 

competitive reaction ieems t o  be favored w i t h  a-enones w i t h  relatively low 

reduct ion potent ia l  and benzyl Grignard reagents  w i t h  re la t ively high 

oxidation potential. 

The relat ive configurations of C-2, C-3, and C-4 carbons of the cyclic 

.Idol 5 could be established from previous dataI6,7 and t h e  coupling 
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ALVAREZKBARRA, ARIAS-PEREZ, MOYA AND RODRIGUEZ-BARWCO 

constants  deduced from the  exact  analysis of lH-NMR spectrum. The t r a n s  

arrangement of the phenyl groups a t  C-3 and C-4 was established by acidic 

hydrolysis which led t o  the pure  racemic (RR,SS) of + (the i c s o  isomer 

was undetected)  described previously by House ct al..7 The assignment 

o t  t h e  re la t ive  configuration of C-2 was based upon the protonic parameters  

deduced from the  IH-NMR spectrum. Couplings of the aromatic protons w i t h  

t h e  corresponding benzyl protons were not observed. Therefore, H-2, H-3, 

H-4, H-5, and H-5’ protons appear as an ABCDE five spin system which was 

analyzed w i t h  the  LAOCOON I11 program;1° 79 lines w i t h  an absolute maximum 

deviation of 0.216 Hz and a mean deviation of 0.066 Hz were measured. The 

magnetic parameters, toge ther  w i t h  t h e  most probable errors deduced from 

t h i s  analysis, a r e  shown in Table 2. 

TABLE 2. IH-NMR Cyclic Aldol 2 in CDC13 

Chemical s h i f t s  a (PI=) Coupling constants 

H-2 3.812f0.001 J (H-2, H-3 ) 

H-3 

H-4 

3.587 fo. 001 J (H-2, H-4) 

3 .254f0 .001  J (H-2, H-5 ) 

H-5 2 .7  15f0 .001  J(H-2, H-5’ ) 

H-5’ 2.030fO. 001 J (H-3, H-4) 

t -ma 0.75 J (H-3, H-5 ) 

t-ma 1.00 J (H-3, H-5’ ) 

J(H-4, H-5) 

J(H-4, H-5’ ) 

J(H-5, H-5’ 1 

-1.8lf0.03 

-0.13f0.02 

-0.04f0.02 

11 .05f0 .03  

-0.66fO. 02 

-0.lOfO. 02 

10 .56f0 .02  

6.7520.02 

-14.19f0.02 

a) Xeasured direct ly  from t h e  spectrum. b) Apparent ringlet. c) Lost a f t e r  
exchange w i t h  D20. 

The agreement between t h e  observed spectrum and the  deduced parameters 

w a s  ver i f ied by simulation of this  calculated spectrum using t h e  SIMEQ 

program of the  s tandard  rof tware  of Varian. The maghetic parameter of 
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COMPElTMVE BIMOLECULAR REDUCTION IN THE SYNTHESIS OF KETONES 

g r e a t e s t  i n t e r e s t  t o  t h i s  assignment is t h e  coupling c o n s t a n t  4J(H-2,H-4) 

(Table 2). The value of t h i s  long r ange  coupling points  o u t  a W a r rangemen t  

between H-2 and H-4 protons i n  t h e  r i n g  and, by t h a t ,  bo th  p ro tons  must  

h a v e  a r e l a t i v e  c i s - a r r a n g e m e n t .  The o t h e r  coupling c o n s t a n t s  a r e  i n  

agreement w i t h  these  assumptions. The r e l a t i v e  configurat ion of C-1 could 

not  be established. The high value of t h e  chemical s h i f t  of t h e  OH proton 

as well as t h e  IR frequency of OH and CO groups suggest  an  intramolecular  

H-bonding between t h e  OH and t h e  oxygen atom of t h e  CO group. 

EXPERIMENTAL SECTION 

Melting points  a r e  uncorrected.  IH s p e c t r a  were recorded on KBr pellets on 
a PerKin Elmer spectrometer .  Glc analysis  w a s  c a r r i e d  o u t  on a Perkin Elmer 
Sigma 3 i n s t r u m e n t  provided w i t h  a flame ionization d e t e c t o r  and a Sigma 10 
d a t a  collector. The IH- and 13C-NMR s p e c t r a  were recorded on a Varian FT 
BOA (PFT) spec t romete r  a t  303QK using CDC13 as solvent  and TMS as i n t e r n a l  
reference.  The recording conditions were as follow: IH-NMR (79.542 MHz), 
c o n c e n t r a t i o n :  132 w/v, acquis i t ion t i m e :  2.047 s, spec t r a l  width 800 Hz, 
pulse w i d t h  10 ps; 13C-NMR (20 MHz), concen t r a t ion  25X w/v, acquis i t ion 
t i m e  1.638 s, delay t i m e  1.64 s, spec t r a l  width 5000 Hz, pulse wid th  6 ps. 
Off-resonance decoupled s p e c t r a  were recorded t o  help assign t h e  signals. 
Mass s p e c t r a  were r eco rded  on a V a r i a n  Mat-711 mass s p e c t r o m e t e r .  
T e t r a h y d r o f u r a n  (THF) was pu r i f i ed  i n  t e  usual  manner and dis t i l led from 
L i A I H 4 .  (€)-1,3-Diphenylprop-2-en-I-one, (g), was p u r c h a s e d  f r o m  
Doesder, and magnesium ( f o r  Grignard synthesis :  982) from Carlo Erba.The 
p r e p a r a t i o n  of (~)-l-chloro-2,2-dimethyl-l-phenylpropane,11 (2)-1- 
c h l o r o e t h y l b e n z e n e , 1 2  a n d  (E)-4,4-dimethyl-l-phenylpent-l-en-3-one 
(1_b)13 was c a r r i e d  o u t  as previously described and were cha rac t e r i zed  by I R  
and  IH-NMR. (?)-1-Chlor0-2,2-dimethyl-l-phenylpropane~~ w a s  obtained by 
reduct ion of 2,2-dimethyl-l-phenyl-l-propanone w i t h  LiAIH4, and subsequent  
t r e a t m e n t  of (?)-2,2-dimethyl-l-phenyl-l-propanol w i t h  thionyl  chloride. 1- 
Chloroethylbenzene was prepared similarly.  In t h i s  worK t h e  2,2-dimethyl-1- 
phenyl-1-propanone w a s  obtained by the  S a t 0  method.14 

2,2-Dirnethyl-l-phenyl-l-propan0ne~~~~~~~~.- To a m a g n e t i c a l l y  s t i r r e d  

s o l u t i o n  of 2,2-dimethylpropanoyI chloride (64.5 g, 0.53 mol) in  THF (440 

ml) under  n i t rogen  a t  -1OQC w a s  added a solution of phenylmagnesium bromide 

in THF [ca.  1.2 M ,  f rom magnesium (10.21 g, 0.42 a t - g )  and bromobenzene 

(66.0 g,  0.42 mol)]. Once t h e  a d d i t i o n  w a s  completed t h e  m i x t u r e  was 

s t i r r e d  for 1 h and  hydrolyzed w i t h  cold wa te r  and  worked u p  

( ch romatograph ic  yield: 962). The pu r i f i ca t ion  by f r a c t i o n a l  d i s t i l l a t i on  

led t o  t h e  chromatographically pu re  Ketone, bp. 97-98OC/l6 t o r r . l l  
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ALVAREZ-IBARRA, ARIAS-PEREZ, MOYA AND RODRIGUEZBARRANCO 

P r e p a r a t i o n  of Gr ignard  Reagents (g).- Grignard reagents  solutions were 

prepared from magnesium (850 me, 35 mmol) (previously heated and dr ied  i n  

vacuo f o r  3 h)  and (2) l-chloro-2,2-dimethyl-l-phenylpropane or (2)-1- 

chloroethylbenzene (32 mmol) in  THF (46 ml) under  ni t rogen (concentration 

z. 0.7 m). 

In one case (Table 1, r u n  4) t h e  Grignard reagent  was prepared using 

magnesium previously a c t i v a t e d  by t h e  Gilman methodi5 and a molar r a t i o  of 

magnesium/(?) I-chloroethylbenzene, 2:l (concent ra t ion  cd. 0.7 M). The 

so lu t ion  of t h e  Gr ignard  reagent  w a s  decanted and t r a n s f e r r e d  t o  t h e  

r e a c t i o n  system. 

Condensation Reactions.- To t h e  magnetically s t i r r e d  solution of a Grignard 

reagent  in  THF under ni t rogen a t  OQC was added dropwise a solution of 

(€)-l,3-diphenylprop-2-en-1-onel (a), or ( € ) - 4 , 4 - d i m e t h y l - l -  

phenylpent-l-en-3-one, (g), (30 mmol) in  THF (10 ml). When t h e  addi t ion 

w a s  completed, t h e  mixture  w a s  allowed t o  come t o  room t e m p e r a t u r e  and 

s t i r r e d  f o r  12 hrs .  The reac t ion  mixture  w a s  hydrolyzed w i t h  a s a t u r a t e d  

NH4Cl solution and di luted w i t h  Et20. The organic layer  w a s  decanted and 

t h e  aqueous layer  w a s  e x t r a c t e d  w i t h  severa l  port ions of Et20. The e t h e r e a l  

e x t r a c t s  were d r i e d  (MgSOq), and,  a f t e r  removal of t h e  so lvent  in 

VBCUO, t h e  residue was analyzed by chromatography and IH-NMR. 

Separat ion of Products.- The separa t ion  of t h e  mixture  of t h e  products  

ob ta ined  i n  t h e  condensat ion r e a c t i o n s  w a s  c a r r i e d  o u t  by s i l i c a  gel 

chromatography using l i g h t  petroleum/Et20 (95:s). The following o r d e r  of 

e lut ion w a s  found i n  all  cases: coupling hydrocarbons (2,2,5,5-tetramethyl- 

3 ,4-diphenylhexane or 2 , 3 - d i p h e n y l b ~ t a n e ) , ~ ~  u n r e a c t e d  a-enone,  1, 

s a t u r a t e d  Ketone 3 (mixture  of t h e  two diastereomeric racemates (RR,SS) and 

(RS,SR)), and  t h e  cyclic aldol 5. 

(+)-5,5-Dimcthyl-1,3,4-triphcnylhcxan-1-one (2) a n d  (+)-2,2,7,7-tctra 

methyl-5,6-diphenyloctan-3-onc (g) were described p r e v i ~ u s l y . ~  
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COMPETITNE BIMOLECUIAR REDUClTON IN THE SYNTHESIS OF KJX'ONES 

(f)-2,2-Dimethy1-5,6-diphenylheptan-3-one (s) ( m i x t u r e  of t h e  two  

diastereomeric  racemates  (RR,SS) and (RS,SR)).- I R  (KBr): 1690 (C=O) cm-l. 

IH-NMR: a(ppm) 0.76 and 0.98 (9 H, s, t-Bu group of each isomer), 0.99 

and 1.28 (3 H, d, Jr 6.8 Hz, Me group of each isomer), 2.18-3.62 (4 H, m, 

4-H, 5-H and 6-H), 6.84-7.20 (10 HI m, Ph). 

Anal. Calcd. f o r  C21H260: C, 85.71; HI 8.84. 

Found: C, 85.39; H. 9.06. 

(+)-l-Tertbutyl-2-(2,2~-dimethylpropanoyl)-3,4-diphenyl-l-cyclopen tano1.- 

(z), m.p. 172-173O(EtOH). IR (KBr pellet): 3420 (sharp,  OH), 1660 (C=O),  

1395, 1380, 1365, 1355 (t-Bu) cm-l. 13C-NMR: a(ppm) 26.42 (Me of 5-  

BuCO), 27.63 (Me o f  t-Bu),  38.10 (CCH3)3), 44.90 (COC(CH3)3), 

45.17 (5-C), 52.25 (4-C), 56.11 (3-C), 62.69 (2-C), 90.04 (l-C), 126.14, 

127.30, 127.76, 128.22, 128.51 ( 0 - ,  m - ,  and  p-C,  Ph),  140.66, 

144.04 (C-ipso, Ph), 225.50 (CO). MS (m/e): 378 (<la M+), 321 (39, M+- 

57), 127 (42), 91 (21), 85 (27), 57 (100). IH-NMR, see Table 2. 

Anal. Calcd. for  C26H3402: C, 82.49; HI 9.05. 

Found: C, 82.27; H, 9.19. 

2,2,5,5-Tetramethyl-3,4-diphenylhexane.- M.p. 183-18Vo(EtOH). IH-NMR: 

d(ppm) 0.52 (MH, s,t-Bu), 3.02 (2 H, 5 ,  3-H and 4-H), 7.18-7.46 (10 H, 

m, Ph). 

Ertimation of Product Mixture.- This was carr ied o u t  by GLC analysis (3X 

rilicone OV-17 on Chromosorb W-HP (100/120), length 2 m.; Q 1/8 in., column 

t empera tu re  21OoC, gas flow (N2) 20 ml/min); r e t e n t i o n  times: 2,2,5,5- 

tctramethyl-3,4-diphenylhexane 7.2 min; (ib), 1.9 min; 30 (unresolved 

isomers), 84.1 min; 3b (unresolved isomers), 13.1 min; 2,3-diphenylbutaneI 

2.4 min; 3c, 9.1 and 10.1 min; 5, 39.0 min. Be t t e r  reparation of t h e  two 

diastereomeric racemates 3c was found using Carbowax-20M 12X on Chromosorb 

W-AW-DMCS, length, 2 m; 0 1/8 in, column temperature  17OoC (25 min), 185QC, 

rate 30!2C/min, gas flow (Ng) 30 ml/min; re ten t ion  times: 48.9 and 54.2 min. 
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ALVAREZ-IBARRA, ARIAS-PEREZ, MOYA AND RODRIGUEZ-BARRANCO 

In  t h e s e  condi t ions  t h e  aldol 5 did  no t  e lu t e .  The r e s u l t s  a r e  collected in  

Table 1. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

REFERENCES 

E. C. Ashby, P u r e  Appl. Chem., 52, 545 (1980). 

J. M. Lefour  and A. Loupy, Te t r ahedron ,  z, 2597 (1978). 

H. 0. House and P. D. Weeks, J. Am. Chem. SOC., 97, 2785 (1975). 

H. 0. House and J. M. Wilkins, J. Org. Chem., s, 2443 (1978). 

C. A l v a r e z - I b a r r a ,  M. S. Arias-Phrez, J. M. Es teban ,  and  E. Moya, 
Org. Prep .  Proced .  In t . ,  is, 25 (1987). 

K. W. Bowers, R. W. Giese, J. Grimshaw, H. 0. House, N. H. Kolodny, K .  
Kromberger,  and  D. K. Roe, J. Am. Chem. SOC., 92, 2783 (1970). 

H. 0. House, R.  W. Giese, K. Kromberger,  J. P. Kaplan, and  J. F. 
Simeone, Ibid., 92, 2800 (1970). 

H. 0. House, L. E. Huber ,  and  M. J. Umen, Ibid., 93, 6471 (1972). 

J. Munch-Pe te r sen ,  Bull. SOC. Chim. Fr., 471 (1966). 

S. Cas te l lano  and A. A. Bothner-By, J. Chem Phys., 2, 3863 (1963). 

C. A l v a r e z - I b a r r a ,  M. S .  Arias -Pe rez ,  M.  T. Garcia-Romo, a n d  R .  
Perez-Ossor io ,  An. Quim.,  X C ,  4 0  (1981); G., 2, 716723 (1982). 

J. Buckingham, Ed., "Dic t ionary  of Organic Compounds", Chapman IC Hall, 
New York, f j t h  Ed. (1982). 

C. A l v a r e z - I b a r r a ,  M. S. Ar ia s -Pe rez ,  a n d  F. Fernandez, An. Uuim., 
7_5, 707 (1979); G, 92, 75727a (1980). 

F. S a t o ,  M. Inove, K.  O g u r o ,  and  M. Sa to ,  T e t r a h e d r o n  Le t t . ,  4303 
(1979). 

H. Gilman and R. H. Ki rby ,  Rec. T rav .  C h i m .  Pays-Bas, E, 577 
(1935). 

Ref. 12, 1 s t .  Supplement  (1963). 

(Received March 8, 1989; in revised form October 10,1989) 

84 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


