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SW: Vanbun wz+gnme,t~ical 4econdang on te~tiany a.hho~ have been pnepmed in hi& 
yield4 bg an e#icient one-pi pucedune UzvoA~ing tithe aqlakion o[ an oqanomanganue 
neapni bg WI acyl chhmde und the cdddion to tie ketone fhmed OE vaniou4 onganometa-llic 
compuiuid lRLi, /R&X, LiL4N4, NaBN41. The complexakion 0; the tienmediete ketone bg the 
met&c d&n pe4ent in .the neactcon titruze aLow to penfonm fhe 1-2 ad&Lion 4.tep W&R 
e_xcepLionaQ mild coWon IO fo 20°C). 

In the field of organometallic chemistry, acylation of organomanganese reagents is one of 

the most suitable methods to prepare, under mild conditions, a large variety of ketones in 

high yields. Thus we have recently reported that saturated, ethylenic, acetylenic and 

aromatic ketones, bearing or not various functional groups (e.g. Cl, OR, SR, COOR, CN, COR), 

are easily obtained in this way. 2 

MnX2 R'COZ 
F&i or RRgX 

_., ., 
b iii>bnA FRCOR' 

O°C to RT,30min -1O’C to RT,30min to 4hrs 

X = I,Br(Ether) or EJr,Cl(THF) RCOZ = RCOCl ; RCOOCOOEt ; cRCO),O 

The ketones prepared according to these reactions are never accompanied by the corresponding 

tertiary alcohols. 3 

RCOZ 
RMnX + RCOR 

RMnX v 
,, )R3COH 1 - 

Concerning the acylation of organomanganese iodides by carboxylic acid chlorides, we have 

shown that ketones are likely formed in situ before hydrolysis as a complex with the 

metallic salts present in the reaction mixture (MnX2 ; LiX or MnX2 ; MgX2J4. At first sight, 

this was very surprising since the reaction rates of organomanganese iodides with acyl 

chlorides and ketones respectively did not seem different enough to prevent the formation of 

the carbinol 1 as a side product (Table 1). 

Table 1 - Reaction of butyl manganese iodide with 4-heptanone and pentanoyl chloride 

BuCOCl ; Ether,RT 

3 9ucoau 4 BuMnIa 
Pr2C=0 

bBu(Pr)2COH z 

Time (min) : 

Yield(%) of alcohol z 

Yield(%) of ketone 3 

a/ BuMnl was prepared from BuMgar 

5 IO 30 

7Bb Bib 9oc 

BOb 92' 

and Mn1 2 ; b/ GLC yields ; c/ isolated yields. 
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Unexpectedly, the absence of alcohol 1 is due to the complexation of the ketone. Indeed, - 

organomanganese iodides add much more slowly on the complexed ketones e.g. _ 4 than on the 

uncomplexed ones (Table ll).6 

Table II - Reaction rates of butyl manganese iodide with complexed and uncomplexed 

Snonanones 4 and 5 in ether. _ _ 

BuMnl(MgBrlJa 
BuMnl 

+ BuCOCl~BuCOBu(MnlC1 ; MgBrl) ______) Bu3COH 

4 
Ether, RT 

- 

BuCOBu 
BuMnla 

) Bu3COH 

5 
Ether, RT 

_ 

Time (hr) Yield(%Jb of Bu3COH from : 

complexed BuCOBu (4) BuCOBu (5) 

0.2 OC 81 

0.5 0 99 

36 63d 
a/ BuMnl was prepared from BuMgBr and Mnl ; b/ GLC yields ; 
c/ GLC yield of 5-nonanone : 92% ; d/ 22%20f 5-nonanone are recovered after 36hrs. 

Interestingly, this complexation also influences the addition rate of organolithium and 

organomagnesium reagents7. Thus, ketones react with organolithium compounds in about 30min 

at -78"C8 whereas complexed ketones such as 4 react in 30min to lhr30 at 20°C. 

This feature led us to develop an efficient and convenient method for the one-pot 

preparation of unsymmetrical secondary or tertiary alcohols. 

Scheme J. - RMnI (Lil or MgBrlIa 

R’COCl 

I 

Ether, -lO°C then RT, lhr30 

R 
R' 

'CHOH 4 
LiAIHq or NaBH4 

RCOR1(MXIb 
R”Li (1) or RMgX (8) 1 

RI' 

) R-C-OH 

Ether, O°C then RTC 
Ether, 0°C then I 

9 6 RT, 2hrs or 4hrs R" 10 - - - 

a/ prepared from RLi or RMgBr (0°C then 10°C to 2O“C, 30min) ; 
b/ MX = MnCll ; Lil or MnCll ; MgBrl ; c/ for NaBH4 : 12hrs, for LiAlH4 : Zhrs. 

Our results listed in Table Ill show that high yields of isolated alcohols 2 and 10 were - 

generally obtained according to the above methodology (scheme I). The wide synthetic scope 

of the first stage of this reaction has already been described in details2. In the second 

stage, various organometallic reagents can add I,2 to the complexed ketone 6. Thus, _ 

organolithium reagents 7 as well as organomagnesium compounds 8 (prepared in ether or in - - 

THF) led to the tertiary alcohols 10 (entries 1 to 17) whereas lithium aluminium hydride or - 

sodium borohydride gave the secondary alcohols 2 (entries 18 and 19). 

The yield of carbinol 10 was lowered in two cases : - 
- with conjugated ethylenic and acetylenic ketones (entries 9 and IO) due to a competition 

between 1,2-addition and manganese-catalyzed polyaddition processes.' 

- with hindered ketones and with bulky organometallic compounds (entries 7 and 8) owing to 
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side reactions such as enolization and reduction (these also occur in the absence of 

manganous salts). 
10 

In conclusion, this new synthetic method allows to prepare numerous unsymmetrical secondary 

or tertiary alcohols in high yields under very mild conditions since all steps are carried 

out between -lO°C and 20°C. This is especially noteworthy for the last step which involved 

the addition of organomagnesium as well as organolithium reagents at O'Y. 

Finally, by comparison with the classical procedure in which the intermediate ketone is iso- 

lated, the one-pot preparation described above requires less time and gives better yields. 

i-BuMnI + PentCOCl -------_)i-BuCOPent 94% 

Bu 

i-BuCOPent + BuLi 
Ether 

+i-Bu-A-OH 84% 
-5ooc 

bent global yield 79%a - 

I/ PentCOCl 
Bu 

i-BuMnI tL i-Bu-t-OH 
2/ BuLi ; O°C then RT 

ient 

B9%a _ 

a/ All reactions were performed on a 50 mmoles scale. 

Further applications to the synthesis of natural or pharmaceutical products will be reported 

elsewhere. 

Table III - One-pot preparation of unsymmetrical tertiary or secondary alcohols 10 and 9 - - 

Entry R R' R"Li or R"MgXa Isolated yield (%l 

of 10 or 9 .- 

1 HeptC Et BuLi 83 

2 HeptC Et BuMgBr 85 

3 HeptC Et BuMgCl 81 

6 Bud i-Bu MeLi 80 

4 i-But Pent BuLi 89 

5 i-Bu C Pent BuMgBr 83 

7 Etd t-Bu BuLi 53-72e 

B Etd t-Bu s-BuLi 35 

9 Bud Me2C=CH EtLi 61 

10 BuCaCd i-Pr EtLi 40 

11 HeptC Ph MeLi 89 

12 But Pent Me2C=CHMgBr 79 

13 But Hex MeCH=CHMgBr 72.5 

14 Bud Pent MeCH=CHMgBr 70 

15 Bud i-h PhLi 73 

16 But i-Bu PhMgCl 68 

17 Bud i-Bu CH2=CHCH2MgBr 80 

18 i-But Pent LiA1H4 B4.5f 

19 HeptC i-Bu NaBH4 91fgg 
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a/ R"Li were used as solution in ether or hydrocarbons, R"MgBr in ether, R"MgC1, MeCH=CHMgBr 
and MepC=CHMgBr in THF. For experimental conditions see Scheme 1 ; b/ ratio RMnl/R'COCl/ 
R"Li or R"MgX : l/1/1.25. The yields are based on the starting products : RMnI and 
R'COCl. All products were isolated by distillation ; c/ RMnI prepared from RMgBr ; d/ 
RMnI prepared from RLi ; e/ A second addition of BuLi, after methanolysis of the 
reaction mixture, allowed to improve the yield of tertiary alcohol (53 to 72%). This 
result shows that enolization occurs in a large extent with hindered ketones ; f/ Molar 
ratio RMnI/R'COCl/LiAlH4 or NaBH4 : l/1/0.31. ; g/ NaBH4 was used as a solution in 
ethanol (0.25 mole/l). 
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