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ORGANIC PREPARATIONS AND PROCEDURES INT. 12(1-2), 1-6 (1980) 

THE EFFECT OF SOLVENTS AND CHELATING AGENTS ON THE REACTION 
t 

ALKYNYL L ITHIUM REAGENTS WITH OXIRANES 

R. E. D o o l i t t l e  

Insec t  A t t rac tan ts ,  Behavior, and Basic Biology Research Laboratory, 
Ag r i cu l tu ra l  Research, Science and Education Administrat ion,  USDA, 

Gainesvi l le,  FL 32604 

The reac t i on  o f  a lkyny l  l i t h i u m  reagents w i t h  oxiranes t o  produce homo- 

opropargyl ic alcohols i s  we l l  known.' The reac t ion  i s  usua l ly  ca r r i ed  ou t  

RCXLi + A R '  - RCXCH2CHOHR' 

i n  l i q u i d  ammonia o r  i n  mixtures o f  a m n i a  and other co-solvents such as 

dioxane, tetrahydrofuran and dimethyl sul foxide. However, subs t i tu ted  ox i -  

ranes reac t  s lugg ish ly  t o  g ive  the ace ty len ic  alcohols i n  poor y i e l d s  even 

a t  elevated temperatures .2 Because solvents such as hexamethylphosphoric- 

t r iamide (HMPT) r e a d i l y  enhance the r a t e  o f  a l k y l a t i o n  o f  a lkyny l  l i t h i u m  

reagentsY3 the  e f f e c t  t h i s  solvent on the  r a t e  of reac t i on  of these reagents 

w i t h  ethylene oxide and subs t i tu ted  oxiranes was invest igated. 

Tetrahydrofuran was chosen as the primary so lvent  because o f  i t s  con- 

venience and i t s  super ior  s o l u b i l i t y  f o r  the  longer chain alkynes and o x i -  

ranes. 

w i t h  several l i t h i u m  alkynes i s  tabulated i n  Table-1. 

amount t h a t  would in f luence the  r a t e  and y i e l d  of t h i s  reac t i on  was deter-  

mined because HMPT i s  considered t o  be carcinogenic. It was found t h a t  1 : l  

molecular equivalents was s u f f i c i e n t  t o  maintain the r a t e  and y i e l d  o f  the 

a l ky la t i on .  The reac t i on  i s  e a s i l y  c a r r i e d  ou t  i n  ord inary  glass equipment 

The e f f e c t  o f  HMPT as a co-solvent i n  the reac t i on  o f  ethylene oxide 

F i r s t  the  minimum 

1 
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DOOLITTLE 

a t  i c e  bath temperatures (see Experimental). 

the 1 i t h i  um cat ion and thus increased the nucleophi 1 i ' c i  t y  o f  the a1 kynyl 

anion. 

high proportions o f  &-olefins tha t  r e s u l t  f r o m  the reactions o f  non- 

s tab i l i zed  y l i des  wi th  aldehydes when HMPT i s .  used as a co-solvent i n  the 

W i t t i g  r e a ~ t i o n . ~  Indeed the complex between HMPT and l i t h i u m  bromide has 

been iso la ted and characterized. 

Apparently the HMPT complexed 

This complex i s  strong and i s  considered t o  be responsible f o r  the 

5 

TABLE 1. 

1-A1 kynea m l  THF m l  HMPT % Y ie ld  

Influence o f  Solvents on the Reaction o f  1-Alkynes wi th  Oxirane 

Decyne 
He xpd ecy n e 
Dodecyne 
Dodecyne 
Dodecyne 
Dodecyne 
Dodecyne 
Dodecy nec 
Dodecyne 
Dodecyne: 
Dodecyne 

120 
175 
120 
120 
120 
120 
120 
120 
60 
60 
60 

60 
75 
60 

3 
15 
7.5 

91 
90 
93 
94 
92 
77 
68 
19 
84 
41 
40 

a. Reactions were run on a 0.1 molar scale. b. One molar equivalent plus 
10%. c. Reactions run on a 0.05 molar scale. d. 8.3 m l  tetramethyl- 
ethylenediamine i n  place o f  HMPT. e. 6.17 g diazabicyclo[2.2.2]octane 
(DABCO) i n  place o f  HMPT. 4 m l  ethylenediamine (EDA) i n  place o f  HMPT. f. 

Other addi t ives t h a t  would be expected t o  exert  the same e f f e c t  on t h i s  

react ion as HMPT were invest igated i n  consideration o f  the potent ia l  carcin- 

ogenic i ty o f  HMPT. Diazabicyclo[2.2.2]octane (DABCO)6, N,N,N' ,N' ,- te t ra -  

methylethylenediamine (TMEM),7'8 and ethylenediamine (EDA) which are re- 

ported t o  increase the nuc leoph i l i c i t y  o f  organolithium reagents, were sub- 

s t i t u t e d  f o r  HMPT ( l a s t  2 entr ies i n  Table 1). 

TMEDA i s  equivalent t o  HMPT and i s  more e f fec t i ve  than DABCO o r  EDA. 

WDA can be subst i tuted f o r  HMPT i n  t h i s  reaction, and t h i s  subst i tu t ion 

may be possible for  other appl icat ions i n  which t h e  carcinogenic properties 

o f  HlPT n i g h t  be a problem. 

9 

The resu l t s  ind icate t h a t  

Thus 
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REACPIOX OF ALicyRyL LITHIUM FUUGEI'iTS WITH O X I M H E S  

The r e s u l t s  o f  the  reac t i on  o f  1-dodecynyl l i thium with subs t i tu ted  

oxiranes i n  the presence o f  HMPT are recorded i n  Table 2. Despite e a r l i e r  

TABLE 2. Reaction o f  Subst i tuted Epoxides w i t h  1-Dodecynyl l i thium 

Epoxi dea m l  THF m l  HMPT X Yie ld  

2-Methyloxi rane 60 
2-Ethyloxi rane 60 
- cis-  and trans- 

2,3-dimethyloxirane 60 
Cycl ohexene oxide 60 
Cyclohexene oxide 60 
2-Hexyloxi rane 60 

9 
9 

82 
54 

Ob 

0: 
31,53 55d 

a. Reactions run  on a 0.05 molar scale. b. Twelve hrs  a t  room temperature 
o r  50" f o r  20 hrs. c. For ty -e igh t  hrs a t  room temperature. d. Reaction 
heated a t  50' f o r  20 hrs. 

reports2, the  y i e l d s  were general ly good though i t  was sometimes necessary 

t o  warm the reac t ion  mix tu re  gent ly,  and the  very s t e r i c a l l y  hindered 

and trans-2,3-dimethyloxirane f a i l e d  t o  reac t  w i t h  1-dodecynyl l i  thium, even 

under fo rc ing  condi t ions.  

ranes t h a t  are capable o f  forming isomeric homoal ly l ic  a lcohols (en t r ies -1 ,  

2, and 6 i n  Table 21, the so le  format ion o f  t he  secondary alcohol  was i n d i -  

cated by gas chromatographic analysis" and by the proton NMR spectrum t h a t  

had an absorbtion pa t te rn  c h a r a c t e r i s t i c  o f  the  secondary alcohol .  

I n  the case o f  unsymnetr ical ly subs t i tu ted  ox i -  

This procedure emphasizes the  marked e f f e c t  che la t i ng  agents can have 

on a l k y l a t i o n  react ions.  

p h i l i c  a l k y l a t i o n  procedures u t i l i z i n g  HMPT, the amount o f  t h i s  p o t e n t i a l l y  

carcinogenic solvent can be l i m i t e d  w i thout  any adverse e f f e c t  on the  y i e l d  

o f  t he  reac t ion .  

t o x i c  mater ia ls.  

However, i t  i s  much more important t h a t  i n  nucleo- 

In some cases i t  may be poss ib le  t o  replace HMPT w i t h  less  

EXPERIMENTAL 

Elemental analyses and mass spectra o f  the  product alcohols were i n  agree- 
ment w i t h  the assigned s t ruc tu res .  Gas chromatographic analyses were per- 
formed w i t h  a Varian Model 2100 gas chromatograph w i t h  glass columns (2 m X 
2 mn i.d.) packed w i t h  5% Carbowax 20M and 5% OV-101 on 100/120 mesh AW and 
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DOOLITTLE 

DMCS-treated Chromosorb W .  
20 ml/min. 
4A" molecular sieves.  
dried over 4A" molecular J e v e s .  

The columns were operated a t  a N flow r a t e  of 
THF and HMPT were d i s t i l l e d  from calcium hydridesnd stored over 

The DABCO was dried over P205, the TMEDA and EDA were 

Reaction of 1-Alkynyllifhium Reaqents with Ethylene Oxide. General 

Procedure.-Under a nitrogen atmosphere and w i t h  vigorous mechanical s t irr-  

i n g ,  n-butyllithium (0.12 mol, 71 ml of a 1.55 molar soln.)  was added slowly 

t o  a sol t ion of 0.1 mol of alkyne i n  120 ml of tetrahydrofuran (THF) a t  or  

below 5". The reaction mixture was held a t  0" f o r  1 hr. and then chi l led 

to  about -50"; HMPT (0.11 mol, 18 m l )  was t h e n  added followed by rapid addi- 

tion of the oxi:-ane (0.15 mol 7.45 ml) t h a t  had been collected i n  a second 

dropping funnel w i t h  the aid of dry ice  Dewar condenser. 

t ion bath was replaced w i t h  an ordinary ice  bath and the reaction mixture 

was allowed to  come to room temperature overnight as the bath melted and 

worked u p  by di lut ion with water and extraction w i t h  e ther .  The ethereal 

extracts  were washed w i t h  water and dried over sodium su l f a t e .  

were isolated and purified by d i s t i l l a t i o n  o r  r ec rys t a l l i za t ion  (Table 3). 

The procedure for  substi tuted oxiranes differei '  from t h a t  fo r  ethylene oxide 

i n  t h a t  i n  some cases the reaction mixture was heated t o  50" with a water 

bath for  up  to  20 tirs, the molar r a t i o  of epoxide t o  alkynyllithium was re- 

duced to  approximately 1:1, and i t  was not necessary t o  co l l ec t  the substi- 

tuted oxiranes .with the dry ice  Dewar condenser. 

The dry ice  reac- 

The products 
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REACTION OF A I K Y N Y L  IdITHIUM REAGENTS W I T H  OXIRANES 

TABLE 3. Homopropargyl i c A1 cohol s from 1 -A1 kynes w i  th Oxi  ranesa 

Analyses 

C H (cm-l) 
A1 cohol Calc'd(Found) IR Mass Spectrum 

CH3( CH2)7C:C( CH2) 20H 79.06 12.16 
(79.25) (11.98) 

bp. a5O/. 07mm, n:71 .4576 
CH~(CH~)~CZC(CH~ ) 2 ~ ~  79.94 12.46 

(79.80) (12.61 ) 
27 bp. 95"/.05mm, n,, 1.4589 

CH~(CH~),~C=C(CH~)~OH 81.13 12.86 
(81.55)(13.18) 

bp. 140"/.05c mmb 

CH3(CH2)9C-C-CH2-CHCH3 80.29 12.58 

27 bp. 100°/.05 mn, no 1.4560 

QH 

(80.09) ( 12.43) 

QH 
CH3(CH2)9C:CCH2-CHCH2CH3 80.60 12.68 

bp. 110°/.05 mm, ni71.4574 
(80.43) (12.51 ) 

CH3(CH2)9CzC 81.75 12.20 
(81.90) (12.10) 

27 bp. 150°/.05 mm, no  1.4741 

QH 
C H ~ ( C H , ) , C ~ C C H , C H ( C H ~ ) ~ C H ~  81.56 13.00 

(81.25)(13.21) 
bp. 153'/.02 nun, nf1.4595 

3590,2850 , 1931 P+1) ,192( P) , 191 
2870,2930 , (P-1 ) , 165 (P+1-18), 
2960,1050 164(P-18) ,163( P-19) 
3590,2860, 21 1 (P+1) ,210( P) , 
2880 ,2930 , 209( P-1 ) ,193 (P+1-18) , 
2960,1050 192(~-18) ,191 (P-19) 

3590,2850, 267 (P+1) ,266 (P) , 
2870,2930 , 265 (P-1 ) ,249( P+1-18) , 
2960,1050 248(P-18) ,247( P-19) 

3570,2850, 225(P+1),224(P), 
2870,2930, 223( P-1 ) ,207( P+1-18) , 
2960 , 101 5 , 206 (P-18) ,205 (P-19) 
1040 

3580 , 2860 , 239( P+ 
2860 , 2870 , 237 ( P- 
2930,2960, 220(P- 
1025 , 1060 

),238(P) ,23 
) ,221 (P+1-18) , 
8) ,219( P-19) 

3580,2855, 265(p+i ),264(~), 
2930,1040 , 263( P-1 ) ,247( P+1-18), 
1070 245 (P-19) 

3570,2850, 295(P+1),294(P), 
2870,29102 2930( P-1 ) ,2771 P+1-18) , 
1040,1070 275 (P-19) 

aInfrared spectra w e r e  recorded i n  CC1, on a Nicolet 719s Four- 
ier transform infrared spectrometer; mass spectra tiere d e t e r -  
mined on a Finnegan model 1015 S/L with methane as  t 3 e  ionizing 
gas .  bmp. 49-50'  a f t e r  r e c r v s t a l l i z a t i o n  from hexane. 

=Broad unresolved c l u s t e r  of peaks. 
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