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Compound 15 (white solid, mp 53-54 OC): NMR (CDC13) 6 
6.93 (1 H, m), 4.80 (2 H, m), 4.40 (2 H, t, J = 6 Hz), 2.3-2.7 (2 
H, cm), 2.15 (3 H, s); IR (CHC13) 1740, 1720, 1650 cm-'; mass 
spectrum, m / z  170 (M+), 128, 127, 110, 82. 

Compound 16 (white solid, mp 41-42 "C): NMR (CDC13) 6 
7.58 (1 H, s), 4.68 (2 H, s), 4.52 (2 H, t, J = 6 Hz), 2.65 (2 H, t, 
J = 6 Hz), 2.02 (3 H, 8 ) ;  IR (CC14) 1730, 1675, 1620 cm-'; mass 
spectrum, m / z  170 (M'), 127, 111, 83, 43. 

Compound 17 (oil bp 118-119 "C at 0.1 mbar): NMR (CC14) 
6 6.70 (1 H, m), 4.52 (2 H, s), 4.27 (2 H, t, J = 6 Hz), 4.10 (2 H, 
m), 3.25 (3 H, s), 2.2-2.7 (2 H, cm); IR (CC14) 1730, 1625 cm-'; 
mass spectrum, m / z  141 (M' - 31), 127, 112, 45. 

Compound 18 (oil, bp 97-98 "C at 0.05 mbar): NMR (CC14) 
6 7.20 (1 H, s), 4.47 (2 H, s), 4.40 (2 H, t, J = 6 Hz), 4.0 (2 H, s), 
3.26 (3 H, s), 2.5 (2 H, t, J = 6 Hz); IR (CC14) 1730, 1685, 1625 
cm-'; mass spectrum, m / z  141 (M+ - 31), 127, 112, 83, 45. 
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The lithium and tetrabutylammonium dihalocuprate 
induced conversions of 2-propynylic methanesulfonates,'p2 
methanesulfinates,, and chlorides3 into 1-haloallenes 
proceed with high anti stereoselectivity. On the other 
hand, syn stereoselectivity has been observed for the 
HCuBr,-induced conversion of a propargylic alcohol into 
the corresponding 1-br~moallene.~ In this context it was 
of interest to know whether the syn stereoselectivity is a 
general feature of the HCuX2-mediated 1-haloallene for- 
mation. I t  will be shown in this paper that this is not the 
case. 

For our study we used (R)-(-)-l-phenyl-2-propyn-l-ol 
(la), a compound that is readily available in optically pure 
form.5 Treatment of optically pure @)-(-)-la with 1.0 
equiv of HCu1,-prepared by mixing equimolar amounts 
of CUI and HI with water as solvent-produced, after a 
5 min reaction time at  25 "C, nearly quantitatively the 
1-iodoallene 2a (eq 1). The allene was dextrorotatory 
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configuration (cf. ref 1); i.e., the formation of 2a had oc- 
curred with syn stereoselectivity, albeit that (S)-2a was 
obtained in a very small enantiomeric excess (ee N 6%).6 
The result appeared to be reproducible. 

Quite remarkably, anti stereoselectivity was observed 
when la was allowed to react with HCuC1, and HCuBrz 
(see also eq 2). Thus, treatment of optically pure @)-(-)-la 
with HCuX, (X = C1 or Br) during 5 min at  25 OC gave 
reproducibly and in high chemical yield (295%) the le- 
vorotatory allenes PhCH=C=CHX (2b, X = C1, [(wIz0D 
(in EtOH) -25O; 2c, X = Br, [(wlZ0D (in EtOH) -280'). The 
negative value for [(w]D in these cases corresponds with a 
preferent formation of the (R)-allenes (cf. ref 1). In the 
case of 2b the optical yield is very low (ee N 4%),697 but 
for 2c it is much better (ee N 22%): The stereoselectivity 
for the formation of (R)-2b from @)-la could be slightly 
improved (ee N 8%) by using 0.5 equiv of HCuC12. When 
cuprates were used that had been prepared from CuX and 
excess of HX (cf ref 4), the enantiomeric purity of the 
allenes 2 decreased considerably. An excess of HX was 
therefore avoided during our experiments.8 

Landor et al. reported that the amount of syn stereo- 
selectivity in their case, viz., conversion of 3,4,4-tri- 
methyl-1-pentyn-3-01 by HCuBr,, was high.* The authors 
proposed a mechanism involving the rapid formation of 
a a-complex between the carbon-carbon triple bond of the 
alcohol and the cuprate CuBrz- followed by a rate-deter- 
mining SJ-type reaction (cf ref 4). Such a mechanism 
could be valid for the reaction of la  with HCuI,, but the 
low optical yield for this conversion indicates that other 
processes, e.g., formation of 2a through the cation Ph+- 
C H C r C H  leading to racemic 2a and/or the occurrence 
of synchronous anti 1,3-substitution, must be important. 
It is even possible that the overall syn stereoselectivity is 
caused by a preferent occurrence of a reaction sequence 
involving two successive anti substitutions, viz., (i) con- 
version of (R)-la into (S)-PhCH(1)CECH and (ii) con- 
version of this propargylic iodide into (S)-2a. We do not 
have evidence to exclude the latter route. The anti ste- 
reoselectivity for the HCuC1,- and HCuBr,-induced con- 
versions of la  is similar to that reported in ref 1-3. 
Equation 2 presents a mechanistic proposal for these 
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re- 

(2)  

actions involving the initial protonation of the hydroxyl 
group of la  in order to improve its leaving group character, 
followed by the formation of the copper(II1) intermediate 
39 in an anti 1,3-substitution reaction; reductive elimination 

(6) The ee values are calculated assuming that the [aI2O~ values that 
are given in ref 1 for the halodenes 2 refer to optically pure compounds. 

(7) The allene was contaminated with 5 mol % of PhCH(C1)CECH. 
(8) Alcohol la can also be converted into allenes 2 by using only HX 

(water as solvent). For instance, reaction of la with 2.0 equiv of HI (for 
concentration of HI, see under Materials) gave after 5 min a quantitative 
yield of allene 2a; after shorter reaction periods, mixtures of 2a and la 
were obtained. When HCI or HBr instead of HI was used, the main 
product was initially the propargylic halide PhCH(X)C=CH, which, 
under the conditions of the reaction, isomerized almost completely 
(398%) into the denic halide PhCH-C=CHX (Zb, X = C1; 2c, X = Br) 
by excess of HX. Such an initial formation of the propargylic halide has 
not been observed during the HCuX,-promoted reactions of la. 
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of 2 from 3 is assumed to proceed with retention of con- 
figuration in the allenyl unit.1° 

Also here other conversion modes of la  into 2b and 2c 
than the one outlined in eq 2 must be important in view 
of the low ee values, especially for X = C1. Such competing 
processes could be, for instance, the occurrence of syn 
1,3-substitution (vide supra) and/or the initial formation 
of the cation Ph+CHCrCH. A rapid racemization of l a  
by HCuXz prior to its conversion into 2 is not likely as we 
found that, after treatment of l a  with less than 1.0 equiv 
of HCuX, (studied for X = C1, Br) followed by recovering 
and analysis of unconverted la, no detectable racemization 
of l a  had taken place. In some separate experiments the 
methyl ether of la, (R)-PhCH(OMe)C=C!H (lb)," and the 
sulfinate ester of l a  (R,)-PhCH(OS(O)Me)C=CH (IC)" 
were reacted with HCuX,. Ether l b  reacted much slower 
with HCuXz than alcohol la. When X in the cuprate was 
I, no satisfactory conversion could be realized. When X 
was C1 or Br, the allenes 2b and 2c were obtained in ex- 
cellent yield (295%)  by reaction of l b  with 2.0 equiv of 
HCuX, during 30 min at  25 "C. Within experimental error 
the enantiomeric purities of the formed levorotatory allenes 
2b and 2c were identical with those found starting from 
la. However, the reaction of optically pure sulfinate 
(RJ-lc  with HCuC1, and HCuBr, proceeded with better 
anti stereoselectivity. Thus, treatment of IC at 25 "C with 
1.0 equiv of HCuCl, during 2 min or with 1.0 equiv of 
HCuBr, during 0.5 min, quantitatively produced levoro- 
tatory 2b and 2c showing [a]20D values (in EtOH) of -150" 
and -630°, respectively. These specific rotations corre- 
spond to ee values of 24% for (R)-2b and 52% for (R) -2c6  
From other work it is known that the sulfinate group is 
an excellent leaving group in organocopper(1) reactions.lobtc 
The increased stereoselectivity obtained by using this 
group is undoubtedly due to an increased contribution of 
the reaction mode of eq 2 to the substitution process (re- 
place the OH function in eq 2 by OS(0)Me). Interestingly, 
also the reaction of (R,)-lc with HCuI, showed anti ste- 
reoselectivity, albeit to a small extent (ee 

To summarize, the presented study shows that syn 
stereoselectivity is not a general feature for the 1-haloallene 
formation from propargylic alcohols by using the Landor 
reagent. Comparison of Landor's data with those pres- 
ented here indicates that the nature of the substituents 
a t  the propargylic center of the starting alcohol may im- 
portantly influence the stereochemical course of the allene 
formation. The study further shows that the Landor 
reagent can also be used to substitute groups other than 
hydroxyl, in the case of the sulfinate group even with a 
better stereochemical result. 

Experimental Section 
General Procedures. All reactions were carried out in an inert 

atmosphere of dry nitrogen. Optical rotations were measured in 
a Perkin-Elmer Model 241 polarimeter by using standard cuvettes 
(1 = 10 cm) at 20 "C. 

6%).6 
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Materials. Aqueous solutions of hydrochloric acid (37%, w/w), 
hydrobromic acid (47% w/w), and hydroiodic acid (57%, w/w) 
were purchased from Merck-Darmstadt. Hydroiodic acid was 
distilled prior to use. The copper(1) halides were obtained ac- 
cording t o  the method of Keller and Wycoff.12 Optically pure 
(R)-(-)-PhCH(OH)C=CH (la; [ a ] 2 5 D  20.8", in dioxane) was 
prepared according to our procedureQ5 Optically enriched (R)- 
(-)-PhCH(OMe)C=CH (lb; [.Im,, -29.0", in EtOH; ee 50%) was 
obtained by adding, at  -60 to -50 "C, 13.5 mL of n-butyllithium 
(1.50 M) in hexane to a stirred solution of 2.64 g of la (20.0 mmol, 
ee 50%) in 60 mL of dry THF. After 5 min, 10 mL of dimethyl 
sulfoxide and 5.8 g of methyl iodide (58.0 mmol) were successively 
added. The mixture was stirred during 1.0 h at  25 "C and then 
poured into 200 mL of an aqueous NH4Cl solution. The product 
was extracted with pentane/ether (80/20 v/v, 2 X 100 mL). The 
combined extracts were washed with a dilute NH4Cl solution (5 
X 300 d), dried with K2C03, and concentrated in vacuo, yielding 
colorless lb in 94% yield and in high purity (>98% by GLC). 
The methanesulfinate (RJ-(-)-PhCH(OS(O)Me)C=CH (IC; [ a I m D  
-15.8', in EtOH, ee 25%)13 was prepared from @)-la (ee 25%) 
and methanesulfinyl chloride by using triethylamine as a base.lob 

General Procedure for the Conversion of la-c into Allenic 
Halides 2a-c. Compounds la-c (3.0 mmol) were added, at  25 
"C, to a solution of HCuX, (3.0 or 6.0 mmol, see text) in water. 
After shaking the resulting mixture during 0.5-30 min (see text), 
the products were isolated by extraction with pentane (4 X 10 
mL). The combined extracts were washed once with 10 mL of 
concentrated HX (see under Materials paragraph) in order to 
remove CuX and then with a dilute aqueous KzCO3 solution in 
order to remove all acid. The extracts were dried with K2C03; 
and the solvent was evaporated in vacuo. The obtained allenes 
proved to be identical with those already described in ref. 1. The 
["ID values were determined immediately (X = I; column chro- 
matography caused some racemization) or after column chro- 
matography (X = C1 or Br; A1203 + 5% H20, elution with pen- 
tane). In the latter cases only a slight increase of the rotations 
was observed by the chromatographic purification. The required 
cuprates HCuX, were obtained by shaking, at  25 OC, CuX (3.0 
or 6.0 mmol) during 2 min with an equimolar amount of HX in 
water (for concentrations of HX, see under Materials paragraph). 
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Three distinctive hydrogen abstractors have been rec- 
ognized2-10 in systems containing Br, and NBS: Br, S,, 
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