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Summary: Reaction of propargylic mesylates or chlorides 
with triorganozincates affords the allenic zinc reagents 3, 
which can undergo a second bond forming reaction with 
a variety of electrophiles regioselectively at the ypositions. 

Reaction of propargylic derivatives (1)with cuprates is 
one of the most popular methods for the synthesis of allenes 
(Scheme I).l The reaction is believed to proceed by a 
mechanism involving SN2' nucleophilic attack of the Cu- 
(I) atom followed by reductive elimination of the resulting 
Cu(II1) intermediate2 We now report that this reaction, 
with triorgano~incates,~ proceeds through a mechanism 
different from that observed for cuprates to give allenic 
zinc reagents 3. The reagents can undergo a second bond 
formation regioselectively at the yposition, providing an 
efficient one-pot method for the introduction of a nu- 
cleophile (R3) and an electrophile (El) to the propargylic 
substrate at the 1 and 3-positions (eq l).3f-hj9kv4 
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Treatment of mesylate la (R1 = PhCH2CH2, R2 = H, 
X = MeS020) with (Bu)aZnLi (2.0 equiv) in THF at 
temperatures from -85 to 0 "C and quench of the reaction 
mixture with D2O gave deuterioallene 4a in 97 % isolated 
yield. 'H NMR analysis of the product showed regiose- 
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lective incorporation of a deuterium atom (92 % deuterium) 
at the carbon substituted by the butyl group, demon- 
strating efficient generation of the corresponding allenic 
zinc 3.5 

Results summarized in Table I demonstrate the wide 
scope of the reaction of propargylic substrates with 
triorganozincates. A variety of lithium trialkylzincates 
were successfully used in the preparation of the corre- 
sponding homologated allenic zinc (entries 1-61, Allenic 
zinc compounds 3 bearing aryl and alkenyl groups were 
also prepared by using the corresponding lithium zincates 
(entries 7 and 8). Chloromagnesium zincate prepared by 
the reaction of BuMgCl with ZnCl2 exhibited a similar 
reactivity but with slightly lower efficiency than the lithium 
zincate (entries 2 and 13). Isomerization of allenic zinc 3 
to propargylic zinc R1(R2)C(ZnL)CWR3 was negligible 
(<3%) except for 3 with the sterically demanding sec- or 
tert-butyl groups as R3 (entries 5 and 6). In the reaction 
with (MeIsZnLi, 3.0 equiv of zincates was necessary to 
obtain 4b with a satisfactory deuterium content (entries 
3 and 4). Propargylic chloride le showed a reactivity 
comparable to that of the mesylates (entries 12 and 13). 
Reaction of propargylic ether I f  (R' = PhCH2CH2, R2 = 
H, X = OMe) with (Bu)sZnLi, however, resulted in recovery 
of the starting material. 
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with ZnCl2 (3.0 equiv) followed by the reaction of the 
resulting allenic zinc chloride with aldehydes yielded threo 
alcohols lla-e with high regio- and stereoselectivities (eq 

Internal alkynePhCH&HzCH( OS02CHs)CdZHs did 
not react with (Bu)sZnLi at all under similar reaction 
conditions. Lithium triorganozincatee are basic enough 
to abstract an acetylenic proton. Thus, D2O quench of 
the reaction mixture of propargylic ether If (R' = PhCH2- 
CH2, R2 = H, X = OCHs) and (Bu)sZnLi afforded lf- 
dcontaining >99 % deuteriumat the terminal acetylenic 
carbon. These results suggest that the formation of the 
allenic zinc species 3 proceeds through a mechanism 
involving abstraction of the acetylenic proton by the 
triorganozincate and subsequent l,%-alkyl migration of 
the resulting alkynylzincate 2 with liberation of X- (Scheme 
I).13 A similar 1,2-migration of an alkynylboron ate 
complex has been reported previ~usly.'~ 

In order to detect intermediate alkynylzincate 2, the 
reaction mixture of 1 and (Bu)aZnLi (2 equiv) was trapped 
with DCl-DZO before full conversion of the starting 
material. The reaction of mesylate la (-60 "C for 0.5 h) 
afforded allene 4a (90% yield, 93% deuterium) and the 
starting material la (5% yield) with no deuterium 
incorporation. The reaction of chloride le (-40 OC for 0.5 
h) gave allene 4j (66% yield, 91 % deuterium) and recovered 
le (33 % yield) containing 10% deuterium at the acetylenic 
carbon. The results suggest that the rate of proton 
abstraction by zincates is slower, as in the reaction of 
mesylate la, or comparable, as in the reaction of chloride 
le, to that of 1,2-migration of the resulting alkynylzincate 

In summary, we have developed a simple and general 
method for the preparation of allenic zinc reagents 
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It has been reported that allenic zinc species were 
prepared by lithiation of the corresponding allenes' or 
alkynes (R1CH2C*R3)8 followed by transmetalation. 
Application of the method to the preparation of 1,3- 
disubstituted derivatives 3 (R2 = H) would unavoidably 
result in nonselective formation of a mixture of the 
regioisomers. The present reaction allows such allenic 
zinc species to be prepared in a regiospecific manner. 

Allenic zinc reagent 3,thus generated, underwent an SE2" 
type reaction with a variety of electrophiles providing a 
useful one-pot transformation of propargylic derivatives.9 
Halogenation of 3 with I2 and NCS proceeded regiose- 
lectively at the y position to give propargylic halides Sa,b 
(eq 2). 
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l l a :  R' = Me. R = iso-Pr y ; w o  98:2 
l l b ;  R' = CaH17, R = iso-Pr y; 85% 99:1 

y;eso/. 955 
y; 09% 973 
y;@% 98:2 

i i c ;  R' = ~ 8 ~ 1 7 ,  R = P ~ C H ~ C H ~  
l l d ;  R' = c-Hex, R = Et 
i l e ;  R' = (M&)~CH(CH~),. R = iso'-Pr 

Propargylsilanes 7a,b were obtained in high yields by the 
reaction with chlorosilanes (eq 3). The reaction with acyl 
chlorides also proceeded regioselectively at the y position, 
affording alkynones 9a-c (eq 4). Finally, treatment of 3 

associated with carbon-carbon bond formation by the 
reaction of propargylic substrate 1 with triorganozincates. 
The allenic zinc reagents were found to react with avariety 
of electrophiles regio- and/or stereoselectively to give 
propargylic halides, silanes, ketones, and homopropargylic 
alcohols. Examination of the full scope of the process and 

(9) Typical Procedure. Preparation of homopropargyl alcohol 1 la: To 
a solution of ZnClz (1.42 g, 10.4 mmol) in THF (31 mL) was added BuLi 
(1.62 M in hexane, 19.3 mL, 31.2 mmol) at 0 "C. After being stirred for 
15 min, the mixture was cooled at -85 OC. A THF (5 mL) solution of la 
(772 mg, 5.21 "01) was added to the resulting solution of (Bu)&Li. 
The mixture was allowed to warm to 0 "C during a 5-min period and then 
cooled back to-85 "C. A THF solution of ZnCl2 (1 M, 15.6 mL, 16.6 mmol) 
was slowly added, and the mixture was stirred for 1 h at -85 "C. After 
addition of 2-methylpropanal (563mg, 7.81 mmol), the mixturewas allowed 
to warm to rt during a 2-h period. The mixture was poured into 1 N HC1 
and extracted twice with ether. The combined organic layers were washed 
with aq NaHCOa, dried over MgS04, and concentrated in vacuo. 
Purification of the residue by flash chromatography (SiO2, eluting with 
10-1575 ethyl acetate in hexane) afforded a 982 mixture of threo- and 
erythro-lla (847 mg, 89% yield). 
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PhCH2C'H2CH0 gave threo- and erytiio-llb (5446,7775j togethe; with 
allenic alcohol PhCHzCH~CH(OH)C(C,H&=C=CH(C~~~) (12 76 ). 
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Table  I. Reaction of Proparllylic Derivatives la-e wi th  Lithium and  Chloromagnerium Triorgmocincew 
vieldb 9. 
I - -  - 

entry substrate reagent product (deuterium content) ( % )c 

1 P h y -  H (Bu)gnLi Ph+.+R 97 (92) 
H D OMS 

l a  

2 
3 
4d 
5 

(Bu)sZnMgCl 4a; R = Bu 
(Me)sZnLi 4b; R = Me 

(s-Bu)sZnLi 4 ~ ;  R S-BU 

6 (t-Bu)sZnLi 4d; R t-Bu 76f (93) 

7 (Ph)sZnLi 4 e ; R = P h  77 (81) 

8 (CHz=C(Me))sZnLi 4i; R = CHZ=C(Me) 77 (72) 

9 

10 

11 

c8H17 
)*H 

OMS 

l b  

oHex 
)*H 

OMS 
I C  

(Bu)sZnLi 

(Bu)$hLi 

OMS 

I d  

c>_=_, 12 
13 

CI 
l o  

(Bu)sZnLi 
(Bu)sZnMgCl 

41 

4i 

97 (92) 

95 (91) 

91 (loo) 

a Unless otherwise indicated, all reactions were performed in THF by using 2.0 equiv of zincates at temperatures from -85 to 0 "C. b All 
new compounds are fully characterized by IR, NMR, MS, HRMS, and/or elemental analyses. Unless otherwise noted, yields refer to isolated 
yields of analytically pure products. 3.0 equiv of zincates was used. * A combined yield of 4c (86%) and 3-methyl-8-phenyl-4-0ctyne (10%). 
f A combined yield of 4d (60%) and 2,2-dimethyl-7-phenyl-3-heptyne (16%). 8 GC yield. 

extension of the 1,a-alkyl migration of alkynylzincates to 
related substrates are in progress. 
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allenic zinc 3 (L = Bu) rea& reversibly with (R8)aZnLi to form allenic 
zincate 3 (L = Zn(R3)&i). Protonation ofthe allenic zincate by remaining 
propargylic substrate 1 may explain the byproduct formation of the 

of zincates may 
effectively retard the undesirable pathway eapecially in the later phase 
of the reaction. information. 
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