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An improvement on the catalytic mercuration of terminal acetylenes to form enol acetates was developed, and 
solvomercuration-demercuration of terminal acetylenes was investigated and shown to be a useful method for 
the preparation of methyl enol ethers and, in lower yields, ethyl enol ethers and aziridine enamines. All enol 
derivatives prepared by these reactions were shown to be isomerically pure. 1-Octyne ( la)  was converted into 
2-acetoxy-1-octene (2a) by treatment with catalytic amounts of mercuric acetate and boron trifluoride etherate 
in acetic anhydride. Similarly, the tosylate ( lb )  of 3-butyn-1-01 was converted into enol acetate 2b. Theenol 
ethers 2c and 2d were prepared by treating 1-octyne with mercuric acetate in methanol and ethanol, respectively, 
followed by demercuration with alkaline sodium borohydride. Although the use of aziridine in a similar reaction 
gave the enamine 2e, the use of pyrrolidine resulted in the formation of the saturated amine 8. 

In connection with another project, we needed syn- 
thetic methods for the preparation of enol acetates, enol 
ethers, and enamines having a terminal double bond (2). 
Enol derivatives are commonly prepared from the cor- 
responding ketone (3). lz2 However, as unsymmetrical 
ketones generally give a mixture of double bond isomers 
(2 and 4), we have investigated the solvomercuration 
reactions of terminal acetylenes as a route to these enol 
derivatives. 

Although the preparation of vinyl derivatives from 
acetylene itself has been of some commercial impor- 
t a n ~ e , ~ - ~  the use of higher acetylenes is not common. 
Enol esters have been prepared on a laboratory scale 
from acetylenes and carboxylic acids in the presence of 
a catalytic amount of a mercury salt and a strong 
a ~ i d . ~ l l , l ~  Although solvomercuration-demercuration 
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by this method,eb~"14-'s and the synthesis of several enol  ether^^^"^'"' and 
an enaminelsa has been claimed. Several claims for the preparation of enol 
ethers in the early patent literature are questionable owing to  the instability 
of enol ethers in strong acid. The yields mere often poor and the products 
mere accompanied by acetals,ad some of the reactions were later repeated 

HC=CCHaR + CHa= a CHaR 
1 2 

2 
I 
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CHI ! 'CHgR + 2 + CHsCzCHR 
3 

a, R = C,Hll; Z = OAc 

c, R = C5HIl; Z = OMe 

e, R = (AHll; Z = N(CH2)z 

b, R = CHgOTs; 

d, R = CaHii; Z OEt 

Z = OAC 

and d i s ~ u t e d ~ ~ ~ ~ ~ ' ~ ~  Reactions of acetylenes with amines have yielded 
products for which enamines were postulated as intermediates.38'e'5"" 
There is a recent report of the formation of a ketene acetal from ethoxy- 
acetylene.10 A few specialized examples are known of the formation of enol 
derivatives from certain acetylenes in the absence of mercury salt cataly- 
s i s .~  -6 I ao I a &  - 9 8  
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reactions of olefins have been intensively studied in 
recent y e a r s , ' ~ ~ ~ - ~ ~  the use of these reactions to prepare 
enol derivatives from acetylenes has not been been in- 
vestigated. 

For our purposes, we anticipated that the use of 
catalytic amounts of mercury salts in the presence of 
acid catalysts would be suitable for the preparation of 
enol acetates. For the preparation of the more acid- 
sensitive enol ethers and enamines, we decided to in- 
vestigate the solvomercuration-demercuration of acety- 
lenes. 

Results 

Enol Acetates.-The enol acetate of 3-hexanone has 
previously been prepared from 3-hexyne using mercuric 
acetate and boron trifluoride etherate in acetic acid7 
When we applied this procedure to 1-octyne (la), 
2-octanone was the only product obtained. The same 
result was observed when acetic acid distilled from PzOi, 
or mixtures of acetic acid and acetic anhydride, were 
used as solvent. However, when acetic anhydride was 
used as the solvent, a good yield of the enol acetate 2a 
was obtained, along with smaller amounts of 2-octanone 
(3a) and a product shown to be 3-decyn-2-one by 
independent synthesis. 

0 
II 

Sa, R = CjHll 
b, R = CHzOTs 

To check whether double bond isomers were formed, 
an authentic mixt'ure of the isomeric enol acetates (2a 
and 4a) of 2-octanone was prepared by quenching the 
potassium enolate in acetic anhydride. Comparison of 
the vpc and nmr spectra demonst'rated that' the acet'oxy- 
mercuration product contained no detectable amount of 
the internal double bond isomers (4a). 

Using the same mercurat,ion procedure (with acetic 
anhydride), the tosylate (Ib) of 3-butyn-1-01 was con- 
verted into the terminal enol acetate 2b. 
Alkoxymercuration-Demercuration. -We found that 

1-octyne could be readily converted into the methyl 
enol ether Zc by treatment with 1 equiv of mercuric 
acetate in methanol for 15 min, followed by reductive 
demercuration with sodium borohydride in aqueous 
sodium hydroxide. The product (formed in 65% 
yield) contained a small amount of the dimet'hyl ket'al 
6a as the only impurity. 

(29) Reviews: J. Chart, Chem. Rev., 48, 7 (1951); N. S. Zerfirov, Russ. 
Chem. Rev., 34, 527 (1965); W. Kitching, Organometal. Chem. Rev., 3, 61 
(1968). 
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hedron Lett., 4013 (19721, and references cited therein; (c) V. G. Aranda, 
J. B. Mur, G. Asensio, and M. Yus, i h i d . ,  3621 (19721, and references cited 
therein; (d) H. K. Hall, Jr., J. P .  Sohaefer, and R.  J. Spanggord, J .  Org .  
Chem., 37, 3069 (1972), and references cited therein. 

(34) C. H. Heathoock, Angew. Chem., Int .  Ed. Enol., 8, 134 (1969). 
(35) D. H.  Ballard and A. J. Bloodworth, J .  Chem. Soc. C ,  945 (1971). 
(36) R. B. Davis and D.  H. Soheiber, J .  Amer. Chem. Soc., 18, 1675 

(1956). 

The use of other mercury salts was investigated in this 
reaction. RIercuric chloride gave a mixture of 2- 
octanol, 2-octanone, and the ketal 6a. Nercuric 
nitrate and trifluoroacetate similarly gave little or no 
enol ether. 

To determine the isomeric purity of the enol ether 
formed, a mixture of enol ethers (2c and 4c) mas pre- 
pared by cracking the dimethyl ketal 6a of 2-octanone. 
No detectable amount of the internal double bond iso- 
mers was found in the methoxymercuration product. 

The ethyl enol ether Zd was prepared in an analogous 
manner from the reaction of ethanol with mercuric ace- 
tate and 1-octyne. The yield of enol ether (36%) was 
somewhat lower, and a considerable amount of white, 
crystalline material, which proved to be di-l-octynyl- 
mercury (7),37 was also formed. The isomeric purity 
of the ethyl enol ether was established as before, by 
comparison with a mixture of enol ethers (2d and 4d) 
prepared from the diethyl ketal 6b. 

Attempts to prepare a tert-butyl enol ether from 1- 
octyne and mercuric acetate in tert-butyl alcohol led to 
di-1-octynylmercury as the only characterized product. 

R'O OR' 

Hg[ C=C(CHs),CHJIL 
6a, R'=Me 7 
b, R' = E t  

Aminomercuration-Demercuration. -The reaction of 
1-octyne with mercuric chloride in pyrrolidine, followed 
by alkaline sodium borohydride, produced a small 
amount of 2-octanol and a good yield of an acid-soluble 
product having ir and nmr spectra inconsistent with the 
desired enamine structure. The same compound was 
also obtained when mercuric acetate mas used in place 
of mercuric chloride. The product was shown to be the 
saturated amine 8 by comparison xvith a sample pre- 
pared independently from pyrrolidine and 2-bromo- 
octane. 

Q 

Because of the possibility that the saturated amine 
was being produced by reduction of an intermediate 
iminium aminomercuration of 1-octyne with 
aziridine was attempted, since an iminium salt in this 
case would be much less favorable. Using mercuric 
acetate with short reaction times, the aziridine enamine 
2e was formed in 17.5% yield as the only volatile prod- 
uct. The structure of the enamine 2e was established 
by its spectral and analytical data, and by hydrolysis 
to 2-octanone. 

When the reaction of 1-octyne with mercuric acetate 
in aziridine was allowed to proceed for several hours, 
the yield of enamine dropped and a second volatile 
product was formed. Although never isolated pure, 
the ir and nmr spectra of the new compound, and its 
facile hydrolysis to  2-octanone, support the imine struc- 

(37) (a) G. Eglmton and TT McCrae, J .  Chem. Soc., 2295 (1963); (h) 
T. H Vaughn, J .  Amer. Chem. Soc., SS, 3453 (1933). 

(38) See, for example, R. D. Bach and D. K Mitra, Chem. Commun., 
1433 (1971). 
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ture 9 for the product.39 When a solution of 9 in car- 
bon tetrachloride or benzene was stirred with deuterium 
oxide for 3 hr, the nmr spectrum of the organic layer 
showed mainly peaks corresponding to 2-octanone, while 
the nmr spectrum of the aqueous layer showed a sym- 
metric pair of multiplets a t  6 1.33 and 1.73 and a sym- 
metric pair of multiplets a t  6 2.32 and 2.78. The chem- 
ical shifts agree very well with those reported for 1-(2- 
aminoethy1)aziridine (10) . 4 1  

Discussion 
As discussed earlier, there are several reports of the 

synthesis of enol acetates from acetylenes and acetic 
acid in the presence of a mercuric salt and a strong acid. 
Most of these reports appeared before modern spectro- 
scopic techniques, particularly nmr, became available, 
and the possibility of double bond isomerization could 
not be studied. In many of the reported procedures, a 
significant quantity of ketone was isolated along with 
the enol acetate. 

The mercuric acetate-boron trifluoride etherate- 
acetic anhydride procedure appears to be a useful syn- 
thetic method for the preparation of terminal enol ace- 
tates. Double bond isomerization is not a problem, 
and in the acidic reaction conditions the mercury catalyst 
is continually regenerated, so that a full equivalent is 
not necessary. 

The mercury salt-strong acid catalyzed reactions 
would not be expected to be useful for the preparation 
of enol ethers and enamines from terminal acetylenes, 
since the double bonds would be more easily isomerized 
than those of enol acetates. We did not investigate 
this approach to enol ethers or enamines.42 

The solvomercuration-demercuration approach 
promises to be a useful method for the preparation of 
methyl enol ethers from terminal acetylenes. With 
higher alcohols, the formation of the dialkynylmercury 
becomes a major competing reaction,43 although a mod- 
est yield of the ethyl enol ether could be obtained. 

We have so far been unsuccessful in preparing pyrro- 
lidine enamines by this approach, presumably owing t o  
the ease of formation of an iminium salt intermediate 
(for example, by addition of a proton or mercury ion to 
the initial aminomercuration adduct) which is easily 
reduced to  a saturated amine. The use of aziridine 
rather than pyrrolidine effectively prevents the forma- 
tion of an iminium salt, because of the strain involved in 

(39) Imines of this type are known. See ref 40. 
(40) S. C. Kuo and W. H. Daly, J .  Org. Chem., 85, 1861 (1970). 
(41) H .  P. Fritz and G. Hierl, 2. Naturforsch., B ,  %6, 476 (1971). 
(42) The preparation of an enamine from the reaction of N-ethylaniline 

and 1-heptyne with mercuric oxide and boron trifluoride etherate has been 
reported;"" we were unable to  repeat this with N-methylaniline and 1- 
octyne. 

(43) This could be an intermediate in the methoxymercuration reaction. 

generating an sp2 center in a three-membered ring,44 and 
the enamine can be isolated. 

Aziridine enamines are relatively rare. The only 
previous examples of aziridine enamines of simple 
ketones are those of cycloheptanone and cycloocta- 

The reluctance of the nitrogen atom in the 
three-membered ring to adopt the planar geometry 
necessary for maximum orbital overlap with the double 
bond manifests itself in the downfield chemical shift of 
the vinyl hydrogens4* of the enamine Ze.49 The chem- 
ical shift of enamines has in turn been correlated with 
their reactivity toward electrophiles ;53 thus one would 
expect that the aziridine enamines would be compara- 
tively unreactive (with respect to reactions a t  the car- 
bon atom). 

In  the solvomercuration reactions, 1 equiv of acid is 
generated, as shown below. The initial adduct con- 
tains a double bond which could in principle undergo 

Z 

protonation or further mercuration. In the allroxy- 
mercuration reactions, this process, followed by reac- 
tion with alcohol, may be responsible for the formation 
of the small quantities of ketal 6 obtained after reduc- 
tion. In the aminomercuration reactions with pyrro- 
lidine, this process would lead to a relatively stable 
iminium salt3* which is probably the precursor of the 
saturated amine 8. It is conceivable that this process, 
followed by deprotonation, could lead t,o a product with 
an isomerized double bond (4) ; under our conditions, 
this does not appear to be a problem. 

In conclusion, the mercuration of terminal acety- 
lenes provides a useful synthetic method for isomeri- 
cally pure enol acetates and methyl enol ethers with a 
terminal double bond and, in lower yields, ethyl enol 
ethers and aziridine enamines, all of which are difficult to 
prepare by other methods. The USC of the solvomercu- 
ration-demercuration approach to the synthesis of other 
enol derivatives deserves more study. 

(44) This property of aziridine derivatives has been used for a synthesis 
of aldehydes. 

(45) Aziridine enamines which are vinylogous amides have been prepared 
by the uncatalyzed addition of aziridine to  acetylenecarboxylic esters28 and 
to  ~-chlorocyclohexenones,4~ and a ketene N,O-acetal, l-aziridinyl-l-tri- 
methylsiloxyethylene, is known. 47 

(46) (a) H. W. Whitlock, Jr., and G. L. Smith, Tetrahedron Lett.,  1389 
(1905); (b) G. L. Smith and H. W. Whitlock, Jr., ibid., 2711 (1966). 

(47) P. F. Hudrlik and D.  Peterson, unpublished results. 
(48) For a correlation between the chemical shift of the vinyl hydrogens 

of enamines and the degree of overlap of the lone pair electrons on nitrogen, 
see W. D. Gurowitz and M. A. Joseph, J .  Org.  Chem., 8% 3289 (1967). 

(49) The chemical shift of the vinyl hydrogens of ae is lower than those for 
the reported terminal enamines from other methyl alkyl ketones with mor- 
pholine and diethylamine.60 The products resulting from the addition of 
varioue secondary amines to dimethyl acetylenedicsrboxylate also showed 
the aziridine compounds to  occur at low fields in the nmr:8n*61 and the vinyl 
hydrogens of 1-aziridinyl-1-trimethylsiloxyethylene~~ occur downfield from 
those of the dialkylamino analogs.sz Aziridine enamines of cycloheptanone 
and cyclooctanone also absorb a t  low fields.40 

(50) (a) R. Jacquier, C. Potrus, and F. Petrus, Bull. Soe. Chim. Fr., 2845 
(1906); (b) H. Weingarten and W. A. White, J .  Org. Chem., 81, 4041 (1966); 
W. A. White and H. Weingarten, ibid., 32, 213 (1967). 

(51) (a) E. Winterfeldt and H. Preuss, Angew. Chem., Int. Ed. End., 4, 
689 (1865); (b) R. Huisgen, K. Herbig, A. Siegl, and H. Huber, '?hem. Bern, 

See ref 1, p 81. 

99, 2526 (1966). 
(52) A. S. Kostyuk, Yu. I. Baukov, and I. F. Lutsenko, J .  Gen. 

USSR,  40, 598 (1970). 
(53) M. E. Kuehne and T. Garbacik, J .  Org. Chem., 85, 1555 (1970). 

See also A. I. Meyers and N. Nazarenko, J .  Amer. Chem. Soe.. 94. 3243 
(1972). 
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Experimental Sectiod4 
Reagents.-Acetic anhydride was distilled (bp 139-140') 

before use. Methanol and ethanol were distilled from their mag- 
nesium alkoxides. Pyrrolidine was distilled from barium oxide. 
AziridineKb was distilled from potassium hydroxide. 

All mercuration reactions were run under a nitrogen atmo- 
sphere, and transfers of liquids and solutions were done with sy- 
ringes which had been filled with nitrogen. Organic extracts 
were dried with sodium sulfate followed by magnesium sulfate 
unless otherwise indicated. 

2- 
Acetoxy-1-octene (2a).-To a solutionb6 of 17 mg (0.053 mol) 
of Hg(0Ac)z in 10 ml of acetic anhydride was added 0.02 ml of 
BF,-EtzO, followed by 0.50 ml (0.37 g, 3.4 mmol) of 1-octyne 
( l a )  added dropwise. The solution, which turned yellow, was 
stirred a t  room temperature for 3 hr,67 diluted with 10 ml of ether, 
and injected into an an ice-cooled solution of 18 g of KOH in 200 
ml of water overlaid with ether. The layers were separated, and 
the ether layer was washed with brine, dried, concentrated,68 
and evaporatively distilled (0.1 mm, 70°), yielding 0.51 g (89%) 
of colorless liquid having ir and nmr compatible with the enol 
acetate structure [with extra small peaks at  4.51 (sa) and 5.83 
p (3a) in the ir] . Vpc analysis (SE-30)54a,b showed three peaks 
having relative areas of 14:79:7. The 14y0 peak had the same 
retention time as 2-octanone (3a); the other two products were 
purified by vpc collection (SE-30).54b 

The minor product had ir and nmr spectra and vpc retention 
time (SE-30)54b identical with those of 3-decyn-2-one (5a)a6 ob- 
tained from 1-octynyllithium plus CUI and acetyl chloride (room 
temperature, 22 hr, 64% yield).5g 

The major product was identified as 2-acetoxy-1-octene (2a):9b 
ir (CCL) 5.71, 6.02 p ;  nmr (CC14) 6 4.65 (m, 2 H),  2.36-1.97 
including singlet a t  2.05 (5.3 H ) ,  1.63-0.8 (11 H ) ;  mass spec- 
trummle 170 (M+, small), 128, 110,71, 58,43. 

Anal. Calcd for C10Hi8O2: C, 70.54; H,  10.66. Found: 
C, 70.24; H,  10.79. 

An authentic mixture of the isomeric enol acetates of 2-octa- 
none (2a and 4a) was made by quenching the enolate (prepared 
by adding the ketone to a solution of triphenylmethylpotassium 
in dimethoxyethane) in acetic anhydride.2 The enol acetates 
were separated from the triphenylmethane by evaporative distilla- 
tion (0.1 mm, 60"). The distillate had ir (film) 5.7, 5.83 (small, 
3a), 6.0 p ;  nmr (CCL) 6 4.90 (broad t, J = 7 Hz), 4.65 (m), 
2.05 (s), 1.83 (broad 9). Vpc analysis (SE-30)j4b indicated a 
ketone-enol acetates peak area ratio of 20:80. The partially 
resolved mixture of three enol acetates60 had an approximate peak 
area ratio (in order of increasing retention times) of 35: 55: 10. 
The major product from the acetoxymercuration was identical in 
retention time and on coinjection with the major enol acetate 
peak from the authentic mixture. No peaks due to the other 
enol acetate isomers could be detected in the vpc (or the nmr) 
of the acetoxymercuration product. 

Tosylate of 3-Butyn-1-01 with Mercuric Acetate in Acetic 
Anhydride. 3-Acetoxy-3-buten-1-01 Tosylate (2b).-The tosyl- 
ate ( l b )  of 3-butyn-1-01~' (0.19 g) was treated with 2.5 ml of a 
mercuric acetate solution [prepared by dissolving 17 mg of Hg- 
(0Ac)z in 10 ml of acetic anhydride and adding 0.02 ml of BF3. 

1-Octyne with Mercuric Acetate in Acetic Anhydride. 

(54) Melting points were determined on a Fisher-Johns hot stage melting 
point apparatus. Infrared spectra were determined with a Perkin-Elmer 
Model 137 spectrometer. Nmr spectra were taken on a Varian T-60 spec- 
trometer, using TMS as an internal standard, unless otherwise noted. Mass 
spectra were obtained on a Hitachi Perkin-Elmer Model RMU-7 instru- 
ment. Microanalyses were performed by Micro-Tech Laboratories, Inc., 
Skokie, Ill. Vpc analyses were done on a Varian Aerograph Model 90-P3 
gas chromatograph, using one of the following columns: (a) 10% SE-30 
on Chromosorb W, 10 Et X 0.25 in.; (b) 5% SE-30 on Chromosorb W, 5 
ft  X 0.25 in.; (0) 20% Carbomax 20M on Chromosorb W, 10 ft X 0.25 in. 

(55 )  The toxicity of asiridine is discussed in J. A. Riddick and W. B. 
Bunger, "Organic Solvents," 3rd ed, Wiley-Interscience. New York, N. Y . ,  
1970. 

(56)  The components were stirred for 1 hr a t  room temperature (under 
nitrogen) t o  effect solution. 

(57) A similar reaction with an internal standard present suggested tha t  
this was approximately the optimum time. 

(58) Ir and nmr spectra were taken of the crude product before distilla- 
tion t o  ascertain that the products were present in the reaction mixture and 
were not formed during distillation. 
(59) J .  F. Normant and M. Bourgain, TetrahedronLett.,  2659 (1970). 
(60) H. Nakata and A. Tatematsu, 0 ~ g .  Mass Spectrom., 4, 211 (1970). 
(61) G. Eglintonand M. C. Whiting, J. Chem. Soc., 3650 (1950). 
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Et201 for 3 hr. After work-up (as for 2a), 0.21 g of a light yellow 
oil was obtained: ir (film) 4.51 (small, impurity of 5b?), 5.71, 
5.99 p ;  nmr (CC14) 6 7.8-7.15 (4 H, aromatic), 4.77 (d, J = 
2 Hz) and 4.70 (m) (1.S H, vinyl H), 4.07 (t,  2.1 H, J = 6 Ha, 
CHzO), 2.67-2.36 (m, C=CCHz) and 2.42 (broad s, ArCHs) 
(5.1 H total), 2.18 (small s, impurity of 5b?), 2.0 (9, 2.9 H ,  

A portion of the product was chromatographed on Florisil 
(benzene-methylene chloride), giving a colorless oil having the 
same ir and nmr spectra as before chromatography. The mass 
spectrum showed m/e 284 (M+, very small), 242, 224 (small), 
172,155,112,91,70,43. 

2-Methoxy- 
1-octene (2c).-A mixture of 1.09 g (3.4 mmol) of Hg(0Ac)z 
and 8 ml of methanol was stirred for 5 min, then cooled in ice, 
and 0.5 ml (0.37 g, 3.4 mmol) of 1-octyne was added dropwise. 
The ice bath was removed and the mixture was stirred for 15 
min.57 After cooling in ice again, 8 ml of pentane was added 
followed immediately by 140 mg of NaBH4 in 3.4 ml of 3 M 
NaOH. Sodium chloride was added to saturate, the ice bath was 
removed, and the mixture was stirred for 15 min.62 The pentane 
was separated and the remainder was extracted twice more with 
pentane. The combined pentane extracts were dried, concen- 
trated,6* and evaporatively distilled (0.1 mm, 70") yielding 0.31 
g (6574) of colorless liquid, ir (film) 6.05 p ,  The nmr spectrum 
(CCla) indicated the product to be the terminal enol ether 2c 
containing 9y0 of the dimethyl ketal 6a. No other peaks were 
present; in particular, no peaks due to the double bond isomer(s) 
of the enol ether 4c were detectable. Vpc (SE-30)54afb showed 
two peaks assigned to the enol ether and 

ir 
(Cc14) 6.05 p ;  nmr (CC1,) 6 3.76 (s, 2 H), 3.49 (s, 3 H), 2.25- 
0.7 (13.4 H);  mass spectrummle 142 (XI+), 85,72. 

The analytical sample was prepared by vpc collection (Carbo- 
wax).K4c Anal. Calcd for CgH180: C, 75.99; H,  12.96. 
Found: C, 75.64; H,  13.16. 

To prepare an authentic mixture of the isomeric methyl enol 
ethers of 2-octanone (2c and 4c), the ketone was converted to 
the dimethyl ketal 6a with trimethyl o r t h o f ~ r m a t e . ~ ~  A sample 
of the ketal free from ketone was obtained by percolation through 
Florisil in hexane: ir no carbonyl or hydroxyl; nmr (CClr) 
6 3.08 (s, 6 H), 1.6-0.8 including s a t  1.17 (16 H). This ketal 
was heated with a crystal of p-toluenesulfonic acid monohydrate 
in a distillation apparatus under nitrogen (175', 30 min), and 
the residue was evaporatively distilled (0.1 mm, 40'), giving the 
mixture of enol ethers 2c and 4c: ir (film) 5.83 (small, 3a), 
6.01, 6.05 p ;  nmr (CCla) 6 4.25 (broad t,  J = 7 Ha, vinyl H of 
4c), 3.76 (s, vinyl H of 2c), 3.49 (s, C&O of Zc), 3.43 (s, CHIO 
of 4c), 3.08 (small s, CH30 of 6a), 2.25-0.7 including s at 1.70 
(vinyl methyl of 4c). The ratio of more substituted to less sub- 
stituted double bond was approximately 1: 1 and the percentage 
of ketal was less than 5% by the nmr integration. 

2-Ethoxy-l- 
octene (Zd).-l-Octyne (0.5 ml, 0.37 g, 3.4 mmol) was treated 
with 1.09 g (3.4 inmol) of Hg(0Ac)Z in 8 ml of ethanol for 15 
niin67 according to the procedure used for the methyl enol ether 
2c. After work-up, when most of the pentane solvent was re- 
moved by distillation, white crystals precipitated and were filtered 
off and dried. The crystals (0.20 g) had spectra and melting 
point compatible with di-1-octynylmercury (7): ir (Cch)  4.64 p ;  
nmr (CCL) 6 2.5-2.1 (4 H),  1.8-0.7 (22 H) ;  mp 81.5-82.5' (lit. 
mp 82-83' ,37e 80.4-80.7°s7b). 

The mother liquor was concentrated and evaporatively dis- 
tilled (0.1 mm, 60') producing 0.19 g (36%) of colorless liquid 
and 0.16 g of crystalline pot residue. The distilled product had 
ir (film) 6.05 p ;  nmr (CCl4) 6 3.73 (s), 3.67 (9, J = 7 Hz), 3.39 
(small q partially covered by previous q, J = 7 Hz, impurity of 
6b), 2.24-0.7. The integration indicated that about 6% of the 
diethyl ketal 6b was present.63 No peaks attributable to the 
double bond isomer(s) of the enol ether (4d) were detectable. 
The mass spectrum showed m/e 156 (M+), 99,71. 

CHaCO). 

1-Octyne with Mercuric Acetate in Methanol. 

The enol ether was purified by vpc collection (SE-30):54b 

1-Octyne with Mercuric Acetate in Ethanol. 

(62) This i n  situ demercuration procedure is essentially that  of Brown.81 
(63) The vpc peak area ratios in duplicate runs were not always strictly 

reproducible, suggesting that  the compounds were not completely stable to  
our vpc conditions; therefore vpc has not been used for quantitative deter- 
minations of product composition for this reaction. 

(64) The procedure is analogous to  that of House2 for the preparation Of 
diethyl ketals with triethyl orthoformate. 
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A sample was prepared for analysis by vpc collection (SE-30).64b 
Anal. Calcd for CIOH~OO: C, 76.86; H ,  12.90. Found: C, 
76.71; H, 13.18. 

An authentic mixture of the ethyl enol ether isomers 2d and 4d 
of 2-octanone was prepared by the procedure2 used for the methyl 
enol ethers 2c and 4c. The diethyl ketal 6b65 was made from 
triethyl orthoformate and 2loctanone and purified by percolation 
through FlorisiI: ir, no carbonyl or hydroxyl; nmr (CCla) 6 3.39 
(9, J = 7 Hz, 3.3 H) ,  1.65-0.7 (22 H) .  The ketal was converted 
to the enol ethers by heating with p-toluenesulfonic acid as be- 
fore, and the residue was evaporatively distilled (0.1 mm, 40'), 
giving the mixture of enol ethers 2d and 4d: ir (film) 5.83 (small, 
3a) 6.02,6.05 p; nmr (CCl,) 6 4.25 (broad t ,  J = 7 Hz, vinyl H of 
4d), 3.73 (s, vinyl H of Zd), 3.9-3.2 (appeals to be three overlap- 
ping quartets, centered a t  3.39, 3.62, and 3.68), 2.25-0.7 includ- 
ing broad s at  1.70 (vinyl methyl of 4d). 

1-Octyne with Mercuric Chloride in Pyrrolidine. AT-2-Octyl- 
pyrrolidine @).-To a solution of 1.84 g (6.8 mmol) of HgClz in 16 
ml of pyrrolidine was added 1 .O ml (0.74 g, 6.8 mmol) of 1-octyne 
dropwise. After stirring at  room temperature for 3.5 hr, the 
reaction mixture was cooled in ice and 16 ml of pentane was added 
followed by a solution of 280 mg of NaBH4 in 6.8 ml of 3 M 
NaOH. NaCl was added t o  saturate, the ice bath was removed, 
and the mixture was stirred for 1.5 min.'j2 The pentane was 
separated and the remainder was extracted twice more with 
pentane. The combined pentane extracts were dried, concen- 
trated,68 and evaporatively distilled (0.1 mm, 70") yielding 1.06 g 
(8676) of colorless liquid having ir and nmr spectra compatible 
with the saturated amine structure. Vpc analysis (SE-30 and 
Carbowax)5+ showed two peaks, the smaller (10% of the peak 
area) having the same retention time as 2-octanol. The major 
product was purified by vpc collection (SE-30)648 and had ir, nmr, 
and vpc retention time identical with those obtained from the 
reaction product of 2-bromooctane and pyrrolidine (5 .5  hr, 80- 
l l O ' ) ,  nmr (benzene) 6 2.65-2.05 (5 H), 1.85-0.8 including dou- 
blet a t  1.05 (J = 6 Hz) (20 H). 

A sample was prepared for analysis by partitioning the amino- 
mercuration product between ether and 1 N HC1. The aqueous 
layer was washed twice with ether and neutralized with NaOH. 
The neutralized solution was extracted with ether; the ether 
extract was dried, the solvent was removed, and the residue was 
evaporatively distilled (0.1 mm, 70'). 

Anal. Calcdfor CI2H2jN: C, 78.61; H,  13.75. Found: C,  
78.82; H ,  13.80. 

1-Octyne with Mercuric Acetate in Aziridine. 2-Aziridinyl-l- 
octene (2e).-To an ice-cooled solution of 2.18 g (6.8 mmol) of 
Hg(OAc), in 16 ml of aziridine was added 1.0 ml (0.74 g, 6.7 
mmol) of 1-octyne dropwise. The ice bath was removed and the 
reaction solution was stirred for 20 mir~ .~ '  The solution was 
cooled in ice and 16 ml of pentane was added followed by a solu- 

(65) H. E. Carswell and H. Adkins, J .  Amer. Chem. Soc., 60, 235 (1928). 

tion of 280 mg of NaBH4 in 6.8 ml of 3 M NaOH. NaCl was 
added to saturate, the ice bath was removed, and the mixture was 
stirred at room temperature for 15 min.62 The layers were 
separated and the aqueous layer was extracted twice with pen- 
tane. The combined pentane extracts were dried, concen- 
trated,@ and evaporatively distilled (0.1 mm, 80"), producing 
0.18 g (17.5%) of a colorless distillate: ir (film) 5.83 (small, 
3a?), 6.15 p; nmr (benzene) 6 4.28 (m, 1 . 5  H, vinyl H), 2.4-0.7 
(17 H )  including s a t  1.52 (aziridine ring H)  (in CC14 the vinyl 
protons occurred as a multiplet centered at  6 4.08); mass spec- 
trummle 153 (M+), 96,55. 

Anal. Calcdfor ClOHl~N: C,  78.36; H ,  12.50. Found: C, 
77.96; H,  12.76. 

The nmr sample (cc14) of the enamine was stirred for 5 min 
with an equal volume of 6 N HCl. After neutralization with 
NaOH, the layers were separated. The organic layer was washed 
with 1 N HC1 and dried (NazSO4). The nmr was identical with 
that of 2-octanone and the vpc (SE-30)64bshowed only a large peak 
at the same retention time as that of 2-octanone. 

1-Octyne with Mercuric Acetate in Aziridine. Long Reaction 
Time.-To an ice-cooled solution of 0.82 g (2.6 mmol) of 
Hg(0Ac)z in 6 ml of aziridine was added 0.38 ml (0.28 g, 2.5 
mmol) of 1-octyne dropwise. The ice bath was removed and the 
reaction solution was stirred for 4.25 hr. After work-up as before 
(see 2e),58 the crude product was evaporatively distilled in two 
fractions: (1) 0.1 mm, 64-80', 0.20 g; (2) 0.1 mm, 80°, 0.19 g. 
Vpc analysisBS (SE-30)54asb indicated the first fraction to contain a 
considerable amount of enamine and the second to contain mostly 
higher retention time substance. The spectra of the second frac- 
tion showed ir (film) 5.83 (small, 3a impurity), 6.02 p ;  nmr 
(CC14)66 6 3.37 (broad t ,  J = 7 Hz), 2.9-0.7 with broads a t  1.80. 

The nmr sample of the second fraction was stirred with DzO for 
3 hr. The nmr66 of the cc14 layer showed mainly peaks cor- 
responding to  2-octanone while the spectrum66 of the DzO layer 
(relative to DSS) showed only two mirror-image multiplets 
centered at  6 1.33 and 1.73 (area ratio 1 : 1) and two mirror image 
multiplets centered at  6 2.32 and 2.78 (area ratio 1: 1). 
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