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BY G. F. HENNION AND S. OLIVIA BARRETT~ 

RECEIVED NOVEMBER 30, 1956 

Acetylenic carbinols, notably the tertiary isomers, may be eqterifieti with certain aromatic carboxylic acids in pyridine 
p-Strobenzoic acid in particular gives 

The esters 
solutio11 in the presence of p-toluenesulfonyl chloride (Hrewster's method, ref. 3). 
excellent results, generally affording nicely crystalline derivatives of characteristic melting points in good yields. 
may be semi-hydrogenated to  the corresponding vinyl carbinol esters with 55;  Pd-BaCOa in ethyl acetate. 

Discussion 
In connection with other problems under investi- 

gation in this Laboratory, need arose for a variety 
of acetylenic carbinol esters and their semi- and 
fully hydrogenated analogs, i.e., the corresponding 
vinyl- and ethylcarbinyl Compounds. Solid esters 
amenable to careful purification (for studies in 
kinetics) were particularly desired. Rrewster's 
method3 has been found to  be exceptionally well 
suited for this purpose. 

Excellent yields of 3,5-dinitroberizoates were ob- 
tained when p-toluenesulfonyl chloride was mixed 
with pyridine solutions of the acid and a variety of 
tertiary aIcohoIs a t  ice-bath temperature (Table 
111). Surprisingly, the attempted syntheses of the 
corresponding p-nitrobenzoates gave almost quan- 
titative yields of the crystalline anhydride and no 
esters. The relative insolubility of this anhydride 
in cold pyridine in contrast to the dinitro anhydride 
seemed a reasonable explanation, since Brewster 

bath temperature (thus maintaining homogeneity 
throughout the reaction time) proved satisfactory 
for the preparatiop of a lsrge variety of p-nitro- 
benzoates and sevrrdl monobromobenzoates (Ta- 
bles 1 and TV). Anisic acid, however, at steam and 
ice-bath ternperatures gave a quantitative yield of 
the anhydride, although this anhydride is soluble 
in both hot and cold pyridine. Apparently homo- 
geneity is riot the contfollinp factor. 

Chemical stability of the "intermediate anhy- 
dride" probably ckiermines the course of the reac- 
tion. The question arises, however, as to whether 
the reactive iritermeJiate is a symmetrical anhy- 
dride as proposed by 13rewstc.r' or a mixed anhv- 
dride. Pyridine-catalyzed esterifications of 4- 
methyl-1-butyn-3-01 with anisic, p-chlorobenzoic 
and p-nitrobenzoic anhytlrides a t  steam-bath tern- 
perature were iinsatrsiactory. The ester was iso- 
lated only in the case of the fl-nitrobenzoate; anti 
the yield, less thar! in twice the r i ~ r n a l  reac- 

TABLE I 
ACE rYLENIc C A R B I h  OL ~-I\-ITROBENZOATES, RR 'C( C ~ C H ) O C O C E I I ~ S O ~  

Yield, hl p., Carhou, yo Hydrogen, % 
Cmpri. R R' Formula % o c .  Calcrl Yoiind Calcd r o u n d  

I 
I1 

111 
I V  
v 

VI  
i.1 I 
VI11 
IS 
x 
SI 

S I 1  
XI11 
SI\' 
X v 

XVI 
x VI I 

XYIII 

94 
83 
63 
n 1 
87 
SO 
96 
9 5 
93 
88 
93 
93 
90 
87 
60 
89 
91 
94 

126-127 
72" 

53G4 

72-73 
88-89 

72 
66 
G? 

54 55 

49 
52-53 
72-73 

104- 105 
72-73 

84 
107-109 

.?I 
i i  

"0 /a 

61.79 
F3. l ( i  
63.lfi 
64.3f-i 
64.36 
64.36 
64.36 
65. 90 
66 .43 
6 5 . 4 3  
A S .  32 
66.41 
60.41 
66.41  
09.15 
67.33 
os 11 
69.28 

4.76 4 .51  
5 . 2 9  5 47 
5.29 5 fin 
3.79 5 . 9 1  
5.79 5 .  71 
5.79 5% 
R . 7 R  5.96 
5 . 5 3  5.77 
6.23 6 32 
6 . 2 3  6.4-0 
3.94 4 .10  
6.63  6 .27  
0.62 6 . 7,'j 
6.6'3 6 . 7 5  
4.44 4 .(:I 
6.98 6 .  RP 
7.31 7 . 3  
7 .O,P 7,17 

4 Lit. m.p. 68-69' (J. R. Hickman and J. Kenyon, -7, Chem. Soc., 2051 (1955)) * 4-hfpthyl-2 hcwyn-~-yl P-iiitrohenzo- 
ate, CIIa(C1Hh)C(C=C-CHI)OCOC~H4N02 1-Ethynylcyclohexyl p-nitroDen7oate; lit. m p. 64--G4.5' I J. If' Cook 
and C. A. Lawrence, J .  Chem. Soc.. 61 (1938)). 4-l-Butyl-I-ethynylcyclohesyl fi-nitrohenzmtr.. 

had suggested that this synthesis is actually a 
pyridine-acid anhydride esterification, the anhy- 
dride being formed in situ. Accordingly, the 
Brewster procedure when carried out at steam- 

(1) Paper LXV on substituted acetylenes; previous paper, THIS 

(2) Abstracted from the I'h D. Divsertation of Sr. hf. Olivia Bar- 
J U U R N A I . .  79, 2142 (1957). 

rett .  K.S.M. 
(3) J. H. Brewstcr and C.  J. Ciutti, Jr., Tnrs JOURNAL, 77, 6214 

1955). 

tion time, was not coxnparable to the 945& yield ob- 
tained in the presence of p-toluenesulfonyl chlo- 
ride. 

Furthermore, the trend of reactivity for the 
Brewstcr procedure is xehtecl to the :?cisiic disso- 
ciation constants of the reacting acid-the stronger 
the scid the more facile tlic esterification. Reac- 
tions were on a O.@l-molar scale arid the results are 
summarized in Table i f . 
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TABLE I1 
VINPLCARBINOL 9-NITROBEXZOATES, RR'C( CH=CH2)0CGCeH4N02 

X I S  CHJ CHa Ci2HiaNO4 88 106-108 61.27 61.30 5.57 5.43 
xx CHI CzHs CiaHisNO4 90 93-94 G2.64 G2.73 6.07 6.08 

XXI CH~(CHZ)ICH?' C,6II1,NO( 85 102-103" 65.44 65.33 6.23 6.46 
X S I I  CHa C E H ~  Cl7H15N04 98 87 68.68 68.52 5.09 5.13 
a l-\hylcyclohexyl p-nitrobenzoate; lit. m.p. 101-102° (J. W. Cook and C. A. Lawrence, J .  Chrrr2. Soc., 61 (1938)). 

Pield, M p . ,  Carbon. Hydrogen, 1% 
Cmpd R R' Formula % OC. Calcd. Found Calcd. Found 

TABLE I11 
ACETYLEXIC CARBINOL ~ , ~ - D I ~ I T R O B E N Z ~ A T E S ,  RR'C( C=CH)OCOCBI-TJ( NO& 

Cmpd. R K' Formula % C. Calcd. Found Calcd. Found 

XXIII CHI CH3 ClzHioNz06 87 112 51.80 51.83 3.62 3.68 
XXIV C€Ia CzHs CiaHizNiOs 86 72-73 53.42 53.67 4.14 4 . 2 8  
XXV C P H ~  CIH6 Cl4HirN?os 78 72-73 54.90 64.93 4.01 4.61 

XXVI CHr n-C3H, Cl4Hllr\"2O8 47 64-66 54.90 54.03 4.61 4.G9 
XXVII CH3 1'-CaH? C14HllN208 72 62-63 54.90 54.69 4.01 4.76 

XXVIII CH~(CH*)ICHZ" CisHiiN208 98 109-1 10" 56.60 56.28 4.34 4.64 
XXIX CHa i-CsH11 CleHiaNzOs 65 72-73 57.47 57.53 5.42 5.33 
XXX CHj CsHa CIlHl2N2Og 87 112 59.99 60.03 3.55 3.86 

XXXI CH3 r2-CsHis Ci,HaN20~ 85 59 58.61 58. 66 5 .79  5.84 
XXXII CH3 n-ClHts C18H *?NZOB 92 55-56 $59.66 60.05 8.12 G.39 

l-Ethynylcyclohexyl3,5-dinitrobenzoate; lit. m.p. 104.5-106° (J. 11'. Cook and C. A. Lawrence, J .  Chem. Soc., 61 (1938)). 

Yield, Y.P. ,  Carbon, yo Hydrogen, 

XXXIII ~ - I - C I H ~ ( C ~ H P ) '  C19H22~206 74 154-155 G0.95 G0.76 5.9% 6.0.2 

b 4-f-Butyl-1-cthynylcyclohexyl 3,5-dinitrobeiizoate. 

TABLE I V  
ACETYLENIC CARBINOL MONOL~ROMOBENZOATES, RR'C( C=CH)OCOC&I,Br 

Yield, M.P., Carbon, 'rg IIydrogen, % 
Cmpd. R R' Formula % OC. Colcd. Pound Calcd. Found 

XXXIV CHr CHa CuH1,BrOz" 89 63-64 53.95 53.93 4.15 4.38 
XXXV CHa C& C18HlsBr02" 74 65 55.53 55.48 4.66 4.95 

XXXVJ C Z H ~  C2Hs CI'HISB~OZ" 71 41-42 56.97 66.54 5.12 5.43 
XXXVII CH~(CH&CH: C I  HI gB r 0 ~ '  80 86-87 58.64 58.58 4.92 5.30 

XXX\rTII CHs C&I' C17Hl3BrO2' 75 85 62.02 82.13 3.98 3.93 
XXXIX t-C4Hg-(CsHg)C C1pH23BrOe' 74 103 62.81 62.83 0.38 6.36 

XL CH3 CIIS C12HllBrOtd 67 46-47 53.95 53.97 4.15 4.31 
XLI CHI C G I ~  Ci7HisB1.02~ 32 80-61 62.02 03.02 3.98 4.70 

nz-Bromobenzoate. 1-Bthynylcyclohexyl m-bromobenzoate. 4-t-Butyl-1-etliyn~lcyclohexyl nz-bromobcnzoate. 

TABLE V binols and their acetates4 Using ethyl acetate as 
E~~EKIFICATION OF 3-METHyI.-1-suTyN-3-OL: INFI,UENCE the solvent, reduction of the tertiary acetylenic 

OF KB ON REACTION p-nitrobenzoates a t  room temperature was com- 
plete with the addition of two atoms of hydrogen 

Ka Ice-bath Steam-bath per molecule. The yields are reported in Table I1 
3,j-Dinitro 1 . 6  X Ester Ester" and in each case are 15 to 20yo higher than the 
2,4-Dichloro > 1 . 3  X Ester Ester yields obtained by esterification of the vinyl alco- 
2-Chloro 1 . 3  X 10-8 Oilb Oilh hol. 
4-Nitro 4 . 0  X lo-' Ester + arihyd. Ester 
3-Bromo 1 . 4  X lo-' Anhydride Ester Experimental 
4-Chloro 9 . 3  X Anhydride Ester Carbinols.-Generous sarnples of 3-metliyl-l-butyn-3-o1, 

3-methyl-1-peiitpn-3-01, 3,5-dimethyl-l-liexyn-3-ol, 3- 
ethyl-1-pentpn-3-01 and I-ethynylcyclohexnno1 were 4 -Bromo 6 . 6  X hiiliydride Ester 

4-Methyl 4 . 5  X 10-6 Anhydride rynllydride obtained from Ail. Reduction Chemicd Co. and Reilly Tar 
4-Methoxy 3 . 2  X Anhydride Anhydride and Chemical Corporation. Air Reduction Chernicel Co. 

also supplied samples of 3,4-dimethyl-l-pentyn-3-01, 3- 
methyl-l-liexyn-3-ol, 3,G-dimetl1yl-l-heptyn-3-ol, %methyl- 
I-non yn-3-01, 3-met 11 yl-1 -decyn-3-01, 3-et hyl- 1 -1ieptyn-3-01, 

I-ethpnylcyclohexanol. 4-Methyl-2-hexyn-4-01 was supplied 
by Dr. Raymond Fleck, St .  Edwards University, Austin, 

considered and the semi-hydrogenation of the Texas. 1-Hexyn-3-cl and 3-phen)-l-l-prop~n-3-01 as Tv~11 
as 3-ethyl-1-hexyn-3-01 and 3-propyl-1-hexyn-3-01 r e r e  
prepared by the reaction of sodium acetylide in anhydrous 
liquid ammollia wit11 tilc appropriate carbonyl compound 
and were supplied by Drs. Kenneth Seison' and Eugene 

Recently 5y0 palladium supported on barium Teach.6 3-Phenyl-1-buten-3-01, 3-methyl-1-penteii-3-01 and 

(4)-=nHennion, rt a!., J. Org. Chem., 21 ,  1142 (1956). 
( 5 )  G. F. Hennion and E. G. Teach, T ~ I S  JOURNAL. 75,1653 (1063). 

p-Broniobenzoate. 

Substituted Product formed 
benzoic acid 

a Room temperature. b Probably liquid ester. 

The dialkylvinylcarbinyl esters "1 were 3-ethyl-l-octyn-3-0], 3-phenyl-l-butpn-3+1 alld ~j-t-butyl- 
Prepared by two independent routes, the esterifi- 
cation of the vinyl alcohol by the procedure just 

tertiary acetylellic esters. identity of products 
indicates that  the Rrewster procedure does not ill- 
volve an allylic rearrangement. 

carbonate was reported to he an semi- 
hydrogenation catalyst for both acetylenic car- 
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1-vinyIcycIoliexano1 were prepared by- the semihydrogena- 
tion of the corresuondinc acetvlenic .ilcohols.4 . 

Preparation of 3,5-D~itrobenzoates.-These esters were 
prepared by the procedure described by Brewster . 3  

Preparation of p-Nitrobenzoates and Monobromobenzo- 
ates.-Molecular equivalents (0.05 mole) of acid and alcohol 
ivere dissolved in dry pyridine (cn.  65 ml.)  by placing the 
mixture on a steam-bath. A4bout 0.050.08 mole of p -  
toluenesulfonyl chloride was added and after 2 Iir. a t  steam- 
bath temperature, the cooled solution was poured into three 
volumes of iceand water. The crude crystals were collected, 
washed with ice-water and usually recrystallized from 
aqueous ethanol. 

Semi-hydrogenation of p-Nitrobenzoates.-Two- 
liundredths mole of the ester was dissolved in 50 ml. of ethyl 
acetate, and 5% Pd-BaCOs (0.03-0.08 g.) was added. 
The reduction was carried out a t  room temperature and an 
initial pressure of ca. 50 p.s.i.g. The solution was filtered 

and the filtrate allowed to evaporate a t  room temperature 
The crude crystals were recrystallized from aqueous ethanol 
with the exception of 3-phenyl-1-buten-3-y1 p-nitrobenzoate 
(XXII). This ester is very sensitive to solvolysis; con- 
sequently, recrystallization was most efficient using petro- 
leum ether. 

Acknowledgments.-The authors are indebted 
to Dr. F. E. Cislak, Reilly Tar and Chemical Corp., 
Indianapolis, Ind., and to Dr. C. 0. Herman, 
Air Reduction Chemical Co., New York, for 
generous supplies of acetylenic carbinols. Appreci- 
ation is also expressed to G. A I .  hlaciak and H. I,. 
Hunter of the Lilly Research Laboratories, Indian- 
apolis, for the analyses reported in Tables I-IT’. 
NOTRE DAME, INDIANA 

[CONTRIBUTION FROM THE CHEMICAL LABORATORIES OF THE UNIVERSITY OF NOTRE DAME: 
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dcetylenic carbinol esters, RR’C(C=CH) OCOR”, undergo extremely slow solvolysis in mixed aqueous solvents, as do the 
chlorides, RR’C(Cl)C=CH, and rapid saponification in the presence of base. The semi- and fully hydrogenated analogs 
(--CH=CHz and --CHzCHs in place of -C=CH) solvolyze more rapidly and saponify more slowly. Variations in R and 
R’ do not alter the saponification rates so significantly. In the acetylene series the ester group, -0COR”. is not comparable 
to -C1 in reactions with bases. 

Discussion 
Tertiary acetylenic chlorides, RR’C(Cl)C=CH, 

undergo remarkably slow solvolysis in aqueous sol- 
vents and react much more rapidly by second-order 
kinetics in the presence of b a ~ e . ~ , ~  There is con- 
siderable evidence that the reactions with bases are 
initiated by attack on the acetylenic hydrogen 
a t ~ m . ~ - ~  It was, therefore, of interest to ascer- 
tain if acetylenic carbinol esters behave in a similar 
manner. The solvolysis of a variety of such com- 
pounds (as well as their hydrogenation products) 
and their behavior in alkaline solutions have now 
been studied. 

In solvolytic reactions there is good correlation 
between halide and ester reactivities, the order of 
ease of carbonium ion formation in polar solvents 
being the same, vinyl >> ethyl > ethynyl. The 
stability of the carbon-halogen and carbon-oxygen 
bonds is considerably different, however. The 
solvolysis of 3-chloro-3-methyl-1-butyne a t  25” 
in SOYo aqueous ethanol is extremely slow but easily 
d e t ~ c t a b l e ~ ? ~  while 0.01 N solutions of the corre- 
sponding 3-bromobenzoate, 4-broniobenzoate, 4- 
chlorobenzoate, 4-nitrobenzoate and 2,4-dichloro- 
benzoate in 90% aqueous ethanol a t  room tem- 
perature were neutral to litmus after a period of 8 
months. Solvolysis was evident only in the case 
of the 3,5-dinitrobenzoate. Moreover, the corre- 
sponding acetate was recovered in almost quanti- 

(1) Paper  LXVI on substituted acetylenes; previous paper, THIS 
JOURNAL, 1 9 ,  2146 (19571. 
(2) Abstracted from the Ph.D. Dissertation of Sr. M. Olivia Bar- 

re t t ,  R.S.M. 
(3)  G. F. Hennion and D. E. Maloney, THIS JOURNAL, 1 3 ,  4736 

( 1  951). 
i l l  C .  I‘. Hennion and K. W. Nelson, ibid., 79, 2142 (1957). 
f.i) G f:. I-lennion and IC. G. Teach, ib id . ,  16,  1653 (1953). 

tative yield after boiling for 50 hr. in absolute 
ethanol. In SO% aqueous ethanol, 3-methyl-l- 
pentyn-3-yl p-nitrobenzoate was recovered in 96y0 
yield after 50 hr. of refluxing. The corresponding 
vinyl ester under comparable conditions underwent 
considerable solvolysis. The order of solvolysis is 
more evident when one compares the reactivity of 
3-phenyl-1 -butyn-3-yl p-nitrobenzoate and the cor- 
responding semi-hydrogenated ester. Introduc- 
tion of a phenyl group facilitated alkyl-oxygen 
heterolysis in both compounds. Boiling the ethy- 
nyl compound in absolute ethanol for only 2.5 
hr. gave p-nitrobenzoic acid in 59%. yield. The 
vinyl ester, 3-phenyl-1-buten-3-y1 9-nitrobenzoate, 
was still more sensitive to solvolysis. Recrystal- 
lization from aqueous solvents or absolute ethanol 
resulted in decomposition of the ester, and sol- 
volysis in absolute methanol a t  room temperature 
was rapid (S2Y0 decomposition in four days.) 
Although the saturated esters were not included 
in this study, Cohen and Schrieiders have demon- 
strated the sensitivity of t-butyl benzoate to alkyl- 
oxygen fission. When this ester was boiled for 4 
days in absolute methanol, a 60% yield of t-butyl 
methyl ether was obtainedS6 

Product studies of tertiary acetylenic esters un- 
der saponification conditions clearly demonstrated 
the reaction to be a normal nucleophilic attack on 
the carbonyl carbon rather than on the acetylenic 
hydrogen atom. Both the acetate and the 3 3 -  
dinitrobenzoate of 3-methyl-1-butyn-3-01 were sa- 
ponified in aqueous ethanol a t  room temperature ; 
the ethyl ether, the expected product of alkyl- 
oxygen fission,3 was not produced. I t  may be 
concluded that the strong electrophilic character of 

(6) S .  Cohen and A. Schneider, i b i d . ,  63, 3383 (1941). 


