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Base-catalyzed addition of mercaptoalkanoic acids and esters to propiolic acid and its esters gives, under mild 
conditions, carboxyalkylthioacrylic acids and their mono- and diesters. Reaction in protic polar solvents gives 
predominantly cis thioacrylates whereas aprotic solvents strongly favor the trans products. 

It is well known that thioacrylates (I) are produced 
when thiols add to propiolic acid and its esters.2 

RSH + HCECCOOR' RSCH=CHCOOR' 

Our interest in these compounds stemmed from the 
observation that the S-C=C--C=O moiety which 
they contain simulates a major structural feature of 
the penicillins (11) and cephalosporins (111). Thus, 
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suitably constructed thioacrylates might well be useful 
intermediates in the synthesis of such fused P-lactam 
antibiotics, the group X providing the nitrogen atom, 
and either X or the thioacrylate function the carbonyl 
group. Thioacrylates, moreover, are conveniently 
prepared in either the cis or the trans geometry, and 
preservation of this geometry during cyclization might 
permit a stereoselective penicillin-cephalosporin syn- 
thesis. 

Alkyl, as opposed to aryl, thioacrylates seem to have 
been little studied. We report here upon one group 
of such compounds, the carboxyalkylthioacrylic acids 
(I, R = H, X = -COOH), their esters and half-esters, 
and other derivatives. The compounds (1-15) pre- 
pared are listed in Table I. 

TABLE I 
CARBOXYALKYLTHIOACRYLIC ACIDS AND ESTERS 

A-CHzCHI-S-CH=CH-B 
--Compound- ----Group------ 

cis trans A B 

1 2 COzH COzEt 
3 4 COtH COaH 
5 6 C02Me COzEt 
7 8 CHzCOzH C02H 
9 10 CHiCOzH COzEt 

11 COaMe COzH 
12 13 COCl COCl 
14 CONHCaH6 COzEt 
15 CONHCaH6 COIEt 

(1) A grant from Bristol Laboratories, Syracuse, N. Y. 13201, in sup- 

(2) A comprehensive list of references is given in a recent paper by W. E. 
port  of this work is gratefully acknowledged. 

Truce and G. J. W. Tichenor, J .  Org.  Chem., 87,2391 (1572). 

The reaction of thiols with propiolates is very slow 
in the absence of catalysts but is accelerated remarkably 
by bases. Thus neutral alkanethiols such as benzyl 
mercaptan, methyl 0-mercaptopropionate, and methyl 
7-mercaptobutyrate react completely with propio- 
late esters in alcohol, aqueous alcohol, acetonitrile, 
or diethyl ether within 30-60 min after addition of 
catalytic amounts of pyridine or triethylamine at  room 
temperature. Free mercaptoalkanoic acids neutral- 
ized to  p H  -8 with rather more than 1 mol of aqueous 
base react equally readily, the pH of the reaction mix- 
ture rising to 10-12 as the buffering effect of the thiol 
group disappears. The reactive entity undoubtedly 
is the thiolate ion. Rather surprisingly, salts of pro- 
piolic acid react with thiols almost as readily as do 
esters. The carboxylate anion would hardly be ex- 
pected to activate the acetylene to nucleophilic addi- 
tion as much as the ester group does, and the question 
is open as to whether the propiolate anion or the small 
amount of free propiolic acid in equilibrium with it 
(at pH 8-9) is the entity which actually undergoes 
nucleophilic addition. 

The predominant initial products from reactions 
effected in aqueous and alcoholic solvents were the cis 
alkylthioacrylates. The trans isomers usually could 
be recovered from mother liquors, with or without 
deliberate or fortuitous isomerization of residual cis 
material. The well-known rule of trans addition3 
thus is obeyed. The generally accepted rationaliza- 
tion of this rule involves coordination of thiolate ion 
a t  the P carbon of the acetylene to give a resonance- 
stabilized anion which subsequently accepts a proton 
from the protic solvent (HB) on its least-hindered 
side. 
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(3) 8. Miller, J. Chem. Chem. Soc., 78, 6091 (1556); C. K. Ingold, J .  
Chem. SOC., 2991 (1954); W. E. Truce, J .  Amer. Chem. Soc., 78, 695, 2743, 
2756 (1956); F. Montanari  and A. Negrini, Gam Chin. Ital., 87, 1073 (1957). 
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I t  occurred to us that, if protonation on the less 
hindered side a t  the expense of proton donor solvent 
is indeed a major factor in trans addition, a change of 
solvent might produce a dramatic change in product 
stereochemistry. An aprotic solvent would be in- 
capable of such involvement and, if, in such a solvent, 
the thiol and the basic catalyst were to behave as a 
thiolate-protobase ion pair, protonation by the proto- 
base might, perforce, take place on the same side as 
thiolate coordination-a cis addition giving trans 
product. The lower the concentration of reactants, 

moreover, the greater would be the likelihood of 
such quasiintramolecular reaction. This possibility 
promised not only a revealing test of the accepted 
mechanism, but also a means of tailoring the reac- 
tion, merely by change of solvent, t o  give a pre- 
dominance of either the cis or the trans product directly, 
a t  will. 

The solvent effect was explored using ethyl pro- 
piolate and methyl mercaptopropionate as reactants 
and a trace of triethylamine or pyridine as catalyst 
since these reactants, and the products, are conve- 
niently soluble in solvents ranging from aqueous al- 
cohol to ether and dichloromethane. Results are 
detailed in Table 11. In dilute aqueous ethanol the 

TABLE I1 
SOLVENT AND CONCENTRATION EFFECTS IN THE 

TRIETHYLAMINE-CATALYZED REACTION OF METHYL 
MERCAPTOPROPIONATE WITH ETHYL PROPIOLATE 

Solvent/ 
reactant 

Solvent ratio (m/v) % cisa % transa 

None 48 52 
EtOH-H20 100 85 15 

EtOH-H20 10 85 15 

EtOH 5 70 30 
Et20 5 33 67 
Et20 125 20 80 
MeCN 5 33 67 
MeCN 50 20 80 
MeCN 100 20 80 

(1: 10) 

(1: 1) 

a Determined by nmr analysis of crude mixtures after evap- 
oration and dissolution in CCl+ 

usual product ratio (85% cis, 15% trans) was obtained. 
In  absolute ethanol, this ratio fell to 7 : 3, and, in ether 
or acetonitrile a t  ordinary concentrations (20y0), 
inverted completely t o  a 1 : 2 ratio. The extreme case, 
reaction in dilute (1%) solution in ether or acetonitrile 
gave 80% of trans and only 2070 of cis product. Sim- 
ilar results are being obtained in other cases currently 
being studied, and the results obtained in a large num- 
ber of thiol addition reactions which we had previously 
effected in aqueous, alcoholic, and aqueous-alcohol 
solutions, with variable isomer ratios being produced, 
are satisfactorily rationalized in terms of the solvent 
effect. We venture to  predict, therefore, that base- 
catalyzed additions of thiols to  propiolates and related 

activated acetylenes in dilute solution in aprotic sol- 
vents and poorly protic solvent mixtures will, in gen- 
eral, favor the formation of trans enesulfides. 

The diacids (3, 4) and their half-esters (1, 2) reacted 
smoothly with oxalyl chloride. No indication of cis- 
trans isomerization was revealed by nmr spectra of the 
unpurified acid chlorides. The cis compounds were 
characterized as the anilide-ester (14) and the dianilide 
(15). 

Experimental Section416 
Structures (cis or trans) were determined by nmr,O vinyl proton 

coupling constants of 10-11 and 15-16 Hz being assigned to the 
cis and the trans isomers, respectively. 
Ethyl 3-(2’-Carboxyethy1thio)acrylate. Cis (1) and Trans (2) 

Isomers.-Ethyl propiolate (19.6 g, 0.2 mol) in EtOH (25 ml) 
was added t o  a solution of 3-mercaptopropionic acid (21.2 g, 0.2 
mol) and KOH (11.2 g, 0.2 mol) in a water (50 m1)-EtOH (175 
ml) mixture. The pH was adjusted to 8.5-9.0 and the mixture 
was stirred overnight, acidified with HC1 (16.2 ml of 38%, 0.2 
mol), and refrigerated. The white crystals (20.5 g, mp 105- 
106”) which were deposited were recrystallized from CHC18 (35 
ml) giving cis-ethyl 3-(2’-carboxyethy1thio)acrylate (1): 14.5 
g (35.5%); mp 107.5-108’; ir (Nujol) 5.85, 5.95, 6.36, 14.6 1.1; 
nmr (A-60, CDCla) 6 1.32 (t, 3 H,  J = 7 Hz, -OCHICHI), 2.95 
(m, 4 H, -SCH.ZCHZCOOH), 4.25 (9, 2 H, J = 7 Hz, -OCH2- 

J = 10.5 Ha, -SCH=); uv X E  287 nm (e 12,300). The 
aqueous-alcoholic mother liquor was extracted five times with 
CHCl,; the extract was dried (MgSOa), combined with the 
CHCla mother liquors, and evaporated to dryness. The residue 
crystallized from CCL (75 ml) to give additional somewhat less 
pure cis product (13.2 g, 33%), mp 101-106. Evaporation of 
the CC14 mother liquors gave a yellow oil (6.6 g) which was 
shown by nmr to be mostly the trans isomer 2. Distillation of 
this was attended by considerable decomposition and afforded 
only 2.0 g (5%) of trans-ethyl 3-(2’-carboxyethy1thio)acrylate 
(2): bp 152’ (0.8 mm); n 2 5 ~  1.5319; ir (liquid film) 5.87, 6.33, 
7.67, 10.6 p;  nmr (A-60, CDCla) 6 1.26 (t, 3 H,  J = 7 Ha, 
-OCH&Ha), 2.94 (symmetrical multiplet, 4 H, -SCHzCHr 

CHa), 5.92 (d, 1 H,  J = 10.5 Ha, =CHCOOEt), 7.15 (d, 1 H,  

COOH), 4.17 (q ,2  H ,  J = 7 Hz,  -OCHzCHa), 5.76 (d, 1 H,  J = 
15 Hz, =CHCOOEt), 7.67 (d, 1 H, J = 15 Hz, -SCH=); uv 
X:$278nm (e 18,300). 
cis-3-(2’-Carboxyethylthio)acrylic Acid (3).-Propiolic acid 

(2.0 g, 29 mmol) and 3-mercaptopropionic acid (3.03 g, 29 mmol) 
were dissolved in an EtOH-water (1:3) mixture (50 ml) con- 
taining KOH (3.2 g, 58 mmol). The pH was adjusted to 9 with 
aqueous KOH. After 4 hr the mixture was acidified with HC1 
(4.7 ml of 38%, 58 mmol) in water (50 ml) and chilled. The 
solid which separated (2.35 g, mp 182’), recrystallized from water 
(100 ml/g), gave cis-3-(2’-carboxyethylthio)acrylic acid (3): 
2.10 g (42%); mp 187’; ir (Nujol) 5.85, 6.05, 6.38 p ;  nmr 
(4H-100, DMSO-d6) 6 2.60 (t, 2 H,  J = 6 Hz,  -CHzCOOH), 
3.03 (t, 2 H ,  J = 6 Hz,  -SCHr), 5.88 (d, 1 H,  J 10 Hz, 
=CHCOOH), 7.44 (d, 1 H,  J = 10 Hz, -SCH=); uv 283 
nm (e 10,700). Partial evaporation and chilling of the com- 
bined mother liquors afforded a cis-trans mixture (2.05 g, 400/,), 
mp 140-160’. 
trans-3-(2’-Carboxyethylthio)acrylic Acid (4).-A mixture 

similar to that used for the preparation of the cis isomer 3 was 
adjusted to pH 7 and kept a t  25” for 30 hr prior to being acidified. 
Partial evaporation and chilling afforded crystals of fairly pure 
trans-3-(2’-carboxyethylthio)acrylic acid (4) (35%), mp 155- 
156O, a portion or which was recrystallized twice from water and 
once from COHO-EtOH ( 1 O : l )  mixture to give pure material: 
mp 158-159”; ir (KBr pellet) 5.83, 6.02, 6.33, 7.67, 10.4 l ~ ;  
nmr (4H-100, DMSO-&) 6 2.70 (t ,  2 H,  J = 7 Hz, -CHzCOOH), 

(4) See paragraph at end of paper regarding supplementary material. 
(5) Spectra were determined using Varian A-60, Jeolco 4H-100, Perkin- 

Elmer 337, and Bausch and Lomb “Precision” instruments. Chemioal 
shifts, 8 ,  are ppm downfield from tetramethylsilane. Melting points are 
uncorrected. Solvent removal was invariably effected under reduced pres- 
sure (5-15 mm) a t  30° or below. 

(6) W. E. Truce and B. Groton, J .  Org. Chem., 27, 128 (1962); H. Hoge- 
wen ,  G. Maccagnani, and F. Taddei, Red. Trau. Chim. Pays-Bas, 83, 937 
(1964). 
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3.14 ( t ,  2 H, J = 7 Hz, -SCHz-), 5.83 (d, 1 11, J 1q7 Ha, =CH- 
COOH), 7.73 (d, 1 11, ,I = 13 Iiz, -CHS-); uv A?: 275 nm 
(e 15,800). 

The cis diacid (3), dissolved in water containing a little Ha- 
SO4, was converted into the trans isomer to the extent of 95% in 
2 days a t  25O. Recovery of the latter acid after evaporation to 
dryness, washing with ice-w:Lter, and recrystallization was titjYoo. 

&-Ethyl 3-(2 '-Carbomethoxyethy1thio)acrylate (5) .--Triethyl- 
amine (1 drop) was added to a solution of methyl 3-mercapto- 
propionate (2.4 g, 20 mmol) and ethyl propiolate (2.0 g, 20 
mmol) in 1StOI-I-water (1 : l )  mixture (40 ml). Aft'er 12 hr, 
solverlt was removed by evaporation under reduced pressure to 
leave, in practically quantitative yield, an oil which contained 
(nrnr) 85% of the cis and 1.5% of the trans product. Distilla- 
tion (Nester-Faust adiabatic spinning band column, 200: 1 re- 
flux ratio) afforded cis-ethyl 3-(2'-citrbomethoxyethylthioj- 
acrylate (5) (3.1 g, io%, 99% pure) as a slightly yellow oil: 
bp 114" (0.6 mni); 7LZ3D 1.5141; ir (liquid film) 5.73, 3.89, 12.5, 
14.1 p ;  nmr (A-60, neat) 6 1.17 ( t ,  3 H, J = 7 IIz, -OCHzCH3), 
2.69 (slightly split triplet, 2 11, J = 5 .5  Ilz, -CHzCOOl'Ie), 
3.02 (slightly split triplet, 2 H ,  J = 5.6 He, -SCHz-), 3.63 ( s ,  
3 H,  -OCH3), 4.12 (q, 2 H,  J = 7 Hz, -OCHzCH,), 5.82 (d, 1 

S C H = ) ;  uv AZ:OH 284 nm (e 13,000). 
trans-Ethyl 3-(2'-Carbomethoxyethy1thio)acrylate ( 6 )  .-Reac- 

tion effected as in the preparation of the cis isomer but in dry 
acetonit,rile or eiher (200 ml) as solvent, gave an oil which con- 
tained (nmr) 807, of the trans and 2076 of the cis product. 
Distillation gave kms-ethyl 3-(2'-carbomethoxyethylthio)acryl- 
ate (6) (2.8 g, 64c/,, 97% pure) as an almost colorless oil: bp 
108" (0.6 mm); n z 3 ~  1.5107; ir (liquid film) 5.75, 5.87, 6.32, 
7.67, 10.6 p;  nrnr (A-60, neat) 6 1.21 ( t ,  3 H, J = 7 IIz, -0CHz- 
CH3), 2.71 (slightly split triplet, 2 11, J = 6 Hz, -CHzCOOAIe), 
3.10 (slightly split triplet, 2 11, J = 6 Hz, -SCHz-), 3.61 (s, 3 H ,  

J = 15 Ilz, =CHCOOEt), 7.57 (d, 1 H ,  J = 15 Hz, -SCII=); 
uv A,,, 

Reaction effected in the absence of solvent (the mixture be- 
came quite warm) gave an equimolar mixture (nmr) of cis and 
trans isomers. Reactions in other solvents (Table 11) gave, in 
all cases, weights of crude products corresponding to complete 
consumption of the volatile st,arting materials. N o  detectable 
amounts of side products were revealed by nmr. 

cis-3-(3'-Carboxypropylthio)acrylic Acid (7).--pThiobutyro- 
lactone (10.2 g, 0.1 mol) was heated under reflux with NaOH 
(4.0 g, 0.1 mol) and phenolphthalein solution ( 3  drops) in water 
(100 ml) until a clear colorless solution was obtained (30 min). 
The cooled liquid was mixed with a solution of propiolic acid 
(7.0 g, 0.1 mol) and XaOH (4.0 g, 0.1 mol) in water (50 ml), 
adjusted to pII 8.5 with NaOH, kept 14 hr at  25', acidified with 
IlCl (16 ml of 38'%, 0.2 mol), and chilled. The copious white 
crystalline precipitate (17.9 g, 947,) melted a t  115-118' and 
contained (nnir) less than 5yc of trans material. Pure cis-3- 
(3'-carboxypropylthio)acrylic acid (7), crystallized from COHe 
containing a little EtOI-I and then from water, had mp 121- 
122"; ir (KBr pcllct) 5.92, 6.31, 6.30, 14.3 p ;  ninr (411-100, 
DMSO-&) 6 1.80 (quintet, 2 1-1, J = 7 IIz, -CH2CH~CH~-), 

Hz, -SCH=); uv A:$ 283 nm (e 10,600). 
trans-3-(3'-Carboxypropylthio)acrylic Acid (8).-The cis isomer 

(7) was dissolved in water (-100 ml/g) containing &so4 ( - 5  
drops/g), and the solution was kept at  25" for 5 days and then 
evaporated to near-dryness. The damp solid was washed with 
ice-water and the crude product (mp 185-170") was crystallized 
twice from CCGRIeOH (6: 1) mixture to give pure trans-343'- 
carboxypropy1thio)acrylic acid (8) (60'&), as white prisms: 
mp 173-174"; ir (KBr pellct') 5.87, 6.00, 6.35, 7.70, 10.4 1.1; 
nmr (411-100, DlZISO-rlo) 6 1.80 (quintet, 2 1-1, J = 7 Hz, -CHz- 

H,  J = 10 Hz, =CHCOOEt), 7.27 (d, 1 H ,  J = 10 Hz, 

-OC&), 4.07 (q,  2 H,  J = 7 Hz, -OCHzCHa), 5.72 (d, 1 H, 
CIf3011 275 nni (e 17,000). 

2.30 (tp 2 H, -CHzCOOII), 2.73 ( t ,  2 H, J 
5.80 (d, 1 H,  J = 10 Ha, =GHCOOH), 7.26: (d, 1 1-1, J 

7 Hz, -SCIIz-), 
10 

CHzCHz-), 2.32 (t, 2 II, J = 7 IIz, -CH&OOH), 2.85 (t,  2 H ,  
J = 7 Hz, -SCIIr), 5.68 (d, 1 H ,  J 15 Hz, =CHCOOH), 
7.52 (d, 1 13, J = 15 Hz, --SCH=); uv A",: 276 nm (E 14,500). 

Ethyl 3-(3'-Carboxypropy1thio)acrylates (9, lO).-y-Thio- 
butyrolactone (10.2 g, 0.1 mol) was hydrolyzed by heating (loo', 
30 min) with KO13 (3.6 g, 0.1 mol) in water (100 ml), and the 
cooled hydrolysate was mixed with a solution of ethyl propiolate 
(9.8 g,  0.1 mol) in EtOH (50 ml). The solution was kept 12 hr 
a t  25' and acidified with HC1 (8.1 ml of 3870, 0.1 mol), the mix- 
ture was extracted with CHC13 (4 X 50 ml), and the extracts 
were dried (lIgSO4) and evaporated to give a solid residue (19.6 

g, mp h2-56'). This was crystallized from pentane (200 ml)- 
ether (100 ml)-CIICI3 (20 ml) mixture at  -20' and recrystallized 
by Soxhlet extraction with pentane-ether (10: 1) mixture giving 
pure cis-3-(3'-carboxypropylthio)acrylic acid (9) (14.4 g ,  66%) 
as fluffy white needles: mp 64-64.5'; ir (Nujol) ri.90, 6.38, 
14.2 p ;  nmr (413-100, CDCI3) 6 1% (t, 3 H, J = 7 IIz, -0CHz- 
CH3), 1.95 (quintet, 2 H ,  J = 7 Ha, -CHZCHZCHZ-), 2.48 ( t ,  2 
II, J = 7 Hz, -CHzCOOII), 2.77 ( t ,  2 H ,  J = 7 FIX, -SCHz-), 
4.13 (q, 2 €1, J = 7 Hz, -OCHzCH3), 5.70 (d, 1 H, J = 10 Hz, 
FCHCOOEt), 7.00 (d, 1 1.1, J = 10 Hz, --SCH=); uv A Z  
289 nm (e 12,800). The combined mother liquors, concentrated 
and chilled, afforded further crystals (4.0 g, IS%, mp 25") of 
largely (95%) trans-3-(3'-carboxypropylthio)acrylic acid (IO). 
This product was not further purified and elemental analysis 
was not obtained: ir (liquid film) 5.85, 6.33, 7.67, 10.6 p ;  nmr 

(quintet, 2 H,  J = 7 Ha, -CH2CH2CH2-), 2.52 ( t ,  2 H ,  J = 7 
(4H-100, CIlC13) d 1.30 ( t ,  3 H, J = 7 Hz, -OCH%CH3), 2.00 

Hz, -CH&OOH), 2.88 (t, 2 H ,  J = 7 Hz, -SCHz-), 4.17 (q, 2 
H ,  J = 7 Hz, -OCHzCH,), 5.77 (d, 1 11, J = 16 Hz, =CH- 
COOEt), 7.63 (d, 1 H, J = 15 Ha, --SCH=); uv A ~ , : S o H  278 
nm (e 18,000). 

cis-3-(2'-Carbomethoxyethylthio)acrylic Acid (ll).-hIethyl 
3-mercaptopropionate (2.4 g, 20 mmol) in ethanol (5  ml) was 
added to propiolic acid (1.4 g, 20 mmol) and KOH (1.12 g, 20 
mmol) in ethanol-water ( 1 : 3 )  mixture (20 ml). The pH was 
adjusted to  8 with KOH and the solution was stirred overnight, 
acidified with HC1 (1.6 ml of 38%, 20 mmol), and chilled, when 
it set to a slurry of fine white needles (2.8 g, 73G/, 957; cis, mp 
91.5-92'). Pure cis-3-(2'-carbomethoxycthylthio)acrylic acid 
(11) was crystallized from carbon tetrachloride as needles: mp 
94-95'; ir (Nujol) 5.78, 5.98, 6.40 p ;  nmr (A-60, CDCh) 6 2.96 
(m, 4 H,  -SCHZCHzC00A1e), 3.75 (s, 3 H,  -OCH3), 5.97 (d, 1 
H ,  J = 10.5 He, =:CHCOOII), 7.40 (d, 1 H,  J = 10.5 Hz, 
-SCII=), 11.18 (s, 1 H,  -COO€[); uv Ai:: 273 nm (e 10,000). 

Dianilide (15) and Diacid Chloride (12) of cis-3-(2'-Carboxy- 
ethy1thio)acrylic Acid (3), and Diacid Chloride (13) of the Trans 
Diacid (4).-The cis (3) and trans (4) diacids (0.35 g, 2 mmol) 
were heated under reflux 2 hr with oxalyl chloride ( 2  ml). Re- 
moval of excess reagent under reduced pressure gave very pale 
green viscous oils. The nmr spectra (A-GO, CIlC13, Table I ,  
compounds 12 and 13) of these were readily distinguishable from 
each other and from the startingmaterials, indicated 1 he essential 
absence of isomerization of either to other, and were entirely 
consistent with smooth conversion into the desired diacid chlo- 
rides. The cis product, in ether, was treated with an ethereal 
solution of aniline (0.37 g, 4 mmol) and pyridine (0.32 g, 4 
mmol). A gummy solid separated. After 12 hr, the super- 
natant ether was removed by decantation and the residue was 
crystallized, successively, from acetone-water (1 : 1) and EtOH- 
water (1: 1) mixtures to give the cis dianilide (15) (0.33 g, 50%) 
as colorless leaflets: mp 165"; ir (Nujol) 3.03, 5.99, 6.08, 6.22, 
6.27 p .  

Anilide (14) of &Ethyl 3-(2'-carboxyethylthio)acrylate (1).- 
The cis acid-ester (1) (0.36 g, 1.8 nimol) dissolved with vigorous 
effervescence in warm oxalyl chloride (1 ml). The solution was 
kept at  25" overnight and evaporated, and the residue in ether 
(15 ml) was treated with a solution of aniline (0.17 g,  1.9 mmol) 
and pyridine (0.14 g,  1.9 mmol) in ether (25 ml). Isolation 
with ether and recrystallization from EtOH-water (1 :4) mixture 
gave the cis anilide-ester (14) (0.20 g, 38%) as white crystals 
with a pale-green cast: mp 125-125.5'; ir (Xujol) 3.03, 5.90, 
6.00, 6.23, 6.36, 13.3, 14.4 p ;  nrnr (A-60, CDCI,) 6 1.27 (t, 3 H ,  

S I IPh) ,  3.15 (t ,  2 H, J = 6.6 H z ,  -SCH*-), 4.21 (q, 2 H, J = 
7 H z ,  -OCHzCIIB), 5.88 (d, 1 H, J = 10 IIz, =CHCOOEt), 
7.40 (m, ti H, -COHS and -SCH==), 8.30 (s, 1 H ,  PhNH-); 
uv A A ~ , ~ ~ u H  245 nm (e 16,000), 285 (15,700). 

J = 7 Hz, -OCHzCHs), 2.75 ( t ,  2 H ,  J = 6.5 Be, -CHzCO- 

Registry No.-1, 41108-51-4; 2, 41108-52-5; 3, 41108-53-6; 
4, 41108-54-7; 5, 41108-55-8; 6, 41108-56-9; 7, 41108-57-0; 
8, 41108-58-1; 9, 41108-59-2; 10, 41108-60-5; 11, 41108-61-6; 
12, 41108-62-7; 13, 41108-63-8; 14, 41108-64-9; 15, 41108-65-0; 
ethyl propiolate, 623-47-2; 3-mercaptopropionic acid, 107-96-0 ; 
methyl 3-mercaptopropionate, 2935-90-2; 7-thiobutyrolactone, 
1003- 10-7. 

Supplementary Material Available .-Elemental analysis are 
given in Table I11 which will appear following these pages in the 



3510 J ,  Org. Chem., Vol. 58, No. 20, 1975 

microfilm edition of this volume of the journal. Photocopies of 
the supplementary material from this paper only or microfiche 
(I05 X 148 mm, 20 X reduction, negatives) containing all of 
the supplementary material for the papers in this issue may be 

GOREN AND KOCHANSKY 

obtained from the Journals Department, American Chemical 
Society, 1155 16th St.,  N.W., Washington, D. C. 20036. 
Remit check or money order for 63.00 for photocopy or $2.00 
for microfiche, referring to code number JOC-73-3507. 

The Stringent Requirement for Electrophiles in the Facile Solvolytic Hydrolysis 
of Neutral Sulfate Ester Salts' 

MAYER B. GOREN* AND MARY E. KOCHANSKY 
Division of Research, National Jewish Hospital and Research Center, and 

Department of Microbiology, University of Colorado School of Medicine, Denver, Colorado 

Received April 4, 1973 

The facile desulfation of neutral sulfate ester salts in boiling moist dioxane is well known. The present studies 
provide evidence that the solvolysis requires initiation by traces of impurities presumably behaving M e1ect.m- 
philes. The surface of a glass containing vessel is adequate to initiate a reaction which is precipitously catalyzcd 
to completion by the acidic product's produced. In clean 1'eflon vessels but not in glass, 2-octanol (potassium 
sulfate) (I)  and the cholestan-3&ol analog (11) are stable for prolonged periods in hot moist dioxane, but are al- 
most instantly solvolyeed following addition of almost any trivial potentially acidic contaminant cncountcred in 
a laboratory environment. At ambient temperature, dioxane solutions-suspensions of I and I1 are solvolyzed in 
less than 1 hr after addition of a trace of H2SO4 or other electrophilic reagents. 

Sulfate esters of steroids,*J many carbohydrat,e~,~J 
and simple  alcohol^^^^ are notably resist,ant to hydrolysis 
in neutral or acidic aqueous systems; however, under 
appropriate conditions many of these are rapidly sol- 
volyzcd in, relatively nonpolar, nucleophilic solvents, 
espwially moist (<l% H20) ether, dioxane, and tctra- 
hydrofuran. I n  these solvents, the free acid esters de- 
sulfate easily at ambient temperature while neutral 
alkali metal salts, with modest exceptions,2$8 are or- 
dinarily s t a b k g  

Ammonium salts (but not sodium salts) of specific 
sulfatides elaborated by i l lycobacterium tuberculosis 
also undergo facilc solvolytic hydrolysis at ambient 
temperature in reagent-grade "anhydrous" ether (H20 
content -0.005%) The principal mycobacterial 
sulfatide (SL-I) is a complex tctraacyl trehalose-2- 
sulfate.12 Studies with these sulfatides led us to the 
inference that alkali mctal sulfate ester or sulfatide salts 
in general should ordinarily be stable in ether solvents, 
that a trace of mineral acid or appropriatc clectrophile 
should init iate solvolysis, and that the reaction would 
accelerate to completion, since each desulfation event 
generates a strongly acidic anion (HS04-). For various 
salts of the mycobacterial SL-I, these deductions were 
verified." 

In  earlier st'udies of steroid sulfate esters Burstein 
and Lieberman concluded that the species undergoing 

(1) This investigation was supported by Grant No. AI-08401 of the U. 9.- 
Japan Cooperative Medical Science Program administered by the National 
Insti tute of Allergy and Infectious Diseases of the National Institutes of 
Health,  Department of Health, Education and Welfare. 
(2) S. L. Cohen and I. B. Oneson, J. Biol. Chem., 204,245 (1953). 
(3) S. Burstein and S. Lieberman, J. Amer. Chem. Soc., 80, 5235 (1958). 
(4) J. R. Turvey. Aduan. Carbohyd. Chem., 20, 183 (1965). 
(5) K. B. Guisely and P. M. Ruoff, J. Org. Chem., 26, 1248 (1961). 
(6) R. L. I%urwell, J. Amer. Chem. Soc., T 4 ,  1462 (1952). 
(7) R. D. Batts,  J .  Chem. SOC. B ,  547 (1066). 
(8) J. McKenna and J. I<. Norymberski, J. Chem. Soc., 3889 (1957). 
(9) The reported ambient-temperature solvolysis of certain apparently 

neutral steroid sulfates*~8 may result as a consequence of anchimeric participa- 
tion of unsaturated functions in appropriate positions, although such par- 
ticipation is contradicted from studies of Burstein and Lieberman.' It can- 
not yet be ruled out tha t  infinitesimal acidic impurities may account for the 
instability. 
(10) &I. B. Goren, Biochim. Biophys. Acta, 210, 127 (1970). 
(11) M. B. Goren, Ltpids, 6, 40 (1971). 
(12) M. B. Goren, 0. Brokl, B. C. Dss,  and E. Lederer, Biochemistry, 10, 

72 (1971). 

reaction is the free steroid hydrogen sulfate, and offered 
a probable mechanism as reproduced in Figure l S 3  
Conclusions of Batt,s7 also implicate the zwitterion (of 
Figure 1) as the reactive species. The proposed mech- 
anisms of our own studirs and of Figurc 1 have in com- 
mon the requirement of an intermediatc in which the 
sulfat'c ester oxygen has accepted a proton ( c j .  also 
Benkovic l 3  and Benltovic and D~nikoski '~) .  

It is well known, however, that alkali mctal salts of 
even simple sulfate cstcrs undergo rapid solvolysis in 
apparently neutral ether solvents stt elcvated tempera- 
ture, as, for example, in boiling moist dioxane.8*15j1e 
In  the Haines' group's studies of the sulfatides of 
Ochro?nonas danica,  thc solvolysis of (+)-2-octanol 
(potassium sulfate) as a model compound was examined. 
Like many steroid sulfatides, it' hydrolymd in minutes 
in boiling dioxane-1% H20 (with retention of optical 
configuratio11).~~,~7 In  their interpretat,iori of the re- 
action, Haines, et al., proposed a quite different mech- 
anistic modcl in which thc wator participating in the 
reaction was assigned a prominrnt rolc in hydrating the 
sulfate core to  generate a spccics proposed as reactive 
for the nucleophilic solvent (Ipigurc 2).  I n  this intcr- 
pretation,'* the intervention of elcctrophiles or protons 
is not, required-a concept, in contradiction with earlier 
conclusions. Thc "neutral" conditions of the solvolysis 
were implicitly sdvocatcd as a means of avoiding com- 
plicat'ions of acidic hydrolysis. 

However, reference to this high-temperature transfor- 
mation as a solvolysis in neutral moist dioxane becomes 
untenable after the initial few desulfation events. The 
intermediate dioxanc-SOs complcx must be considered 

(13) S. J. Benkovic, J. Amer.  Chem. Soc., 88, 5511 (1966). 
(14) S. J. Benkovic and L. K.  Dunikoski, Jr . ,  Biochemistr!/, 9, 1300 (1070). 
(15) G. A .  Grant and D. Ueall, Recent Frog. Hormone Res., 6, 307 (1950). 
(16) T. H. Haines, Frogr.  Chcm. Fats Other Lipids, 11, 290 (1971). 
(17) G. L. Mayers, M .  Pousada, and T. H. Haines, Biochemistry, 8, 2981 

(1969). 
(18) Respecting Figure 2, Mayers, et al.," and Haines'a suggest t h a t  a 

hydrated complex in which the water molecule is bonded to  two negatively 
charged oxygens (rather than  as in the reactive complex postulated) would 
have greater stability. However, this would not lead to  the desired products 
on attack by the  solvcnt. I t  was suggested therefore tha t  the  "heat rewired  
for the  reaction is necessary t o  provide the initial reacting species" as formu- 
lated in Figure 2. 


