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_-Reaction of a,&dichloroacrytitrile with arylsultinatc salts in rctluxing ethanol gave high 
yields of arybulfonytacztonitrilcs. A pmpcd intermediate, achlor@-~tolylnytaaylonitxib 
can be i&tad and can be converted toptolybulfonylecttonitrile under the conditions of the rtadion. 
/?,,!J-Dicfrloroaaylontrile similarly gives a&o&rile derivatives on reaction with sultinatc salta. 

NUCLEOPHILIC displacement of halide ions from the /?-positions of a$-unsaturated 
ketones and esters is greatly aided by the electron-accepting abilities of the CO 
groups.* Scotti and Frazza have recently reported that B_halocrylonitriles similarly 
are quite susceptible to nuclcophilic attack. Reaction of &chloroacrylonitrilc 
with sodium ptolylsulfmate was found to give &ptolylsulfonylacrylonitrile in high 
yield.eb 

We recently reacted a,B_dichloroacrylonitrile with several arylsulfinate salts, 
expecting to obtain the achloro-B-arylsulfonylacrylonitriles. To our surprise, 
however, the reactions often resulted in shortening the acrylonitrile to give acetoniwik 
derivatives. Further investigation showed that other typts of substituted acryloni- 
triles also gave acetonitrile, rather than acrylonitrile, derivatives on reaction with 
nucleophilic agents. 

This paper reports several reactions of this type, and some observations about their 
mechanisms. 

Reactions of sul$nute sahs with sgdichlorwcrylonitrile 

a$-DichloroacrylonitriIe (I) was prepared by dchydrochlorination of o&!?- 
trichloropropionitrile with quinoline. * The NMR spectrum of the product (in CDCl,) 
suggested that both cls and tram isomers were produced, as had previously been 
concluded from polarographic studies .a Two dilferent vinyl proton absorptions at 
T 2.73 and 7 2.95, in the intensity ratio 4: 1, were present in the spectrum. Comparison 
with the spectra of the ci.r and truns isomers of @-chloroacrylonitrile and B_ptolyl- 
sulfonylacrylonitrile (Table r) led to the assignment of the lower field absorption to the 
isomer in which the nitrile group and &hydrogen atom were cf.r to each other.’ No 

I~ofthisworLhu~npublishedluaprrliminuycommuniatioo: M.V.KaltiandB.Milkr, 
them. & It&. 5s5 (1966). 

w N. K. Kotshctkov. C&m. Tech. 7,518 (19SS). AIN. e Refs. in: ’ F. Scotti and F. J. Fnuza, 
1.0~. Chem. 29, 180 (1964). 

* W. H. Jura and R. J. Gaul, 1. Am. Ckm. Sot. eO.5402 (19S8). 
4 H. Hopeen, G. Maaxguni and F. Teddci. [R cc. 7hL cwm. 83,937 (1964)l have shown that 

in /I-qlwlfonylacrylic aci& the CO group has a grater dahklding effect on a @-bydrop c& 

to it than on one froN to it. 
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attempt was made to separate the two isomers, since further work indicated that both 
isomers gave similar reactions with nucleophilic reagents. 

Addition of I to one molar equivalent of sodium ptolylsullinate dihydrate (II) in 
refluxiag ethanol gave, after 1 hr. 3344% yields of p-tolylsulfonylacetonitrile (III). 
Compound III was identical with the reaction product of II with chloroacetonitrile! 
The apparently low yields of III could be increased by raising the molar ratio of II to I. 
When I was added to 2 equivalents of II, III was obtained in 99% yield. III must, 
therefore, be obtained from both the cis and lrunr isomers of I. 

The increase in the yield of III when more than one molar equivalent of II is used 
is presumably due to liberation of hydrogen chloride during the reaction, which converts 
one equivalent of sulfinate anion to the acid, as is shown in quation 1: 

CHCl=CClCN + 2 C,H,SO,Na + C&OH -!- H,O - 
I 

I1 / : (l) - C&SO,CH,CN + GH,SO,H + C,H,OCH + 2 Nacl 

III 

Ethyl formate, the other organic product of the reaction, could be isolated from the 
reaction mixture by VPC. 

Reaction of I with one molar quivalent of sodium benzenesulfinate, sodium p 
chlorobenzenesuhinate, or sodium pnitrobenzenestinate similarly gave the corre- 
sponding arylsulfonylacetonitriles in yields of 3947 %. 

Several possible mechanisms can be conceived for formation of arylsulfonylace- 
to&riles from I. Perhaps the simplest path, formally, would be displacement of a 
chloride ion from the acarbon of I, followed by reaction of the resulting sulfone 
with water or alcohol (Eq. 2). However, the evidence for the very high reactivity of 

0 

I+RSO,“- In + (CA& (2) 

‘CN 

8_haloacrylonitriles, as compared to vinyl halides lacking a strong electron-with- 
drawing group in the /I-position,* is so strong that this mechanism should only be 
resorted to if all other paths have been ruled out. 

Alternatively, I might react with solvent, rather than a sul.6nate ion, to give chloro- 
acetonitrile (Eq. 3). which then would react with sulfinate salts to give sulfonylaceto- 
nitriles. This path, however, can readily be shown to be incorrect. Compound 

OCi 0 
II I 

I+H,O)‘HCXHKN 
EIOII II 
-cKSCN+ct)4ocH (3) 

I was recovered unchanged alter one hour in refluxing aqueous ethanol. Addition 
of carboxylate salts to raise the pH of the solution above that of a solution of 
sulfinate salts had no effect. The initial reaction, therefore, must involve both 
I and II. 

a J. Trocgcr and W. Hille. /. ha&f. Chim. 71,226 (1903. 



1148 B. Mum and M. V. W 

Formution and reactions of a-chloro-/l-p-tolykuIfonylacry~onitrUe 

Since other paths seem quite improbable, the expected displacement of a chloride 
ion from the /l-position of I to give achloro-B-ptolylsulfonylacrylonitrile (IV) seems 
a necessary lirst step in formation of III. That this is, in fact, the case was demonstrated 
by isolation of a 44% yield of IV, together with a small amount of III, by slow addition 
of one equivalent of II to a solution of I in ethanol at 0”. Somewhat higher yields 
(61%) of IV could be obtained by addition of II to a solution of I in DMF. 

The geometry of IV is not certain. The crude product has a vinyl proton absorption 
at 7 266, and a smaller (ca. 10% of the intensity) peak at 7 2.77. The minor peak is 
eliminated on recrystallization. We are tentatively assuming the minor peak represents 
the geometrical isomer of IV, and are therefore assigning the cls H and CN geometry 
to IV, on the basis of the arguments used to assign structures to the dichloroacrylo- 
nitriles. 

Reaction of IV with one molar equivalent of II in refluxing ethanol for ) hr gave 
an 86% yield of III. Prolonged retluxing in aqueous ethanol in the absence of 
added II also resulted in the partial conversion of IV to III. The l ‘uncataIyxed” 
reaction is presumably aided by ptoluenesulfinic acid produced as the reaction 
progresxs. 

0 
I / 

mg-o-Me HC .CH 
\ 

CN 
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43 

--SO,CH,CN r E&H 
- 

III 

The susceptibility of IV to nucleophilic attack is presumably due to the presence 
of the electron accepting sulfone group @- to the chlorine atom. The disulfonylcyano- 
ethylene (V), which would be formed by replacement of chloride by II, should be 
readily attacked by alcohols or water. Martin has reported that sulfonyl groups in 
1,2dicyano-1,2disulfonylethylenes are rapidly displaced by alcohols to give a,a- 
dialkoxy-/3-sulfonylsuccinonitriles. a The monoalkoxy ethylene VI, which is most 
probably an intermediate in that reaction? seems likely to be less reactive than V to 
nucleophiles, since the alkoxy group should increase the electron density at the double 
bond. 

o E L. Martin, 1. Am. Chem. Sot. 85.2449 (1963). 
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OMC 

“sp,3c cc” 
r&OH- 

[ 1 RSOa\ F - R=.\H I 

S0.R NC’ 
C-C, C-tSCN (5) 

OMC NC’ 1 
OMC 

VI 

Preparation and reactions of &9-dichloroacrylonitrile 

In view of the unexpected results obtained with a$dichloroacrylonitrile, it seemed 
of interest to study the reactions of II with /?$dichloroacrylonitrile (VII). Compound 
VII was prepared by reduction of a-acetoxy-&/?,/3-trichloropropionitrile with zinc. 
Reaction of VII with one molar equivalent of II in refluxing ethanol again gave III in 
42% yield, comparable to the yield from reaction of II with I. 

One possible mechanism for formation of III from VII is shown in Eq. 7. The 
presumed intermediate VIII could not be isolated from reaction of II and VII in etha- 
nol. When II was added slowly to a solution of VII in DMF at o”, however, an oily 

0 
II 

O--CMc 0 H 
I II 

Ci,CXH--CN + Zn- CLZn4KMe + 
8’+k.. 

(6) 

VII 

product was obtained which had a conjugated nitrilc band at 4.5 ,u in its IR spectrum. 
VPC analysis showed the product to be essentially free of VII, and to contain only 
about 10% of III. Rcfluxing the oily product with II in aqueous ethanol converted 
it completely to III. It seems probable, therefore, that VIII was a major constituent 
of that material. 

To confirm this hypothesis, we attempted to synthesize VIII by addition of chlorine 
to tranr-B_ptolylsulfonylacryIonitrile, (IX) followed by dehydrochlorination of the 
product. Despite several attempts in sealed tubes and in solvents, however, only 
starting material could be recovered. Addition of bromine to IX did occur, although 
the reaction was very slow. In one attempt to increase the rate of addition, IX was 
heated in excess bromine for 1 hr. The products of the reaction were ptolylsulfonyl 
bromide and tribromoacrylonitrile. The desired dibromide X could be prepared by 
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allowing IX to stand in methyleae chloride with one equivalent of bromine for 24 hr. 
The same dibromide (m.p. 89-91”) was obtained under the same conditions from cis-p- 
tolylsulfonylacrylonitrile. The crj IX was presumably isomerized to Iruns IX under the 
reaction conditions, possibly by addition of bromine atoms to the double bond. 

Dehydrohalogenation of X with potassium t-butoxide in t-butanol or dimethylani- 
line in chloroform gave a monobromide with a vinyl proton peak at 7 2.63 in its NMR 

-SO,CHdHCN + 2Br, + 

Ix 

I Br,. CH,CI, (8) 

M /\ 
-Q 

ON\ MC 
/ \ 

-0 

& 
-SO,CHBr-CHBrCN F M -SO,--CH-C 

- <c N 
X XI 

spectrum. It was therefore considered to be the a-bromo-acyanoethylene XI, rather 
than the desired /?-bromo isomer. Reaction of XI with II in refluxing ethanol again 
gave III in 43 % yield, presumably by a path similar to Eq. 4. 

EXPERIMENTAL’ 

Reocrioa o/aJWchl~oacryloni:ri& uith sodium ptoly&d$warc 

(a) 1: 1 Mo&r rut&. To a rdluxing soln of sodium ptolylsul5nate dihydrata (23.8 g. @lo mole) 
in 12s ml anhyd EtOH WM added a$dichloroacrylonitrile (12.2 g, 010 mole). The rtldion mix- 
ture wasatirred under re8ux for 1 hr and 6ltcccd while hot to n-move NaCl. Evaporation of the solvent 
under vacuum 1eR 6.93 g (3S.S”~ptolyhulfonylacetoaitrile, m.p. 140-143”. R-on from 
bcnxeno gave colo&sa needles, m.p. 1495lS@S”, u&qx~~! by admixture with an authentic 
WlPlC.’ 

Similar reactiona with the appropriate sodium arylsul5nates gave p&eny~fony~fonlfrile,~ m.p. 
113-l 15 (39% yield); ~rophnylnJfonyllour4nlrrllr,l m.p. 173-17f (41% yield); and p-&fro- 
+nylnrl/onykruronlrrUr. m.p. (from EtOH) 171-173”. (42*S% yield). (Found: C, 42.8; H. 2.79; 
N. 12.2; S, 14.4s. Calc. for CJi,N$O,: C. 425; H, 2.67; N. 12.4; S. 14.2x.) 

(b) 1: 2 Molar rurlo. The reaction between a&dichloronaylonitririle and sodium ptolylsulfinate 
dihydrate was carried out as in method A. cxctpt that 2 molar cquin of the salt were used to one of 
the nitrile. When worked up as in method A. the reaction gave a 99% yield of uudeptolylsulfonyl 
acetonitrile, m.p. 14S-147’. 

A soln of a&dichlororaylonitrile (12.2 g. 0.10 mole) in SO ml DMF was -Ied to 0” and stirred. 
Sodium ptolylsulflnate dihydrate (21.4 g, @lo mole) was added in small portiolu over a period of 
20 min. while the tanp was maintained below 1”. The reaction mixture wsu stirred for an additional 
10min. and thtn poured into 1 I. &-water. The pale yellow ppt m flltcred. washed with cold 
water, and dried under vacuum to give 14.8 g (61*2’& of solid, m.p. 88-90”. I\wo rcuyxtallizations 
from pcntanc gave colorless crystals, m.p. 94-9s”. (Found: C, 49.9s; H, 3.3s; Cl, 14.7s; N, 
597; S, 13.0. G&z. for C,.H,ClNO,S: C, 49.7; H. 3.31; Cl, 14.7; N. 5.80; S. 13*25%.) 

A small portion (0.8 gj of the product was insoluble in pentant. It was identitled as ptolyl- 
rulfonylacetonitrilc by comparison of IR spectra and mixed m.p. 

v All m.p.r arc corrected. NMR spectra were taken on a Varian A-60 spectrometer in CDCI, soln. 
Microanalyses by Galbraitb M&oanalytical Laboratories, Knoxville, Term. 
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Conoers~n of aslJor~~-ptoiylsul/ony~y~~trilc to ptoiyt!wlfonylacetonitr&% 

To a refluxing soln of achlor~~~tolylsulfonylcrylonicrile (2Q g. Qoo83 molt) in 15 mI 95 ‘/o 
EtOH was ad&d tiium ~toiy~~~t~ dihydrate (1.8 g, o-o&Q mole). Afttr & fir, the reaction 
mixture was cooled in ice and the solid product (1*4g, 86%) mp. 149-lW, was flltcrcd and dried 
in air. It was identified as ptolylsulfonylacctonitrile by its m.p. and IR sp&rum. 

Prqmration of @dichlormcryhltrUe 

A soln of aaoctoxy-B,Bstrichloropropionittilz (254 g, @I 15 mole) in 100 ml THE was rcflttxed 
onastaunbizth,sndZndust(7.50g.~llSmok)whifhhadprtviouslybecnwasbodwithHCIwar 
added in small portions through tire top of the condenser. Vigorous ebuliition followed ewb addition 
of 2%. The total addition time WBS 1.5 hr. Most of the solvent was then evaporated under vacuum 
and the residue quickly distikd at 2 mm prow and a bath tanp of 170” to give 37+3 g colorkas fluid. 
Thb WBJ rcdistilkd at atm press to give 8.5 g (W70 mole, 61”/3 of ~,&dicbloroacrylonitrikrik, b.p. 
139-142”. (Found: C, 29.5; H, 1.55; N, 11.7; Cl, 58.5. cak. for C.HC7.N: C, 29.5; H. 083; 
N, 11.5; Cl, S&2%.) 

Reaction of ~,~~r~y~~tr~e with sodium pto~y~~~te dihy&afe 

(a) In e&ad. &M3ich~oroacryIonitriIe (366 g. &030 mole) mu added drop by drop to a soln 
of .u&tmptolykulBnatc dihydratc (6.43 g. 0930 mole) in 30 ml refhuing abs EtOH. After r&u&g 
for 1 hr, the hot reaction mixture weu filtered to remove NaCI. The tiltrate ~85 cooled in ia. The 
resulting ppt was filtered off and dried in air to give 2.43 g (41~60/3ptolyhulfonylaatonitrile, m.p. 
148”. 

(b) In DMF. Sodiumptolykuhinate dihydratt (2-65 g. O-0125 mole) was added over a )hr period 
to a stirred sotn of ~,~~~or~lo~~e (150 g; OG123 mole) in 20 ml DMF at 0”. The mixture 
was stirred for 15 mitt after the end of the addition. It was then poured into i-water and extracted 
with CH,CI,. The CH,CI, soln was washed twice with water, dried and evaporated to give 190 g 
yellow oil, which could not be crystallized. Its IR spatrum had a peak at 4.5 p. WC analysis on 
a 6 ft, 2 % silicone oil column showed the product to contain kas than 1% of 3,3dichlotoacrylonitrik, 
and about 10% of ptolylsulfonykatonirrile. The crude product was dissolved in 2Oml EtOH, 
sodium ptoIybutfinate dihydrate (20 g) added, and the mixture ret&cd for 1 hr. The hot soln was 
filtered to remove salt and cooled in ice. The pptd sotid, m.p. 146-M”, weighed 1.70 g (71%) and 
was identifkd as ptolylsulfonykoctonitrile by its IR spectrum. 

Preparation of ~./34brom+ptolylsulfonylpropiomWle 

(a) From tran~-gtolylsdfonykuryfonitrile. ~rvu-ptolylsulfonylanylonitrile (SO g, @0242 mole) 
waz~ suspended in SO ml CHIC&. A soln of Br (4.10 g. 0.0256 mole) in 10 ml CH,C& was added. 
The mixture was allowed to stand at room temp for 24 hr. by which time the color had faded to a 
light orange. Evaporation of the solvent left 890 g orange oil, which crystallized on scratching. 
Two rccrystallizations from benzene-hcxane gave 60 g (Ml64 mole. 68”/3 white crystals, m.p. 
132-134”. (Found: C, 32.6: H, 2.49; N, 357; Br, 43.9. Calc. for C@.Br,NO&: C, 32.7; H, 
2.45; N, 3.71; Br, 43.1x.) 

(b) From d+-p-tolylsulfonyiacrylonttrile. cri7pTolylsulfonykcryacryronitrile was prepared by tbc 
method of Scotti and Frazra.* Razystaflimtion from benznc-pentant gave the pure eir-sutfooe 
as white nccdks, m.p. 87-88” (rcportcd. m.p. 73-8P). Reaction of l@Og of tbc sulfone (OW83 
mole) with 84 g Br (WSO mole) in 30 ml CH,Cll at room tcmp for 70 hr gave f 1.5 g dibromide, 
m.p. 131-134” (from hcxane), identical with the product obtained from the tram-sulfonc. 

Reaction of tr~gtolylsulfonyl~yacrylonirrilc with excess bromit~ 

A mixture of Br (9.5 g, 0059 mok) and tronr-ptolylsulfonykcryknhrik (2+0 g, 00097 molt) 
was rct&xcd on a steam bath for 2 hr. Evaporation of the exa$s Br Ieft a brownish, evil-smelling, 
partly crystalline residue which WBS twioe rccrystalhzcd from benzene to give 1 G g (OW425 mole, 
44%) ptolyfsulfonyl bromide. m.p. 94-95” (r~portcd,~ m.p. W”). Reaction of the bromide with 

* A. Pinner and F. Fuchs, C&m. Err. 10, lOS8 (1877). 
@ W. Otto and 0. v. Grubcr, Lieb@ Ann. 142,98 (1867). 



1152 B. MKUR and M. V. KALNIM 

EtONa in EtOH gave ethyl ptolylsulfonatc. identical in IR apcctrum and VPC retention tirmm with 
an authentic sample. 

The residual mataial from the recrystallization was chromatographcd on Woclm neutral alumina, 
eluting with pentanc-CH,Cl,. Evaporation of the solvent gave 070 g brown solid. which was rc- 
aystallizcd from bcnzznc-hexane to give @6 g zJ?.B_tribromoacrylonitrile @00207 mole, 21’/3 as 
pale yellow needles. m.p. 97-99”. (Found: C. 12.6; N. 46%; Br. 82.1. Cak. for GBr,N: C, 12.4; 
N. 4.84; Br. 82.3 %.) 

Prepararion of a-bromo-B_ptoly&~fony~ylo~lr~e 

(a) Dimethylanilinc (1.0 g, 090828 mole) was added to a suspension of 3+0 g zJ?dibromo-/?-p 
tolybulfonylpropionitrik (OXK@Z mok) in 50 ml chf. The mixture became homogeneous after 10 min. 
It was retluxcd for 2 hr. cooled. washed with dil HCl and dried over MgSD,. Evaporation of the 
solvent left 20 g yellow oil. which was chromatographcd through a short (1 inch) column of neutral 
alumina and elutcd with CIi,Cl,. Evaporation of the solvent gave a colorkss oil which crystallized 
on scratching. Recrystallization from benzene gave 1.2 g (OGO42 mole. 51 “/,, a-bromo-&ptolyl- 
rulfonylacrylonitrile, m.p. 89-91”. (Found: C, 41.8; H, 2.91; S, 11.2; Br, 27.8. CU. for 
C,,H,NSD,Br: C, 42.1; H. 2.81; S, 11.2; Br, 28.0%.) 

(b) A suspension of +3dibromo-~ptolylsulfonylpropionitrile (6Q g, 04174 mole) in 50 ml 
t-butyl alcohol was cookd in ice and stirred while a soln of potassium t-butoxidc (2.3 g, 0.0177 mok) 
in 50 ml t-butyl alcohol was slowly added. The mixture turned a dap brown at the start of the 
addition. At the end of the reaction, the mixture was dissolved in CH,Cl,. washed several times 
with water, dried and evaporated to give @78 g gummy solid. The product was quickly chromato- 
graphed through a thin pad of alumina and elutcd with CH,Cl, to give @4 g while solid. Rccrystal- 
lization from hcxane gave @20 g (ooO70 mole. 4 %) solid, m.p. 87-89”. The IR spectrum and mixture 
m.p. showed the product to be identical with that from method A. 

Reacrkm of a-brormF~prolylncl/onyla~y~nirrllc wirh sdiwn p~olylsu$!inure dihydrarc 

A mixture of sodium ptolybulflnate (0.75 g, O+M35 mole) and a-bro~~tolylsulfonylauylo- 
nitrite (lag. OXX335 mok) in 10 ml 95% UOH was rcfluxcd for 1 hr. The hot soln was filtered and 
the filtrate cooled in ia. The ppt (029 g, 43’b m.p. 143-145”, was idcntifkd as ptolylsulfonyl- 
acetonitrile by its IR spectrua 


