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SUMMARY

Several new l,l-dicyanoethylenes, which are potent dien-
ophiles, were prepared in two or more steps by the condensa-
tion of fluorocarbonyl compounds with malononitrile. These
include (NC)2C=C(C1)Rf (Rf is CF3, C2F5, and C3F7) obtained
from perfluorocarboxylic acid esters, KCH(CN)Z and PCls, and
CF4 (CFZCI)C=C(CN)2 from CF3COCF2C1 and malononitrile. Reac-
tion of cyclopentadiene with these new dienophiles, and also
with the known (CF3)2C=C(CN)2, ClHC=C(CN)2, and C12C=C(CN)2,
gave dicyanonorbornenes. Addition of chlorine, bromine, or
hydrogen to the norbornenes gave norbornanes. Many of these
compounds are exceptionally toxic. For example, 2,2-dicyano-
5,6-dichloro-3,3-bis(trifluoromethyl)norbornane has an ap-
proximate lethal dose for rats of only 0.2 mg/kg, indicating

it to be one of the most potent synthetic oral toxins known.

0022-1139/82/0000-0000/$02.75 © Elsevier Sequoia/Printed in The Netherlands
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INTRODUCTION

Earlier [l], we reported the preparation of 1,l-dicyano-
2,2-bis(trifluoromethyl)ethylene (1), an exceptionally reac-
tive, electron-poor olefin. In the course of a routine inves-
tigation of the biological properties of this olefin and sev-
eral of its derivatives, we found that the norbornene (g,
X=Y=CF3) derived from k and cyclopentadiene had a surprising-
ly high degree of toxicity for rodents. To further investi-
gate this phenomenon, we have extended our study of the
Diels-Alder reactions of k and other known dicyanoolefins,
and have also prepared and investigated the chemistry of

several new fluorine-containing 1l,l-dicyanoethylenes.

RESULTS AND DISCUSSION

Preparation of new 1,l-dicyanoethylenes

Three new 1l,l-dicyano-2-(perfluoroalkyl)~-2-chloroethyl-
enes (3) were prepared from malononitrile and esters of per-
fluorocarboxylic acids. The potassium salt of malononitrile
was condensed with the ester to give a salt of a B,B8-dicyano-
a- (perfluoroalkyl)vinyl alcohol (2). These vinyl alcohols
were then treated with PCl5 to give moderate yields of the
dicyanoolefin %. In one case, a chlorine adduct of the ole-

fin was also obtained.

CN Q R CN R CN
a l N’ PCls N

CHK + RfCOEt —_—> C=C\\ _— C=C

en Ko~ CN c1” cN

a, Rf=CF3 b, Rf=CF2CF3 c, Rf=CF2CF2CF3
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A corresponding bromoolefin (4) was prepared from 3a by a
halogen exchange reaction, using anhydrous lithium bromide

without solvent.

CF, CN
33 + LiBr —2> c=c<
Br -~ cN

4
These new halodicyanoolefins undergo many reactions
similar to tetracyanoethylene [2]. For example, they are
potent dienophiles (see the next section), they react with
malononitrile to form salts of cyanocarbon acids (3), and
they alkylate aromatic amines to form highly colored cyano-
vinyl dyes (§).

CN

, NMe ,C1 N-S\ ¥ N e
3a + CHNa ——> c=c—<cl © NMe
! ne” ~cN 4
CcN
R
N
+ =
3 @N(CH3)2 —_—> NC/C c@>~w(c53)2
L
a, Rg=CF; b, R =CF,CF,

1,LnbicyanOvzn(chlorodifluoromethyl)—2—(trifluoromethyl)—
ethylene (§) was prepared by an extension of the method used
to prepare k [11. Chloropentafluorcacetone was condensed
with malononitrile in the presence of zinc chloride to yield

an unstable alcohol (1) which was dehydrated with P205 to

give 8-
2 zncl, N{ §73 P,05 NC___CF,
CH,(CN), + CF,CCF,Cl — %> H-C-C-OH ——>> c=c
2 2 3 2 Nc~ cF.cl
NC CF,C1 2

1 e
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The other olefins used in this study, C12C=C(CN)2 and

HC1C=C(CN)2, were prepared by literature methods [3].

Diels~Alder reactions

All of the 1,1-dicyancethylenes investigated are reactive
dienophiles in the Diels-Alder reaction, They react rapidly
at 0-25° with cyclopentadiene to give 2,2-dicyanonorbornenes
(%) and with linear 1,3-dienes to give substituted cyclo-
hexenes. Even sluggish 'dienes' such as anthracene and 9-
bromoanthracene react readily. In most cases, a transient
color due to a m-complex was formed during the reaction. A
crude observation of the relative rates of reaction of the
various dicyanoolefins with cyclopentadiene, as judged by the
fading of the m-complex color, indicated the order of reacti-

vity is approximately TCNE> k>§>%=g>>clzc=c(CN)2>C1HC=C(CN)2.

NC //Y CN
\\C=C\\ + —_—
NC Y N X,Y¥=R,,Cl,Br,H
% X
2 Y
Surprisingly, no adduct was formed from the reaction of
A with 1,3-cyclohexadiene. Instead, an oxidation-reduction
reaction occurred and the dicyanoethane kg and benzene were
formed. Thus, it appears that hy is also a potent oxidizing

agent, and this property predominates when the diene is easily

oxidized.
NC\C=C/CF3 . Nle (‘:F3
Ne” \CF3 —> HE¢¢EH 4
NC CF3
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In addition to being a reactive dienophile in the Diels-

Alder reaction, olefin 8 is also a potent dienophile in the

homo-Diels-Alder reaction with norbornadiene, being more re-

active than TCNE [4] but less reactive than k [1].

CF,C1
Q*Eb—»
CF3

CN

L

2

CN

One diene, l-chloro-1l,3-butadiene, reacted with k to give

a mixture of 2 + 4 (&%) and 2 + 2 (k%) adducts.

F
1 + CH,=CH-CH=CHCl —> @cg
3
CN
N
c1

%

CHC1=CH
+

CN

CN

CF3

CF3

3

Table I contains a list of the Diels-Alder reactions and

the products obtained in this study.

Toxicity of 2,2-Dicyanonorbornenes and Norbornanes

All of the 2,2-dicyanonorbornenes prepared in this study

appear to be exceptionally toxic compounds with an oral LDgq

in mice < 4 mg/kg. 2,2-Dicyano-3,3-bis(trifluoromethyl)nor-

bornene (2, X=Y=CF3) has an approximate oral lethal dose (ALD)

of only 1.5 mg/kg, indicating it to be more toxic than sodium

cyanide by an order of magnitude. The other norbornenes

listed in Table I were also more toxic than sodium cyanide

[5].



402

®TTIITUOQIROTP
-1’ T-2Ud-¢~XaYOTDAD (TAY3au

£9 2 suequad  §Y -OIONTITIF) STY-9‘9-TAYISN-C suatpejusd-g’ [ ¥
QHﬂH“HCOQHMU
-Tp~-T1’I-oUa-£-XxoyoToko (TAy3zau
z8 o Eroao ¥ -0XONT3ITI3) STA-9‘9-TAYIBWId~p ‘€ Sustpesnqriyzsutp-g¢‘z 1t
aTTazTUOq
—IBOTpP-T’ [~-2US-£-XaYOoT2A0 (TAY3au
£8 v suegued ¥  -oxonTITAI)STq-9’9-TAUISH- (£ PuUB)y susados T
91TI3TUOQIROTP-T" [-BUS-¢€
09 ¥ suequad &Y -xayo104o (TAy3eworonTITI}) ST-9'9 sueTpeang-g‘1T 1
91TI3TUOQIRDTP-Z ! ZT-2Uud
oL 5 Cio%uo A —g-3dey(T°z*Zz]0TOA0TqOIOTUDTA-E € " ¢ (n0)o=%100
arotpejusd STIAITUOQIRDTP-Z*2
ze 0 -o1oko BY —sus-g-3dey[1*Z"¢] OTOAOTqOIOTYD~E u ¢ (ND) 0=TOHD

9ITIZITUOGIRDTP-T/Z-2UD
~g-3dey{1-z z]o124oTq (TAy3suoioniy

8L v suequad 3% -TI3) -€~ (1AY39WOIONTFTPOIOTYD) -€ " ¥
8TTI3TUOqIRDTP~Z ‘ Z-3Ud-G~3doY [T1° 2" Z]

$6 v suejued ¥y  -070AoTq(TAY3IPWOIONTFFI}) -E~OWOIH~E u 7
9TTIITUOqIRDTP-7’ Z=~dud-5-3day~[T1*Z*Z] 01D

Z6 o) suejuad BY -&o1q(1AdoxdozonTzesday) -£~-0I0TYD-¢€ u 3y
BTTI3TUOQIRDTP-Z‘ Z-8ud~G-3dau-[1°Z "]

6 q suejusd 3 -o010A01q(TAY3ILOIONTIRIUSA) —E-OIOTYD-E " ¥y
a1TI3TUOqIROTP-7  g-aue-G-3day~[1°Z C]

1L 4 osuequad df ~OT2A0Tq (TAUISWOIONTIFIF) -£=0I0TYD-E N Yy
STTAITUOGIRDOTP-Z  g-oUd-5-3doY[1°Z 2]

€8 "4 auejuad ww —0T24A0Tq (TAY3[woIonTITI3) sTd=-¢’¢ suaipejuadoiolo-¢‘T %

POY3I®W  IUDATOS ‘ON awey auaT(q uTIoTO0

PToTA dn-jI0M UOT3OEdY 3o0npoxg

SaUST(d~£ ‘T YITIM SousTAYIB0ouRADTO-Z‘Z FO SUOTIORIY ISPTV-SI8TA

I d79YL



403

54

€8

16

Lo

98

S6

09

L9
¥8

8s

2Uuou

auejuad

susazuaq

@uazuasq

o00T
jeau

Zso

aUaTAX

auejuad

suejuad

auepjusd

(14

[:t4

/4

¥2
&
¥2
(£4

(44
{4

(it4

(@an3ona3s umousun) T2 T 21502,
9TTa3TUO0qIRdTP

~T? T-2us-g-xayoToko (TAYy3zau
—oxonT3T1I3) s1q-9‘9~Tiuadoad
-OST- (£ pue) p-TAUIsuw~(y pue)eg

STTAITUOQILDTP-TT’ [[-BU9DRIYT

-ue ouwryld-Q1‘e-(TAy3rswoaonty
-T33) ~ZT-03I0TY2~Z T-OCIPAYTA~0T’6
9TTIITUCqIED

-TP-1T1'TIT-°ouUsdvayjue oueyis-QT
‘6= (TAyzswoaONTITI3) -2 1- (TAY38UW
~0IONTFTPOIOTYD) -2 T-CaPAYTA~0T'6
9TTI3TUOqIRDTP-TT’/ TT-8uUaorvIy UL
—-oueyla-01’ 6~ (TAUIBwoIONTITAI)
-STq-ZT1'ZT-03pAYTP-0T*6-0WOIg~6
21TI3TUOqIBOTP=TT

! T1-ouadeIyzUROURYIB-0T‘6- (TAYIBU
-0I0NnT3ITI}) STA-Z 1/ ZT-CaPAYTA~0T‘6
9TTIITUCIRD

~Tp-T’/ T-9uUe-g-xayoToio (TAy3auw
-0I0ONTITI3) 5Tq-9 9~0IO0TYITA~F ‘€
STTIITUOCY

~Ie0Tp-T1' T~9Ud-£-X3YOTOAD (TAy3ou
~0IoNTFTA3) STq-9 ' 9-TAING-U~Z
9TTIITUOIRDIP~T ¢ [-OUd-¢ -XIYOTOAD
- (TAy3sworonTIT13) sTa~9‘ 9-TAYId-7
91TI3TUC]

~IeOTP~T‘ [-9Ud-£~XaYOTDAD (TAy3zau
-ox0NTITI3)S1q-9/9-TAYILUIQ-6‘Z

[:£4

sustpP-y ‘1T
-ejuadausTAylsuw
~-€-TAY3aWIP-% ‘¢

uadeIYjue

suaoeayjue
JU20RAYJUBOWOI] -6

suaoexyjzue
auatpeing
-€'[-0I0TY2TP-£'C
susTpe3ldo-¢‘|
ausIpEXSay-¢‘T

SU9TpPeXaY
-p‘z-sueal‘sueay

114



N'I'H'D SLTL9-'8"59- 86-56 suexey 9%t (3
N‘d'H'D AR 8S-LS suejuad In240TxeT, ¥t
N'I'H'D  (852)6°99- (3SL) 0" L9~ £9-06 suexay a8yt [A:
N‘d'H'D WAYXE 6ST-8ST suexay IN24%10T) 3t
N‘H'D TST-6¥T suexay Tn%10%% Ay
NH'D 88-89 suszueq ;entotubo BY
ot e qnn
N‘Z'TO'H'D nMwaWM.mm-~m.mw- 19T-091 suexey  °nato?ulTo 18
Nd'IEH'D 4 (%5)9°59-* (356) 87 €9~ 6LT-LLT suexay  °ntaxa®nw®To 3%
N‘d‘TOH'D 1°82T-‘€°20T-‘¢ 18- 9E-PE suou  entaro?utls Be
(wu
N‘d‘TDH'D g0 SOT='L"9L=  9°0/96-76) pattraste  °n%atoulls 3%
N'A‘TO'HD o (8L)9°89-*(3€6)0°L9- 0LT-89T suexay  °ntaro’w®lo A8
N‘d‘HD ql'29- ‘z°8s- €-Z8T Y100 IN%a2% 1T, ¥
wudd ¢ ‘¥KN hma Do JUSATOS eTnWIO] *ON
(dq) du burziireasiaosy punodwo)
mmﬂmhﬂmcm

404

S30oNpPpPY ISPIY¥-STS9Td JO UOIjeZTISIORABYD

II d1€9YL



405

*SISWOST JO SINIXTW T:T ®©

s93e0TpUT WW1 H. (3) -2p-0sWa ‘3usaros (@ +€10a0 ‘jueatos (p) -Pp-sucyeoe ‘3jusalos (o)

1
81540 ‘jueATos (q) “-enTea TeoT3LI08Y] BYF JO $7°0 UTYITM ©I5M DPO3eOTPUT SesAreuy (®)
- eeto- tgecq. PO.POT ¥\ 21,2102

N'd‘H’D €°19- ‘6°59- "€'65- 9LT-GLT Touey3e NeT210%, [$4
N'Z’H/D (3L)T°L9- ‘(%€6)7°LI- 0§-9€¢ sue3uad ¢latly?Ty ¥
N 59°99- L8T-98T suszueq  ¢nfaro®tubls [4
N'TD ST°85- ‘T vi~ 0sT suexey  xn%a10%H0% 92
N‘d‘I8'H'D 8709~ ZTT-0TT suerued  IN%a2a850%5 {44
N'E‘HD 609~ 581 suszuaq ex%2%Tx0% (74
N‘4‘T0'H’D v L9- SL-YL suexey  ¢n%af10"w0%p ¥?
N‘d‘H'D JLTL9= ‘L°G9- Z0T-T0T suexsy e0a"u" 15 [44
N'd'H'D 59°L9- ‘LS9~ TIT-0TT suexay en240Tut T e
N‘d'H'D L°L9- ‘9°Z9- LET-9ET aurjuad NthoamNHU 0%



406

Removal of the double bond of the 2,2-dicyanonorbornenes
(Table I) by hydrogenation, chlorination, or bromination
produced a series of 2,2-dicyanonorbornanes listed in Table
II. For example, 8 (X=Y=CF3) reacts with chlorine under
radical conditions to give exclusively exo-cis-5,6-dichloro-
2,2-dicyano-3,3-bis(trifluoromethyl)norbornane (l4). Brom-

ination in pentane also gives the exo-cis-dibromide (13).

CF

ci, L CF3
CF3 hv > ¢
CN CF3
CN N
CN
14

These 2,2-dicyanonorbornanes are as toxic or more toxic
than the corresponding norbornenes. For example, norbornane
14 is one of the most potent synthetic oral toxins known

(ALD in rats of only 0.2 mg/kg). [5]. Great care should be

taken in handling these compounds to avoid accidental poison-

ing.

EXPERIMENTAL

Proton NMR spectra were obtained on a Varian A-60 in-
strument with TMS as an internal standard. Fluorine NMR
spectra were obtained on a Varian XL-100 instrument operated
at 94.1 MHz using CFCl3 as an internal standard. Downfield

shifts are reported as positive values.
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1,1-Dicyano-2-chloro-2-{trifluoromethyl)ethylene (%g) (nc)

Potassium, 40 g (1-g atom), was dissolved in 750 ml
ethanol, and a solution of 66 g (1 mole) of malononitrile in
150 ml ethanol was added. Methyl trifluoroacetate, 141 g
(1.1 mole), was then added rapidly, and the resulting mixture
was refluxed for 2 hr and then evaporated to dryness under re-
duced pressure to give 200 g (100%) of the potassium salt of
B,B~dicyano-a~- (trifluoromethyl)vinyl alcohol as an off-white

19

cyrstalline solid: mp 165-170°; F NMR (CD3CN) § -73.1 ppm

(s); ir(KBr) 4.52 p (C=N) and 6.22 u {(C=C).
Anal. Calcd for CgF4KN,0: C, 30.00; F, 28.48; N, 14.00;
K, 19.53.
Found: C, 30.30; F, 28.38; N, 14.05;

K, 20.00.

This salt (200 g, 1 mole) was mixed with 250 g (1.2 mole)
of phosphorous pentachloride and was heated in a simple still
until no further distillation occurred. The distillate was
redistilled to give: (a) 35 g of phosphorous trichloride, bp
75-83°; (b) 78 g of phosphorous oxychloride, bp 100-110°; (c)
29.66 g of 3a as a colorless liquid, bp 139-140°; 19F NMR
(CC13F) § -65.7 ppm (s); ir (1) 4.43 u (CN) and 6.23 u (C=C);
and (d) 15.7 g of 1,1-dicyano-1,2,2-trichloro-3,3,3~trifluoro~-
propane (nc); colorless solid, bp 149-150°, mp 104-106°; lgF
NMR (CC13F) § -71.1 ppm (s); ir (CC14) 4.43 p (CN),

Anal. Calcd for C C1F3N2(C): C, 33.27; C1, 19.64; F, 31.57;

5
N, 15.52,
Found: ¢C, 33,17; cl, 19,58; F, 31.39;

N, 15.57.
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Anal, Calcd for C5C13F3N2(d): C, 23.89; Cl, 42,30; P, 22.67;
N, 11,14.
Found: C, 24.19; Cl1, 42.43; F, 22.61;

N, 11,25,

1,1-Dicyano-2-chloro-2- (pentafluorcethyl)ethylene (3p) (nc)

Potassium, 16 g (0.4 mole), was dissolved in 300 ml
ethanol, and a solution of 26.4 g (0.4 mole) of malononitrile
in 60 ml ethanol was added. To this solution was added drop-
wise 76.8 g (0.4 mole) of ethyl pentafluoropropionate, and
the reaction mixture was stirred at room temperature for 2 hr
and then evaporated to dryness under reduced pressure to give
99.1 g of crude potassium salt of B,B-dicyano-a-(pentafluoro-
ethyl)vinyl alcohol (nc) as a light yellow crystalline
solid: mp 238-240°; ir(KBr) 4.52 u (CN) and 6.27 u (C=C);
19: \MR (DMSO) & -81.9 ppm (t, J = 1.6 Hz, 3F) and -117.8
ppm (q, J = 1.6 Hz, 2F).

Anal. Calcd for C.F KN,0: C, 28.81; ¥, 37.97; N, 11.20.
Found: C, 28.91; F, 37.89; N, 11.33.

A mixture of 88 g (0.35 mole) of this salt with 88 g
{(0.42 mole) of phosphorous pentachloride was heated in a
simple still at 50 mm pressure until no further distillate
was formed. Redistillation gave 27.1 g (34%) of 3b as a
colorless liquid: bp 79-80° (50 mm); ir (1) 4.43 u (CN) and

6.27 u (C=C); 15

F NMR (CCL,F) & -82.4 ppm (t, J = 2 Hz, 3F)

and ~112.4 ppm (g, J = 2 Hz, 2F).

Anal. Calcd for C,ClF.N,: C, 31.26; Cc1, 15.38; F, 41.21;
N, 12.15.

Found: C, 31.47; Cl1l, 15.67; F, 40.96;

N, 12.14.
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1,1-Dicyano-2-chloro-2-(heptafluoropropyl)ethylene (3g) (nc)

Potassium, 4 g (0.1 mole), was dissolved in 75 ml etha-
nol, and then a solution of 6.6 g (0.1 mole) of malononitrile
in 15 ml ethanol was added. While the reaction mixture was
still warm, 23 g (0.1 mole) of methyl perfluorobutyrate was
added dropwise. The mixture was stirred for 2 hr at room
temperature and then evaporated to dryness under reduced
pressure to give 27.36 g of the potassium salt of
B,B-dicyano-a- (perfluoropropyl)vinyl alcohol (nc) -as a cream--

19 NMR (DMSO) & ~79.9 ppm (3F),

colored solid: mp 127-130°;
-115.7 ppm (2F) and -126.3 ppm (2F); ir(KBr) 4.50 p (CN) and

6.29 u (C=C).

Anal. Calcd for C7F7KN20: C, 28.01; F, 44.30; K, 13.03;
N, 9.33.
Found: C, 28.10; F, 44.02; K, 12.98;
N, 9.26.
A mixture of 24 g (0.082 mole) of this salt and 21 g
(0.1 mole) of phosphorous pentachloride was heated in a simple
still at 50 mm pressure. The distillate (up to 90°/50 mm) was
redistilled to give phosphorous oxychloride and 5.05 g of 3¢
as a colorless liquid: bp 86° (45 mm); ir (1) 4.45 u (CN)

19

and 6.29 u (C=C); F NMR (CCl3F) § -80.77 ppm (3F), -109.4

ppm (2F) and -124.7 ppm (2F).

Anal. Calcd for C,ClF,N,: C, 29,97; Cl, 12.64; F, 47.41;
N, 9.99.
Found: C, 30.03; Cl, 12.74; F, 47.19;

N, 10.11.
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1,1-Dicyano-2-bromo~2- (trifluoromethyl)ethylene (4) (nc)

A mixture of 14.44 g (0.08 mole) of 3a and 13.9 g
(0.16 mole) of lithium bromide was heated to 120°. The pres-
sure was reduced, and the material that distilled out was con-
densed in an ice-cooled trap. Redistillation gave 12.83 g
(71%) of 4 as a colorless liquid: bp 55-56° (10 mm); lgF NMR

(CC13F) § -63.8 ppm (s).

Anal. Calcd for C_BrF, N_: C, 26,69; Br, 35.52; F, 25.33;

5 372
N, 12.45.
Found: C, 26.51; Br, 35.31; F, 25.21;
N, 12,31.

1l,1-Dicyano~2-{(chlorodifluoromethyl) -2~ (trifluoromethyl)

ethylene (8) (nc)

A mixture of 75 g (1,14 mole) of malononitrile, 4 g zinc
chloride, and 165 g (0.9 mole) of chloropentafluoroacetone
was heated in a 300-ml pressure vessel at 80° for 8 hr. The
vessel was cooled and vented, and 236 g of crude 3-chloro-3,-
3-difluoro-l-hydroxy-2-trifluoromethyl~l,l-propanedinitrile
was obtained as a liquid residue. The liquid was mixed with
454 g (3.2 mole) of phosphorous pentoxide, and the mixture
was heated in a simple still until no further distillate was
collected. Redistillation gave 103 g of 8 as a colorless

.. 19
liquid: bp 133-133.5°;

F NMR (CC13F) § -53.2 ppm (g, J =
10 Hz, 2F) and § -61,0 ppm (t, J = 10 Hz, 3F); ir (1) 4.44 u

(C=N) and 6.14 p (C=C).

Anal.Calcd for C6C1F5N c, 31.26; C1, 15.38; F, 41.21;

2:
N, 12.15.
Found: C, 31.33; C1, 15.64; F, 41.,02;

N, 12.43.
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4- (N,N-Dimethylamino) -a- (trifluoromethyl)-B, B~dicyanostyrene

(82) (nc)
A 9.03-g (0.05 mole) sample of 3a was added dropwise to

a solution of 6.06 g (0.05 mole) of N,N-~dimethylaniline in

30 ml of pyridine. The reaction mixture was cooled with an
ice bath to keep the temperature between 35-45°, After the
addition, the reaction mixture was stirred at room tempera-
ture for 1 hr, and then mixed with 30 ml acetic acid and

200 ml water. The orange solid that precipitated was collec-
ted on a filter, washed thoroughly with water, and then re-

crystallized from benzene-hexane to give 11,23 g of (QQ) as

dark-orange crystals: mp 116-118°; 19F NMR (acetone—ds)

1

8 -59.3 ppm (t, J = 1.2 Hz); “H NMR (acetone—de) § 3.16 ppm

(s, 6H) and 6.86 + 7.63 ppm (4H, aromatic); uv(acetone) Amax

480 mp (e 23,600); uv(Freon 113) Am x 456 muy (e 25,000).

a
Anal. Calcd for C13H10F3N3: c, 58.87; H, 3.80; F, 21.49;
N, 15.84,
Found: C, 58.61; H, 3.57; F, 21.25;
N, 16,00.
4- (N,N-Dimethylamino)-a- (pentafluoroethyl)-B,8~dicyano-

styrene (§p) (nc)

A 10.37-g (0.045 mole) sample of 3p was added dropwise
to a solution of 5.45 g (0,045 mole) of N,N-dimethylaniline
in 30 ml pyridine. The reaction mixture was cooled to keep
the temperature between 35-45°, The reaction mixture was
stirred for 1 hr and then mixed with 30 ml acetic acid and
200 ml water. This mixture was extracted with four 100-ml
portions of CC13F. The extracts were combined, washed with
water, dried (MgSO4), and then evaporated to dryness under

reduced pressure. The semi-solld residue was stirred with
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200 ml pentane, and the undissolved solid was collected on a-

filter and washed with pentane., There was obtained 10.95 g

19

of (QQ) as shiny black crystals: mp 59~60°; F NMR (acetone-

d6) § -82.1 ppm. (t, J = 2,7 Hz, 3F) and -110.6 ppm (m, 2F); uv
(acetone) Amax 490 my (e 20,600); uv(Freon 113) xmax 465 my

(e 21,600),

Anal. Calcd for C, ,H, . F_N C, 53,34; H, 3.20; F, 30.13;

14710°5°3°

N, 13.33.
Found: C, 53.11; H, 3.18; F, 31.09;
N, 13.33.

Tetraethylammonium 2-Trifluoromethyl-1l,1,3,3-tetracyanopro-

penide (3) (nc)

A solution of 3.3 g (0.05 mole) of malononitrile in 20 ml
ethanol was added dropwise to a solution prepared by dissolv-
ing 2 g (0.05 mole) of potassium in 50 ml ethanol. The resul-
ting solution was cooled to 5°, and 4.5 g (0.025 mole) of 3a
was added dropwise. The reactlon mixture was warmed to room
temperature and filtered, and the filtrate was evaporated to
dryness under reduced pressure. The solid residue was dis-
solved in 50 ml of water, filtered again, and the filtrate was
mixed with a solution of 5.0 g of tetramethylammonium chloride
in 10 ml of water and then cooled. The solid that precipita-
ted was collected on a filter, washed with cold water, and
then recrystallized from water (activated charcoal) to give

19

3.3 g of 3 as yellow needles: mp 170-172°; F NMR (acetone-

d6) § -60.4 ppm (s); uv (ethanol) Xmax 386 mp (e 26,700) and
372 mpu (e 26,400); ir(KBr) 4.53 p (C=N) and 6.52 u (C=C).

Anal. Calcd for Cy,H ,F;Nc: C, 50.88; H, 4.27; F, 20.12;

12
N, 24.72.
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Found: €, 50,78; H, 4,16; F, 20.02;

N, 24,73,
Reaction of ] with 1,3-Cyclohexadiene

A solution of 6.42 g (0.03 mole) of 1 in 10 ml pentane
was added dropwise to a solution of 3.2 g (0,04 mole) of 1,3~
cyclohexadiene in 20 ml pentane at 10°, An orange color
formed, which slowly faded when the reaction mixture was
warmed to room temperature. The reaction mixture was dis-
tilled to give 4.0 g of pink ligquid, bp 49-55° (1.0 mm) that
solidified on cooling. Recrystallization from chloroform-
pentane gave 3.5 g of 1,1-dicyano-2,2-bis(trifluoromethyl)-
ethane (nc) (lQ) as colorless needles: mp 39-40°; 19F NMR
(CD4CN) é 5.05 ppm (d, J = 3 Hz, 1H) and 6.32 ppm (septet of
4, J =7, 3 Hz, 1lH).

Anal. Caled for C.H F.N,: C, 33.35; H, 0,93; F, 52.75;
N, 12.97.
Found: C, 33.44; H, 1.17; F, 52,75;

N, 12.62,

Reaction of 8 with Norbornadiene

A solution of 11.5 g (0.05 mole) of § and 11.5 g (0.1
mole) of norbornadiene in 25 ml of hexane was allowed to
stand at room temperature for 20 hr. The dark brown crystals
that formed were filtered off and washed with pentane (15.26 g).
The product was chromatographed over A1203 (ether) to remove
the color. There was obtained 10.7 g of 8,8-dicyano-9-
(chlorodifluoromethyl) -9~ (trifluoromethyl) tetracyclo[2.2.1.-

2,1 ,3,5

1 2 Inonane (k%) (nc) (62:38 mixture of isomers) as

colorless crystals: mp 107-109°; 19

F NMR (acetone—d6) 62%
isomer, 6 -62.3 ppm (CF3) and -44,2 ppm (CF2C1), 38% isomer,

§ -57.7 ppm (CF3) and -49.1 ppm (CF2C1); ir (KBr) 4.43 u (CN).
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Anal, Calcd for C13H801F5N2: c, 48,39; H, 2.50; C1, 10.99;
F, 29.44; N, 8.68,
Found: C, 48.00; H, 2.72; Cl, 10.87;
F, 29,15; N, 8.45.

Reaction of.k with l1=-Chlorobutadiene

A mixture of 5,31 g (0.06 mole) of l-chloro-1,3-buta-
diene and 6.42 g (0.63 mole) of k was allowed to remain at
room temperature for 20 hr. The two products that formed
were separated on a preparative G.C. column (25% DC-200 on
Gas Chrom. Z at 180° with flow rate of 400 ml/min.)., There
was obtained (16.3 min.) 3.1 g of 2-(2~chlorovinyl)-4,4-bis-
(trifluoromethyl)cyclobutane-1,1~dicarbonitrile (k%) (nc) as

25

a colorless ligquid: ny 1.4179; ir (1) 3.22 and 3.28 u

(=CH), 4.43 u (CN), 6.14 u (C=C) and 10.32 y (trans CH=CH);

1%F NMR (CC1,F) 6 ~68.7 and ~70.2 ppm (qs, J = 10 Hz, 3F each)

'8 ¥R (CC1,F) 6 2.80 ppm (m, 2H), 4.47 ppm (q, 1H), 5.99 ppm
(¢, 3 = 7.5 Hz, 1H) and & 6.56 ppm (d of d, J = 7.5, 1.5 Hz,
1H).

Anal. Calcd for C H5C1F6N2: C, 39.69; H, 1.67;-Cl, 11.72;

10
F, 37.67; N, 9.26.
Found: C, 39,72; H, 1.72; C1, 11.81;
F, 37.49; N, 8,99,
Alsoc obtained (23.8 min) was 1.2 g of 2-chloro-6,6-bis-—
(trifluoromethyl)cyclohex~3~ene-1,l-dicarbonitrile (12) (nc)
as a colorless solid: mp 88-90°; ir(KBr) 3,23 py (=CH), 4.43 p

19

(C=N) and weak 6.01 (C=C); F NMR (CC13D) § -65.7 and

68.4 ppm (gs, J = 11.5 Hz, 3F each); 1H NMR (CC13D) § 2.87
ppm (m, 2H), 5.06 ppm (m, 1H) and 5,96 ppm (s, 2H).

Anal. Calcd for C,,H.ClF_N,: C, 39.69; H, 1.67; Cl, 11.72;

10755+ FgN2
F, 37.67; N, 9.26.
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Found: C, 29,78; H, 1.91; Cl, 11.81;

F, 37.60; N, 9.13.

Diels-Alder Reactions of 2,2-Dicyancethylenes (Table I)

The reactions listed in Table I were conducted by mixing
the diene with the dicyanoolefin in a solvent at 0-25°, unless
otherwise noted. Three different work-up procedures were
used, and are illustrated by the following,

Procedure A. A mixture of 6.75 g (0.03 mol) of 4 in 10 ml
pentane was added dropwise to a solutlion of 6 ml cyclopenta-
diene in 20 ml pentane at 20°, The yellow color that first
formed faded rapidly. The mixture was cooled, and the solid
precipitate was collected on a filter and recrystallized
to give 8.26 g of 2e.

Procedure B. Cyclopentadiene, 5 ml, was added to a solu-
tion of 6.0 g (0.026 mol) of 3b in 25 ml pentane. The reac-
tion mixture was distilled to give 8.6 g of 3¢ as a colorless
liquid.

Procedure C. A solution of 1.8 g (0.0l mol) of anthracene
and 2.14 g (0.0l mol) of } in 100 ml carbon disulfide was al-
lowed to remain at room temperature (25°) until the initial
purple color faded. The reaction mixture was evaporated to
dryness under reduced pressure, and the residue was recrystal-

lized to give 3.7 g of 24 as colorless needles.

Bromination of Norbornenes (Table IITI)

5,6-Dibromo-3,3-bis(trifluoromethyl)bicyclo[2.2,1]hep-~
tane-2,2-dicarbonitrile (%8 of Table III) was prepared by mix-
ing 2.4 g (0,015 mol) of bromine with a solution of 4.2 g

(0.015 mole) of R in 38 ml chloroform. After 3 hrs, the
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bromine color had faded. The solution was evaporated to dry-
ness under reduced pressure, and the residue was recrystal-
lized to give 30 as colorless crystals, 1H NMR (CDCl3) § 2,77
ppm (AB, J = 13 Hz, 2H), 3.28 ppm (m, 1H), 3.46 ppm (m, 1H)
and 4.73 ppm (AB, J = 7 Hz, 2H).

In the same manner, %% was prepared from 2{, and %g was

prepared from gk.

Chlorination of Norbornenes (Table III)

5,6-Dichloro-3,3~bis(trifluoromethyl)bicyclo[2.2,1]hep-
tane-2,2~dicarbonitrile (k% of Table IITY) was prepared by
slowly distilling 2 ml (measured at -78°) of chlorine into a
solution of 7.0 g (0.025 mole) of 2% in 100 ml cdarbon tetra-
chloride. The reaction mixture was irradiated with a 275 watt
sun lamp for 2 hrs. The solvent was evaporated at reduced
pressure, and the residue was recrystallized from heptane to
give k% as colorless crystals.

In the same manner, 32, 33, 37, and 38 were prepared

from gg, gk, gg, and QQ respectively;

Hydrogenation of Norbornenes (Table TIIT)

3,3-Bis(trifluoromethyl)bicyclo[2.2,1]heptane~2,2~dicar-
bonitrile (31) was prepared by shaking a solution of 5.6 g
(0.02 mol) of 2a in 100 ml ethanol containing 0.1 g Pto,
catalyst under 40 lb/in2 hydrogen pressure for 30 min. The
solution was filtered, and the filtrate was evaporated to
dryness under reduced pressure. The residue was recrystal-
lized from hexane to give 4.3 g of 31 as white plates. 1In

the same manner, 34 was prepared from 2f.
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