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SYNTHESIS AND NMR SPECTRA OF 
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Y. C. Kw and H. HART+? 
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(Received in USA 15 March 1%9 ; Received in the UK for publication 15 April 1969) 

Ah&act-The synthesis of ncvcntccn 3_aryl-l,l~-tetracyanocyclopropanes is described, by a general 
route. The cydopropane hydrogen, which appears in the range K 4S5.3 in these compounds, couples 
with the orrho aromatic protons (J z 09 Hz) This is appreciably larger than comparabk coupling of the 
vinyl proton in the corresponding arylidcncmalononitrilcs. 

IN A general synthesis of tetracyanocyclopropan& which has recently been described,’ 
alkylidenemalononitriles prepared from various ketones and malononitrile were 
converted to tetracyanocyclopropanes by treatment with bromomalononitrile in 
aqueous ethanol at room temperature. The reaction, which presumably proceeds 
via a carbanion path as shown, was successful with a variety of dialkyl, arylalkyl and 

R\ CN 
c=c’ 

BrCH(CN), 

RL’ lCN Aq. EtOH 

cyclic ketones. In this paper we describe the extension of this synthesis to aromatic 
aldehydes, and discuss some interesting features of the NMR spectra of the resulting 
3-a+1,1,22-tetracyanocyclopropanes. 

RESULTS 

The arylidene malononitriles listed in Table 1 were prepared from aromatic 
aldehydes and malononitrile by standard literature procedures.“’ Treatment of the 
arylidenemalononitrile with an equimolar amount, or sometimes an excess, of 
bromomalononitrile in ethanol usually resulted in the appearance of the crystalline 
tetracyanocyclopropane within a few minutes. The reaction mixtures were generally 
allowed to stand for several hours at room temperature prior to work-up, which 
consisted of filtration and recrystallization from ethanol or ethanol-acetone. Table 2 
describes the results of seventeen such syntheses In some cases (2!4,31) special pro- 
cedures were required, and these are given in the Experimental section. The NMR 
spectra of the tetracyanocyclopropanand are given in Table 3. 

l We arc indebted to the National Institutes of Health for a grant in support of thip work. 
t Plcasc direct inquiries to this author. 
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Synthesis and NMR spectra of 3-aryL1.1,2,2-tetracyanocyclopropancs 3873 

TW 3. NMR ~PKZXA~~~ 3~~~-1,1,2,2-~c~~~ocy~0~~~~a 

-pd. 
No. 

Cyclopropyl H 
z 

Aromatic H’s 
f 

la C&s 
19 +CGH, 
a0 J-CGH. 
21 pClG% 
22 o-NO&H, 
23 m-NO&H, 
21 PNO&H. 
25 o-BrCIH, 
26 P’J’JCIH. 
27 pCH&H. 
28 pCH,OGH, 
29 WCKH, 
30 26-C1GsH, 
31 3.4-OCH,OGH~ 
32 l-%H, 
33 2-%H7 
34 2-Fury1 

5.13 (S tGr 
503 (4 la) 
507 (5 W 
5* (t, @v 
4.51’ 
4.85’ 
494 (S W 
514 (409) 
4.77 (1, o-6)’ 
5.16 (br) 
5.27 (br) 
5G2 (d, 14) 
494 (I$ 
5.23 (1,095) 
456 (s, br) 
4.84 (4 1.1) 
4.60 (s) 

2-l 1-2.65 (m) 
1.78-2.55 (m) 
202-259 (m) 
214.2.46 (AaB1. 85) 
1.32-2a (m) 
09&l- (rnh 1.41-168 (rnb 194 (sh 207 (sh 2.22 (s) 
1*67,1.87 (A1B2, !+O)’ 
193-2.74 (m) 
1.74.1.88 (A,BI. W) 
2.27,264 (A,BI. 89) 
2.27.2.95 (A,B,, 87)’ 
1.87 (d, 8.3, d, 1Q d, 04x 2.16 (4 29 4 @4), 240 (d, 8.3, d, 24)’ 
2.26 (s)’ 
2.55-320 (my 
166-2.43 (m) 
1.50 (s, br, IH), 1.87-2.19 (m, 4H-), 2.19-2-47 (m, 2H) 
2.22 (d, 19, d, @7), 310 (d, 34, d, 07), 341 (d, 34, d, 19)” 

l In acetone solution unkss othclwiae stated. 
* TMS was the internal rcfctence. Multiplicitka and l’s arc given in parcnthcsea Abbreviations arc the same as 

in Table 1. Relative areas of aromatic : cyclopropyl hydrogcns agreed with expectation. 
’ In DMSO, this peak appauul at 7 4.85. 
‘TheantralpeakwashuthcrsplitintoatriplefI=04Hz 
’ slight further splitting was detectable. 
’ Appeared as two doubkts, each J = 09 Hz, about T 001 units apart. 
~Appearedasapoodymsolvulquartet,J=09Hz 
’ The high Geld doublet was broadened by coupling with the cyclopropyl hydrogen. 
I In DMSO, this peak appeared at 7 4.52. 
J Mcthoxyl s&let at 7 616. 
L See text for assigmnent. 
’ In DMSO. these appeared at 7 4.38 (cydopropyl) and T 2.35 (arom). 
m The mcthylcnc group appeared as a sharp singlet at T 395. 
’ If tbc cydopropyl is substituted at G2 of the furan ring, thee arc nxpectively the protons at C-5, C-3 and C-4. 

DISCUSSION 

Syntheses. From the yields shown in Table 1 and 2 it is clear that the two-step 
synthesis of aryl tctracyanocyclopropa (IQ. 1 and 2) proceeds efficiently. If the 
aryl group contains electrondonating substituents (as in the synthesis of 27, 28 or 

ArCHO + CH,(CN), pi@!!!!@ ArCH==C$CN), + Hz0 (1) 

CN 

EtOH Ar CN ArCH=C(cN)a + BrcH(cNh - 
H 4 + HBr (2) 

CN 
CN 

31) the second step may be a little slow, but with electron-withdrawing substituents 
the reaction is over in a few minutes. Exceptions may occur with ortho substituents 
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(Table 2, compounds 2& 29 and 30). The high yields, generally short reaction times 
and ease of work-up and purification of the product are advantages of the synthesis. 

NMR spectra. The-NMR spectra of the arylidenemalononitriles (Table 1) were 
consistent with their structures, and a few of them showed special features worthy of 
comment The vinyl proton appeared at low field, between r 06-2-13, depending on 
the substituents. Except for cases to be noted it was a sharp singlet, indicating slight 
if any coupling between it and the aryl protons. When an ortho substituent was 
present, which might restrict the available geometries and hinder aryl rotation, some 
slight broadening or splitting of the vinyl proton signal was noted (compounds 2, 
5,8, 12, l3, 16). The spectrum of 12 was particularly interesting Of the two planar 
conformations, 120, which minim&s the repulsions, would appear from models to 
be favored. If the reasonable assumption is made that the largest observed coupling 

constant (J = 8.3 Hz) is J5,6 then only four assignments are possible. Of these, by 
far the most reasonable assigns chemical shifts of H, H,, HJ and H, as z 1.451.80, 
2.17 and 2.34 respectively, with Jv,5 = 055, Jv,6 = O-55, J3, 5 = 20 and J3,6 = O-55 
Hz. This assignment gives the most reasonable chemical shift to Hv (the other 
alternative is z 2.17, higher than for any of the other compounds in Table 1) and also 
the most reasonable relative values of J3, 5 and J3, 6. Regardless of which assignment 
is chosen, however, the vinyl proton will be coupled to HS and H,. It is significant 
that ZY, is coupled with only one of the two meta protons. This becomes reasonable if 
conformation 12a predominates, and the rrans zig-zag path is traced.‘o The 4- and 
5-bond coupling constants (J,, s and Jv,6) have the same magnitude. 

The only other items worthy of special attention in Table 1 are the complete 
assignments for 17 and certain features of the spectra of the two naphthyl compounds 
(l.5 and 16). The unusually low field position for the vinyl proton in 15 is probably 
due to the strong steric preference for conformation lSa over l5b, which would 
bring the vinyl proton in the deshielding region of ring B. In 16, neither of the most 
probable conformations (16a or 16b) would have this effect on the vinyl proton. It is 
interesting that in 16 some small coupling (J = 06 Hz) between the vinyl and one of 
the aromatic protons is observed. 
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The cyclopropyl protons (H,) in 18-34 appear between r 451-5-27, which is 
consistent with the few previously reported val~es.~ This low-field position for a 
cyclopropyl hydrogen is due to the four cyan0 groups (which bring the value to 

about T 6*Sg) and the aryl group. Although there are inconsistencies, electron- 
withdrawing groups on the aryl ring tend to deshield the cyclopropyl proton. 

The most interesting feature of the spectra in Table 3 is the coupling between the 
cyclopropyl proton (H,) and the ortho protons of the aromatic ring. Although 
clean-cut splitting of H, was not observable in every case., the splitting pattern 
strongly supports this contention. Thus in l&20,21,24, a6 and 3l, I& appears as a 
distinct triplet, J N O-9 Hz. Each of these compounds has two ortho protons. In I.9 
25 and 29, which have only one orrho proton, I& is a doublet, J z 10 Hz And in 
30, with no ortho protons, H, is a sharp singlet. In some cases the H, signal is 
broadened with a shape indicative of the expected splitting for coupling with the 
o&o protons (triplets in 27 and 28, doublet in 32). When the aryl substituent was in 
the orfho or meta position, the aryl protons were generally a complex multiplet, but 
when the substituent was para (21 24, 26, 27 and 28) the signal for one of the two 
protons in the A,B2 pattern was either broadened or split, and the other was not. 
With p-NO, the high-field signal was broadened, and with pOCHJ it was the low- 
field signal, suggesting that in both cases coupling occurred with the ortbo protons. 

The NMR spectrum of 29 shows most clearly that it is the ortho proton which 
couples with H, As with 12, an essentially complete first order analysis of the spectrum 
is possible. The preferred conformation would seem to be 

H, appears at r S-02 as a doublet (J = 1-O Hz). Only one reasonable assignment of 
the aryl protons is possible, with H, H&rid H, at z l-87, 2.16 and 2.40 respectively, 
and J,, = 8-3, J,,. = 0.4: J,,_, = 2=0 and J,, = 14 I-Ix The onho chlorine forces 
H, in the vicinity of the cyan0 groups, which 1s probably why H, appears at even 
lower field than the proton which is between the chlorines. 

Several of the spectra are somewhat exceptional. Although a complete discussion 
of these will require further study, attention is called to these discrepencies here. For 
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example H, in 33 appears as a doublet (J = 1-l I-Ix), rather than as the expected 
triplet. Coupling occurs with only one of the two ortho protons of the naphthalene 
ring It is probably Hi, but this remains to be proved. The cyclopropyl protons in 
20 and 21 showed some slight further splitting of the triplets, indicating small 
additional coupling The cyclopropyl protons in 22 and 23 also show additional 
splitting beyond that expected from the other results. For example in 22, I& seems 
to consist of two doublets (rather than one), slightly displaced but \Irith about the 
same coupling constant (J = 09 I-Ix). Finally, with the heterocyclic 2-fury1 group 
(34), H, is a sharp singlet. 

To summarize, coupling between the cyclopropyl hydrogen and or-rho aryl protons 
in 3-aryl-1,1,2,2-tetracyanocyclopropanes (Table 3) seems reasonably general with 
J E 043-1-O Hz, whereas similar coupling of the vinyl proton with o&o aryl protons 
in arylidene malononitriles (Table 1) was either absent or much smaller, the best 
case being 12 where J E 05 Hz Yet the bonding in the alkenes presumably has 
greater s character than in the cyclopropanes. 

EXPERIMENTAL 

All mps 82~ uncorrc&d. Analyses were performed by Spans Miczoanalytical Laboratorim P.O. Box 
1111, Ann Arbor, Michigan. Ths NMR spcctra were run on a Varian A-60 spectrometer using TMS as 
an intcmal rcfcrcnce, and the IR spectra were dctcrmhd on a Unicam SP 200 instrument, and calibrated 
with polystyrcnc. 

Preparation ofarylidene makmonitrilcr 
All of the co&xmds described in Tabk 1 wcrc prqmrcd fran the corresponding aldchydea, obtained 

commercially. and malononitlik+ using the procedure of Coraon and stougllto& with the exception of 
10, whem the proccdurc of Cope and Hancock” for ethyl 3-pcntylidcnccyanoaoctate was cmploycd. 

General $ocedure. An ethanolk soln (about @5-1M) d arylidene malononitrik was mixed with an 
cquimolar amount or an excess of an ethanolic soln of bromomalononitrile.” Usually a ppt of the dcsircd 
produd formed within a few miu (see Table 2). The mixture was allowed to stand for scvcral hr, then 
@cred and the product was recrystallized from 95% EtOH-Me&O mixtures (with Z%-3l, the rccrystalli- 
zation solvent was 95% EtOH, and with 27, a mixture of MeJO and water was us@. 

Typical procedurepreparation qf 18. To 1 g (65 mmole) of 1 in 10 ml EtOH was added, at room tcmp, 
a soln containing 1.16 g (8 mmole) bromomalononitrik in 10 ml EtOH. Crystals formed within a few 
min. After 5 hr the ppt was collcc& and rccrystalhxl from an EtOH-Me&O, to yield 1.35 g (91.7%) 
of 14 m.p. (dcc) 227-230”. 

3~2:~-Dichloro~enyl)-l,l~- tetracyanocyclop (29) Because of solubility problems, a modilkd 
procbdurc was used. A soln of la 8 (448 mmole) of I2 and @95 g (6 mmole) bromomalononitrik in 80 ml 
EtOH-THF mixture was kept at room temp for 9 daya The solvent was rcmovcd and the residue was 
rccrystallizd from EtOH (Table 2). 

3-Piperonyl-1,1,2,2- tetmcyanucyclopropahe (31). Bccauec of solubility problems, a modified proccdurc 
was used. A soln of 1 g (5 mmole) of 14 and 109 g (7.5 mmole) bromomalononitrik in 300 ml EtOH was 
kept at room tcmp for 24 hr. The ppt which formed when 100 ml water was added was colkctcd and 
raxystallixd from EtOH (Tabk 2). 
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