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Abstract The mechanism of the ring closure of [2-(1- lldmyl)phmylmﬂhylenc]-
propancdinitrile (2a) to l2331,4,5-henhydrop lo[l.g- 4-dicarbonitrile

(3a) has been studied by kinetic measurements It could be
shown that the rate-determining step consists of an mnm% transfer,
which is accompanied by clnrge sepumon within the molecule.

experimental (X-ray) molecular structure of 2a are in fairly good agreement. In the ground
state geometry & 1,5 hydrogen transfer will most likely take suprafacially. Subaequent
rotation of the former vinyl group and C-C-boad formation, g to 2 six-membered ring,
also take place in a stercochemically defined way.

Tertiary anilines that bear an ortho substituent containing a x-bond can be used to synthesize nitrogen containing
heterocycles. The reactions of these tertiary anilines have been generalized under the name “fers-amino effect”
andhavebecnxcvicwednnumbcrofymagobyMcth-CohnmdSuschitzﬁy.‘ In this review reactions of
compounds 1 are described in which A=B contains at least one heteroatom. In our lahoragories we have extended
these reactions to compounds 1 in which A=B constitutes a vinyl group. The type of reaction that occurs upon
heating depends on the substituents of the vinyl group.23 It was shown that when the B~carbon atom of the vinyl
moiety bears two electron-withdrawing groups, e.§. CN or COOR (2), ring closure to a six-membered ring
occurs and compounds 3 are formed.2 In a previous paper* we have deacribed the self-reproduction of chirality
that was observed when compound 2a, in which the vinylic hydrogen atom is replaced by a methyl group and the
amino group is the (5)-(-)-2-(methoxymethyl)pyrrolidinyl moiety, is cyclized. These results could be explained
by assuming the following mechanism for this reaction (Scheme I): in the conformation in which the vinyl
moiety points away from the amino group a sigmatropic [1,5]-H shift takes place. The migrating hydrogea atom
H, remains at the same face of the molecule and a dipolar intermediate (4) is formed. Subsequently, the former
vinyl group rotates around its bond to the phenyl moiety, thus enabling bond formation between the two
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Scheme I

oppositely charged carbon atoms to take place, resulting in the formation of the six-membered ring.

In this paper we present the results of a detailed kinetic study of the cyclization of compounds 2. Besides
having determined the kinetic parameters of the ring closure reaction of 2a, we have investigated the influence
on the reaction rate of different electron-withdrawing groups in the vinyl moiety, of different amino groups, of
substituents at the 7-position of the aromatic ring, and also of the solvent used. In an attempt to acquire
information on the starting conformation and the pathway of the hydrogen transfer, we have performed
semi-empirical quantum chemical calculations on the parent molecule 2a.

RESULTS AND DISCUSSION

Synthesis of the starting materials and of their cyclization products

Compounds 2a-c and 2g were synthesized via a Knoevenagel condensation of the appropriate
2-(N,N-dialkylamino)benzaldehyde with malononitrile and dimethyl malonate, respectively, following the
procedure described earlier.2 Compounds 2d and 2f were synthesized in an analogous way, using 5-nitro-
2-(1-pyrrolidinyl)benzaldehyde® and malononitrile, or 2-(1-pyrrolidinyl)benzaldehyde and ethy! cyanoacetate as
the starting materials, respectively. In the case of 2f exclusively the E-isomer is formed, as can be judged from
the chemical shift of the vinylic proton at & = 8.55 in the 'H-NMR spectrum. This is in full agreement with
earlier published results of investigations on the stereochemistry of the Knoevenagel condensation.® Compound
2e was prepared directly from 2a in quantitative yield by bromination with NBS in DMF at room temperature.’

Upon heating in refluxing 1-butanol all compounds 2 afforded the ring closed products 3. In the case of 2f
ring closure could in principle give two diastereomeric compounds, due to the introduction of an extra
asymmetric center upon cyclization. The cyano group can either be on the same or on the opposite face of the
molecule relative to the bridge-head hydrogen atom. !H-NMR and 13C-NMR spectroscopy reveal that only one
diastereomer is formed. It is, however, not possible to judge which of the two diastereomers is formed. Therefore

Figure 1. Stereoscopic view of the crystal structure of 3f



Tertiary amino effect in heterocyclic synthesis 4639

we resolved the crystal structure of the ring closed product 3f using X-ray spectroscopy. Figure 1 shows clearly
that the cyano group is on the opposite face relative to the bridge-head hydrogen atom. This implies that in the
time between hydrogen migration and C-C-bond formation the B-carbon atom bearing the cyano and the ester
group does not rotate around its bond to the a-carbon atom.

Kinetic Experiments

The reactions were monitored using !H-NMR spectroscopy. All reactions were carried out in DMSO-dj.
Measurement of the rate of reaction of 2a at seven different temperatures in the range of 66.1 to 92.8 °C gave the
following activation parameters of the reaction (at 90.0 °C) : AH* = 22.2 + 0.4 kcal mol!, AS? = -12.0% 1.1 cal
mol'! K'! and AG® = 26.6 + 0.8 kcal moll. The value of AH* is very low in comparison with activation
enthalpies for other sigmatropic {1,5]-H shifts,$ especially when we consider that in the transition state of this
hydrogen shift the conjugation in the benzene ring must be at least partially destroyed. Indeed, Wehrli et al?
have found that the E/Z-isomerization of 2-(1-propenyl)toluenes, which could take place via two consecutive
[1,5)-H shifts as in the case of the 2-(1-propenyl)anilines and -phenols, has such a high activation enthalpy (AH*
= 49.2 kcal mol'! in decane at 368 °C), that a biradical mechanism might be operative instead. It scems therefore
unlikely that in our case the rate-determining step consists of a sigmatropic [1,5)-H shift. This conclusion was
strengthened by the observation that the non-aromatic compound 8 reacts much slower than 2a.!0 This clearly
indicates that the aromatic parnt of the molecule is kept intact during the reaction and that another mechanism
must be operative.

To ascertain if a hydrogen atom migrates at all in the rate-determining step, we determined the deuterium
kinetic isotope effect of the reaction. For this purpose we synthesized the tetradeuterated compound 6, starting
from 2-fluorobenzaldehyde via a nucleophilic substitution!2 with pyrrolidine-2,2,5,5-d,1? to give 8, followed by
a Knoevenagel condensation with malononitrile, analogous to the synthesis of 2.2 We measured a kinetic
isotope effect of 3.0 £ 0.3 at 91.2 °C in DMSO-d. Although this kinetic isotope effect is the sum of a primary
and a secondary kinetic isotope effect, its magnitude is a strong indication that in the rate-determining step of the
reaction migration of a hydrogen atom does take place.

From the 'H-NMR and mass spectra of the ring closed compound 7 it is clear that during the cyclization of
6 no deuterium is lost from the substrate. This definitely proofs that the hydrogen (deuterium) migration is an
intramolecular process.
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When the polar solvent DMSO-dj is replaced by the apolar toluene-d;, the reaction rate decreases by a
factor of about 150. This rather drastic solvent effect’ strongly indicates that the transition state of the rate-
determining step is highly polar in comparison with the ground state of 2a. In the apolar toluene-dg a polar
molecule will be less solvated and stabilized than in DMSO-dy. Assuming that the mechanism of the reaction is
the same in both solvents, the slower reaction in the apolar toluene-dy must be due 10 a less favourable solvation
of the transition state relative to the ground state than in the polar solvent DMSO-dg. This indicates that charge
sepanﬂontakuphcemtheme-detummngnep
The effects of variations in the structure of 2 on the reaction rate in DMSO-dg are summarized in Table 1.
Replacement of one or both of the cyano groups by the less electron-withdrawing ester groups (2f and 2g)
decreasestherucuonmcbyfwmof“md% respectively. This can be explained in terms of less
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Table 1. Rate constants of the ring closure reactions of compounds 2s-g and 6

compound solvent temperature rate conatant
°C) (10 sec'!)
2a toluene-dg 93 0.067 £ 0.005
2a DMSO-d; 90.4 85 103
2b DMSO-dg 90.3 49 105
2c DMSO-dg 92 0.19 20,05
2d DMSO-d, 90.9 029 +0.03
2e DMSO-dg 90.9 4 81 0.7
2t DMSO-dg 90.7 0.60 +0.02
2g DMSO-dg 89 0.078 £ 0.010
6 DMSO-dg 91.2 29 102

In the same way introduction of the strongly electron-withdrawing nitro group (2d) decreases the reaction
rate by a factor of 30, due to destabilization of the positive charge on the nitrogen atom of the amino substituent
in the transition state. The effect of a bromo substituent (2¢) is marginal, as it is both an (inductive)
electron-withdrawing group and a (mesomeric) electron-donating group.

Changing the amino group from pyrrolidinyl to piperidiny] or morpholinyl (2a, 2b, and 2¢) decreases the
reaction rate by factors of 1.7 and 50, respectively. This can be explained in terms of decreased overlap of the
lone pair of nitrogen with the benzene ring,!4 which renders delocalization of the positive charge on the nitrogen
atom in the transition state less effective. In the case of morpholine, the transition state is even more destabilized
by the presence of an electron-withdrawing oxygen atom in the ring.

Semi-empirical quantum chemical calculationg

In order to gain more insight in the stereochemical course of the reaction, we performed some
semi-empirical quantum chemical calculations on the ground state of molecule 2a and on a probable reaction
path. The calculations were carried out with the AMPAC-programme.!$ The AM1-Hamiltonian was chosen for
all calculations, as it seemed supgrior 1o both the MINDO/3- and the MNDO-Hamiltonian.!$

The structure of the ground state of compound 2a was optimized and compared with the structure found by
X-ray analysis (Figure 2 and Table 2). Pronounced differences between the calculated and experimental structure
are found in the puckering of the benzene ring and the pyrrolidinyl ring, and in the dihedral angle between the
benzene ring and the vinyl moiety. Both rings are calculated too flat in comparison with the observed structure.
Calculated bond lengths and bond angles are in reasonable agreement with the experimental values. Bonds to
hydrogen atoms are invariably calculated 0.10-0.15 A longer than those found in the X-ray structure, reflecting
partly the known fact that hydrogen bond lengths obtained by X-ray spectroscopy are on an average 0.09 A too
short. In the pyrrolidinyl ring the C-C-bond lengths are calculated to be longer and the C-C-C-angles to be larger
than in the experimental structure. It seems that the calculated steric interactions in the five-membered ring are
relaxed by expanding, instead of bending or puckering the ring. This calculation of a wrong geometry might well
be caused by the neglect of the three- and four-center two-clectron integrals in the evaluation of the electronic
energy of the molecule, which are especially important in small rings. The fact that the viny] moiety is rotated
further away from coplanarity with the benzene ring in the calculated structure than in the X-ray structure, might
partly be explained by crystal packing factors, in addition to the obvious errors due to simplifications in the
calculations.

We also tried to locate a transition state for the migration of a hydrogen atom from C,q to C;; (atom
numbering according to Figure 2). On pulling a hydrogen atom from C,q to C;; we noted that in the molecule
charge scparation takes pilcc. thus lending support to the interpretation of the results of the kinetic
measurements. We could, however, not locate a transition state on this reaction path. We are well aware of the
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Figure 2. ORTEP2 drawings of the crystal structure (2) and the calculated structure (b) of 28

Table 2. Selected geometry parameters of the observed and of the calculated molecular structure of 2a

bond lengths (A) bond angles (%) dihedral angles (°)

X-ray | AMI1 X-ray | AMI1 X-ray AM1

CC 1.408 | 1.405 C GG 1225 | 1216 || € C, GG, -1.1 0.6
(O o 1364 | 1.386 C,CCy 1187 | 119.1 GG CCs 39 17
G C, 1388 | 1.396 || C3C,Cs 1213 | 1207 | C3C,C5Cs 0.1 0.0
C.Cs 1361 | 1.386 [| C4CsC 1214 | 1215 || C,CeCsCy 6.8 28
CsC 1419 | 1423 C, Cg Cs 1172 | 1173 || G C CeCs 92 39
C, Cs 1428 | 1426 | C,C; Cs 1183 | 1198 | G CC Co 5.5 23
N;Cs | 1.358 | 1400 || N,CsCy 1232 | 1226 || NG C, -171.2 | -180.0
N, C, | 1475 | 1.463 CN, G, 1202 | 185 || ;N G0y -178.5 | 1687
GG, 1.502 | 1.536 N, GG 1039 | 1083 § C4N,C,Cy 1714 | -1537
GG 1502 | 1522 I GGG 103.1 { 1058 § N,C, GGy 330 14.1
CyCip | 1.511 | 1.538 C3C3Cyo | 1034 | 1059 || C;C4CyCo 401 | -124
N;Cpo | 1468 | 1.460 {| N;C;oCy | 1038 | 1088 § N, C,oCCs 314 6.6
CNiCyo | 1101 | 1093 || C4N; CyoCy 1453 | 1448

CsN;Cio | 1254 | 1206 ]| C,oN, G4 C, 274 29.5

C,Cyy | 1436 | 1451 CsCiCyy | 1206 | 1223 || N, CeC, Cpy 18.1 48
CiCiz | 1.357 | 1.355 C;CCpp | 1301 [ 1259 || C4C,C1Chy | -167.6 | -1375
CiCis | 1427 | 1.423 CCi2Cis | 1253 | 1240 || C,€,;C1oCos 6.5 4.6
CiaCia | 1435 | 1.425 Ci1C12Ce | 1210 | 1206 § C,C;CpCiy | -1725 | -176.4
N;Cyy | 1.145 | 1.163 N;Ci3Cpa | 1774 | 179.1 [} Cy3CyoCyyHy | -1785 | -178.7
N;Cie | 1.140 | 1.163 N3C1Cia | 1786 | 1800 § CyCi2CiiHyy 2.5 0.4
CuHy | 096 | 1.108 CCyHy | 1152 | 1154 || CsC,CuHy, 174 457
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fact that the described procedure (see also Experimental) is not a guaranteed way for finding a transition state. A
more thorough search of the AM1 potential surface, however, seemed not appropriate, the more so as the
important stabilization of the developing dipole by solvation is not accounted for in the calculations. It is
therefore also not at all certain that a transition state docs exist on the AM1 potential surface of 2a.

The calculated and experimeatal structures of the ground state of 2a, in which the vinyl moiety is more or
less rotated away from coplanarity with the benzene ring, do give some clues for the stereochemicat course of
the reaction under investigation. When we look at Figure 2 (2 or b) we see that in case of a hydrogen transfer
from Cy4 to C,;, the hydrogen atom below the plane of the molecule will be favoured over the other hydrogen
atom bonded to Cyq. The migration of the first mentioned hydrogen atom will in this case most likely take place
suprafacially, although it is not a sigmatropic [1,5]-H shift (vide supra). As the vinyl moiety is already partly
rotated around C,-C;; when this hydrogen atom is migrating, is seems likely that further rotation of the vinyl
moiety to enable bond formation between C,4 and Cy,, will proceed in the same direction. As C,q and C,, are
oppositely charged this rotation will be very quick, leaving no time for C,, to rotate around its bond to C,; (vide
supra). In this way one enantiomer is formed with the hydrogen atom at C;, pointing upwards. In exactly the
same way the other enantiomer can be formed, starting from the mirror image of the ground state, in which
C,3-N; is pointing upwards instead of downwards.

CONCLUSION

The results of this kinetic study indicate that the first step in the reaction mechanism of the ring closure of
[2-(1-pyrrolidinyl)phenylmethylene]propanedinitrile (2a) is an intramolecular 1,5 hydrogen transfer, although
not a sigmatropic one. It seems likely, in view of the charge separation that takes place, that the migrating
hydrogen atom bears a partially negative charge. When we consider the geometry of the ground state of 2a, it
seems probable that the hydrogen migration will occur suprafacially. Subsequent rotation of the former vinyl
group will probably continue in the same direction as this group is already turned when the hydrogen migration
takes place. The complete reaction is thus stereochemically well defined. This means that the results described
carlier* can be satisfactorily explained by this revised mechanism.

EXPERIMENTAL

M.ps were determined with a Reichert melting tgoint [ tus and are uncorrected. 'H-NMR spectra were
recorded with a Bruker WP-80 trometer and “°C- spectra were recorded with a Nicolet MT 200
trometer, using CDCl, as a solvent with Me,Si as an internal standard. Mass spectra were obtained with a
?:cianMAT 311A spectrometer and IR spectra with a Perkin-Elmer 257 specn;?howmeumemenul analyses
were carriod out by A.M. Christenhusz of the Laboratory of Chemical Analysis of the University of Twente.
2a-c,g and 3a-c,g were prepared as described earlier.2

A din, yf;w‘wddemj(ﬂ'?‘ x;l?fzmaobmuldghdca“ 0.020 mol)

2-(1-Pyrrolidiny}-2,2,5,5 y o2 of 2- y 48 g, 0.020 mo
and K,CO; (2.78 g, 0.020 mol) in DMF (10 ml) was added pyrrolidine-2,2,5.5-d,! (1.50 g, 0.020 mol). The
reaction mixture was refluxed for S hr under N,. After cooling the mixture was poored in B Ac/v_nwt (1:1,20
mi). The water layer was extracted with EtOAc (3 x 20 ml). The combined extracts were washed with sat NH,Cl

(50 mi), dried (MgSO,) and evaporated under reduced pressure. Distillation afforded the pure 7 (17%), bp.
122°0.03 mm. 'H-NMR &: 10.08 (s, 1H, CHO), 7.9-7.6 (m, 1H, H-6), 7.5-7.2 (m, 1H, H-4), 6.9-6.6 (m, 2H, H-3
and H-5), 1.94 (s, 4H, CH,). o

General procedure’ for the preparation of 2d and 6. To a soln of S5-nitro-2-(1-pyrrolidinyl)-
benzaldehyde’ or § (10 mmol) in toluene (15 ml) malononitrile (0.66 8, 10 mmol) was added. In the case of 2d a
few drops of piperidine were added as base. After stirring for 1 hr at room temp the solvent was removed under
reduced smmmsidwwmymlﬁzedﬁommcthmolwgivethcpmcou&ound. .

[S-Nitro-2-(1-pyrralidinyl)phenyimethylene]lpropanedinitrile (2d). Yield 97%, orange-brown needles,
m.p. 165-168°. 'H-NMR §&: 8.5!3 8!, 1H, J = 2.7 Hz, H-6), 8.18 (dd, 1H, J = 9.5 and 2.7 Hz, H-4), 8.03 (s, 1H,
-(5{), 6.85 (d, 1H, J = 9.5 Hz, H-3), 3.6-3.3 (m, 4H, NCH}), 2.3-1.9 (m, 4H, CH,). PC-NMR 8&: 158.9 (d, =CH),
152.8 (s, C-2), 137.8 (s, C-5), 128.5 and 127.6 (d, C-4 C-6), 127.8 (si C-1), 115.4 and 113.6 (s, CN), 114.5
(d, C-3), 82.0 [s, =C( , 53.0 (t, NCH)), 26.0 (1, CH,). IR (KBr) cm'’: 2232 (CaN), 1606 (C=C). MS: m/e
268.096 (M*, calc.: 268.096). (Found: C, 62.56; H, 4.53; N, 20.90. Calc. for C,,H;,N,0, (M, 268.277): C,
62.68; H, 4.51; N, 20.88%.) .

[2-(1-Pyrrolidinyi-2,2,5,5-d )phenyimethylene]propanedinitrile (6). Yield quant., red anl‘uls, m.p.
92.5-94.5°, 'H-NMR 8&: 7.99 (s, 1H, =CH), 7.9-1.7 (m, 1H, H-6), 7.5-7.2 (m, 1H, H-4), 7.0-6.7 (m, H-3 and
H-5), 1.99 (s, 4H, CH,). 13C-NMR &: 159.6 (d, =CH), 151.6 (s, C-2), 134.6 (d, C4), 129.9 (d, C-6), 119.0 (s,
C-1), 118.5 and 115.5 id, C-3 and C-5), 114,9 and 113.2 (s, CN), 77.1 [s, =C{( , 52.5 (quintet, NCD,), 25.6
(t, CHp). IR (KBr) cm™': 2218 and 2209 (CmN), 1606 (C=C). MS: m/e 227.135 , calc.: 227.136). (Found: C,
73.86; H+D, 5.86; N, 18.59. Calc. for C;, N 227.304): C, 73.98; H+D, $.76; N, 18.49%.)

[S-Bromo-z-(l-pyrrolidinyl)pbmylmethy:lm propanedinitrile (2e‘). To a soln of 3a (1.12 g, S mmol)
in DMF (5 ml) was added a soln of NBS (0.89 g, 5 mmol) in DMF (15 ml).® Afiex stirring for 24 hr at room temp
sat NH(Cl aq (20 ml) was added 1o the soln and the mixture was extracted with EtOAc (3 x 20 ml). The
combined extracts were dried (MgSO,) and evaporated under reduced pressure. The residue was recrystallized
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from methanol to afford pare 2e (quan.) &s Deadics, m.p. 139-141°, IH-NMR &: 7.82 (s, 1H, =CH), 7.76

. =9 .ZHI.H ,6.7l(d,1H.J~90Hz,H-3) 3.4-3.1 (mh 4H,

X 158.1 (d, =CY), 150.1 (x. C- 2), 136.8 (d, C-4), 131, y (d, C-6), 1200

T (KBv) i 2280 (Cokd, 1597 (G MS: e 30001 (- can 01 i, P €503
. [ : mle

ggzn.m.n Calc. fox € : C, 55.65; H, 4.00; N, 13.91%.) ¢ -

§=

m Ac90:10)tolﬂu|lthe as a oll, which not-be
%). ‘H- &: 8.55 (s, 1H, =CH), 8.0-7.8 (m, 1H, H-6), 7.5-7.2 (m, 1H, H4), 7.0-6.7 (m, 2H,
H-3 and H-S), 4.36 (q, 2H, / = 7.2 Hx, 3531 (m, 4H, 2.1-1.7 (m, 4H, 139, 3H,J=172
-NMR &: 163.4 (s, COORBY), 155.6 (d, =CH), 151.6 l, C-2), 133.3 and 130.1 (d. C-4 and C-6),
(l:% ‘ég;)c-zls),8 l(l ng and 11412 (() (d(.:g-:)i a&d (I%BS)) 11519 (s, Cl'(i():.. N) 0 [s, 20-C(CN)((X)9%B!)] @, , 33.0

t, , s r) cml: 2220 , 1720 (C=0), 1599 (C=C). MS: m/e 270.134
(M*, calt. for c,.u,.ﬁ; 710137, (C=0). 1399 ¢

General p fortlcrin;donmofld-fmd&?rmndonofsd-fmd7 A s0ln of 2d-f or 6
0.5 g) in l-bumol(lOm!)wnrd’lmedhrm,td,md4km‘cdvdy On cooling a precipitate was
formed, which was filtered off and recrystallized from methanol to the

1,2,3,3a,4,5-Hexahydro-7 ynvlo[t,z-c (3d). Yield 57%, yellow
needles, m.p. 234-239°. 'H-NMR 8: 8.2-7.9 (m, 2H, H-6 and H-l). 6.58 (d, 1H, J = 8.8 Hx, H-9), 3.94 (&4, 1H,J
=58md32Hz.NCH).38—33(m.4H. and 8-1.9 (m, 4H, BC-NMR 8: 146.7 (3, C-94),
@ ROy, 484 0 NCI), 378 fo, AT, 334 T E"&i,ﬁ*%‘é 28 (T TR (KB cart: 2259
, L, , 1 LS %, cm"
(C-N)MSm/e268097(M*,cch%(Foand.C,62.w}L4A&N 20.55. Qale. for CH,,N0, M,
268. 2-"172! - 62% Hﬁ:j,ls'-msd?ﬁpynd [1,2-a]quinoline-4,4-dicarbonitrile (3e). Yield 84%, colourl
- rom. y 0| q b{ CO. CSS
: JH-NMR &: 7.4-7.1 (m.2H.H-6de—l),6.“(d. lH.J-&S}k.M).iJTI(dd, 1H,
J 77 58Hz,NCH).36-3.2( 2H, | 3.42 (s, 2H, AsCH,), 2.7-1.9 (m, 4H, CH,). BC-NMR &:
50 (o K3 "'é‘fé“" A‘ma’ G, 57 ‘é%m%’ "‘f"’z?;“.‘uf”z"zé? & Con oo
(s, C-7). 62.9 (d, NCH), 48.0 ( (3 s t f)
cml: 2226 (CaN). MS: m/e 30 1). (Found: C, 55.58; H, 4.04; N lc}?g Calc. for
C“H BrN, (M, 302.181): C, 55. 4(X)'N 1391%.)

%thyl ( )-(:t)-4-cyano-l,2r3,3.,4,5 -hexahydropyrrolo{1,2-alquinoline-4-acetate (3f). Yield 69%,
colourless crystals, m.p. 123-125°. '"H-NMR §: 7.2-7 0 (m, 2H, H-6 and H-S). 6.7-6.5 (m, 2H, H-7 and H-9), 4.30
and 4.27 (ABX,, 2!{,.1“--10.8 -721 -71&0(32) dd, 1H, J = 8.2 and 5.8 Hz, NCH),
36—32(m.4H,N SH,J 7land7.2Hz,CH,) BC-NMR &:
168.1 (s, C=0), 142. (s, -9), 1 0 md 128 4 (d, C-6 and C~8), 1166 and l 39 (s, C-52 and CN), 116.5 and
111. 5 (d, C-7 and C-9), 63.1 {t, OCH,) 62.0 (d, NCH), 473 (t, ng) s, C(CNXCOOEY)), 37.1 (.

, 29.3 and 23.2 (t, CH)), l4l(g . IR (KBr) em™!; 2250 ( 1742( 4).MS:m/e270.135 M*,
cah 36"!’7)0137) (Found: C, 70.97; H, 6.94; ﬁ 10.27. Calc. for CygHygN,Oq (M, 270.334): C, 71.09; H, 6.71; N,

lJJJaM-HeanMJGF-MMIMMMMIMW (M. Yield 45%,
colouriess crystals, m.p. 132-14; 8: 7.4-7.0 (m, 2H, H-6 snd H-8), 6.9-6.5 (m, 2H, H-7 and H-9), 3. 48
(d. 1H, yp = 1.5 Hz, ArCHD) 2.8-1.9 (m, 5). 13C-NMR 8: 142.0 (s, C-9a), 129.2 and 129.0 (d, C-6 and
C-8), ll;{g and 112.2 (d, C-7 and C-9). 1150 1134 and 113.0 (s, C-Samd CN), 64.9 (t, NCD), 47.2 (quintet,
(dt, ArCHD), 33.8 {s, C( 2981nd22.6(l.CH . IR (KBr) cm!: 2250 (CaN). MS: m/e 227.136 (M*, calc.:
%g? ;36)) (Found: C, 73.23; H+D, 5.78; N, 1831, . for C“HgD‘Na (M, 227:304): C, 73.98; H+D, 5.76; N,

49%

Klnetkexperlmu.'nxekinencmcumemwammbdomusmg 'H-NMRtpecuoscopy As a
probe for the progress of the reaction, the decreading integral of the signal of the vinylic h womwu
used. As internal reference signal the integral of the absorption of triptycene at § = S.
used. All reactions were carried out in DMSQ-dg to assure that ngnnofmevinylichydrdgenam dnol
coincide with the aromatic hydrogen atom signals. All measurements were performed on a Bruker WP-80
spectrometer.

lnnygcal experiment (0.1 mmol) and triptycene (6.35 mg, 0.025 mmol) were
dissolved in MSO—d,(OSml).'I‘hcwaled -tube was put in the thermostated ptobe‘:nd allowed to warm
uptothcdwmdmpemme At fixed intervals spectra were recorded and integrated. The temperature was

onceuthcendoftbexucdon unngn}umoeouplc.'metucummeeonmtkwasakuhwd

unngAﬁol tting programme,
xucuonsfollowedﬁmaderhnedafaulusnwohdfhm 2d and 2f were measured
a little shorter in time, approximasely 14 half lives, The results are mentioned in the text and are summarized in

Tablel
lde-l'&:nmm chemical calculations. The calculations were carried out with the AMPAC
pmgramme"onav 8650 computer. The ground state of 2a was refined with respect to all 84 internal
coordinates, using the AM1 I-hm;ltomm.'l‘heﬁmlpndlmtnamwO?
Thcmcnonpad\wusimuhtedmdpulhngooeolmchy&opmncwmcn At cach step on the

rucuonpuhthedisumebetmn the mi g atom was held constant, Only part of the rest
of the molecule wuopnmuedat step, the of the benzene ring withlmommms
and of the hydrogen atoms of the pymrolidin d;nngmabohcldoonmmwmdwecompu

X-ray structure of [2-(1-pyrroli yimethylene]propanedinitrile (2a trlclinic,

fou PT. Cell constants: a = 7.955, b- 041, c =9.103 A, a = 99.21, 5-10932 7l°(V-
?;2.3 3 Z=2,9p, -1.252;cm3

-nydlﬂnction mcoﬂécwdnﬂSKontnanoniusCATdngk tal diffractometer,
using Mo Kg radistion monochromated by a graphite crystal (A = 0.71069 A). The parameters were

determined by refinement of 25 reflections with the least-squares method. In total, 2093 unique reflections were
measured (-10S h £ 10, -12 Sk < 12, 0 < 1< 12) with the ©/20 scanning mode (maximum scan-speed 0.09°
sec'l, scan-width 1.0° + 0.34 tg 8). The maximum variation in three standard reflections was 0.3%.
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méuuqmn.wu solved by direct methods®® and was refined using the full-matrix least-squares
g::edm._ using 1453 reflections with I > 2a(1). All h atoms were locatod by difference Fourier maps.
numbaofnpmw-mﬂned‘yum,incln‘cﬁng mlhg-ﬁombmopicexﬁncﬁmﬁcn(ﬁnﬂ%u

¥ ’m.mmcmamdpmfam-hy&qmmm b
parameters for hydrogen atoms. The of each reflectica was taken © be w = 1403(F), with =04l +
F3), p = 0. uSwtmn factors for nod-hydrogen atonm wese taken from “International Tables for X-ray
ography”,% for h Jummm factors of Stewart et al. were used.?’ The refinement

con' 1o a final R-value of 0035 (R, = 0.043), = 0.03.

-ray strocture of ethyl (cis)-(1)<4-cyano- hexah drup;{rdo(l,z-c] olhe-‘-oeetate
3n.c N.O,, triclinie, PL. Cell : 2 = 10.150, b = 8, =8, = B =
72.61, ;‘?%.33‘1’«.693.4‘1':“2‘3’,’ - 1284 g 888, c=8357 R a=se

) p cm™.
X-nyd;ﬂrwﬁmdaumcoﬂecwjumionahﬂipswuwm e crystal diffractometer. The total
number of unique reflections was 4080 (-13 Sh £ 14,12k < 12, 0< 1 < 11), measured with the o260 scenning
mode (maximum scan-speed 0.1° sec'l, scan width 1.3° 40.7 tg 6). The maximum variation in three standard
reflections was 2.3%. .

All methods were identical to those reported above for 2a, using p = 0.04 in the weighing-schems. In the
refinement of the 254 parameters 2833 reflections were nsed with [ > . The final extinction coefficient was
1.0x10%. The refinement converged to a R-value of 0.044 (R,, = 0.059). T three hydrogen atoms of the methyl
group were badly characterized, probably due % thermal motion.

Atomic coordinates and bond lengths for both structures have been deposited with the Cambridge
Crystallographic Data Ceatre. These can be obtained on request from The Director, Cambridge Data Centre,
University ical Labaratory, Lensficld Road, Cambridge CB2 1EW, UK., : :

. Complete. lists of positional parameters for all atoms, anisotropic thermal parameters for heavy atoms and
isotropic thermal parameters for hydroruoms.mdlim of bond lengths and bond angles have been deposited
& g;%zry Matenial with the Britisch Library Lending Division, Boston Spa, Wetherby, West Yorks
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