HeLVETICA CHIMICA ACTA — Vol. 80 (1997) 2329

161. Push-Pull Butadienes: Evidence for a Possible C—H - -+ S Hydrogen
Bond in 4-(Methylthio)-4-nitro-1-(pyrrolidin-1-yl)buta-1,3-diene
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X-Ray crystal structure of 4-(methylthio)-4-nitro-1-(pyrrolidin-1-ylbuta-1,3-diene (2b)!) indicates the
presence of a C—H - - S hydrogen bond. This might also explain the observed downfield shift of this proton in
solution.

1. Introduction. — 4-Nitrobuta-1,3-dien-1-amines have attracted recent attention as
potential optoelectronic materials [1]. Two types of structures are currently accessible
through synthesis. Compounds of the type 1a (NR, = pyrrolidin-1-yl) were first pre-
pared in 1976 by reaction of aldehydes with 1-(dimethylamino)-2-nitroethylene, followed
by treatment with pyrrolidinium acetate [2]. Recently, a closely related compound,
4-methyl-4-nitro-1-(pyrrolidin-1-yl)buta-1,3-diene (1b) has been synthesized and its
structure and configuration established by X-ray crystallography [1]. The final step in
this synthesis involves a 1,6 addition of pyrrolidine to a 1-nitro-4-(phenylthio)buta-1,3-
diene, followed by elimination of PhSH. The molecule has been shown to have the
(E, E)-configuration about the C=C bonds. The C—C bond lengths in the butadiene
system (1.37, 1.42, and 1.35 A for C(1)—C(2), C(2)—C(3), and C(3)—C(4), resp.) clearly
indicate the existence of extended conjugation in the push-pull system. The second type
of 1-amino-4-nitrobutadiene reported in the literature arises by an extremely facile ring
opening of 2-nitrothiophene brought about by sec-amines [3]. Subsequent methylation
of the thiolate results in compounds such as 2a. In this case, the configuration about the
C=C bonds (E, Z) has been established mainly by 'H-NMR data. While going through
the 'H-NMR data, we were intrigued by one puzzling feature: whereas H—C(2) in 1b
resonates at 4.99 ppm, the corresponding signal for 2a occurs far downfield at 5.72 ppm.
We have undertaken the present study in order to explore the possible reasons for, and
consequences of this unexpected downfield shift of H—C(2) in 2.

2. Results and Discussion. — Synthesis. Reaction of 2-nitrothiophene with pyrrolidine
in the presence of AgNO, in EtOH at 0° for 10 days gave a silver salt which was
methylated by Mel to give 2b in 52% yield. The butylamino compound 2¢ could be
prepared in 15% vyield from 2b by transamination.

1) The C-atoms of the butadiene chain have been numbered as shown in 1 and 2. These numbers have been
retained throughout the discussion for the sake of clarity and consistency.
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!H_NMR Data. The 'H-NMR signals of 2b matched well with those reported for the
diethylamino compound 2a [3]; H—C(2) was seen at 5.6 ppm as triplet. In the butyl-
amino analog 2¢, this proton resonated even further downfield at 5.8 ppm.

During our early investigations on 1-nitro-2-(pyrrolidin-1-yl)ethylene (4a) and relat-
ed compounds, we had shown that the strong contribution of the iminium-nitronate
structure 4b resulted in magnetic non-equivalence of the a-CH, protons of the pyrro-
lidine [4]. The compound 2b similarly exhibits magnetic nonequivalence of the a-CH,
groups both in 'H- and '*C-NMR spectra (*H: 3.40, 3.60 ppm; 13C: 47.33, 52.74 ppm).
This clearly indicates extended conjugation over the entire molecule as in 3b.

Reactivity at C(2). The chemical shift of H—C(2) in 2b clearly indicates that there
is no additional enaminic electron density at C(2). This was confirmed in two ways.
Addition of D,0 to the CDCl, solution of 2b did not result in any exchange of H—C(2).
Furthermore, the compound was recovered unreacted after treatment with the moderate-
ly strong electrophile, MeNCS (toluene, reflux, 24 h). We had shown eartier that this is
a diagnostic test for enaminic reactivity in nitrovinylamines [5].

Crystal Structure of 2b?). The X-ray crystal structure of compound 2b is shown in
Fig. 1, and the selected bond lengths and bond angles are given in Table 1. As can be seen
from Table 2, the central butadiene moiety is essentially coplanar with the terminal
N,N-dialkylamino and NO, substituents. However, the Me—S bond is nearly perpendic-
ular to the above plane. The C—C and C=C bond lengths in this push-pull diene system

2y Crystaliographic data (excluding structure factors) for the structure reported in this paper have been deposit-
ed with the Cambridge Crystallographic Data Centre as supplementary publication No, CCDC-10/60. Copies
of the data can be obtained, free of charge, on application to the director, CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (fax: + 44-(0)1223-336033 or e-mail: teched@chemcrys.cam.ac.uk).
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have become almost equivalent (~ 1.38 A) suggesting a large delocalization of the n-elec-
tron cloud. This is also manifested by a shorter (1.308 A) N—C distance at the amino end
relative to the value (1.323 A) found in the closely related compound 2a [1]. A common
feature present in both these molecules is the smaller bond angle at C(3) (~ 120°) as
compared to the two flanking angles at C(2) and C(4) (~ 127°)3).

Fig. 1. An ORTEP diagram of molecule 2b @
with crystallographic numbering scheme

Intramolecular CH - -- S Interaction. The structure shows a close contact between S
and H—C(3) (Table 3). However, more than the distance it is the spatial disposition of
H—C(3) relative to the thioether plane that is revealing. According to Rosenfield et al. [6],
in compounds containing divalent S (bonded to two ligands, Y and Z), there may exist
interactions such that a group with electrophile character approaches S roughly 20° from
the perpendicular to the plane through atoms Y—S—Z. This is indeed the case here; the
ethylenic proton H—C(3), acting as an electrophile, interacts in a very similar fashion (the
above-mentioned angle is 27°) with the S-atom (Zable 3 and Fig. 2). The stability result-
ing from the positioning of the proton along a S lone-pair orbital [6] may be responsible
for the near perpendicular orientation of the thioether group with respect to the rest of
the molecule. (For yet another favorable interaction that this particular orientation
offers, see the discussion below.) Because of the attractive nature, this may constitute an
interesting example of the H-bonding, even though a C(3)—H - - - S angle of 105°, signif-
icantly differing from the linear direction, is not deemed to constitute a strong interaction

3) Atom numbering as in Fig. 1.
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Table 1. Selected Bond Lengths [A] and Angles [°) for Compound 2b

Bond lenghts

S—C(1) 1.746(3) N(2)—-C(5) 1.472(3)
S—-C®) 1.792(3) C(1)—-C(2) 1.371(3)
O(1)—N(1) 1.249(3) C(2)—-C3) 1.380(4)
0O(2)—N(1) 1.236(3) C(3)—-C4 1.380(4)
N(1)—C(1) 1.421(3) C(5)-C(6) 1.517(4)
N(@2)—-C4) 1.308(3) C(6)—-C(7) 1.479(6)
N(2)—C(8) 1.469(3) C()—C(8) 1.476(5)
Bond angles

C(1)-S-C(9) 102.2(1) N(1)-C(1)-S 118.2(2)
O(2)—N(1)-O(1) 120.7(2) C(1)—C(2)—C(3) 126.9(2)
O(2)—N(1)—-C(1) 120.1(2) C(4)—-C(3)-C(2) 120.9(2)
O(1)—N(1)—C(1) 119.2(2) N(2)-C(4)—C(3) 126.2(2)
C(4)—N(2)-C(8) 124.9(2) N(2)—-C(5)—C(6) 103.9(2)
C(4)—N(2)—-C(5) 123.9(2) C(7)—-C(6)—C(5) 105.6(3)
C(8)—N(2)~C(5) 110.92) C(8)—-C(7)—C(6) 106.2(3)
C(2)—C(1)—-N(1) 117.9(2) N(2)—C(@8)—C(7) 104.1(3)
C@)—-C()-S 123.82)

Table 2. Angle between Various Atomic Planes in 2b

Planes?) Angle [°]
Amino/butadiene 8.9(4)
Nitro/butadiene 5.0(4)
Thioether/butadiene 78.9(1)
Nitro/amino 13.4(4)
Nitro/thioether 74.8(2)

*) Atoms used to define various planar groups are: butadiene: C(1), C(2), C(3), C(4); amino: C(5), N(2), C(8);
nitro: N(1), O(1), O(2); thioether: C(1), S, C(9).

[7]. It may be that as long as the proton is directed towards a more electron-dense (like
the lone-pair) part of the acceptor atom, considerable energy is to be gained from even
a nonlinear H-bonding geometry.

Intermolecular CH- -- O and S - - O Interactions. The two shortest contacts stabiliz-
ing the crystal lattice involve the O-atoms of the NO, group (Table 4). The CH--- O
interaction is interesting as it shows that the C—H bond can be lengthened by its
participation in a H-bond as has also been observed for the O—H - -+ O H-bonds [8].
The C(4)—H bond length (0.94 A) is longer by ca. 0.08A compared to the other two
C—H bonds with no comparable intermolecular interaction. The fact that all the H-po-
sitions have been obtained from the difference Fourier map and ethylene H-atoms have
been subjected to refinement confers a degree of confidence to these statements.

The already alluded work of Rosenfield et al. [6] is useful in understanding the
geometry of the other crystal contact viz., between S- and O-atoms. They had observed
that the preferred direction of interaction of a nucleophile with the S-atom in the group
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Fig. 2. Spherical polar coordinates specifying the direction of
S H=C(3) are defined relative to the axial system, with S as
the origin z, normal to the plane defined by C(1), S, and C(9), x,
bisector of the angle C(1)—S—C(9), and the y-axis going in the K
direction of C(1). The polar angle 8 (0 < 8 < 180°) is the angle N

made by the S--- H-C(3) vector with the positive z direction;
the positive direction of ¢ is as shown. In the text, two such angles :

have also been defined for O(2), which shows an intermolecular

contact with the S-atom.

Table 3. Geometric Parameters Involving the Interaction between the S- and the H-Atom, H—C(3) in 2b

Atoms Length [A) Polar angles®)

C3)~H---§ 2.86(3) 9 26.7(1)

c@)---S 3.192(3) o 11.7(1)
Angle []

CG3)-H---§ 105.1(6)

C(1)-S---H-C(3) 64.6(6)

C()-S---H-C3) 102.8(6)

*) Angles 8 and ¢ are defined in Fig. 2.

Table 4. Distances [A] and Angles [°} Involving Close Intermolecular Interactions in the Crystal Structure of 2b

CH - -- O Interaction®) S- -+ O Interaction®)

C@)- - 0() 3.240(3) S 0Q2) 3.340(2)
C@)—-H---0(1) 2.41(3) 6" 97.3(1)
C@-H--- 0(1) 147(2) ) —53.2(1)

?) Symmetry operators to be applied to O(1): 2 — x,0.5 + y,0.5 — z; 0(2):2 ~ x, =05 + ,0.5 — z.
%0 and ¢ angles are defined in Fig. 2.

Y —S—Z is along the extension of the S—Y or S—Z bond. This translates to a value of
~ 90° and ¢ ~ =+ 60° (Fig. 2) for the O-atom, O(2), which, with its partial negative
charge, can behave like a nucleophile. This is indeed what we observe (Table 4).
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In summary, the present crystallographic investigation has identified a system where
both the molecular and the crystal structures have been modulated so as to satisfy the
special feature of the S atom, viz., its nucleophilic, as well as electrophilic nature in
making nonbonded contacts.

Conclusion. — The explanation for the downfield shift of H—C(2) in 2b relative to that
in 1b perhaps lies in the spatial proximity of this proton in 2b to the S-atom; in the solid
state, the orientation of this proton leads to a C—H - -+ S H-bond as revealed by the
X-ray analysis. We believe that this situation also exists in solution, thereby leading to
the observed downfield shift of H—C(2) in the 'H-NMR spectrum. If this were indeed
the case, this would be another example of the manifestation of a weak attractive force
in solution involving the S-atom.

Experimental Part

General. M.p.: with a microsope hot-stage apparatus, uncorrected. IR spectra: Perkin-Elmer-Infracord
spectrometer. 'H- and '*C-NMR spectra: Bruker-Ac-200 or Bruker-M SL-300 instrument in CDCl, soln. with
TMS as internal standard, coupling constants J are given in Hz. MS: a Finnigan-MAT-102B spectrometer.
Microanalyses were performed at the Organic Chemistry Division, NCL.

4-( Methylthio )-4-nitro-1-(pyrrolidino-1-yl )buta-1,3-diene (2b). Pyrrolidine (16.89 g, 238 mmol) was added
dropwise to a stirred soln. of AgNO, (4.48 g, 28.52 mmol) in EtOH (130 ml). A small amount of black precipitate
was formed, which was filtered off. To the filtrate 2-nitrothiophene (3.5 g, 27.13 mmol) in EtOH (35 ml) was
added. The dark-red colored soln. was kept at 0° for ca. 10 d. The red-colored precipitate (silver salt) was filtered,
washed with EtOH and Et,0, and dried. To the dried silver salt excess Mel (15 ml) was added and the mixture
stirred at 30° for 30 min. It was then extracted with acetone, the acetone layer was concentrated and the solid
purified by silica-gel column chromatography using petroleum ether and AcOEt to give 2b (52 %). Dark-red
crystals. M.p. 137° (AcOEt). IR (CHCl,): 1600, 1560, 1400, 1260, 1200. '"H-NMR (CDCl,): 2.05 (m, 2 CH,);
2.25 (s, MeS); 3.4(¢,CH,); 3.6 (t,CH,); 5.6(r,J =123, =CH); 7.35(d, /=123, =CH); 825, /=123,
= CH). '*C-NMR (CDCl,): 16.95; 24.64; 43.33; 52.74; 98.08; 128.84; 148.93; 153.07. MS: 214 (M *), 120 (100),
93, 84, 80, 76, 70, 55. Anal. calc. for C;H, ,N,0,5: C 50.45, H 6.58, N 13.07; found: C 50.84, H 7.08, N 13.17.

1-( Butylamino )-4-( methylthio )-4-nitrobuta-1,3-diene (2¢). The pyrrolidinyl derivative 2b (214 mg, 1 mmol)
was taken in dry MeOH (5 ml) and to that was added BuNH, (183 mg, 2.5 mmol) and a catal. amount of TsOH.
The mixture was refluxed for 30 h, the solvent removed and the product purified by silica-gel column chromatog-
raphy using petroleum ether and AcOEt to give 2¢ (15%). Red-colored gum. IR (CHCI,): 1180, 1550, 1600, 3300.
'H-NMR (CDCl,): 1.0(s, Me); 1.45 (m, CH,); 1.65 (m, CH,); 2.25(s, Me); 3.3(1,CH,); 5.8(s,J = 12.6,
= CH); 6.1 (br. s, NH, exchanged with D,0); 7.25 (m, =CH); 8.3 (4, J = 12.2, =CH). MS: 216 (M *), 120 (100),
93, 84, 80, 76, 70.

Crystallographic Analysis of 2b. Crystal Data. The reflection data collected were reduced using NRCVAX
program [9]. The structure was solved by direct method using the SHELXS-86 program [10] and refined by
fuli-matrix least-squares method on F2. Anisotropic thermal parameters were used for refinement of non-H-
atoms. All H-positions were obtained from the difference Fourier map. The coordinates and the isotropic temp.
factors of the three ethylene H-atoms were refined, but the others were held fixed. These calculations were done
with the PC version of SHELXL-93 [11] using standard atomic scattering factors from ‘International Tables for
Crystallography’.
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a research associateship (to G.X.), and a research fetlowship (to D.P.). We thank the Department of Science and
Technology for funding this project and for the award for a research assistantship (to S.S.S.).
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