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Nuclear Magnetic Resonance Conformational Studies of C-Substituted

Pyrrolecarbaldehydes.

Part |.

Substituent Effects on Aldehyde Con-

formations as shown by Long Range Coupling Constants

By M. Farnier,” Laboratoire de Polarographie Organique associé au CNRS, Chimie des Hétérocycles, Faculté
des Sciences, 6 boulevard Gabriel, 21000 Dijon, France
T. Drakenberg, Division of Physical Chemistry, The Lund Institute of Technology, P.O. Box 740, S-220 07

Lund 7, Sweden

The conformations of the formyl group of the two pyrrolecarbaldehydes and the mono-iodo, -nitro, -ethoxycarbonyl,

and -formy! derivatives have been determined by a study of the 5/ and %/ long range coupling constants.

The

results show the influence of the nature and position of the substituent on the relative proportions of the two

conformers.

DuriNG the last few years numerous n.m.r. studies !?
have been carried out on the conformation of the formyl
group in heterocyclic compounds. The stereospecificity
of 3] couplings has been shown and recently the stereo-
specificity of 4] couplings has also been established.1%:1%
These couplings thus allow the conformer proportions
to be determined fairly precisely.

H (o}
| I
£ "
! \§ = | \§
N N
H H
NO-¢is NO-trans
/N = @ 0
LM v X
Ho ] Hoo
0 H
NO-¢is NO—-trans

Until now research has been essentially concerned
with thiophen- and furan-carbaldehydes1® and work
on the pyrrole series is relatively rare.?® It thus
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The influence of solvent on the value of 5/ and %/ is considered for certain cases.

appeared interesting to study a series of substituted
pyrrolecarbaldehydes in order to show the influence
of the nature and the position of the substituent.

For pyrrole-2- and -3-carbaldehydes, the formy!
group can exist in two conformations, NO-cis and
NO-trans. In all four conformers the requirements
for one 4] and one 5] coupling are fulfilled; however
N-H exchange is normally fast enough to cause effective
decoupling of 4] in the 2-NO-czs- and 2] in the 3-NO-
cis-conformation. It is assumed that all couplings
not derived from stereospecific through-bond inter-
actions are zero. When the maximum value of the
stereospecific coupling (*],..) is known, it is thus
possible to calculate the population ratio from re-
lationship (I) where "], is the observed coupling

P =100 "Jope/"] max. (I
and p the percentage conformer corresponding to the
long-range coupling determined.

The values of the coupling constants, and thus the
relative conformer populations, are affected by the
nature of the solvent; therefore we recorded the spectra
of several compounds in different solvents in order to
try to relate the conformer populations to the physico-
chemical characteristics of the solvents.
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RESULTS AND DISCUSSION

Conformations of Pyrrole-3-carbaldehydes in [*Hg)-
Acetone.—The 5] and %] couplings obtained for com-
pounds (1)—(9) are shown in Table 1.

TABLE 1

Spin—spin coupling constants and conformational
preferences for pyrrole-3-carbaldehydes

Coupling constants LA
3-Aldehyde Solvent SJ/Hz t]/Hz trans

Unsub- (1) [2HgsDMSO 0-79  *Jcomo-m(, 0-42 95
stituted [?H,]Acetone 0-77  4Jcmo-Hs) 0-40 95
2-1 (2) :ZHG: Acetone 0-80 AJCHO—H(Q 0-40 95
2-NO, (3) [*H,JAcetone 076 “Jomo-ns 042 95
2-CO,Et (4) [*Hg]Acetone 0-80  *Jomo-m(y 0-46 100
5-I (5) [*H,JDMSO omo—ma 042 90
:ZHS: Acetone 4]030-—]1(4) 0-37 80
5-NO, (6) [*HDMSO “Jcmo-n( 0-26 55
[2H,]JAcetone Jomo-mg ~0-23 50
5-CO,Et (7) [*HgDMSO 4 Jemo-nay 0-32 70
[2H,]Acetone 4Joro-H(s) ~0-22 50

4-NO, (8) [2H4DMSO 4 Jcro-H(g) 0-40
[ZHG]ACCtOI]C 4‘]030—3(2) 0-40 } 0

THF 4 Jemo-m(z) 0-40
4-1 (9) [2HDMSO 0-52 65
DMFEF 0-48 60
THF 0-36  *Jomo-m(g 0-23 45
[2H6] Acetone ~0-30 4]050—3( 2 40

< 8 JoHo-H(5)

5] Couplings. These couplings are observed only
for compounds (1)—(4) and (9). The stereospecificity
rule predicts a 5/ coupling in the frams-conformer (A).
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The maximum value (0-80 Hz) of the coupling constant
5Jomo-uy was found for 2-iodopyrrole-3-carbaldehyde
(2) and for ethyl 3-formylpyrrole-2-carboxylate (4).
This maximum value is, moreover, of the same order
of magnitude as that observed for the furan 4 (0-75 Hz)
and thiophen ¢ series (1-00 Hz). The formyl group
in compounds (2) and (4) can thus be considered as
entirely frans, and application of equation (I) shows
that pyrrole-3-carbaldehyde (1) and 2-nitropyrrole-
3-carbaldehyde are preferentially (95%,) in the NO-
trans-conformation. Ior 4-iodopyrrole-3-carbaldehyde
(9), the 5Jcmo-me) coupling is ca. 0-30 Hz (the error
being distinctly >4-0-03 Hz) which corresponds to
ca. 409, trans-conformer. Finally, for 4-nitropyrrole-
3-carbaldehyde (8), no coupling is observed between
the aldehyde proton and H(5) indicating that the cis-
conformer is dominant.

4] Couplings. As with 3] coupling, numerous cases
of 4] coupling are observed. Thus for pyrrole-3-carb-
aldehyde (1), the formyl proton is coupled with H(4)
and H(5) but not with H(2). The study of the 3]

12 H. J. Anderson and H. Nagy, Canad. J. Chem., 1972, 50,
1961.
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coupling showed that the formyl group is virtually
completely in the NO-frams-conformation; the ¢j
coupling thus imposes a special conformation on the
various bonds. [Note that the results obtained for
compound (1) differ from those reported by Anderson
et al;12 these authors in fact observed no coupling
for the formyl proton signal of pyrrole-3-carbaldehyde.]

For 4-substituted aldehydes 4] coupling with H(2)
appears and the stereospecificity of these couplings is
represented by conformers (B) and (C).

(a) Pyrrole-3-carbaldehyde (1) and 2-substituted
pyrrole-3-carbaldehydes (2)—(4). The maximum value
of %Jomo-m is observed for ethyl 3-formylpyrrole-
2-carboxylate (4) (0-46 Hz). This confirms that this
compound is essentially entirely in the #rans-conform-
ation. For the compounds (1)—(3) analysis of the
4 Jomo-m@ values lead to results in good agreement with
those determined for 3Joro-u).

(b) 4-Substituted pyrrole-3-carbaldehydes. For 4-
nitropyrrole-3-carbaldehyde (8) 4/omo-mey is 040 Hz.
In order to confirm that this really corresponds to the
maximum coupling value we recorded spectra in
[2H;]DMSO and THF. No variation in the coupling
constant was observed as expected (see Table 1) when
the maximum coupling value is not attained. Given
that no 5Jemo-m@) coupling was apparent and that, in
contrast, a %Jomo-me coupling was found whose value
did not vary in solvents of different polarity, the formyl
group of 4-nitropyrrole-3-carbaldehyde can be con-
sidered as entirely in the NO-cis-conformation.

Analysis of the formyl proton signal from 4-iodopyr-
role-3-carbaldehyde (9) is difficult. The 3Jomo-ns)
value (ca. 0-30 Hz) gives ca. 409, trans-conformation.
The 609, cis-conformation should give rise to a4 Jcro-ue)
coupling of ca. 0-24 Hz. These two values are too low
and similar for the 4/ measurement to be carried out
with sufficient accuracy; it is only possible to state that
4](}110—1{(2) is less than 5](;}[0-]1(5).

(c) 5-Substituted pyrrole-3-carbaldehydes (5)—(7).
No ® Jomo-ne) coupling is apparent and only the 4 Joro-ma
values permit conformational analysis. When the
5-position is occupied by an iodine atom there is a rel-
atively high proportion of #rans-conformer (809%,),
and for a 5-ethoxycarbonyl or -nitro-group the pro-
portions of the conformers are virtually equal. It
should be noted that for compounds (6) and (7) the
5 Jcro-m@ values obtained by analysis of the formyl
signal are not very accurate; there is probably a
4Jono-m@ coupling but its calculated value (ca. 0-2 Hz)
is too low and similar to that of %/omo-m) to allow pre-
cise analysis.

The results for compounds (1)—(9) suggest the follow-
ing comments.

(a) For pyrrole-3-carbaldehyde the formyl group is
predominantly (95%,) in the NO-frans-conformation.
This result is in good agreement with that given by a
dipole moment study ¥ of this aldehyde. It is noted

13 D. M. Bertin, M. Farnier, and H. Lumbroso, Compt. rend.,
1972, 274, 462.
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elsewhere that the thiophen and furan isosteres ¢ have
conformational behaviour analogous to that of pyrrole-
3-carbaldehyde.

(b) The introduction of a substituent can influence
markedly the conformation of the formyl group, this
influence varying with the nature and above all the
position of the substituent. For 2-substituents the
NO-trans-conformation is favoured by the presence
of NO,, CO,Et, or I, though this conformation is already
favoured by the umsubstituted aldehyde. For 4-sub-
stituents the cis-conformer is normally favoured by
NO, or I either by chelation or by electrostatic repulsion
between two oxygen atoms or between the iodine and
oxygen atoms. The effect of the nitro-group is par-
ticularly marked since in this case the formyl group
is entirely in the NO-css conformation. 5-Substituents
are far from the formyl group and analysis of the formyl
signal shows that the more polar substituents increase
the population of the NO-cis-conformer. This agrees
with the expected effect of dipolar interactions, since
in the NO-cis-conformation the substituent and the
C=0 bond moments are almost antiparallel. This
explanation can also be used to rationalize the effects
of 4-substituents on the conformer ratio.

The discussion is based on the assumption that
stereospecific long-range couplings are not affected by
substituent. This may not be true but the substituent
effect on coupling is probably small enough not to affect
the conclusions drawn here.

Conformations of Pyrrole-2-carbaldehydes in [2Hgl-
Acetone.—The values of the coupling constants for the
pyrrole-2-carbaldehydes studied are given in Table 2.

TABLE 2

Spin-spin coupling constants and conformational
preferences for pyrrole-2-carbaldehydes
Coupling constants %,

2-Aldehyde Solvent 57/Hz 4J/Hz  trans
Unsub- d(10) [2Hg]Acetone ®Jcmo-m(s) 1-05 5
stitute
3-I 11) [2Hg]Acetone 5]cmo-m@) 1-11 0
3-CO,Et (12) [?Hg]Acetone 6 Jomo-ne) 0-95 15
3-NO, (13) [2Hg]Acetone ®Jomo-ne) 0-88 20
4-1 (14) [2Hg]Acetone 5Jomo-me) 1-02 8
4-NO, (15) [*Hg]Acetone 5 Jcmo-mes) 1-03 7
5-CO,Et (16) [2H,DMSO 5]((‘})11‘(1)611_(4) i ‘]cno—xfg) 45
. 0- ~ 0-12
[2HG]Acetone 5](}]1(())—;[64—)‘-0 25 25
< . .
5-NO, (17) [*HDMSO  5Jcmo-ma) 0:45 4] ooz 50
DMF BJGHO-H(A) 0‘32 35*40
[2H5]Acet0ne 5]01:[0—3(4) 0-24 25—30
THF 5 JcrO—Tita) 20—25
<0-20

Two types of stereospecific 3] couplings can arise
from conformations (D) and (E). For the unsubstituted
aldehyde (10) and for the 3-substituted aldehydes, two
57 couplings are possible but only 5Jcmo-ns) appears.
The maximum value (1-11 Hz) is observed for 3-iodo-
pyrrole-2-carbaldehyde (11), and this compeund can

1 S, Shimokawa, H. Fukui, and J. Sohma, Mol. Phys., 1970,
19, 695.
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be considered to exist only in the NO-c¢s-conformation.
The conformer percentages shown in Table 2 for com-

pounds (10)—(15) were determined from equation (I).
Hae
L D 4;&
H” s -~ N~ e c#°
Hol o |
H H
{D) (E) (F)

4] Couplings arise from interaction with H(3) when
there is an NO-frans-conformation [conformer (F)].
Experiments have shown that this coupling is not
observed for compounds (10) and (14)—(17).

The results in Table 2 suggest the following comments.

(@) The formyl group of pyrrole-2-carbaldehyde (10) is
predominantly in the NO-cis-form. It should be noted
all the same that the coupling value observed by us
(1-05 Hz) is consistent with ca. 5%, trans-conformer,
and this value is slightly lower than that reported by
Roques et al1t and by Shimokawa ef al.1* The existence
of the #rans-conformer was also verified by a low tem-
perature study.” The relative intensities of the signals
for the two conformers at —70° give ca. 59 trans-
conformer.

(b) For 3-substituted aldehydes, the preferred con-
formation is NO-¢1s. For 3-iodopyrrole-2-carbaldehyde
(11), the cis-conformation is stabilized by the repulsion
between the formyl oxygen and the iodine atom. How-
ever, and curiously for 3-NO, or -CO,Et substituents
[compounds (12) and (13)] the percentage of the css-
conformer tends to decrease.

(¢) As for the thiophen and furan series,% and in con-
trast to the situation observed for the B&-substituted
pyrrole-p-carbaldehydes, the introduction of a sub-
stituent at the 4-position [compounds (14) and (15)]
hardly influences the formyl group conformation what-
ever the nature of the group introduced. It is probable
that in this case the major effect derives from hydrogen
bonding.

(d) 5-Nitro- and 5-ethoxycarbonyl-pyrrole-2-carb-
aldehydes show 5Joro-n@ coupling, but in [2Hjlacetone
analysis of the signals is difficult (see later). We note,
all the same, that the presence of 5-NO, or 5-CO,Et
contributes to the suppression of the NO-cis-conformer.
This is probably due to the fact that hydrogen bonding
with nitrogen can affect both the formyl oxygen and one
of the oxygen atoms of the group introduced.

Conformations of Pyrrole-2,4- and -2 5-dicarbaldehydes.
—Pyrrole-2,4-dicarbaldehyde. When this compound is
dissolved in [®Hglacetone two couplings are observed:
5]0]?{0(2)—]:[(5) 1-05 Hz and 4]030(4)_]1(3) 0-28 Hz. The con-
former percentages are: 2-CHO 59, trans and 4-CHO
609, trans. These results are in excellent agreement
with those reported both for 4-substituted 2-aldehydes
and for 5-substituted 3-aldehydes. The introduction
of a 4-substituent in pyrrole-2-carbaldehyde does not
change the conformer ratio. On the other hand the
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presence of a 5-substituent in pyrrole-3-carbaldehyde
markedly increases the proportion of NO-cis-conformer.

Pyrrole-2,5-dicarbaldehyde. The signal of the pro-
tons of the two formyl groups shows no coupling in
[®Hglacetone or [2H,DMSO, but a certain broadening
of the peak suggests that these protons are nonetheless
coupled with the ring protons. Thus an accurate
determination of the conformations of the formyl
groups for this dialdehyde is not possible at room
temperature. This compound was studied at low tem-
perature and the results are reported in the following
paper.1

Solvent Effects—We were particularly interested
in those compounds for which analysis of the spectra in
[2Hglacetone presented some difficulty or led to results
with a high margin of error.

4-Iodopyrrole-3-carbaldehyde. In [*Hglacetone, the
formyl group of 4-iodopyrrole-3-carbaldehyde is ca.
409, in the NO-frans-conformation. For the thiophen
isostere in CDCly,% no coupling of the formyl proton was
observed and the compound can be considered as
entirely ¢is. This difference in behaviour could be due
either to the nature of the heteroatom or the nature of
thesolvent. We have attempted to estimate the import-
ance of each of these factors. We were not able to
compare the conformer proportions of the thiophen
and pyrrole isosteres in CDCl; because of the insolu-
bility of the pyrrole derivative in this solvent. We
studied the spectra obtained for 4-iodothiophen-3-carb-
aldehyde in THF and [2Hg]DMSO (in which the pyrrole
isostere is equally soluble) with the following results:
[2HIDMSO, 5/cno-npy 0-49 Hz, %, trans-conformation
50; THF, 0-30 Hz, 30. The percentages of the trans-
conformer were calculated taking into account the
fact that the maximum value of 3Jopo-g( observed 4 in
the thiophen series is 1-00 Hz. Comparison of these
values with those shown in Table 1 for the pyrrole iso-
stere shows that the behaviour of the two iodinated
aldehydes is very similar. The influence of the solvent
is apparent from the results in Table 1. Assuming
that the maximum value of the coupling constant is
only slightly affected by the solvent, the percentage
of trans-conformer increases in the order: [*Hglacetone,
THF, DMF, [2H]DMSO. One probable explanation
is based on the fact that more polar solvents will
stabilize the more polar conformer.® Summation of
bond moments for the two conformers shows that the
trans-conformer is the more polar.

5-Substituted  pyrrole-3-carbaldehydes. The 5-sub-
stituted pyrrole-3-carbaldehydes (5)—(7) were studied
in [?Hglacetone and [2H,DMSO. As in the previous
case, and for the same reason, the value of 4Jomo-m(y
(and thus the proportion of frans-conformer) increases
(this time slightly) with increasing polarity of the
solvent.

5-Substituted pyrrole-2-carbaldehydes. As the study of
compounds (16) and (17) in [2Hglacetone does not allow

15 M. Farnier and T. Drakenberg, following paper.
18 1. Onsager, J. Amer. Chem. Soc., 1936, 58, 1486.
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precise conformational analysis, the spectra of these
compounds were taken in solution in a variety of
solvents. The values of the coupling constants ob-
served are shown in Table 2; we note an increase in
5Jemo-ma in the series THF < [2H,] acetone << DMF
< [2Hg]DMSO. In addition, with [2H,DMSO a
4 Jom-ome) coupling appears.

In order to determine accurately the percentages of
the trans-conformer using 3Jcmo-ma it was necessary
to know the maximum value of this coupling, <.e.
that given by a pyrrole compound possessing a 2-
formyl group entirely in the #rans-form. Roques et al.
report that the formyl group of ethyl 2-formylpyrrole-
l-carboxylate 8 and I-acetylpyrrole-2-carbaldehyde 1
should be entirely in the #rans-form. The value of
5Jomo-my observed for these two compounds is 0-70

If we accept this value we deduce that for the nitro-
aldehyde (17) in [2Hgz]DMSO the percentage of frans-
conformer is ca. 65%,. In this case 4 Jgno-n(s, is abnorm-
ally low compared to %Jomo-xm 0-31 Hz obtained by
Shimokawa et al* for pyrrole-2-carbaldehyde and
4Jemo-n@) 037 Hz reported by Roques et all! for
1-acetylpyrrole-2-carbaldehyde (values which are more-
over close to the maxima observed for 4] of the pyrrole-
3-carbaldehydes). A similar conclusion is drawn from
the values obtained for the ester-aldehyde (16) studied
in the same solvent.

Thus the choice of a 3Jgno-nwy maximum value
derived from a single examination of pyrrole derivatives
seems very dubious. We thought it preferable to make
this choice from the results obtained for the furan
series; a reliable value for the maximum 5]gwo-114
coupling was obtained from the study of furfuraldehyde
at low temperature. At —115° the {rans-conformer
signalhas® [ iro-ma) 0-85 Hz.317  (Dahlqvist and Forsén!?
however made the reserve assignment.) Incidentally
the value of 5Jono-us) observed for the cis-conformer of
furfuraldehyde is of the same order of magnitude as the
maximum value of the same coupling constant observed
for the pyrrole series. Thus, and as a first approxima-
tion, we shall assume that the maximum 3/omo-mea) is
ca. 0-85 Hz. The conformer percentages obtained for
compounds (16) and (17) using this value are shown
in Table 2. It may be noted that for the ester-aldehyde
(16) studied in [2Hglacetone and the nitro-aldehyde
(17) studied in THF a precise value for % J5r0-mea) cannot
be obtained; we only indicate the upper and lower
limits of the conformer percentages. Further, the
4Jono-n@y values observed in [ZHDMSO for the two
aldehydes (16) and (17) are still low compared with
the value obtained for this type of coupling in l-acetyl-
pyrrole-2-carbaldehyde (0-37 Hz), but there is a high
margin of error in the determination of /.

Examination of Table 2 shows that the conformer
percentages are markedly influenced by the nature of
the solvent: the proportion of {rans-conformer increases

17 K.-I. Dahlqvist and S. Forsén, J. Phys. Chem., 1965, 69,
4062.
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with increasing polarity of the solvent. For compound
(17), however, this conflicts with the rule that the more
polar conformer should be stabilized in the more polar
solvent. The stabilization of the less polar frans-
conformer in polar solvents is probably due to the fact
that intramolecular hydrogen bonding between NH and
C=0 is disfavoured relative to intermolecular hydrogen
bonding between the nitrogen proton and the polar
solvent.

EXPERIMENTAL

Materials—Compounds (1)—(17)
methods given in the literature.l®2® Similarly pyrrole-
2,4-dicarbaldehyde,1® pyrrole-2,5-dicarbaldehyde,?* and
4-iodothiophen-3-carbaldehyde 22 were prepared as pre-
viously described.

N.om.y. Spectra—The n.m.r. spectra were recorded at
100 MHz on a Varian XL 100 instrument with tetramethyl-
silane as internal standard: settings, sweep time 2500 and
5000 s; sweep width 25 and 50 Hz; sweep rate <{0-01 Hz

18 P, Fournari, M. Farnier, and C. Fournier, Bull. Soc. chim.

France, 1972, 283.
13 M. Farnier and P. Fournari, Bull. Soc. chim. France, 1973,

351.

were prepared by
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s1; concentration <{30 mg per 0-5 ml of solvent. The
spectra were analysed as first order and coupling constants
were measured directly from the spectra. Chemical
shifts are given in the literature.'®1® For most compounds
J values are +0-03 Hz. For certain compounds, owing
in part to the couplings of the ring protons with the nitrogen
proton and in part to the presence of the nitrogen atom
itself, the signal of the formyl proton alone can be analysed.

Sign of Coupling Constants.—We have not determined
the relative signs of the coupling constants; thus in this
work, all the coupling constants are given in absolute
values. This problem has however been studied by other
authors; if the 5] constants are positive the 4] constants
are negative.l1.14

This study was carried out in the laboratory of Professor
S. Forsén, Lund. M. F. thanks Professor S. Forsén for his
hospitality and interest.
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