ISOMERISM OF 5-ARYLFURFURAL OXIMES
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The stereochemistry of 5-arylfurfurals and their O-acetyl derivatives was studied by PMR
spectroscopy. The configurations of each of the isomers were determined for the oximes of
p-bromo- and p-chlorophenylfurfurals, which were isolated as two geometrical isomers, and
also for their O-acetyl derivatives. The anti and syn configurations were established for the
oximes of phenylfurfural and p-nitrophenylfurfural, respectively, which were obtained as
single isomers. Conclusions regarding the preferred conformation of the side chain relative
to the plane of the furan ring in all of the investigated isomers were drawn on the basis of an
analysis of the of the long-range spin—spin coupling constants (Jy 0H4)-

The individual representatives of arylfurfural oximes that are described in the literature were iso~
lated by the authors in the form of one isomer without establishment of the structure [1-3].

In an investigation of various conditions for the preparation of oximes, we observed that, depending
on the concentration of the reaction mixture, either a high-melting isomer or a mixture of the high-melting
and low-melting isomers (the amount of low-melting isomer in the mixture ranged from 50 to 80%) is
formed. Under these conditions, phenylfurfural and p-nitrophenylfurfural oximes form only one isomer
(Table 1). The synthesized oximes were converted to their O-acetyl derivatives, which were obtained either
in the form of the individual isomers (VIb, VIIa, b, and VIIIb) or in the form of mixtures of the isomers (V,
VI, and VIII),

In order to establish the configuration of the isomers of the 5-arylfurfural oximes and their O-acetyl
derivatives and to study the conformation of the side chain relative to the furan ring, we examined their
PMR spectra.

The establishment of the configuration was based on a comparison of the chemical shifts of the "alde-
hyde proton® (Hy) in both geometrical forms. It is known [4] that owing to the deshielding effect of the NOH
group, the H; signal in the spectrum of the syn isomer is found at weaker field by 0.5-0.6 ppm than in the
spectrum of the anti isomer. The signals of the H; proton of the low-melting isomers of II, III, VI, and VI
are situated at weaker field than the signals of the corresponding high-melting isomers, and the difference
in the chemical shifts is 0.51-0.56 ppm (Table 1). This makes it possible to relate the high- melting iso-
mers (a) to the anti forms and the low-melting isomers (b) to the syn forms. We were able to obtain
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TABLE 1. Chemical Shifts (8, ppm), Long-Range Spin—Spin Cou-
pling Constants (J, Hz),* and Melting Points of I-IX

[ s~} 5 -] o =3 . o
ES| E |09, 0m|0 01 | Scocm| 5| %, % Solvent mp, C
Sal 2 ‘ | S L |
[ ia '7,61 7370707 — | 1030|066 | — |DCON(CDs)s| 194—I105
. 759073507.04] — | — 0337|072 | — |DCON(CDs)2| 159—161
b 810|683(7.08] — | — 1039 /009 | — |DCON(CD;),| 137—138
a 7581736716 — | — (030072 | — |DCON(CDs)s| 169—170
Il iy, 809683(7,00] —! — [0:30 /0097 — | DCON(CDs), |159,5--160
Vo 814169317381 — ! — 1039015 — (DCON(CDs)z 173—174
at 177817321679 — | 226 [030 |066 | — | CDCl,
v bt [819]695/671] — | 217 036 |031*| — |CDCls
o otat (777073316781 — 1 227 1033 1066 | — [CDCh
Vi 819|696:671] — ! 219 [0,36!027°] — |CDCL 142,5—145.0
b
8481715715 — | 220 13 |1 — IDCON({CDs), | 142,5—145,0
a 77417321679 | — 2,27 033:064 | — |CDCL; 125—126
VIl ip 8,18/6951672| —| 219 |0.36/027°| — |CDCly 149—150 -
855 | 721 — 1 219 |& & — |DCON(CDs)z | 146—150
a** 1784]74117,01) —| 229 (030066 | — | CDCls ) —
VI |y 8,25|696|704 — | 220 |030[027%, —  CDCly 161—163
; 860|728 749] — | 220 |037]020¢] — |DCON(CDs);| 161—163
L4 1T74|7,29165717581 2,27 |0,33]0,66 | 0.06%) CDClg
x| 7.99|7.42 673 |7.80| 2,27 10,30 |0.,67 | 0,09°] DCON(CD3)2
© lpt 8.20]690653]757] 219 036 0.27 |0,37 | CDCly
g 85017,10|6,67|789| 2,14 |03010,22 |0,45 | DCON(CDj)2
§ B i

*See the experimental section.

+ The compounds could not be isolated in the form of individual
geometrical isomers; fractions enriched in one of the isomers

were investigated,

1 The “Jg,H, and °J H,H, constants could not be evaluated from the
spectra, inasmuch as the Hy and H, protons form an A, system.

* *Compound VIIIa was obtained in a mixture with VIIIb after a
solution of VIIIb in CDCl; had stood for a week at room temperature.

only one isomer each for I, IV, and VIII, but by comparing the H, chemical shifts of these isomers with the
corresponding data for the other isomeric pairs we found it was possible to unambiguously assign the anti
configuration to oxime Ia and the syn configuration to oximes IVb and VIIIb.

A double set of signals was present in the PMR spectrum of V, which indicated the presence of two
geometrical isomers. It follows from an analysis of the H, chemical shifts in hoth forms that the anti form
is predominant. A study of the PMR spectra of the isomers of VI showed that one of them (VIb) is the in-
dividual syn isomer, while the other (Via) is a mixture of equal amounts of the syn and anti isomers.

These assignments are in good agreement with the known data on the melting points of the syn andanti
isomers, in accordance with which the anti isomers are the higher-melting compounds.

We established that the anti form of the arylfurfural oximes can be isolated from the reaction without
admixture of the syn isomer, while the syn isomer always contains the second isomer. The isomers of the
oximes are capable of interconversion on storage [in the solid state and in solution in DCON{CDs),], and the
conversion of the syn form to the anti form occurs more rapidly than the reverse process, On the basis of
the spectra, a mixture containing ~50% of each isomer corresponds to the equilibrium state, The isomers
of the O-acetyl derivatives of the oximes also undergo interconversion on storage. Thus solutions of the
individual isomers VIb, VIIa, b and of a nonequilibrium mixture of V in CDCl3 have reached the equilibrium
state with about identical amounts of the geometrical forms after a week. A mixture of the syn and anti
forms (VIHa, b) was formed as a result of isomerization when a solution of VIIIb in CDCl; was allowed to
stand.

An investigation of the antitubercular activity (in vitro) of the oximes of 5-(p~bromophenyl)- and 5-
(p-chlorophenyl)furfurals in the chemotherapy laboratory of the Ordzhonikidze All-Union Scientific-Re-
search Pharmaceutical-Chemistry Istitute showed that the activity of the anti isomers is higher than that
of the corresponding syn isomers,
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TABLE 2. 6 ,and Zj Values [for solutions In order to investigate the conformations of I-VIII,
in DCON(CDs),] we used the long-range spin—spin coupling constants
(SSCC) %Iy 4Hy. The stereospecificity of these long-range

Parameter |Isomer R Postdon SSCC in furfural oximes was recently used [5] to establish
: : i l i the relative percentages of the s-cis or s-trans conforma-
? ppm) ;syn_ — 6,70 6,54 tions in solutions. An analysis of the experimental data on
s OX‘"I: f”m 726 1 660 the magnitudes of the long-range SSCC showed that the anti
2;f§ate) ?{31 - ; }1‘3 g:% isomer of furfural oxime exists almost entirely inthe s-cis
Z. : H 0:12 0,48 conformation in CDCly solution (5JH5H0 =0Hz, 5JH4H0 =0.7
ppm I g 8’}3 8@2 Hz), while the syn isomer under these conditions is present
{ NO, 0,26 0,86 as a practically equal mixture of the s-cis and s-trans con-

formations (Jp ,=0.35 Hz, *JH,H, =0.25 Hz).

The s~-cis and s-trans conformations are alsopossible
for each of the isomeric forms of the compounds that we
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investigated. Inasmuch as the 5 position of the furan ring is substituted in these compounds, one can form a
judgment regarding the conformational preferableness only from the °J H,H, value, In this connection, it
became necessary to unambigously assign the signals of the Hy and H, protons; this was realized by means
of a comparison of the calculated and experimentally obtained chemical shifts of the H; and H, protons.* The
b H, and 6 H, values were calculated via an additive scheme with the use of the equation

Su="08c+2:,

where & , are the values of the chemical shifts of the H; or H, pi'otons for furfural oxime or its O-acetyl de-
rivative, and Zj are the increments of the effect of the substituted aryl rings on the chemical shifts of the
H, and H, protons of the furan ring, which we found from the spectra of the corresponding 5-phenylfurans
(see Table 2).

The calculated and experimental d y, and 6 values are presented in Table 3. The large difference
in the calculated chemical shifts of the H; and H, protons and the good agreement between each of the cal-
culated shifts and one of the experimental values made it possible to make a reliable assignment of the sig-
nals of the Hy and H, protons in the PMR spectra of the arylfurfural oximes. Inthe assignment of the Hyand
H, protons, it was assumed that the conformational states of the model and investigated compounds coin-
cided. As shown below, this is not always the case, owing to which a certain disagreement between the cal-
culated and experimental chemical shifts is observed. However, these deviations are nevertheless suffi-
ciently small and do not interfere with the unambiguous assignment of the signals of the Hy and H, protons.

A similar calculation was made for O-acetyl derivatives V-VII. As in the case of the oximes, the
observed difference in the chemical shifts of the Hy and H, protons decreases as the electron-acceptor char-
acter of the substituent in the aryl ring increases, and for the syn isomer of VII this difference changes
sign (he H, signal is shifted to weaker field than Hg signal). In DCON(CDs), solution, only the syn form of
the O-acetyl derivatives could be investigated (the anti for ms proved to be unstable in this solvent). The
calculated & Hg and 6 H 1 values for the syn forms proved to be in quite good agreement with the experimental
Values

*The assignment of the signals of the H; and H, protons on the basis of multiplicity is impossible, inasmuch
as Jg,u, and ’JH, 1, are comparable in absolute value.
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TABLE 3. Calculated and Experimental Values of the Chemical
Shifts of the Hy and H,; Protons (ppm)

. 6 ! . 4 ] i
Pro- fCom- I ICom- ! |exptl ‘A8 s
icale. expr,] 4% leatc, |°FP™ peoRten: | ey
ton  pound : jexp | “!Pound | :EDCON(CDg)ggI ( 31 (cocty
| i |
Hy | fa '738| 737 ool valzsal o~ 1 — 7,32
H, | | 7,08 707 | 001, 721 - — 6,79
Hy | — | — 1 — — 1 Vb 722 - — 6,95
H, | i | 3' [ 7.15 ‘; — — 6,71
Hy | Ha | 738/ 7% | 003 Via | 758  — | — 7,33
H, | | 710 714 —004 7.23 | - 6,78
Hy, | 1lb ¢ 682 683 —0,01! VIb | 7,22 | 715 | 007 6,96
He | ©704 708 | —004] 17| 715 0 002 6,71 )
H : H H : !
Hy Illa | 740 | 736 | 004 VIla | 756 | - — 7,32
H, | | 7161 7,16 | 0,00, 729 - — 6,79
Hs; ’ Hib | 6,84§ 6,83 0,01; VIb | 7,24 | 721 | 0,03 6,95
H, J [ 710 709 . 001 723 721 . 002 6.72
He | — | — | — | — Vi | 768 { - ¢ = |
H, | i i 3 e - — | 70
Ha [ Ivb |69 : 693 003 VIIb | 736, 72 | 008 | 696
S | 740 [ 738 | 002 183|749 004 704

Recording of the spectra of V-VII in CDCl; showed that in this solvent regularities are observed for
Hj and H,, but the values themselves of the chemical shifts differ appreciably from the values calculated
from the increments found for solutions in DCON(CD,), (see Table 3). At the same time, this did not pre-
vent the reliable assignment of the H; and H, signals in the PMR spectra.

The values of the long-range SSCC 5_JH4H _ for all of the investigated compounds were deter mined
from the signals of the H, protons. For anti isomers Ia-Ila, SJH4H0 is 0.66-0.72 Hz, while SJH4H0 is close
to zero for syn isomers Ib-IVbh. Consequently, the anti isomers are present in solution primarily in the
s-cis conformation C {as also in the case of the anti isomer of furfural oxime) [5], while the syn isomers
are present primarily in s-trans conformation B (in contrast to the syn isomer of furfural oxime).

The position of the vy band is practically the same in the IR spectra of IIla and Ib (3220 cm~! in
the crystals and 3585 cm-! in solutions), and dilution does not affect the position of the band. Inasmuch as
an intramolecular hydrogen bond cannot exist in the syn isomer by virtue of geometrical considerations, the
data presented above negate the presence of this sort of bonding in the anti isomer; this is to a great degree
in agreement with conformation C of the latter isomer.

The data obtained show that the introduction of an aryl substituent into the 5 position of the furan ring
does not affect the conformational equilibrium of the anti isomers, while for the syn isomers it promotes
great preferableness of the s-trans form,

In order to investigate the conformations of O-acetyl derivatives V-VIII, we used model compounds

[ Qj\l CH,=NOCOCH,

iXa, b

IX (ais anti, and bis syn). Fromthe valuesofthe SJH4H and 5JH4H0 long-range SSSC (see Table 1), it was estab-
lished that s-cis conformation C (SJH4H0 ~0,66-0,67 Ifz, 5JH5H0 ~ 0,06-0,09 Hz) is preferable for the anti
isomer, while the syn isomer is represented by a mixture of the s~cis and s-trans conformations (A and B)
(5JH4H0 ~0,22-0,27 Hg, 5JH5H0 ~ 0.37-0.45 Hz), From a comparison of the long-range SSCC, it follows that
in CDCl; solutions the syn isomer is a mixture with practically identical amounts of conformations A and
B, while this equilibrium is shifted to a certain degree in DCON(CD;), solution to favor conformation B,
This situation is different from the case of the syn isomer of furfural oxime in which the effect of solvents
on the conformational state of the investigated compound is absent {5].

For Va-VlIila, °J H,H, is 0.66-0.64 Hzwhich indicates predominance of s-cis conformation C in these
compounds, For the syn isomers of V-VII, 5JH‘1H0 ~0.27-0.30 Hz (CDCly) and 0.20 Hz [VII, DCON(CDy),].
These data show that the syn isomers, as in the case of model compound IXb, are present in CDCl; solution
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in the form of a mixture with approximately identical amounts of the s-cis and s-trans confor mations, while
s-trans conformation B apparently becomes somewhat more preferable in DCON(CDg), solution.

Thus in solutions the anti isomers of the entire series of investigated and model compounds are pres-
ent in the s-cis conformation. The syn isomers of furfural oxime and its O-acetate and of the O-acetyl de-
rivatives of 5-aryl-furfural oximes are represented in solution by mixtures with approximately equal
amounts of the s-cis and s-trans conformations, while the equilibrium is shifted to favor the s-trans con-
formation for the syn isomers of 5-aryl-furfural oximes.

EXPERIMENTAL

The PMR spectra were recorded with JNM-4H-100 and C-60-HL spectrometers with tetramethylsilane
(TMS) as the internal standard. The IR spectra were recorded with a Perkin Elmer 457 spectrometer. The
solvent was CCl,.

The difference in the widths of the H, signal (at half its height) measured under monoresonance con-
ditious and under conditions involving decoupling of the H; proton was taken for the S1rH 0 SSCC for IIb and
VIIb (c) (Table 1). The differences in the widths of the H, or Hj signals at half their heights and the values
that take into account the natural width of the line and the coupling of a given proton with the aromatic ring
protons were taken for the SJH4H0 and 5JH3H0 SSCC, denoted by a; the sum of the latter two values was de-
termined from H, decoupling experiments for b and VIIIb (¢). The SJH4H 0 SSCC values, denoted by b, were
determined from the H, signal with allowance for all of the interactions of the "aldehyde" proton. The nat-
ural width of the line, which was determined from the CH,Cl, signal for a degassed sample [0.15 Hz in CDCl;
and 0.20 Hz in DCON(CDj),], was taken into account in the evaluation of *Jy H, of Xa (d and e). The 88CC
values denoted by a were determined with an accuracy of + 0.06 Hz, while tfle remaining values were deter-
mined with an accuracy of + 0.03 Hz (degassed samples were investigated).

5-(p-Bromophenyl)furfural Oxime, anti Isomer IHa, See [1] for the synthetic method and the physical
constants.

O-Acetyl Derivative VIla. A mixture of 1.08 g of IIla and 4.5 ml of acetic anhydride* was refluxed on
a water bath for 30 min, after which it was poured into water. The precipitate was removed by filtration to
give 0.83 g (70%) of a product with mp 125-126° (from alochol). Found: C51.0; H 3,3; Br 25.5%.
Cy3HygBrNO,;. Calculated: C 50.7; H 3.3; Br 25.8%.

5-(p-Bromophenyl)furfural Oxime, syn Isomer Illb. A mixture of 7.5 g (29 mmole) of 5-(p-bromo-
phenyl)furfural, 2.3 g (33 mmole) of hydroxylamine hydrochloride, and 2.7 g (33 mmole) of sodium acetate
in 58 ml of 36% alcohol was refluxed for 4 h. The mixture was cooled, and the resulting precipitate was re-
moved by filtration and recrystallized two or three times from 95% alcohol. The yield of IIb in separate
experiments ranged from 4.2 to 6.0 g (53-77%). The product had mp 159.5-160°. Found: C 50.1; H 3.0;
Br 29.9%. CyHgBrNO,, Calculated: C 49.7; H 3.0; Br 30.0%.

O-Acetyl Derivative VIIb. This compound was obtained in the same way as O-acetyl derivative Vila.
The yield of product with mp 149-150° (from alcohol) was 59%. Found: C 50.8; H 3.2; Br 25.5; N 4.4%.
C3HyeBrNO;. Calculated: C 50.6; H 3.3; Br 25.8; N 4.5%. "

5-(p-Chlorophenyl)furfural Oxime, anti Isomer Ila. See [1] for the synthetic method and the physical
constants,

O-Acetyl Derivative VIa. This éompound was obtained by the method used to prepare O-acetyl deriva-
tive VIIa. The yield of product with mp 108-120° (from alcohol) was 53%. Composition: 50% syn isomer
and 50% anti isomer. Found: C 59.2; H 3.8%. CHyCINO;. Calculated: C 59.2; H 3.8%.

5~ (p-Chlorophenyl)furfural Oxime, syn Isomer IIb. This compound was prepared by the method used
to obtain IIIb. The yield of product with mp 137-138° (from ethyl acetate) was 50-89%. Found: C 59.4;
H 3.6; Cl 15.7; N 6.6%. C 4HCINO,, Calculated: C 59.6; H 3.6; Cl 16.0; N 6.3%.

O-Acetyl Derivative VIb. This compound was prepared by the method used to obtain O-acetyl deriva-
tive VIIa. The yield of product with mp 142.5-145° (from alcohol) was 65%. Found: C 59.2; H 3.7; C1 13.0%.
Cy3HCINO;. Calculated: C 59.2; H 3.8; Cl1 13.5%.

*The acetamides of 5-arylfuran-2-caboxylic acids are formed during the acetylation of the arylfurfural
oximes with acetic anhydride. See our following communications for details of these sorts of transforma-

tions.
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5-Phenylfurfural Oxime, anti Isomer Ia, See [3] for the synthetic method and the physical constants,

O-Acetyl Derivative Va. This compound was prepared by the method used to obtain O-acetyl deriva-
tive VIla, The yield of product with mp 85-100° (from alcohol) was 70%. Composition: 30% of the syn iso-
mer and 70% of the anti isomer. Found: C 68.1; H 4.7; N 6.1%. C;Hy;;NO3. Calculated: C 68.1; H 4.8; N
6.1%. :

5- (p-Nitrophenyl)furfural Oxime, syn Isomer IVb, See [2] for the synthetic method and the physical
constants.

O-Acetyl Derivative VIIb., This compound was obtained by the method used to prepare VIia. The
product had mp 161-163° (from alcohol). Found: C 56.7; H 3.8; N 10.6%. Cy3HyeNO;. Calculated: C 56.9;
H 3.7; N 10.2%,.

O-Acetyl Derivative of Furfural Oxime (anti and syn isomers IXa, b). This compound was prepared
by the method used to obtain O-acetyl derivative VIIa from the syn isomer of furfural oxime. Fractions -
with bp 107-109° (3 mm) and n%)“ 1.5339 (50% syn and 50% anti isomers) and bp 113-114° (3 mm) and n?[‘)’
1.5379 {90% syn and 10% anti isomers) were isolated. The results of analysis of both fractions were close
and correspond to the empirical formula IX,
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