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On the bas is of the large difference in the 2JN15Hal d values for the E and Z i somers ,  the con-  
figurations of the i somer ic  oximes of furfural  and p-bromophenylfurfura l  and their  O-acetyl  
derivatives were determined.  The s tereospec[f ic i ty  of the long-range s p i n - s p i n  coupling con- 
stants of the ni trogen atom and the H 4 proton of the fttran r ing (~JN~H4) was investigated, and 
the possibi l i ty of the utilization of these constants for the s te reoehemtca l  analysis of oxtmes 
of the fttran ser ies  was shown. 

We have previously  investigated the configurations and conformations of oximes of 5-aryl furfura ls  
and their O-acetyl  derivatives by PMR spec t roscopy  [1]. The configurations of these compounds were  e s -  
tablished on the basis of a comparison of the chemical  shifts of the aldehyde proton for the various i somer ic  
fo rms ,  and their conformational  states were determined by means of the long-range 5JHaldH4 s p i n - s p i n  
coupling constants (SSCC). 

The magnitudes of the gemtnal heteronuclear  2JN15 H heteronuclear  s p i n - s p i n  coupling constants be-  
gan to be used re la t ively  recent ly  for configttrational investigations [2-5]. It was found that the orientation 
of the unshared pai r  of the electrons of the nitrogen atom relat ive to this proton has an appreciable effect 
on the s p i n - s p i n  coupling between the N 15 atom and the coupling proton [2-3]. It was found for NcS-formal - 
doxime and severa l  other aldoximes of this ser ies  that 2JN15 H ~ 14-16 Hz for an E orientation* of the un- 
shared  pair  of electrons of the N atom and the H atom, whereas 2JN15 H ~2 .5 -4  Hz for a Z orientation of H 
and the unshared pair  of e lect rons .  Thus the 2JN15H values are  s te reospecl f ic  [2-3]. 

We applied the relat ionships presented above to a configurational analysis of 5-arylf t t r fural  oximes 
I-IV. 

R ' ~ C H a l  d ~NISOR 

I - IV  

I R-R'=l t :  II R~COCH3, R'-H: |11 R~H,R'=p-ilrC~H4; IV R=COCH~. R'=p~ 

The 2JN15Hald values of I-IV are presented  in Table 1. In fact, a large difference in the 2JN15Hald 
values is observed for the E and Z i somers  (Z =2JN15Hald ~ 14.0-17.5 Hz, and E =2JNiSHald~ 0.45-2.6 Hz), 
and this difference increases  for the O-acetyl  der ivat ives :  for the Z isomer  of IV, 2JNCSHal d becomes 17.5 

* The E and Z i somers  cor respond to the syn and anti i somers  with respec t  to the previously  used c lass t f i -  
cati on. 
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Hz, whereas the constant for the corresponding E isomer decreases to 0.69 Hz. The difference in the 
2JNlsHald values for the Z and E isomers is so high that it is possible to determine the configuration of a 
single isomeric compound (when the pair isomer is absent) only from the absolute magnitude of ~JNiSHald .* 
This method of conf[gurat[onal investigation is a more universal method than the previously used methods, 
for which pairs of isomeric compounds (of unknown configuration) or model compounds whose configuration 
is already known, are used. 

In addition to the gemhaal 2JNiSHaid heteroconstants, we also detected the long-range SSCC of the N 15 
nucleus with the H 3 and H 4 protons of the furan ring (through four and five bonds, respectively) for these 
compounds. It follows from an analysis of the 4JN~H3 values (Table i) that this constant is not stereospe- 
cific (4JNIsH3 ~ 0.41-0.52 Hz), whereas the 5JNISH4 constant depends markedly on the conformat[onal state 
of the investigated compounds. Thus for the Z ~s6mers of I-IV, the conformation of which in solution (as 
previously established in [i]) is s-c[s, the 5JNi5 H values are 0.03-0.15 Hz. 

These constants are appreciably larger for the E isomers, and 5JNISHr is 0.27-0.45 Hz for I, II, and 
IV, the conformational state of which in solution is determined to be practically equal to the percentage of 
s-c[s and s-trans forms [i]. This constant is 0.33 Hz for the E isomer of oxime Ill (the conformation of 
which is s-trans [i]). using this value (0.33 Hz), we estimated the 5J~TISH value for the individual s-eis 
conformation in the E isomer. It was found to be 0.3-0.4 Hz. It hence ~o411ows that for the E isomers of 
the entire series of investigated compounds the long-range SSCC through five bonds (~JNISH4) differ appre- 
ciably from the analogous constants for the Z isomers, i.e., 5JNt~H4 is stereospec~fic. The poss[b[le reason 
for this may be both the favorable (for long-range coupling) orientation of the bonds between the N I~ and H 4 
nuclei (ha the s-trans conformation) and the drawn-together three-dimensional orientation of the unshared 
pair of electrons of the N t5 nitrogen atom and H 4 (in the s-cis conformation). 

Thus the utilization of the geminal 2JNtSHald constants and the long-range 5JNIsH 4 hetero-SSCC is an 
extremely effective method for the stereochemical havest[gat[on of oximes of the furan series. 

E X P E R I M E N T A  L 

The PMR spec t ra  of the compounds were r ecorded  with a C-60HL spec t romete r  with t e t ramethy ls i l -  
ane as the internal standard.  Degassed samples were investigated, and the accuracy  in the determination 
of the SSCC was -~ 0.03 Hz. 

The s p i n - s p i n  coupling heteroconstants  (denoted by a ha Table 1) were determined direct ly f r o m  the 
spec t ra  f rom the splitting of the signals of the investigated protons,  whereas the SSCC (denoted by b ha Ta-  
ble 1) were es t imated f rom the distance between the ext reme components of the multiplet of the appropriate  
proton with allowance for coupling of this proton with Hald and the protons of the furan ring. The difference 
in the widths  of the signals of the investigated protons at half the height with allowance for the natural width 
of the lhae and the coupling of a given proton with the aldehyde proton and the protons of the aromat ic  r lng 
(the s u m  of the las t  two values was determined in [1]) was taken for the SSCC values, denoted by c in Ta-  
ble 1. The proton SSCC were determined as descr ibed in [1], during which some of the constants were de- 
termined more prec ise ly .  

The Nl~-hydroxylamine hydrochlor ide used for the syntheses was of a quality in keeping with the r e -  
quirements of Tu 6-02-628-71 and was 95.5 atomic % enriched in the isotope. 

Furfural  Nt5-Ox[me (I-Z isomer) .  A mixture of 1.12 g (12 mmole) of furfural ,  1 g (14 mmole) of N ~-  
hydroxylamine hydrochlor[de,  and 1.95 g (19 mmole) of sodium acetate in 10 ml of 500/0 methanol was 
s t i r r ed  at 20 ~ for 3 h, after which it was cooled, and the resul t ing precipi ta te  was removed  by filtration. 
The filtrate was vacuum-evapora ted ,  and the residual  o[1 began to crysta l l ize  when 7 ml of water  was 
added. The precipi ta te  was removed  by fi l t rat ion to give 1.1 g (79%) of a product  with mp 90-92 ~ (from al-  
cohol). Fom~d: C 53.4; H 4.4%. C~HsNI~O2 . Calculated: C 53.6; H 4.4%. 

O-Acetyl  Derivatives of the I -Z I somer  (II-Z isomer) .  A mixture of 0.41 g of I and 2 ml of acet ic  an- 
hydride was heated at 30 ~ for 30 min, after  which it was cooled, and 15 ml of 2 N Na2CO 3 was added in p o r -  
tions with s t i r r ing .  The mixture was then extracted with ether,  and the extract  was dried with MgSO 4 and 
evaporated.  The res idue was v a c u u m - d i s t i l l e d  to give 0.4 g (72%) of a product with bp 50-52 ~ (1 ram). 
Found: C 54.2; H 4.6%. CTHTN1503 . Calculated: C 54.1; H 4.6%. 

* This method has been successfu l ly  applied for the investigation of the configuration of 1-substi tuted ben- 
z[midazole-2-a ldoximes  [4]. 
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Furfural Nis-Oxime (I-E isomer). A mixture of 1.12 g (12 mmole) of furfural, 1 g (14 mmole) of 
NlS-hydroxylamine hydrochloride, and 1.17 g (28 mmole) of NaOH in 4 ml of water was stirred at 20 ~ for 1 
h, after which 10 ml of saturated NH4CI solution was added, and the mixture was cooled and extracted with 
ether. The extract was dried with magnesium sulfate and vacuum-evaporated, and the residual oil began to 
crystallize on cooling. Workup gave 0.5 g (40%) of a product with mp 49-52 ~ (from alcohol). Found: C 53.3; 
H 4.3%. CsHsNi502. Calculated: C 53.6; H 4.4%. 

O-Acetyl Derivative of the I-E Isomer (II-EIsomer).: This compound, with bp 52-55 ~ (1 ram), was ob- 
tained in 65% yield by the method used to prepare the II-Z isomer. Found: C 54.2; H 4.9%. C7HTNI503. 
Calculated.. C 54.1; H 4.6%. 

5-(p-Bromophenyl)furfural Nls-Oxtme (III-Z isomer).. A mixture of 3.26 g (13 mmole) of 5-(p-bromo- 
phenyl)furfural, I g (14 mmole) of NlS-hydroxylamine hydrochloride, and 1.95 g (19 mmole) of sodium ace- 
tate in 34 ml of 50% alcohol was refluxed for 2 h, after which the mixture was cooled, and the resulting pre- 
cipitate was removed by filtration and washed with water to give 2.61 g (75%) of a product with mp 174-176 ~ 
(from alcohol). Found: C 49.6; H 3.1; Br 30.1%. CIIHsBrNI502. Calculated: C 49.5; H 3.0; Br 29.9%. 

O-Acetyl Derivative of the III-Z Isomer (IV-Z isomer). A mixture of 1.36 g of III and 4.7 ml of acetic 
anhydride was heated on a boiling-water bath for I h, after which it was poured into water, and the resulting 
precipitate was removed by filtration and washed with water to give 1.2 g (71%) of a product with mp 124- 
126 ~ . Found: C 50.3; H 3.2; Br 25.9%. C13HIoBrNI503. Calculated: C 50.5; H 3.3; Br 25.9%. 

5-(p-Bromophenyl)furfural N15-Oxime r isomer). A mixture of 3.26 g (13 mmole) of 5-(p-bromo- 
phenyl)furfural, 1 g (14 mmole) of NlS-hydroxylamine hydrochloride, and 1.95 g (19 mmole) of sodium ace- 
tate in 26 rnl of 36% alcohol was ref luxed for 3 h, a f te r  which it was cooled, and the resu l t ing  p rec ip i t a te  
was r e m o v e d  by f i l t ra t ion and washed with wa te r  to give 2 g (60%) of a product  with mp 158-160 ~ (from a l -  
cohol). Found: C 49.6; H 3.1; Br 30.2%. CllHsBrNt502. Calculated: C 49.5; H 3.0, Br 29.9%. 

O-Aeetyl  Der iva t ive  of the I I I -E  I s o m e r  (IV-E i somer ) .  This compound, with mp 148-150 ~ ( f rom a l -  
cohol), was obtained in 51% yield by the method used to p r e p a r e  the IV-Z I s o m e r .  Found: C 50.6; H 3.1; 
Br 25.6%. C13H10BrN1503. Calculated: C 50.5; H 3.3; Br 25.9%. 
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