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Michael addition of 1,3-cyclopentanedione, 1,3-cyclohexanedione and 1,3-cycloheptanedione
to 1-(X-phenyl)-2-nitroethylenes was studied. 1,3-Cyclopentanedione afforded 2-(1-(X-phenyl)-
-2-nitroethyl)-1,3-cyclopentanediones (), 1,3-cyclohexanedione gave 9-(X-phenyl)-8-hydroxy-
imino-7-oxabicyclo[4,3,0]-1-nonen-2-ones (Ila— Ile), whereas reaction with 1,3-cycloheptanedione
led to 10-(X-phenyl)-8-oxabicyclo[$5,3,0]-1-decen-2-ones (IIg— IIj) as well as 9,9’-hydroxyamino-
bis(10-(X-phenyl)-8-oxabicyclo[5,3,0]-1-decen-2-ones) (I1I). Products I were isolated also in the
addition of 1,3-cyclohexanedione and 1,3-cycloheptanedione to 1-(X-phenyl)-2-nitroethylene
when X = H or an electron accepting substituent and the reaction was performed at —5 to 0°C,
and were converted into II. The structure of the compounds and mechanism1 of the conversion
of I'to II is discussed on the basis of IR, 'H NMR and '3C NMR spectra.

As found by Dornow and Boberg', 2,4-pentanedione or ethyl acetoacetate add
to 1-phenyl-2-nitroethylene in the “classical” way. Also the addition of cyclic B-di-
ketones to nitroalkenes proceeds normally?~*. On the other hand, other authors®~7
reported that reaction of 1,3-cyclohexanedione with 1-phenyl-2-nitroethylene af-
forded a product containing one molecule of water less than the expected adduct,
and suggested several, incorrect, structures for this product. The correct structure
IIa, published by Ansell and coworkers®-®, was determined on the basis of X-ray
diffraction analysisand 'H NMR and IR spectral studies. Analogous behaviour was
found for the reaction of 5,5-dimethyl-1,3-cyclohexanedione with 1-phenyl-2-nitro-
ethylene!®.

In the present communication we investigate the effect of the ring size and the
substituent X on the character of the product in the addition of 1,3-cycloalkanediones
to 1-(X-phenyl)-2-nitroethylenes. The addition was performed with 1,3-cyclopentane-
dione, 1,3-cyclohexanedione and 1,3-cycloheptanedione. Michael addition, of 1,3-
-cyclopentanedione and 1,3-cycloheptanedione with 1-(X-phenyl)-2-nitroethylene has
not been hitherto described. Analysis of the reaction products revealed that under
identical conditions the mentioned 1,3-cycloalkanediones afforded different products.

1,3-Cyclopentanedione reacted with 1-(X-phenyl)-2-nitroethylenes (where X = H,
4-F, 4-Cl, 4-Br, 3-Br, 4-CH;, 4-OCH;, 4-NO,, 4-NHCOCH; and 4-N(CH,),)
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to give products of the “classical” Michael addition, i.e. 2-(1-(X-phenyl)-2-nitro-
ethyl)-1,3-cyclopentanediones Ia—Ik. These compounds represented final products
since they were isolated everr when prolonged reaction time, higher reaction tempera-
ture or higher concentration of the catalyst were employed. It is known®~!° that both
1,3-cyclohexanedione and $5,5-dimethyl-1,3-cyclohexanedione react with 1-phenyl-
-2-nitroethylene under the conditions described in procedure A4 in the Experimental
part, affording products with one molecule of water less than expected. Since in 1,3-
-cyclopentanedione, similarly to 1,3-cyclohexanedione and their 2-monosubstituted
derivatives, the keto-enol form is preferred, the reaction stops at the stage of the
structure I probably because further transformation of compounds I into the deriva-
tives II or I1I would be sterically demanding, leading to a structure with two five-
-membered rings linked by a double bond. The structure of the compounds I has
been confirmed by their IR, '"H NMR and '*C NMR spectra (Tables I, II).

In accord with the literature® ~'°, the addition of 1,3-cyclohexanedione to 1-(X-phe-
nyl)-2-nitroethylenes (procedure A) affords products having one molecule of water
less than the expected classical Michael addition products, the outcome of the
reaction being independent of the substituent X. On the basis of the IR, 'H NMR
and '3C NMR spectra we conclude that the obtained products are 9-(X-phenyl)-
-8-hydroxyimino-7-oxabicyclo[4.3.0]-1-nonen-2-ones I1a —1I1e. Their IR spectra con-
tain two characteristic bands in the region 1 600—1 700 cm~!. Comparison of the
spectra of compounds I —III (Table I) indicates that the band at 1 655—1 658 cm ™"
is due to the C=O0 stretching vibration of the carbonyl, conjugated with the C=C
double bond, whereas the band at 1 695—1 700 cm ™! belongs to the C=N stretching
vibration. The 'H NMR spectra of compounds II (Table I) exhibit two triplets
at 4-73—4-85 ppm (J ~ 1 Hz) and 4-85—5-00 ppm (J ~ 1 Hz), corresponding to one
proton, and two singlets at 10-08—10-15 ppm and 10-38 ppm, also corresponding
to one proton. It follows that two geometric isomers (E,Z) of the oximes are present.
Also the '3C NMR spectrum of compound Ila (Table II) confirms the structure I1.
The double signals of atoms Cg), C(s), C(6)» C(1 as well as the C ;) (carbonyl) and
aromatic Cy), C3, C(3, and C,, atoms, prove that the E,Z-isomerism at the C=N
oxime bond affects the character of carbon atoms in a large part of the molecule.
We found that the ratio of the E- and Z-isomers varies, depending on the solvent
from which the compounds are crystallized: this is also reflected by their melting
points.

Also the Michael addition of 1,3-cycloheptanedione to 1-(X-phenyl)-2-nitroethy-
lene (procedure 4) afforded products analogous to those from 1,3-cyclohexanedione,
i.e. 10-(X-phenyl)-9-hydroxyimino-8-oxabicyclo[ 5.3.0]-1-decen-2-ones IIg —IIk. The
IR, 'H NMR and *3C NMR spectra of compound IIg resemble those of compounds
obtained by reaction with 1,3-cyclohexanedione (TablesI and II). The 'H NMR
spectra of compounds IIg—IIk as well the '3C NMR spectrum of the compound
I1g also show the formation of E,Z-isomeric oximes. Contrary to 1,3-cyclohexane-
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dione, 1,3-cycloheptanedione reacts with 1-(X-phenyl)-2-nitroethylenes (X = H,
Cl) at higher concentration of the methoxide and reactants (procedure B) to give
products different from compounds /1. On the basis of elemental analysis and IR,
'"H NMR, '3C NMR and mass spectra we assume that these products are 9,9'-
-hydroxyaminobis(20-(X-phenyl)-8-oxabicyclo[ 5.3.0]-1-decen-2-ones) IIIa and IIIb.
In the carbonyl region, the IR spectra of compounds I11a and I111b exhibit one band
at 1 600 cm™' due to carbonyl group conjugated with a C=C double bond. Their
'H NMR spectra display two doublets at 4:30—4-40 ppm (J ~ 1 Hz; 2 H) due
to protons at the C,, C(g+), C(;0, and C(,,) atoms and two singlets of the hydroxy-
amino group proton at 8-7—8-9 ppm, showing thus that compounds IIla and I11b
represent mixtures of geometric isomers (Table I). The suggested structure I11 is
confirmed also by the '3C NMR spectrum of I/1a (Table II).

TABLE II
13C NMR Spectral data

Compound Ca) Ci2) Ci3) Cay Ces) Cee) Ciy
Ia 1945 1142 138-7 301 381 — —
I 185-1 113-4 140-7 329 20-5 37-8 —
In 206-2 67-1 2042 443 229 240 45-1
Ila 116-8 128-2 21-0 225 365 173-6 —
117-7 128-4 173-7
1 117-0 192-4 353 225 21-0 307 173-4
117-8 193-03 173-5
Ila 111-6 195-0 43-6 23-8 22-4 29'5 171-3
Compound Cs) C9) C(10) Cain C2 Ca3y Ca
Ia — 39-1 766 139-7 1285 1276 127-0
n — 381 777 140-7 1283 1277 126-4
In — 41-0 79-0 1381 1285 1283 1274
Ila 156-2 44-4 - 136-4 128-2 127-5 126-8
1389 44-8 1389 1285 127-9 1279
1ij — 1583 44-1 129-0 128-3 113-6 156-4
165-2 43-7 1309 128-6 113-7 1581
Hla — 102-3 519 142-9 128-3 127-3 126-4
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Mass spectrum of compound IIla shows molecular weight 485, a marked loss
of water and formation of fragments of 228 and 257 mass units. A similar structure
for the products of Michael addition of 2,4-pentanedione and ethyl acetylacetate
to 1-phenyl-2-nitroethylene has been assumed by Spanish authors'!.

In order to find out whether the compounds II and III arise as products of sub-
sequent elimination of water from the classical Michael addition products I, we per-
formed the reaction of 1,3-cyclohexanedione and 1,3-cycloheptanedione with 1-(X-
-phenyl)-2-nitroethylenes at —2°C (procedure C) and found that under these condi-
tions 2-(2-(X-phenyl)-2-nitroethyl)-1,3-cyclohexanediones Ie—Im or 2-(1-(X-phenyl)-
-2-nitroethyl)-1,3-cycloheptanedione In can be isolated, albeit only when X is H
or an electron-accepting substituent. According to kinetic measurements of the
Michael addition of 1,3-cyclopentanedione to 1-(X-phenyl)-2-nitroethylenes, the
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reaction rate is substantially reduced by electron-donating substituents'2. Since
the conversion of compound I into II does not depend on the substituent X, we were
not able to isolate the reaction products I with electron-donating substituents on the
phenyl group. Reaction of I in methanol, catalyzed by sodium methoxide, afforded
compounds II. The same conversion, although much slower, took place in methanol
in the absence of methoxide (reflux for 24 h) and its mechanism can be described
by Scheme 1.

(") CAQHS (_l) ([6H5 /(:){1-)
~._CH CH—CH=N—OH
( ” "SCH;,NO, - [
1 — | —_—
" OH ™~ '
.o 0
"
P . S
N ‘\/| CH=NC i L o Cc=N—0H
~o OH S0
E 2
SCHEME 1
EXPERIMENTAL

The UV spectra were recorded in methanol on a Perkin-Elmer 450 instrument, IR spectra
were measured on a Perkin-Elmer 180 spectrometer in chloroform. ' H NMR Spectra were taken
on a Tesla BS 482 (80 MHz) instrument and 13 NMR spectra on a Jeol FX-60 (15-03 MHz)
spectrometer; all in hexadeuteriodimethyl sulfoxide with hexamethyldisiloxane as internal stan-
dard. The mass spectra were measured on an MS 902 S (AEI) spectrometer (70 eV). Melting
points were determined on a Kofler block.

Reaction of 1,3-Cyclopentanedione, 1,3-Cyclohexanedione and 1,3-Cycloheptanedione
with 1-(X-Phenyl)-2-nitroethylenes

A) A solution of 1,3-cycloalkanedione (50 mmol) in a solution of sodium (0-25 g) in methanol
(15 ml) was added during 10 min with exclusion of moisture to a stirred saturated solution
of 1-(X-phenyl)-2-nitroethylene (50 mmol) in methanol (15—45 ml; according to solubility of the
ethylenic component). After stirring at 30—40°C for 30 min, the mixture was left aside at 0°C
for 12h and the separated product was crystallized (Table III). Thus, 1,3-cyclopentanedione
afforded 2-(1-(X-phenyl)-2-nitroethyl)-1,3-cyclopentanediones Ia—Ik (X = H, 4-F, 4-Cl, 4-Br,
3-Br, 4-OCH;, 4-NO,, 4-NHCOCH;, 4-N(CHj3;),), 1,3-cyclohexanedione gave 9-(X-phenyl)-
-8-hydroxyimino-7-oxabicyclo[3.4.0]-1-nonen-2-ones Ila—Ile (X = H, 4-Cl, 4-Br, 4-CHj,
4-OCHj3), and reaction of 1,3-cycloheptanedione led to 10-(X-phenyl)-9-hydroxyimino-8-oxa-
bicyclo[5.3.0]-1-decen-2-ones Ilg—1IIk (X = H, 4-Cl, 4-Br, 4-OCH;, 4-NO,). The spectral
and analytical data of all the products are given in Table I—III.
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TABLE IIT
Analytical data for compounds Ia— In, Ila— Ik and Illa,b

Calculated/Found

Compound M.p.,°C* Formula
yield, % (mol.wt.) %C % H 7% N
Ia 235237 C,3H,3NO, 6315 5:30 567
85 (265-2) 63-08 529 568
Ib 227—230 C,3;H,,FNO, 58-87 456 5-28
80 (265-2) 58-63 4-73 513
Ic 230—232 C,;H,,CINO, 55-43 429 497
85 (281-7) 56-07 4-24 519
Id 232235 C,;H,,BrNO,  47-88 371 429
83 (3261) 47-84 3-67 4-30
Ie 225—228 C,3H,,BrNO, 4788 371 429
75 (326°1) 47-86 376 4-24
If 250—252 C,4H,5sNO, 6426 579 536
80 (261-3) 64-15 5-85 5-55
Ig 238—240 C,4H,sNO; 60-64 545 5-50
82 (277-3) 60-44 552 515
Ih 253—258 C,3H,,N,0q 53-43 414 9-59
55 (292-2) 53-85 4-22 9-94
Ii 242245 C,3H,,;N,0¢ 53-43 414 9-59
60 (292-3) 53-40 4-18 9-49
I 300 dec. C,sH;sN,05 5921 5:30 9-21
45 (304-3) 60-39 542 898
Ik 261—263° C,sH;gN,0, 62:06 6-25 9-65
50 (290-3) 61-83 608 9-87
I 144—146 C,4H,sNO, 6436 579 536
68 (261-3) 64:22 5-88 5-47
Im 148—150 C,4H,,CINO, 56:86 477 474
70 (295:7) 57-06 475 4-81
In 149—152 C,sH,;,NO, 6544 622 5:09
70 (275-2) 65-63 6:28 5-11
lla 174—178°  C,,H,3NO, 69-12 5-39 576
A-70 (243-3) 69-16 542 590
1Ib 184—187 C,4H,,CINO; 6057 436 505
70 (277-6) 60-09 4-33 4-89
1e 182—185 C,4H,,BrNO; 5220 375 435
65 (322-2) 52:36 372 4-28
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TasLe III
(Continued)
. ‘ M.p.,°C? Formula Calculated/Found
ompoun ield, % mol.wt.
yield, ( ) % o H %N
1Id 185—187 C,sH 5NO; 70-02 5-88 5-44 »
68 (257-3) 69-04 591 506
Ile 177—178 C,5sH;sNO, 6592 553 513
65 (273-3) 65-81 5-50 518
1Ig 163—164° C,5H;sNO; 70-06 5-88 5-45
75 (257-2) 69-39 601 5-14
I1Ih 177—179¢ C,sH{4CINO;, 61-77 4-84 4-80
70 (291-7) 61-13 4.92 4-78
1L 169—171¢ C,sH{4BrNO; 53-59 4-19 4-17
68 (336-2) 52:76 4-25 3-99
1 178—181° C,6H;7NO, 66-89 596 4-88
75 (287-3) 66-15 574 5-04
11k 174—179¢ CsH4N,04 59-60 4-67 9-27
55 (302-3) 59-36 4-81 9-61
Hla 181:5—183-4° C;oH;;NO; 74-21 644 2-88
54 (485-6) 73-61 639 2:94
HIb 200—203¢ C,0H,4CI,NOg 64-99 527 2:53
50 (554'5) 63-77 523 2:29

% Crystallized from methanol; b from chloroform; € from ethanol.

B) 1,3-Cycloalkanedione (50 mmol) was added to a solution of sodium (0-25 g) in methanol
(15 ml). To this solution 1-(X-phenyl)-2-nitroethylene (50 mmol) was added and the reaction
mixture was worked up as described in procedure 4. With 1,3-cyclopentanedione and 1,3-cyclo-
hexanedione the same products as in procedure 4 were isolated whereas 1,3-cycloheptanedione
afforded 9,9’-hydroxyaminobis((10-X-phenyl)-8-oxabicyclo[5.3.0]-1-decen-2-ones) IIla— IIIb (X=
= H, Cl). For analytical and spectral data see Tables [—III.

C) 1,3-Cyclohexanedione or 1,3-cycloheptanedione (50 mmol) was added to a solution
of sodium (0-25 g) in methanol (15 ml). A saturated solution of 1-(X-phenyl)-2-nitroethylene
(50 mmol) in methanol (15—25 ml) was then added at —2°C under stirring. After stirring at —2°C
for 1-5 h, the mixture was poured into an ice-water mixture, neutralized with 109, HCI and the pre-
cipitated product was crystallized from methanol. 1,3-Cyclohexanedione afforded 2[(1-X-phenyl)-
-2-nitroethyl]-1,3-cyclohexanediones Je—Im (X = H, 4-Cl) and 1,3-cycloheptanedione reacted
to give 2-(1-phenyl-2-nitroethyl)-1,3-cycloheptanedione (I/n). For analytical and spectral data
of the products see Tables I—TII.
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