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2,2-DIMETHYL-5-(5-R-FURFURYLIDENE)-1,3-DIOXANE-4,6-DIONES.
3.% SELECTIVE HYDROGENATION OF THE EXOCYCLIC DOUBLE BOND
AND THREE-DIMENSIONAL STRUCTURES OF THE REACTION PRODUCTS

G. D. Krapivin, V. E. Zavodnik, ‘UDC 547.841'727:548.
N. I. vVal‘ter, V. K. Bel'skii, 737:542.942.3
and V. G. Kul'nevich

The reaction of 2,2-dimethyl-5—(5-R-furfurylidene)-l,3-dioxane-4,6-diones with sodi-
um borohydride in alcohol leads exclusively to products of hydrogenation of the exo-
cyclic double bond. The three-dimensional structure of one of them — 2,2-dimethyl-
5-(5-methyl-furfuryl)-1,3-dioxane-4,6-dioxane — was investigated by x-ray diffrac-
tion analysis (XDA).

In [2] on the basis of an analysis of the PMR spectra of substituted 5-benzyl-2,2-dimeth-
yl-1,3-dioxane-4,6-diones it was concluded that the molecules of these compounds are folded
into a "sandwich" in which the benzene ring is situated almost parallel to the planar diox-
anedione ring. However, recent x-ray diffraction studies of Meldrum's acid and its 5-ethyl
and 5-phenyl derivatives [3, 4] have shown that in the crystal the dioxanedione ring has a
boat conformation, while the substituent in the 5 position is equatorially oriented. These
data cast doubt on the possibility of the formation of the "sandwich" structures proposed in

[2].

"~ The present research was carried out to shed some light on the problem of the three-
dimensional structures of compounds that are, in principle, capable of forming intramolecular
complexes of this type. We selected furfuryldioxanediones as the subjects of ocur investigation.
These compounds are of interest, first, from the point of view of the study of the chemical
properties of furfurylidenedioxanediones [5] — particularly the possibility of the selective
hydrogenation of the exocyclic C=C bond of the latter — and, second, for a comparison of the

three-dimensional structures of the molecules before and after hydrogenation of the ylidene
bond. .

R o o cH, R 0. 0. _CHy(e)
T ij/ ,,,,,, en (e iEijl oif;ﬁj/
3 " CH,(a)
A NN Vg N TNy
R o Z n/ R \
}Il o i H
ra-f n a-f

I, Il a~e R=H, f R=Br; a R!=H, .bR!=Me, ¢ RI=C=CPh, d_ R'=Br,§’f Ri=1

Various methods exist for the hydrogenation of alkylidene and benzylidene derivatives of Mel-
drum's acid on both a heterogeneous catalyst [6] and under homogeneous conditions (lithium
aluminum hydride [7], sodium borohydride [8], the borane—dimethylamine complex [9]). Our
investigations showed that the catalytic hydrogenation of furfurylidenedioxanediones I on Raney
nickel and on palladium on carbon at increased and atmospheric pressure leads to complex and
difficult-to-separate mixtures of products. Hydrogenation on inactivated (with water and then
with dilute acetic acid until the pyrophoric character in the dry state vanishes) Raney nickel
in a stream.. of hydrogen at atmospheric pressure and room temperature makes it possible to ob-

%See [1] for Communication 2.
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TABLE 1. Characteristics of the Synthesized Com-

pounds
Com- | Empirical Veg, cm-t .
pound | formula mp, °c  -f_°%’ Amay. 0 | Yield,
B (lge) %
v& vll-!
112 |C,H;0s 92...93 1801 | 1765 218 (4,34) |96 (92*)
b |C;2H (05 67...68 | 1795| 1750 224 (4.25) |95 (90%)
llc {CioHie0s 118...119 | 1800 | 1760] 222 (4.30) |95
Id |C,H;BrOs 104...105 | 1803 | 1765] 222 (4,21) |86
Ils 1C,H,, 105 119...121 1802 | 17651 230 (4,14) |87
If |[C,,H;oBriOs | 126...127 | 1800 | 1760 233 (4,19) [94

*“Method A.

TABLE 2. PMR Spectra of the Synthesized Compounds (§, ppm; J, Hz)

Com-,

pound| 3H | #H | Jsu | CH* | CH» (;‘s’ ((:S’ Other signals

Ha | 608 | 6,18 | 30 | 378 | 342 | 172 | 160 | 720 (IH.ad . 5H): Jus=18;
3.5=U,

b | 592|578 ) 30 | 380333 | 1,72 158 | 26 (3H,d, Me); 7,4 4y_ne=06
Ic | 613 | 648 | 35 | 38 | 341 | 1,70 | 162 | 728 (5H, s, Ph)

11d | 610 | 610 | — | 382|337 | 173 | 1.63 -

e | 637 | 607 | 35 | 3.82 | 340 | 1.75 | 1:65 -

0 |62 | — | — | 380|342 | 175 | 1,67 -

*In the CHCH, group 3J = 5.0 Hz (5.3 Hz for IIb).

Hen

o Cm, \pl"’(AZ)

e T £ e )
o 0(2), @ ey

Hist, \J Hea

Fig. 1. Structure of the IIb molecule
(B, conformer).

tain only IIa,b in high yields (Table 1, method A). Phenylacetylenic derivative Ic is not
hydrogenated under these conditions, and halo derivatives Ie-f undergo resinification.

The reaction with lithium aluminum hydride in methanol leads to complex mixtures of prod
ucts and is accompanied by resinification. The yields of II reach quantitative levels with
sodium borohydride (Table 1). The method is simple to carry out and makes it possible to use
compounds with diverse substituents in the furan ring; 95% ethanol can be used successfully
as the solvent.

Furfuryldioxanediones IIa-f (Tables 1 and 2) are colorless crystalline substances; mono-
halo-substituted IId,e are unstable when they are stored in light.

Only one intense absorption band at 218-232 nm, which corresponds to a ® -+ 7% transition
in the substituted furan ring, is observed in the electronic spectra of II in hexane. Phenyl
furylacetylene IIc, in the spectrum of which several absorption bands are observed, consti-
tutes an exception; the longest-wave band with a well-expressed vibrational structure has a
maximum at 298 nm.
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Fig. 2. Newman projection along the C(,)~C(;s) bond: a) A
conformer; b) B conformer; c) B; conformer.

As in the spectra of furfurylidenedioxanediones I [5], in the IR spectra of furfuryldiox-
anediones II (Table 1) there are two characteristic bands of symmetrical and asymmetrical
stretching vibrations of carbonyl groups; the v,q band is approximately twice as intense as
the vg band. However, in the case of furfuryl derivatives II these bands are shifted 40-50
cm™? to the high-frequency side as compared with the corresponding bands of furfurylidene com-
pounds I [5].

The PMR spectra of II (Table 2) contain singlet signals of two chemiecally unequivalent
methyl groups of the dioxanedione ring, a set of lines of an A,B spin system (A,X at 250 MHz)
of the protons of the CH,CH grouping, and signals of protons of the furan ring (and the sub-
stituents in them).

To carry out the x-ray diffraction studies we used IIb, which forms crystals of the same
syngony but different structural classes from different solvents. In the monoclinic crystals
grown from toluene—hexane (2:1) there is only one type of A molecule. In the unit cell of
the monoclinic crystal obtained from solution in ethyl acetate there are two pairs of symme-
trically independent conformers B and B,.

The Newman projections (Fig. 2) show characteristic differences among the A, B, and B,
conformers, the coordinates of the atoms, the bond lengths, and some bond angles of which are
presented in Tables 3-5.

The furan ring in the A, B, and B, molecules is planar within the limits 0.005 L. The
C(7) and C(,,) atoms lie in the plane of the furan ring, and their maximum deviation from the
plane does not exceed 0.005 k.

A guantitative comparison of the geometry of the dioxanedione fragment, including the
C(;) atom, of all three type of molecules led to low values of the s criterion (0.070, 0.060,
and 0.045 A for the B/B,, B/A, and B,/A pairs of molecules, respectively). In accordance
with the classification in [10, 11] the values of the s criterion found fall into the first
group, i.e., the dioxanedione fragments of all three conformers are geometrically equal,
which makes it possible to use any of the independent molecules in the subsequent examination
of the structure of the dioxanedione ring.

The six-membered ring has a boat conformation; the C(,) and C(3) atoms deviate from the
plane of the remaining four atoms of the "bottom of the boat" by 0.33 and 0.41 £, respective-
ly. The 0(;)0(,)C(s) and C(,)C(,)C(¢) dihedral angles between the planes of the "bottom of
the boat" and the "walls of the boat'" are equal to 36.2° and 26.8°, respectively.

The tendency of the CC{(=0)0C fragments to adopt a planar orientation leads to deviation
of the O(,) and O(,) atoms from the plane of the "bottom of the boat' by 0.25 L. The C(s)
atom of the equatorial group deviates from this plane by approximately the same distance.

The A, B, ‘and B, molecules differ not only with respect to the angles of rotation of the
plane of the furan ring relative to the plane of symmetry of the dioxanedione ring [the C()-
C(3)C(4)C(5)C(7) plane, the deviation of the atoms from the plane does not exceed 0.03 A]
but also with respect to the mutual orientation of the "bottom of the boat" and the furan ring.

In the B and B, molecules the planes of the "bottom of the boat" and the furan rings are
virtually mutually perpendicular (the angles between the planes are 92.6° and 89.6°, respec-
tively). The angle between. these planes in the A molecule is 101.9°.

1007



9yl woij pouTe}qO | UEDd

Asy3 ¢pejuessid jou eie sdnoal fAyjzew ayjy jo swole uaBoipAy Syl JO SOIBUTPIOOD YLy

*saoyjne

(e)682 (e) 183 (o) 1e11 (e)ogz (e)vey (o1)019 (2)29 (3)g8¥ (e)rze oy
(€)9¥5 (e)oll (o1} 2901 (€).e8 (¢)86¥ (01)902 (8)g— () vee (€)96t 61y
(v) 128 (e)se (11)18¢ (¢)613 (g)goL (01)89 {8)ase (e)ez1 (v)oee @Oy
(g)ose () (6)809 (£)99% (e)ee9 oesi— (8)039 (2)8L1 (e)ese any
(¥) 093 (e)es— (o1)g9y (v)ese (e)6v2 (res—~ (9) 95t (z)901 (£)L18 MH
(v)181¥ (¥)g9ee (91)e¥p. (r)612 - (¥)eleg (e1)€39 (6)9c8y (e)vLLy (g)e6S1 (@riny
(v)veoe (€) 2893 (£1)2908 (5)9zs! (¥) 2888 (v1)g98y (11)065¢ (e)LL1¥ (5)2£93. ko)
() 090¢ (e)eles (11)0986 (v)8€3% (¥) 198% (y1)zeLy (8)5261 (€)vaey (r)609e oy
(£) €087 (e)osri (o1) vree (€)208% (g)zozs (1) 2168 (8)5281 () 1v¥e () 18cF 61y
(e)eeze (e)esit (01)L¥3L (¥)86€% (p)eies (€1)0507 (9)z18¢ (z)q182 (g)9eLe e
(g) 22¢ (e)e63 (11)829¢ (r)o19z (¥) +099 (21)00% (g1)89ev (g)zes! (s)o10¥ wn
(€)¥35¢ (e)612— (01) %398 (v)svoe (v)igpL (€1)883¢ (9)¥ger (3)9053 (e)1v0L Bie)
(¥) 966 (r)1L81— (£1)8019 (g)2ses () 1228 (91)e12 (¥1)6963 () 868 (9)}¥106 8y
(v)6€3 (g)8¥6— (€1) %026 (¥)8569 (r)ove. (¥1)€06¢ (e1) 1vy— (9)9¥23 (2)6286 iy
()986 (e)ogor— (8)9.82 (v)8L19 (¥)60b2 (¥1) %063 (rp)sivi (s)vasi (2)8c98 e}
(£)£991 (€)28 {o1)e1eg (e)zeat (v)c0v9 (11)885— (9)8z01 (z)ze31 (£)¥5L8 @y
(e) 1293 (g)oge— (01) 2209 (g)205e (e)ogoL (6)g€9 (9)gs9¢ () 9091 (£)6€99 oy
(z)svie () 1381 (2)89€9 (g)1191 (€)o109 (o1) 838 (11)8a.Lt (¢)8¥3e (v)e1.2 920
(e)6.81 (2)829 (2) 298¢ ()391¢ () 1929 (01)s0L1~ (6) 00z — (g)gzs - (r)vssy Qg
(e)sgie (e)8gL— (8)9166 (e)1208 (€)3g9L (01) ¥8¢¥ () 8268 (s)6t11e (2) ¥669 N0
(z)esL1 (3)9001— (2) 1086 (€)89v¥ (e)6€g2 (8)L¥1¥ (8) 0868 (1) %653 (z)oo¥s 0]
(z) 226 () oLz— (9)£0v9 (0)ooos (2) 9099 (®)r12 (0)o000 (@) ree1 (e)9L12 e}
z f X z A x z ) X
woqy
g 9INO9TOW d o[nodTOoW vV 9INooToN

fswojle ) pue ( @43l 103 ,Q1-) S°Inoofol 'qg pue ‘g ‘y juspuadepuy 8yl Jo SwWOIY 3yl JO S9ILUTPIOODH

x(swoje H 8yl 103 £0T-

‘t dT9VL

1008



(9)z'sel (9)g'eet (v)a'sel hninyteny (e)e‘on (5)9'201 (r)o'ort @oEniin
(6)0°011 (9)1'601 (v)a'601 tanqangEg (S)1'val (9)6'€21 (e)8'eci SN N0
(8)g'101 (9)g'201 (e)e'201 {geng ey (8)9'v31 {(9)9'sz1 (g)6'eg1 hjtEying
(1)g'901 ()6'901 {£)£'901 po o Ne] (£) 01 (€)go01 (3)801 hghgtin
(15901 (5)8'201 (¥)0°201 g tagen (v)s'ers {(r)o'e1t (€)6°111 Hnthnen
(S)g'9el (9)0'9¢1 (¥)8'9¢1 gy (v)g'zl (r)6'a11 (£)S'FII inghg ey
() 6:601 (5)8'801 (£)G'601 ey @580 (v)g'el (v)1'G11 (2)6311 Ipnien
(r)9'erl (erretl Bt E! inlning {(r)¥' 181 (e)v'6l1 (€)5'131 n@gey
(g)agrl (8)g'v1l (@it ey (£)0'z31 (r)g'eat (e}g'oz1 ROl e1le)
g 4 v o13uy : 1 v or3uy

soTnoaTol 'd pue ‘q ‘y oyl ur Ammvv s9T8uy puog ¢ IAVI

(s)oo't (8) 260 (£)06'0 =0y

(8) 10¢'1 (6)98¥'1 (2)18¥'1 ‘ey—{1hy (L)gec't (8)834'1 (9) 1641 Wy—n
(8)00°1 (9)60'1 (€)€8'0 H—(oh (2)805'1 (8)00g'1 (e)bIG' in—hy
(8)0z2g'T (6) 22€'1 (2)eee'l (gy—eng (2)90¢'1 (£)£0g'] (r) 105 EH—1y
(€)00'1 (9)z0'1 (v)86'0 (e—terg (9)6.¢'1 (8)2.€'1 (9)y8e’l 9o
(9)bip'1 (6)615'1 (s)oev't ©hy—t0n {9)58¢'1 (8)59¢'1 (8)6L¢8'1 95—
(2)63e'1 (8)are’l (e)ere't (8n—(®)75 (9)o61' (2)¥61°1 (v)oizg't (&5
(9)96'0 (6260 (€)56'0 (e —ty (2)g61'1 (8)e61'l ()81l N0
(6)¥60 (€)90'1 {(¥)00'1 Btt & ite) {9)gse’l (8)9ve"1 (v)8ve’] 95—
(L)v6v'1 (6)€05'I (9)18%'] 81y~ (9)¥g¥'1 (8)86¥'1 (L)63¥'1 8n—eg
(2)s08't (01)625'| (6)91G'T @©5—6)7) (S)eer'l (L)' (9) 287’1 ©5—Q
(8)267'1 (01 z6v'1 (6)¥8¥'1 hy—e1) (9)eve't Q)i (e)eee'] @5—hg)

3: ! \ puog id ! \A puog

(y) sarnoejol 'qg pue ‘g ‘y juopusdepur ay3 ur sy3zBue puog ‘% FIAVL

1009



In conclusion, let us note the following. First, consideringthe results obtained by
x-ray diffraction analysis in [1, 3, 4] and in the present research one may assume that the
hybridization of the C(;) atom of the dioxanedione ring has a decisive effect on the geometry
of the ring. In compounds with an sp®-hybridized C(s) atom the dioxanedione ring has a boat
conformation. Second, one should exclude the possibility of the formation of the "sandwich"
structures proposed in [2], since a bulky substituent attached to the C(s) atom of the dioxane-
dione ring is always equatorially oriented.

EXPERIMENTAL

The IR spectra of solutions of the compounds in CCl, were recorded with a UR-20 spectrome-
ter. The electronic spectra were obtained with a Specord UV-vis spectrophotometer. The PMR
spectra of solutions in deuterochloroform were obtained with Tesla BS-467 (60 MHz) and Bruker
WM-250 (250 MHz) spectrometers. The course of the reactions and the purity of the products
were monitored by means of TLC on Silufol UV-254 plates in a toluene—ethanol system (20:3).

The compositions of hydrogenation products IIa-f were confirmed by the results of elementary
analysis for C and H; products IId,e were also analyzed for their halogen content.

2,2-Dimethyl-5-(5-methylfurfuryl)-1,3-dioxane-4,6-dicne (IIb). A) A 0.7-g (30 mmole)
sample of Ib was dissolved in 40 ml of ethanol, 2 g of inactivated Raney nickel was added,
and hydrogenation was carried out in a '"catalytic long-necked hydrogenation flask" for 70 min
at room temperature. The catalyst was removed by filtration, the filtrate was diluted with
water (100 ml), and the precipitated crystals were recrystallized.

Compound ITa was similarly obtained.

B) Sodium borohydride as added in ~0.05 portions [a total of 0.2 g (5 mmole)] with vig-
orous stirring at room temperature to a solution of 2.36 g (10 mmole) of Ib in 50 ml of etha-
nol until the solution became colorless, after which it was cooled and treated with 100 g of
finely crushed ice. The aqueous mixture was acidified with dilute (1:10) hydrochloric acid
to pH = 6, and the resulting precipitate was washed with water and recrystallized.

Compounds IIla,c-f were similarly obtained.

Monoclinic crystals were obtained in the crystallization of IIb from toluene~hexane (2:1).
These crystals had the following unit cell parameters: a = 8.527(2), b = 13.160(2), ¢ = 5.370-
(2) 8. vy = 103.4°, V = 586.6(3) &3, space group p2;, Z = 2. The parameters of the unit cell
and the intensities of 874 independent reflections with I > 30 (I)were obtained with a PT Syn-
tex automatic diffractometer (MOK, emission, B filter, 8/26 scanning to 28p,, = 55°).

Monoclinic crystals with the following unit cell parameters were obtained by crystalliza-
tion of IIb from ethyl acetate: a = 5.199(1), b = 15.066(3), ¢ = 15.415(4) &, v = 94.08(2)°,
V = 1204.4(6) A3, space group P2,, Z = 4. The experimental data were similarly obtained. In
all, 1529 independent reflections with I > 3¢ (I) were measured.

The structures were decoded by the direct method by means of a complex of SHELXTL pro-
grams [12] with a NOVA-3 computer and wererefined within the anisotropic (isotropic for the
hydrogen atoms) approximation up to divergence factors R = 0.03, R,= 0.032, and R = 0.042,
R,= 0.042 for the first and second types of crystals, respectively.*
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N-[3-NITRO(AMINO)COUMARIN-4-YL JANTHRANILIC ACID AMIDES.
SYNTHESIS OF 6,7,8,13-TETRAHYDRO[1]BENZOPYRANO[4,3-b}[1,4]
BENZODIAZEPINE-6,8-DIONE*

V. L. Savel'ev, 0. S. Artamonova, UDC 547.892'837.2'816:615.214
A. V. Makarov, V. S. Troitskaya,
A. V. Antonova, and V. G. Vinokurov

The reaction of 3-nitro-4-chlorocoumarin with anthranilic acid was used to synthe-
size N-(3-nitro-4-coumarinyl)-anthranilic acid, from which, through the acid
chloride, we obtained a number of amides, which were reduced to N-(3-amino-4-
coumarinyl)anthranilic acid amides The latter are cyclized under the influence

of hydrochloric acid to 6,7,8,13-tetrahydro[1]benzopyrano-[4,3-b}{1, 4]benzo-
diazepine-6,8-dione, which was also obtained from N-{(3-amino-4-coumarinyl)an-
thranilic acid by its thermolysis or treatment with hydrochloric acid.

Substances with different forms of pharmacological activity have been found among deriva-
tives of N-hetaryl-substituted anthranilic acids [2-6]. On the other hand, as we have previ-
ously shown [7,.8], 3-substituted 4-aminocoumarins have a depressive or stimulating effect
on the central nervous system and also display a pronounced anticonvulsive effect [8].

In this connection by means of the reaction of 3-nitro-4-chlorocoumarin (I) with anthra-
nilic acid we obtained N-(3-nitro-4-coumarinyl)anthranilic acid (II), which served as the
starting compound for further syntheses via the following scheme:

a NIC H CO0H-0 NHC H,C0T1-0
~ ! NO., NH ~ NO . NO
s o AN 2.z P . 2 P < 2 .
7 ” ~ = ) T Sy soct. g S HNRR
L\ L4 + @ . ’, — |; ‘ - H : -
N s g N . Zin e R
ten o geoz” X o o W g
I 1 N 1
T R/
7N, <
NHC H,CONRR'-0 NHC I, CONRE ' ~¢ o . NHC,H,COOH-0
-

| T 1
No . NH HN  C=0 . NH
PN 2, SN - T H . N R 2
“’@I—[HL (/(i T K {/\!’ T
< - N nn L
o o XN N O\ NN
N

0
v-a-i va-i VII vI

IV. V a R=R'=H; B R=H, R'=i-CiHy; @ R=H, R'=n-CHs; d R=H. R'=CH,CeHs:
e R=H, R'=Cis £ R+R'=(CHy). & R+R'=(CH)s h R+Ri=0(CH,CHy)!
i R+R!=CH;N(CH,CH,),

Characteristic absorption bands of an NH group are observed in the IR spectra of amides
IVa-i at 3200-3300 cm~!; absorption of the carbonyl group of the coumarin ring shows up in the
form of intense bands at 1710-1740 cm™!, while the frequency of the vibrations of the amido
group ranges from 1610 to 1670 cm™ !, which is evidently explained by the possibility of the

formation of intramolecular hydrogen bonds of two types (A and B), depending onthe substitu-
ents in the amido group.

*See [1] for our preliminary communication.
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