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and intcrmolccular short contacts. 

Wc have shown that the reactions of 2-oxo-3-phenyl-3-chloropropionic (phenylchloropyruvic) acid 
derivatives with nucleophilcs lead to different types of products depending on the nature of the nucleophilcs and 
the reaction conditions. Esters of  3-alkoxyphcnylpyruvic acid or 3-alkoxy-2,5-dialkoxycarbonyl-3,6-diphenyl-2,3- 
dihydro-l,4-dioxins arc obtained in the reactions of the methyl and ethyl esters of phenylchloropyruvic acid with 
sodium alcoholatcs in alcoholic solutions [1-4]. O- And C-phosphonium salts arc formed in the reaction of the 
methyl ester and dimcthylamidc of  phenylchloropyruvic acid with triphcnylphosphine [5], while the reaction with 
phosphites occurs only at the oxygen atom to give substituted vinyl phosphates through a Perkov reaction [6]. 
Functionalizcd 1,3-oxazolcs arc obtained in the reaction of the methyl and ethyl esters and diisopropylamide o/~ 
phcnylchloropyruvic acid with sodium azidc [7]. 

In the present work, wc studied the behavior of methyl phcnylchloropyruvatc (1) toward potassium 
phthalimidc (2) and sodium imidazolide. 

The reaction of ct-chloro ketone 1 with phthalimide 2 under conditions of  the Gabriel reaction [8] gives a 
compound lacking nitrogen as the major product instead of the expected N-substituted phthalimide 3. Carrying out 
the reaction in tbnlaarnidc, DMF, acetone, and chlorobenzene leads in all cases to a crystalline product, whose 
~H NMR spectrum has signals only at 3.67 (s) and 7.47-7.70 ppm (m) with 3:5 integral intensity ratio. The 
chemical shifts and intensities of  these signals correspond to the signals of the methoxycarbonyl and phenyl groups 
in the ~H NMR spectrum of  starting (z-chloro ketone 1. Thus, the product lacks phthalimide fragments as well as 
the mcthine proton of  the starting chloro ketone. The elemental analysis is in accord with 
dimethoxycarbonyldiphcnyl-l,4-dioxin. In light of the capacity of  ct-chloro ketone ! to undergo condensation to 
give 2-alkoxy-3,5-dialkoxycarbonyl-3,6-diphenyl-2,3-dihydro-l,4-dioxins by the action of anionic nucleophiles 
such as MeONa and EtONa [1, 2], this most likely should be 2,5-dimethoxycarbonyl-3,6-diphenyl-l,4-dioxin (4). 
The IR spectrum of  this product is in accord with this hypothesis. An X-ray diffraction suggested that the reaction 
of ct-chloro ketone 1 with potassium phthalimide indeed proceeds to give heterocyclic derivative 4. 
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Dioxin 4 is also obtaincd when sodium imidazolidc is used instead of  potassium phthalimidc. Fractional 
distillation gave a minor product in addition to dioxin 4 obtained m good yield. Elemental analysis as well as the 
~H NMR and IR spectra o f  this minor product, which hardly differed from the corresponding spectra ot' the major 
product, suggested an isomer, namely, dioxin 5. This conclusion was also confinncd by X-ray analysis. 

The expected Gabriel reaction product was found in this reaction mixture in small amounts not exceeding 
5%. This product could not be isolated but its presence was indicated in the ~H NMR spectrum of  the mixture by 
singlets lbr the carbomethoxy group at 3.84 ppm and methinc proton at 4.75 pprn, phthalimide multiplets at 
7.15-7.20 and 7.25-7.30 ppm (a somewhat distorted AA'BB' system), and phenyl multiplet at 7.50 ppm with 
integral intensity ratio 3:1:(2+2):5. 

Several pathways could lead to the tbnnation ofdioxin 4. One pathway involves double selt'-condensation 
o f  ct-chloro ketone I through a Darzens reaction. In the first step, a chloro ketone molecule provides lbr the 
generation of anion A and then another such molecule reacts with this anion at its ketone group. The 
l-~-chlorobenzyl and 2-methoxycarbonyllbnllyl substituents play the same roles in the resultant oxirane 
intermediate. 
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Another possibility entails the replaccmcnt of  the chlorine atom in ct-chloro ketone ! by mesomeric anion 
A in the first step and the loss of  HCI as the rcsull o f  an intrainotecu[ar addition-elimination reaction in the second 
step. 
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The mechanism lbr the lbrmation o f  3,5-diphenyldioxin 5, similar to the mechanism tbr the fonnation o f  
dioxin 4, may be represented by two pathways (see above) with the difference that the anion o f  rnethyl 3-oxo-3- 
phenyl-2-chloropropionate (B) rather than anion A is a starting species lbr dioxtn 5. The /bnna t i on  o f  anion B as a 
side-intermediate under the basic conditions o f  the Gabriel reaction may be explained by the rearrangement o f  
anion A according to a mechanism generally adopted tbr the Favorskii rearrangement [9-12]. 
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Treating dioxin 4 with sodium methylatc in methanol leads to the addition o f  MeOH at a double bond to 
give 3-methoxy-2,5-dimethoxycarbonyl-3,6-diphenyl-2.3-dihydro-lA-dioxin (6), identical to the compound 
obtained directly from et-chloro ketone 1 upon analogous treatment [3]. 
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We note that prolonging the reaction or raising the base concentration does not affect the final result and 
addition o f  a second methanol molecule was not observed. This failure may be attributed to steric and electronic 
factors. The addition o f  one methanol molecule leads to transtbrmation of  the planar molecule of  dioxin 4 
(available to attack from both sides) to molecule 6, whose heterocycle has halt-chair cortibrmation and the 
approach o f  a second methanol molecule to the 2,3-dihydrodioxin double bond is sterically blocked. 
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Fig. 1. Geometry of compound 4 in thc crystal. 

Let us examine the three-dimensional structures of dioxins 4 and 5 relative to the X-ray diffraction data 
obtained for their crystals. 

The molecule of dioxin 4 is found in a special position at a center of symmetry. Thus, the symmetrically 
independent part of the crystalline cell is one-half of  this molecule (Fig. I). 

The search fbr analogous structures [13] revealed only one compound of this type, namely, 2,5-dibenzoyl- 
3,5-bis(4'-methoxyphenyl)-1,4-dioxin studied in our earlier work [14]. As in the latter molecule, the dioxin ring in 
4 is planar (the deviation of the atoms from the ring plane does not exceed 0.006(2) A). The C~:~=C~.. (l-.v, -y, -z) 
double bonds are somewhat elongated (1.341(3) A) in comparison with these bonds in the 2.5-dibenzoyl analog 
(1.327(5) A) [14] and cyclohexene (1.326 A) [15]. The C-O bonds (1.396(3) and 1.386(3) A) are also longer than 
C~.,-,_~rO~2~ bonds in six-mcmbered heterocycles (the average for analogous cyclic systems according to thc 
Cambridge Structural Database System is 1.368 A [13]) but coincide within experimental error to thc values found 
for the dibenzoyl analog (1.394(4) A). The planes of  the phenyl substituent and mcthoxycarbonyl group tbrm 
dihedral angles of 70.2(1) ~ and 3.5(3) ~ respectively, with the dioxin ring plane. No short intramolecular contacts 
are found in 4. We should note the C-H---O interrnolecular hydrogen bonds. H~14~ in the ortho position of the 
phcnyl fragment interacts with O~7.., (I-x, l-.v, -z) of the ester group: CcHrOcT..~, 3,500(3) A; H~Hr"On..~, 2.48(3) A, 
ZC,~4~-H~-O~7..~, 176(2) ~ Also H ~  of the methyl group interacts with O(1'") (x, l+v, z) of the dioxin ring: 
C~.~r 3.607(3) A: H~s~rO~r"., 2.44(5) A;/Cisj-H~s3~-Oir"~, 156(4) ~ (Fig. 2). 

. . . . .  

. . . . . .  

Fig. 2. Hydrogen bond system in the crystal of compound 4 
(hydrogen bonds shown by dashed lines). 
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Fig. 3. The packing of molecules 4 along the 0Y axis in the crystal. 

The packing of the molecules in the unit cell (Fig. 3) features ~,r~-interactions between the dioxin rings of  
moleculcs related by a center of symmetry with the tbllowing parameters: the dihedral angle between the ring 
planes is 0.2(2) ~ and the distance between the ring planes is 3.436(3) A. Each dioxin ring participates in two such 
interaction. It is also interesting to note the CH.-.~ interaction between H~ ~3~ of  the phenyl group and the re-system 
of  the phenyl group of thc molecule related to it by the symmetry operation (I/2-x, 1/2+v, l/2-z) (the distance from 
H~3~ to the center of the phenyl ring (Cg2) is 3.144 A, angle C~]3~-HI~3~'"Cgl is 129.5 ~ and between the methoxyl 
group proton both with the dioxin (Cgl) and phenyl rings (Cg2) of thc adjacent molecules with the following 
characteristics: 

Bond Symmetry, operation 

C,~,,II,:,..,...Cg2 (3:2 x .1 '2+v. 1'2 z~ 
(',x,ll,s~,...Cgl Ix. l+y. z) 

d(ll,..C~), A ] zD-H...C~, dcu, 

2.74 ] 146.2 
2.48 158.2 

The heterocycle of dioxin 5 has a proper (noncrystallographic) symmetry plane traversing the oxygen 
atoms of the dioxin ring (Fig. 4). However, the molecule loses this symmetry element in the unit cell. The most 
significant difference in conformation relative to dioxin 4 is the nonplanar dioxin ring in boat form (the dihedral 
angle between the O~,-C,,-Ccs~-C~.~ and O~-C~.~b-Cc.~-C~.~ planes is 32.2(1)~ The base of the ring (the 
C~_~C~3~C~s~C,,~ fragment) is planar within +0,004(2) A. The deviations of O~j~ and O~4~ from this plane are 0.384(1) 
and 0.293(1) A to the same side but at different distances. The dihedral angles between this plane and the 
C, , rO~ ~-Cc_.j and C~3j-O~4,-Ccs~ planes arc 29.7(2) and 23.2(2) ~ respectively. The planes of the phenyl substituents 
Ctls~-C~_~,~ and C~,~ C~H~ fonn dihedral angles with the plane of the dioxin base equal to 36.9(1) ~ and 55.7(1) ~ 
respectively, while the methoxycarbonyl groups C~_,j~O~_~O~_,,~C~:_~ and C(7~0(7~0(8)C(~r ) fOFITI dihedral angles with 
this plane equal to 26.6(2) ~ and 21.4(2) ~ respectively. The methoxycarbonyl groups are twisted in different way 
relative to the heterocycle. The C=O and ring C-O bonds are eclipsed in one such group, while the methoxy group 
C-O bond is eclipsed by the endocyclic bond in the other (torsion angles: OcE~-C~_,~-C~7~-O~7~, 6.8(2)~ 
0~-C,,wC~2~-0~,_2~, 10.6(2)~ Thus, the rotation of the methoxycarbonyl groups at the ring atoms leads to the 
reduction in the proper symmetry of  the molecule. 

The lengths of the C=C bonds in dioxin 5 (1.331(2) and 1.326(2) A) are slightly less than in dioxin 4. 
Some differences are found in the lengths of the endocyclic O-C bonds: the O ~ ' , , ~  bond length (1.394(2) ,~) 
coincides with the lengths of the bonds at O~ and bond lengths in dioxin 4, while the O ~ - C ~  bond is elongated 
(1.403(2) A). There is probably conjugation of the cndocyclic double bonds, methoxycarbonyl C--O bonds, and 
oxygen nonbonded electron pairs in the planar heterocycle of dioxin 4. Conjugation is less likely in the nonplanar 
heterocycle ofdioxin 5 and the bonds are localized. 
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Fig. 4. Geometry of compound 5 in the crystal. 

The lbllowing intra- and iniermolecular short contacts are found in the crystal ofdioxin 5: 

Bond Symmetry element diD-I lL A dIII. . .AL A d (D...AI. A /D-II...A. 
of r e l a t e d  m o l e c u l e  dr 

Ct i inH(  i l l l . -O i  21 i 

Cizl~l l  L~m. . .Od l l  

I x .  i v ,  z 

A', I .1". -- 

Inlramolec. 

0.96(2} 

O.90121 

1.011121 

2.5411 ) 

2.4112) 

_.. 81_) 

3.257{2} 

3.372121 
2.96112) 

131.3111 

164.7121 
1112.4111 

The packing of the molecules in the crystal of 5 (Fig. 6), in contrast to 4, features parallel arrangement of 
the phenyl substituents G<,~-GI4~ (Cg2) and C~-G_~,, (Cg3) in adjacent molecules and the following 
tort-interactions (Cg-Cg is the distance between the ring centers, tx is the angle between the ring planes, [3 is the 
angle between the normal to the ring plane and line connecting their centers, and L is the distance between the ring 
planes): 

C.~ ('u S,,,nm'~et~' operation di('kz ("~k A c t .  d c ~ .  I t. d e e .  I.. A 

Cg2 C'g2 x. 2 y, z 5.74 I1.11 57.4 ~,{ 0 

Cg3 ('g3 I x. v. z 5.72 11.2 59.6 2.91 

. . - ~ 1 7 6 1 7 6  

~176 " 

Fig. 5. Intramolecular hydrogen bonds in the crystal ofdioxin 5 
(hydrogen bonds shown by dashed lines). 
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Fig. 6. Vicw along thc OX axis in thc unit ccll of 5. 

Furthermore, short intermolecular CH'"rt contacts are found in the crystal ofdioxin 5: 

C I I. . .Cg 

GI . )  II, l ( . . .Cg3  

(',l• i l ~ l s , . . . ( ' g2  

(',22, 11,22~)..('g3 

SVnlIIICII'V 

I ~. I v, .7 

I x , v  12 .1  _- 

v , v  12,_- 12  

d( I I . . . ( 'g  }. A 

3.14 

2.77 

3.28 

.;C 11 ( 'u. dcu. 

130.2 

1411.9 

156.9 

MNDO calculations o f  the nonpcrturbcd contbnnation of  the dioxin ring showed that the major reason tbr 
the distortion from the planar contbnnation of the ring in dioxin 5 is the cffcct of the crystal field involving both" 
optimization of  the molecular packing in the unit cell and the fullest rcalization of all the intermolccular 
interactions notcd. This is indicated by the somewhat reduced calculated density of the crystal of dioxin 5 in 
comparison with the dcnsity o f  thc crystal of dioxin 4. Mastryukov [16] and Borbulcvych [17] carricd out 
theoretical analyses of the conlbrmations tbr non-aromatic hetcrocycles and came to a similar conclusion. 

TABLE 1. Atomic Coordinate tbr Dioxin 4, Equivalent lsotropic Temperature 

Parameters of  the Non-hydrogen Atoms (B = 4 / 3 . ~ - ~ { a  .a,)B(i,j),  /~2) 
t I ! I 

and lsotropic Temperature Paramcters of  the Hydrogen Atoms 

(-'1 -'l 

O,~, 
()c) 

(),,, 

( ' ,  11 

( ' , %  

(_'(.) 

Atom .r I" 2 it/ 

I 2 3 4 5 

0.575X(2) 

0.5458(21 

O.705612) 

(1.6925121 

0,5306(2 ) 

0.065212) 

0.77~6(2} 

(1.5521)I 2 ) 

0.186214) 

O,130313) 

0,4561(4) 

(I,4774(31 

(I.(I(13214) 

O.3854(4) 

1).6748(5) 

O. I O52(4) 

I .OO58( I ) 

1.(1926( I ) 

11.9600( 1 ) 

1.1178111 

0.9167121 

1.023212) 

1.1422121 

0.818711 ) 

2.53(4) 

3.76131 

4.9~(4) 

3.18(31 

2.41(41 

2.5X(4) 

3.6616) 

2.33(41 
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TABLE 1 (continued) 

Ci im 

( ' I i i i  

(-'1121 

CILll  

] It Im 

f l u .  

1 lu_., 

llu~, 
H . .  

II,~u 

I I,~_,, 
I I ,~, 

I 2 3 4 5 

0.501r 

0.510713) 

O.5798(2) 

0.6315(2) 

0.6159(2) 

11.462121 

11.492(31 

11.544121 

0.676(2) 

(1.638121 

0,80913) 

0.856{3) 

(I.701{41 

* Refined isotropically. 

0.3073(51 

(1.3331(51 

(1.1636(51 

-11.0329(51 

-0.0(-,39( 51 

0.432(5)  

11.477(61 

11.178(51 

41.143141 

-(1.209(6) 

{1.71)516) 

0.61817) 

0.831(01 

O.7574(2) 

0.6630(2) 

0.6288(2) 

0.689912) 

(1.7841(2) 

0.782(21 

0.621131 

I).563121 

0.665(2) 

11.834(21 

1210(21 

1.135131 

I.IIIII41 

3.18(51 

3.75(51 

35915)  

3.58151 

3111(4) 

3.4151" 
7.(1(91" 

4.416)* 

2.8(5t* 

5.4(7)* 

0.318)* 

8( I )* 

12111" 

TABLE 2. Atomic Coordinates tbr Dioxin 5, Equivalent Isotropic Temperature 

Parameters of the Non-Hydrogen Atoms (B = 4 / 3 .  (a  .a,)B(i,./), ,~2) 
t -I  /=1 

and Isotropic Temperature Parameters of the Hydrogen Atoms 

(-)q I, 

O , .  

Or-p 

(-),21, 

~)i 22b 

(-',2~ 

(- ' lq 

( ' i , .  

( ' i " i  

( ' ix l  

('e,~ 

(-'~ mt 

( 'n t l l  

Cli21 

Q'Hh 

(-'o% 
C'q i~, p 
(-'11"J 

['q l,J~ 

(-'c2m 

~-'121 t 

(-',221 
1 I, m~ 

f lu , ,  

I I . >  

l lu , ,  

l l u ,  

: \ l o n l  V I' 2 /] 

I 2 3 4 5 

11.85233141 

O3272( I ) 

(LOt) 1212 I 

11.93541 I 

11.597111 

11.78(1L)( I 

-0. 1084(I ) 

0.(121711 ) 

11.005811 ) 

O. 1978( I l 

-0.3(146( I ) 

-0.3123(I  ) 

11.54307(81 

0.41(168171 

11.6717111 

(1.62373181 

(1.5514(I) 

(1.61834(91 

(1.85t~911 (1.0237( I ) 

(1.8(10911 0.08811 l ) 

0.680411 -O.Ot)151 l ) 

11.74112( I -0.153111 ) 

11.9354( I (1.072812 ) 

1.0098(2 ) 11.255312 ) 

11.798311 

{).541211 ) 
11.4743( I ) 

{).4421(I I 

11.51114111 

(1.019{,,( I ) 

0.695511 ) 

(I.225511) 0.4561019) 

11.692511 1t.292012) 

0.68q I 12 (I.4211512 ) 

0.7t)l)7l 2 0.4839{ 2) 

O.895712 0.417~,(21 

11.901141 I 11.2890(21 

0.5670{ I 4). 123512 I 

0.484112 -11.(128912 ) 

I).38112(21 -0.(1558(21 

0.3592121 -0.1762(21 

0.442312 ) -0.2701{2 ) 

(I.546012 ) -0.2449{2 ) 

tl.696911 ) -(I.263312) 

11.7456121 -(I.4222121 

(I.622(1) (1.24712) 

0.616121 11.46512) 

I).786(2) 0.57512 ) 

0.960( 21 (1.464( 2 ) 

11.07712) 0.243{2) 

0.4611811 ) 

11.443511 ) 

11.42111( I ) 

0.414tJ(I ) 

(I.43 It)( I ) 

(I.39(1311 ) 

(1.371111} 

(1.319211 ) 

(I.285311 ) 

11.3026( I ) 

11.3547( I ) 

[I.5613(11 

(I.6701111 

(1.47411 ) 

(I.4481 I ) 

0.40511 ) 

I).399(21 

(I.42811 ) 

3.98{2) 

3.6012) 

6.33{3) 

5.(1913) 

5.20{3) 

4.8213) 

3.24(3) 

3.1913) 

3.2 ~13 ) 

3.31(3) 

3.55131 

6.50151 

3.11(31 

3.7(1(31 

4.39(4)  

4 .55(4)  

4 .57(4)  

3.97(3) 

3.4(113 ) 

3.98{3) 

4.87{4) 

5.31(4) 

5.38141 

4.49141 

3.53{3} 
5.'49151 

4.414i* 
6.9(5)* 

&215}* 

6.7151" 

5.3{4)* 

918 



TABLE 2 (continued) 

] 1( It,+ 

II,,., 
I I ,~, 

II.,,, 

I l,:m 
I I ,~. 

I Jtx_ +, 

II , :: .  
I1,,:,_, 
IL:>, 

I 2 3 4 5 

0.500(2) 

0.321(2) 
O.29O(2) 

0.428(2) 

(1.61)6(2) 
1.009(2) 

0.981(2) 

1.091(3) 

0.721(2) 

0.817(2) 

11.()79{3) 

O.058(2) 

O.O1812) 
41.196( 2 ) 

-0.35412) 

-0.311{2) 
11.214(3) 

O344121 

0.274(4) 
-0.486(2) 

-0.439(2) 

-0.38113) 

0.31)3( I ) 

0.30911 ) 
0.241{2) 

0.280( I ) 

O375( I ) 

0.754(2) 
1).61)4(2) 

I).677(3) 

0.628(2) 

0.716(2) 

0.698(2) 

* Refined isotropically. 

5.314)* 

6.6(51" 
6.9151" 

5.7(5)* 
4.7(4)* 

9.5(7)* 
9.0(7)*  

14(I)* 

7.9t6)* 
7.6(6)* 

12.1(9)* 

TABLE 3. Bond Lengths (d) in the Structures o f  4 and 5 

Str l ic turr  5 Stnlcturr 4 

Bond d. A Bond d. A 

1.31)613 ) 

1.373(3) 

1.34113) 
1.482(3 ) 
1.183131 

1.33o(2) 

1.447(3) 

1.476{ 3 ) 

1399(3 ) 

1.382(3) 

1.381)131 

1.375(4) 

1.377(4) 

1.3~4(  3 ) 

Oil)  (-'c) 
0,, ,  C,,, 
(-)< ~, ('o, 

0,,, C,~, 

C,z, C'<,, 
(.', <, C. .  
(',:, (',-, 

O,-, (_', -, 

O,., C,-, 

O , .  (_',~, 
C,u (-',., 
(-'(,,) ('~m, 

C,,,, (',it) 

(", n m (',it, 

(),,, Co, 
O,,, (',~) 
(',:, (',:+ 

C,:, ( 'c) 
(),~, (',-, 

(),-) (',-, 

(),~) C,., 
( ' , ,  C , ,  

(+p), C,u,, 

{.'Hm ('111, 

( ' ,u ,  (',t :) 

C, lh ('tl I) 

d. A Bond 

1.394121 C,,t, C,,., 
1.4113121 (_',, _,~ (',, ~, 

1.394{2) (-', ~ u C',~ ~, 

1.39412) (',~, (',,~, 

1.331121 (',,~, C', ,,,, 

1.336121 (',,~, C,:,,, 
1.47512} (',,,, C<~,, 

1.188{21 (_',,-, C,,~, 

1.3 IN(21 (.',~, C, ,,,, 
1.43412) C'(,,) C,._,,, 
1.47212) C,,, C,:,, 
1.387(21 0,:,, C,:u 
1.396(2) 0,._._) Col ,  
1.377(2) O,z:, C+::, 

1.3S313) 
1.381{3) 

1.378(2) 
1.472(2) 

1.38812) 

1.395(2) 

1.382(2) 

1.377(3) 

1.373(3) 
1.383(3) 

1.478(2) 

1.2(16(2) 
1.324121 

1.452(3} 

TABLE 4. Maior Bond Angles (r in the Structure o f  Dioxin 4 

Bond an t,.Ic 

(',2, O,u ('<+) 
(',+, (),~, C,~, 

Om (-'c, Co, 

{ ) , l ,  ( ' t : )  C , , ,  
( ' ,; ,  (',.) C,., 
(),,, (_',~, ( ' , . ,  

(),,, (_',~, C,.,, 

Co.) (',~ (',,,, 

(',:, C,.: ()+:,) 

o~. dog. 

116.412) 

115.3121 
122.4{2) 

113.712) 

1233)12) 

121.2C1 
110 .5 {21  
12S.3(2) 

124.6121 
110 .9(2)  

Bond angle 

0,-) C,-, O,~, 

C',,, C,.,, C , . .  
C+~) CILj) C(lu 

(,-'~m) Ct+) (.',11) 

(",.3 (',l<u ( ' , m  
(-'elm ( ' l l l i  ('1121 
( ' l l l l  (+i121 ( ' ( I l l  

m, dog. 

124.4(2) 
120.4(2) 

110.8(2) 

119.7(2) 

110.0(2) 

12 I.(1(2) 

120.0(2) 
119.X(3)  

120.4{21 
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TABLE 5. Major Bond Angles (m) in the 

Bond an~le 

C,:, -Od, Cm, 
C,,, .0,.,, C',~, 

Ccl~ O, 22) C',22~ 

O,n C,~,- (',~, 
0,,, C,:, C',-, 
C',,, C',:, (',-, 
O, ,,-(',~, C,_-, 
0,,, C,,, C',,,, 
C,., (',~, (',,,, 
0,,,-C'~, C',,,, 

O,.,, C',~, C',,5, 
C',,,, C',., C',,~, 
0,,, C,,., ( ' ,< 

m. dc~. 

112.6(I) 
115.6(I) 
I I7.~) I) 
115.5 1'1 
119.6 I )  
111.6 1) 
128.8  I ) 

118.8 I )  
111.7 I) 
129.5 I )  
118.6 I )  
I I1.1 I )  
130.4 I )  
119.3 1) 

Structure of Dioxin 5 

Bond iln,2,lc 

()dl (-'.,, ('~.'n, 
C'rq C.,, C',:,~ 
Om ( 'm 0;~, 
O,~, (',~, (',:~ 
O,~, (',-, (-',2, 
C',~, (',,,, (',,,,, 

(-'1~, (-'P,, (,-',III 
(',L,,, ('e,, ('1t.I, 
(',~ (',,~, C,,,,, 
( ',~ (',l~, (',:., 

(',t~,, (',1~ ("cm 
O,.'t, ('on 0,23, 
Oct, Col, C',,,, 
0,::, (',:u C,,., 

m. dee, 

I 14.4( I ) 

126.2( I 
i 24 .4(  I ) 
122.9( 1 ) 
112.7(1) 
I Iq .6 (  I ) 
120.7(  I ) 
1 1 9 . 7 ( I  ) 

I 19.3(I) 
121.6(I) 
I I 8 .9(  I } 

123.g(2) 
124.011 ) 

112.2(I) 

TABLE 6. Major Torsion Angles (z) in the Structure of Dioxin 4 

Anidr 

O,,, C o ,  C',~, O,,., 
C,:, C , ,  O.,, (',2., 
(', , ,  0 , , ,  (',z', C,,, 
C,., (',:, C,',  C',,,., 
O,,,  (',:, ( ' , . ,  O,n 
0,,, (',:, (',r, O,~, 
G,-, (.',-, C,-, O,., 

(_',,, C-,  C,., O,., 

~. de E. 

-I .8(3) 
1.7131 

-I.7{3) 
4.0(3) 

177.0(2) 

-3.4(2) 
0.0(4) 

178.q(  2 ) 

A n u l c  

O,,, ( ' ,:, C',,, O,,, 
C,:, (',,, O . ,  C,:, 
(',~, O. ,  C,:, C,,., 
s (3,~, C',-, (',2, 
(.'~, O,~, (',-, O,-, 
0,,,  (',~, (',.,, (',,,,, 

C',.., (',,, (',.,, C,.,, 

z. deg. 

1.813) 
-I .7(3) 

1.7(3) 
-I 7q.6(21 

-I) 7(31 

-1(18.3(21 
72.0(3} 

TABLE 7. Major Torsion Angles (z) in the Structure of Dioxin 5 

. . . .  A.~ie 
C,,., O,,, C',_.,-(',~, 
t.',,,, O , .  C',..b C,. ,  

C,.., O,,, (',., (',s, 
C,: ,  0 , , ,  C't,,, -C'..~, 

(',., 0,,, (',~,-(',2, 
C',~, ( ) , .  C',~,-C',,,~ 
(',,, 0,~, C',~, C,,,, 
C',~, 0,,, C',w-C',m 
C',~, 0,~, C',., O,~, 
C,~, 0,~, C',~,-C.., 

Gee, O,e_., C,2,, O,>, 
C,z:, 0,::, C,:u-( ' . , ,  
O,t, C,:, (' ,~, O , .  
O,,, C,., (', ,,-C,.., 
L',-, (-',:, C',~, O,.,, 
C-, ( , . ,-C,, ,  (',.,, 
O, .  (',_., (',., O,-, 
O, .  C',., (',.,-O,~, 

r. de~. 

-34.3(2) 
144.8( I ) 
35.1(2) 

-141.4( I ) 
27.1(2} 

-151.7(I)  
-26.2(2) 
154.3( I ) 

1.2(3) 
-177.6(1) 

0.1(2) 
- 179.311 ) 

3.8(2) 
- 177 .6 (  I J 
-175.2(I)  

3.5(3) 
6.8(2) 

-174.4(I) 

.-'kn~le 

C'~, C'.., (',-~, Oc, 
(',,, C,:, ( 'm (-),*, 
O,.,, C',~, C,., (',~., 
O . ,  (',,, (',,,, C'.~, 

(',:, C',3, C',.,, L',.,, 

t. de~. 

-174.2(2) 
4.6(2) 

62.5(2) 
-I 15.8(I) 
-I  16.2(21 

(',2, (',~, (',.,~ ('L~, 
(-),a, (',s, C.,, O,u 
O, .  (',s, C',,,, C,:u 

('.~, C,~, C,,,, (',:u 
O,,, (',~, ( ' .~, C,.,, 
O , .  C,~, (',~g ('..,,, 
(',,., (',., (',,~, C',,,,, 
('.,, C',~, ( ' ,~, (',_.,,, 

O,,,  C,,., (',eL, O,:,,  
(),,, (',,,, (',-'u 0,:_,, 
(_',., C,,,, C,_.,, O, : .  
( ' ~  rj.,~ C,2n (-),zeJ 

65.5(2) 
-5.3(2) 

1 7(I.7( I ) 
174.1(I) 

-0.913) 
-43.6(2) 
132.112) 
136.912) 
-47.4(2 ) 
170.(1( I ) 
- I0.6(2) 

-62(3) 
173, i(I)  
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EXPERIMENTAL 

Thc melting points were determined on a Boctius block. The IR spectra wcre taken on UR-20 and 
JASCO Model A-102 spectrometers in vasclinc oil. The ~H NMR spcctra were recorded on a Bruker 250 
spectrometer. 

X-ray Crystal lographic Study. The crystallographic data for monoclinic crystals of dioxin 4, C.,oH~60~,; 
mp 211-212~ At 20~ a = 11.808(8), b = 5.4988(9L c = 13.794(6) A, 13 = 110.22(4) ~ , Iv'= 840.5(7) /k ~, 
Z = 2 ,  d~.,,l~. = 1.39 g/cm -~, spacc group P2dn. An cmpirical correction for adsorption was introduced, 
~Cu 8.2 cm ~. 

The crystallographic data for monoclinic crystals of  dioxin 5, C_,~H~(,O,,: mp 145-147~ At 20~ 
a = 11.264(2), h = t0.533(6), c -- 14.610(6) ,~, t3 -- 93.71(3) ~ V = 1729.7(9) ,~~, Z = 4, d~.~l,. = 1.35 g/cm 3, space 
group P2/c. An empirical correction ~br adsorption was introduced, gCu 8.0 cm -~. 

The unit cell parameters and intensities of  1978 (4) and 7416 (5) reflections, of which 1380 (4) and 5924 
(5) with l > 3•, were measured on a fbur-circle Enraf-Nonius CAD-4 diffractometer at 20~ (ZCuKct = 1.514 ,~, 
graphite monochromator, co/20 scanning, 0 _< 56% No drop in the intensities of  the three control reflections was 
observed over the exposure time. 

The structures were determined by the direct method using the SIR program [18] and refined isotropically 
and, then, anisotropically. The electron difference maps revealed all the hydrogen atoms, which were refined 
isotropically in the final stage. The final divergence factors: R = 00582, R,, = 0.0748 lbr the structure of  dioxin 4 
using 1195 reflections with b e _> 3~; R = 0.0606, R,, = 0.0897 tbr the structure of dioxin 5 using 5405 reflections 
with F: _> 3c~. All the calculations were carried out using the MolEN program package [19] on a DEC Alpha 
Station 200 computer. Thc PLATON program [20] was used to calculate the intermolccular interactions and 
provide a graphic representation of  the molecular geometry. The atomic coordinates tbr dioxin 4 arc given in Table 
I, while the atomic coordinatcs tbr dioxin 5 arc given in Tablc 2. The bond lengths, bond angles, and torsion 
angles tbr dioxins 4 and 5 arc given in Tables 3-7. 

Reaction of Methyl Phenylchioropyruvate  I with Potassium Phthalimide. c~-Chloro ketone 1 (t.60 g, 
7.5 retool) was added with stirring to a suspension of potassium phthalimidc (2.80 g, 15 mmol) in chlorobenzenc 
(20 ml) at 20~ The reaction mixture was heated to 100~ and stirring was continued tbr an additional 8 h. After 
cooling, the solvcnt was distilled off. Thc residue was recrystallized from methanol and phthalimide ( 1.90 g, 86%) 
was scparatcd oft: The mother liquor was evaporated to dryness. Recrystallization of the residue from 2-propanok 
gave 2,5-dimcthoxycarbonyl-3,6-diphenyl-l,4-dioxin 4 (0.95 g, 72%); mp 211-212~ (methanol). IR spectrum: 
1735, 1650. 1450, 1360, 1305. 1200, 1140, 1100, 1030, 840, 770, 720 cm -~. ~H NMR spectrum (DMSO--acetone-d6): 
3.67 (3H, s, CH3): 7.47-7.70 (5H, m, C~,Hs). Found, %: C 68.31: H 4.50. C_~Hr(,O~,. Calculated, %: C 68.19; H 4,54, 

The mother liquor (2-propanol solution) alter removal of  dioxin 4 was evaporated and the residue was 
recrystallized from 2-propanol to give 2,6-dimethoxycarbonyl-3,5-diphenyl-l,4-dioxin $ (65 mg, 5%); 
mp 145-147~ IR spectrum: 1735, 1655, 1450, 1355, 1300, 1210, 1145, 1100, 1035, 840, 775 cm l.  tH NMR 
spectrum (CDC]3): 3.69 (3H, s, CH3); 7.45-7.72 (5H, m, C~,H5). Found, %: C 68.45; H 4.41. C2,H~60~,. 
Calculated, %: C 68.19; H 4.54. 

Reaction of  ~-Chloro Ketone 1 with Sodium lmidazolidc. The same procedure using 
sodium imidazolidc instead of potassium phthalimidc gave dioxin 4 in 63% yield identical to thc sample described 
above. 

Addition of Methanol to Dioxin 4, Dioxin 4 (0.80 g) was dissolved in mcthanolic sodium methylate 
obtained by dissolving sodium (0.05 g) in methanol (15 ml) and the mixture was heated at reflux for 30 min. 
Cooling led to thc crystallization of  3-methoxy-2,5-dimcthoxycarbonyl-3,6-diphenyl-2,3-dihydro-l,4-dioxi n (6) 
(0.67 g, 77%); mp 158.5-160~ Imethanol), which corrcsponds to the melting point of a reported sample [2]. A 
mixed sample of  this product and the authentic sample did not give a depressed melting point. 

This work was supported by the Japanese Society for the Promotion of Science, Grant RC 39626110. 

921 



R E F E R E N C E S  

~ 

2. 

3. 

4. 

5. 

6. 

. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 

16. 

17. 
18. 
19. 

20. 

V. A. Mamedov, 1. A. Litvinov, and I. A. Nuretdinov, lzv. Akad. Nauk SSSR, Set. Khim., No. 10, 2454 
(1990). 
V. A. Mamcdov, I. A. Litvinov, A. T. Kh. Lcnstra, Yu. A. Efremov, V. A. Naumov, and 1. A. Nuretdinov, 
lzv. Akad. Nauk SSSR, Set. Khim., No. 6, 1427 (1991). 
V. A. Mamcdov, 1. A. Nurctdinov, Yu. A. Efrcmov, and F. G. Sibgatullina, lzv. Akad. Nauk SSSR. Set. 
Khim., No. 7, 1695 (1988). 
V. A. Mamedov, I. A. Nurctdinov, Yu. A. Efrcmov, and F. G. Sibgatullina, Izv. Akad. Nauk SSSR, Set. 
Khim., No. 4, 962 (1989). 
V. A. Mamcdov, I. A. Nurctdinov, and V. A. Polushina, lzv. Akad. Nauk SSSR, Ser. Khim., No. 6, 1395 
(1989). 
V. A. Mamedov, L. V. Krokhina, and Ya. A. Lcvin, in: Abstracts o/'the XI hlternational Conference on 
Chemist13, (?/'Phosphorus Compounds, Kazan (1996), p. 140. 
V. A. Mamedov, A. T. Gubaidullin, I. A. Litvinov, and S. Tsuboi, Hetelvcycles, 52, No. 3, 1385 (2000). 
M. S. Gibson and R. W. Bradshaw, Angew. Chem., 80,986 (1968). 
T. Sakai, A. Yamawaki, T. Katayama, H. Okada, and A. Takeda, Bull. Chem. Soc..lapan, 60, 1067 (1987). 
C. Rappc, L. Knutson, N. J. Turro, and R. B. Gagosian, J. Am. Chem. Sot., 92, 2032 (1970). 
J. F. Pazos, J. G. Pacifici, G. O. Pierson, D. B. Sclore, and F. D. Grecnc, J. Org. Chem., 39, 1930 (1974). 
J. C. Craig, A. Dinner, and P. J. Mulligan, J. Olx. Chem., 37, 3539 (1972). 
Cambridge Structural Database System. l/elwion 5.14, November, 1997. 
V. A. Mamedov, 1. A. Litvinov, O. N. Katacva, I. Kh. Rizvanov, and I. A. Nurctdinov, Monatsch. Chem., 
125, 427 (1994). 
F. N. Allen, O. Kennard, D. G. Watson, L. Brammer, A. G. Orpcn, and R. Taylor, J. Chem. Sot., Perkin 
Soc. 2, No. 12, SI (1987). 
V. S.Mastryukov, K.-H. Chen, S. H. Simonsen, N. L. Allinger, and J. E. Boggs, J. MoL Strttct., 413-414, 1 
(1997). 
O. Y. Borbulevych and O. V. Shishkin, J./viol. Struct., 446, 11 (1998). 
A. Altomarc, G. Cascarano, C. Giacovazzo, and D. Vitcrbo, Acta 03wtallogr., A, 47, 744 ( 1991 ). 
L. H. Staver and A. J. Schierbeek, MolEN. Strttclttre DeteiJnination System. Vol. 1. Program Description, 
Nonius B. V. (1994), p. 180. 
A. L. Spek, Acta 03'stallogr.. A, 46, 34 (1990). 

922 


