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EFFECTS OF BENZENE ON THE 1HNMR OF X~OXOKETENE DITHIOACETALS

Key words: ASIS effect, linear correlation, solvation,

continuous field.

Haifeng ZHANG, Jianjun ZHANG, Yintang WANG,
Qiuwging YANG, Liping YANG, Fengchuan YANG

( Department of Chemistry and Experimental Centre,

Hebei Teacher's University, Shijiazhuang 050016 )

ABSTRACT 1HNMR spectra of the title compounds have been
measured as the function of the mole fraction of benzene in
the mixture solvent of benzene and CCl4. As the mole fraction
of benzene increases, the chemical shifts (4 ) of two methyl
groups in a molecule and of benzene gradually move upfield.
The upfield shifts of different methyl groups in a molecule
are not equal to one another. The af of ﬁ-CH3 is larger than
that of dwCH3. Thus, the two lines appear to coalesce at a
certain concentration and to cross over with the increment
of the proportion of benzene. All of the chemical shifts can

be related with a linear equation ( §=A+BX ). Where, X is the
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mole fraction of benzene in the mixture solvent. The correla-

tion coefficients R are approximately equal to 1.

INTRODUCTION

The preparations and synthetical applications of ¢t-oxo
ketene dithioacetals (I) have been widely studied ( 1-6 ).
We have recently investigated the solvent effects on their
1HNMR spectra. It was shown that the resonance absorptions
of methyl groups in these compounds exhibited a significant

upfield shifts in benzene, compared with that observed in

carbon tetrachloride.

Interesting properties have been shown: the resonance
absorptions of two methyl groups in a molecule first coale-
sced and then separated further as the ratio of benzene to
the solute was increased, also the absorption line of ben»
zene was always a single sharp line, In earlier works, to
account the coalesce of CH3 groups, the ASIS of DMF was ex-
plained by complex formation ( Fig. 1 ) ( 7-11 ). The ring
current of the benzene ring produced an anti-magnetic field,

and increased the shielding effect on the methyl protons
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located near to the center of the benzene ring. It is not un-
reasonable to derive the postutated structure above, since
the electron-rich benzene ring would not likely close to the
negatively charged oxygen.

However, in those papers, no attention was paid to the re-
sonance absorptions of the solvents, If 1:1 complexes are
present in the dilution, the absorption lines of benzene would
display a split, at least show a broad peak, the exchange
between complexed solvent molecules and uncomplexed ones is
possible though.

In the present work, there is no reason to impose complex
selectivity to the different methyl groups in the molecule,
since both of them are separated from carbonyl group ( Fig 2 )
( 12 ). Morever, even in a very dilute solution, the absorp=-

tion of benzene is always a sharp line, That is, all of C6H6

molecules are in the same electronic state. A solvation model

derived from the polar interaction is proposed,
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5 11

EXPERIMENTAL

The species (13) used in the present work was 2,2-di(me-
thylthio)vinyl phenyl ketone ( II ) ( see Fig 2 ), 3,7-bis-
(methylthiomethylene)bicyclo[3,3,1]nona-2,6-dione ( 111 ),

and dimethyl dimethylthiomethylenemalonate ( IV ). The che-

CH35\ P SCHy (:}{3s.¥/cozcﬁ3
CH s/——\co CH
CH.S SCH 3 23
5 K 3
11 v

mical shifts were measured as the function of the proportion
of benzene in the mixture solvent of benzene and carbon tetra-
chloride, using a JEOL FX-90Q nmr instrument at 26%0.5°C,

tetramethyl silicane served as an external reference,
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RESULTS AND DISCUSSION

In compounds ( II ) and ( III ), there were two types of
methyl groups distinguished by cis or trans to the carbonyl
group. It is probable that the methyl group attached to the
S atom which is cis to the carbonyl group will be of an up-
perfield absorption than that of one trans to the carbonyl
group, due to the nonbonding polarization of cis S-CH3 bond
by the negatively charged carbonyl oxygen., We tentatively
assign the upperfield CH3 as & and other one as p. The re-
sults are summarized in tables 1-3,

Several relationships can clearly be seen from the
tables: a) all the resonance lines of SCH3 groups are gra-
dually moved to upfield as the mole fraction of benzene in
solvent increases; b) the extents of upfield shifts of dif-~
ferent SCH3 groups in a molecule of ( II ) or ( III ) were
not equal to eanhr other, the adof p-SCH3 ( trans to the
carbonyl groups ) were larger than that of o\-SCH3 which are
cis to the carbonyl groups, thus the two lines appear to
coalesce at a certain concentration and to cross over then,
and separate further with the increasing of the proportion of
benzene; c) the resonance absorption of OCH3 in the compound
( IV ) was also gradually subjected to an upfield shifts as

the mole fraction of benzene increased.,



49

EFFECTS OF BENZENE

oV

100 @and uT psAIasqo
3eys3 woxy suoTjerIes (q umuopxmw.ﬁ ST 24NT0s JO uUOCT3oBIXF aTow ayy (®

25°9 v2 0 Lt 9L°L €6°0 8¢ L 00° 1
95°9 ¥2°0 2Lt 127t 88°0 A $6°0
09°9 €2°0 90" 1 L2 €8°0 8¥°1L 06°0
89°9 0z2°0 $6°0 8¢t GL°0 a5 1 08°0
LL*9 81°0 ¥8°0 67" 1 99°0 69°1 OL°0
¥8°9 91°0 ¥L°0 6G6° 1t 86°0 cLl 09°0
68°9 S1°0 L9°0 99°1 2s°0 6L°1 66°0
¢6°9 €L°o 09°0 [YANN L¥°0 ¥8°1L 05°0
00°L 210 16°0 Z8°1L 6£°0 26° 1 0¥°0
L0°L 60°0 6£°0 ¥6°1L 0¢°0 10°2 0£°0
91°L 90°0 G2°0 80°2 61°0 212 02°0
8L L 50°0 02°0 ¢L°2 GL°0 91°2 51°0
zz°L 20°0 21°o 12°2 0L°0 12°2 0L°0
sz'L 20°0 L0*0 92°2 $0°0 9z°2 S0°0
gcoe 1¢°2 0
[] ‘le Lo d 2 v M [ v m
g-ay = P7°F q'f (9)%Ho qf (v )*HO auazuaq JoO

( wdd wt ) s3FTyYe TeoTwWsYD

uoI3ovII STON

g’ 9U97UOQ DUE 8PTIOTYOLI} 83 UWOQILD FO

JULATOS aanixTw ayj3 uT ( III ) punod mod JO s3ITUYS TBOTWLYD UW030Id *Z qel

1102 Alenuer 0g 85 :€0

v pspeo jumog



ZHANG ET AL.

.¢Hoo aand uy paaxssqo
1eY3 woxy suoTjerIea (q ¢__OIXG ST 93NTOS JO UOTIdBIF 8Touw a8yl (e

50

N'

LS9 €2°0 06°0 9g8°e €Lt 2¢° 1 00°1
29°9 cz°0 68°0 16°2 Lot 8¢° 1 56°0
§9°9 12°0 18°0 G6°2 20°t cret 06°0
€L°9 0zZ°0 (WA} 60°¢ 16°0 e L 08°0
18°9 8L°0 29°0 bL¢ 08°0 59° | oL°0
88°9 91°0 $¥6°0 22°¢ oL°o SL°t 09°0
26°9 ¥1°0 6v°0 Lz°¢e €9°0 28° 1L SG°0
96°9 cL°o v o0 2 ¢ 96¢°0 68°1t 06°0
20’ L LL*o 9¢°0 ov°¢ Ly°o 86°1 ov°o
60° L 80°0 Lz°o 6v ¢ G¢°0 oLz 0¢°0
91°L 90°0 81°0 86°¢ ¥z2°0 1g*2 0z°0
0z°L 60°0 ¢L°o €9°¢ 8L°0 Lze°e SL°0
¢zl €0°0 60°0 L9°¢ rARNY) ¢€ce 01°0
9e°L 20°0 $0°0 2L¢ 90°0 6¢°2 600

9L°¢ Sv°2 0

1
H-IV tpv-'pv a tov £H00 q 'po SHo8 auszusq JO
( mdd ut ) s3yTuUs TeoTwayd uoT3oexr STON

l

* 2USZUSq DUE 9PTIOTUIRIIS} UOQIED

JO 3usATOs aangxTw oYz ur ( AT ) punodmod yo sS3FTUS TBOTWAYD uojoad *¢ qQel

1102 Alenuer 0g 85:€0 @IV Papeo |uwog



03:58 30 January 2011

Downl oaded At:

EFFECTS OF BENZENE

Tab 4. Linear correlation of the chemical shifts of protons

51

Compoun& ( ITI )

(@)cHg ()CHy Benzene
A=2,5005 A=2,4431 A=T7,2939
B==~1.4580 B=-0,9980 B==~0,7630
R==0,9992 R=-0,9998 R==0,9937
Compound ( III )
(p )CH3 (a )CH3 Benzene
A=2,3104 A=2,2991 A=T7,3115
B==1,1661 B=~0,9205 B=-0,7766
R==0,9994 R=-0,9996 R=~0,9937
Compound ( IV )
SCH3 OCH3 Benzene
A-z 04404 A-B 07620 A‘? 03098
B==1,1249 B=-0,8972 B=«0,7260
R=-0,9998 R=<=0.9999 R==0,9995

All of the chemical shifts in the tables can be related
by a straight line ( d=A+BX ). Where, A is the gradiant which
is obtained from extrapolation, B-- slope, and X == the male
fraction of bemzene in the mixture solvent. The correlation
coefficients are approximately equal to 1 ( %able 4 ).

It has been suggested that the chemical shifts induced
in components of the mixture of benzene and chloroform are
due to the solvation of CHCl, by benzene ( 14 ). In the pre-
sent work, we tentatively assume that the solvation between
substrates used and bengene would be responsitive to the up-

field shiftas for either component. There may be a continuous
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+ solute - | l ] \ ] l | | + sotute -

A B
1 2 3 vieeee D=2 n=1n

Fig. 3

" charge deviation " in the solvation shell ( Fig 3 ).

The " Charge deviation " is caused by the polarization
of benzene by the substrate. The " charge deviation " between
solute molecule B and solvent molecule n ( Cdn-B ) is larger
than that between solvent molecules n-1 and n ( Cdn-1—n ) by

a value a&E,

in the same way,

Cd - Cd AE

ne2=n-1 n-1an”
and so on. Therefore, all solvent molecules are in the same
electronic atate ( normal state of CgHg - 4B ). So they dis-
play a sharp single absorption line., However, motion and ex-
change between them was possible,

The upfield shifts of benzene is attributed to the wea-
kening of the ring current, which arises from the transfer
of negative charge, For the solutes, the solvation by 0636 is

directional. It would be parallel to -he dipolar directionm.

The different extents of upfield shifts for methyl groups in
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a molecule canbbe explained that the trans CH3 is closer to
the positive pole of the molecule, so that it obtaines some
more negative charge from the solvation. that is, the incre-
ment of negative charge of trans CH3 will be larger than that
of cis CH3.

The present of carbon tetrachloride undoubtedly inteferes
with the solvation of solute with benzene, Accordingly, the

less the mole fraction of 0014, the greater are upfield shifts

of protons ( both in the solutes and benzene ).

Acknowledgements:

The authors indebted Professor Xiaotian Liang for helpful
suggestions. We are also grateful to Mr, Bin Hu for typing

the manuscript.

References and notes:

1. E. J. Corey and R. H. K, Chen, Tetrahedron Lett., 1973,
14(39) 3817.

2, I, Shahak and Y, Sasson, tetrahedron Lett., 1973, 14
(43) 4207.

3. O, Arjona, J. A, Cereceda, and M, L, Quiroga, Téetrahe-
dron, 1980, 36, 2137.



03:58 30 January 2011

Downl oaded At:

10.

1.

12,

13,

14.

ZHANG ET AL.

R. K. Dieter, J. Org. Chem,, 1981, 46, 5031,

T, Fujinami, K. Wakuda, N. Ttakanashi, and S, Sakai,
Chem, Lett., 1982, (1) 123,

R. Gompper und W, Topel, Chem, Ber,, 1962, 95(12),
2861, 2871, 2881,

J. V., Hatton and R. E. Richards, Mol. Phys., 1960, 3,
253,

R. J. Ahraham, Mol. Phys,, 1961, 4, 369.

J. V. Hatton and R, E. Richards, Mol. Phys., 1962, 5,
139, 153.

A. A, Sandoval and M, W, Hanna, J. Phys, Chem,, 1966,
70(4) 1203.

G..X. Zheng, K. Y. Wang, X. N, Luo, R. C, Guo, and L.
J. Jiang, Kexue Tongbao, 1985, 30(2) 111,

The conformation is determinated by X-ray diffraction
of crystal, and it might be adopted in solution.
Prepared in this laboratory and good analytical data
are given by IR, NMR, Mass spectrum, and for compounds
( IT ) and ( III ), X-ray diffraction.

J. Home and A. Coupland, J. Chem, Soc, Faraday Trans,

2, 74(12) 2218 ( 1978 ).

Date Received: 05/30/90
Date Accepted:



