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280 ($427); 287 (7155). Ultraviolet in water: 280 (87-15); 
287 (7473). 

l-Methyl-Bphenylindob (IX). Ultraviolet in cyclohexane: 
297 (22,910). Ultraviolet in dioxane: 297 (22,550). Ultra- 
violet in ethanol: 297 (21,840). 

Carbazole (X). Ultraviolet in cyclohexane: 231 (35,160); 
243 (19,780); 253 (12,750); 258 (4400); 280 (8800); 285 
(10,560); 289 (15,380); 306 (2510); 317 (3160); 330 (2940). 
Ultraviolet in hexane? 242 (24,000); 255 (12,000); 273 
(4300); 279.5 (12,650); 285.3 (14,000); 291 (19,000); 316.8 
(3000). The positions of the 289, 317, and 330 mp bands in 
the cyclohexane ultraviolet spectrum agree well with the 
three fluorescence excitation peaks of carbaaole in cyclo- 
hexane. 

%Acetylindole. Ultraviolet in cyclohexane: 233 (7250); 
249 (weak shoulder); 280 (5800). Ultraviolet in dioxane: 
237 (9400); 252 (6380); 288 (11,020). Ultraviolet in ethanol: 
240 (12,850); 257 (9300); 293 (12,620). Ultraviolet in water: 
241 (7970); 257 (8250); 296 (11,740). 

1 ,EDimethylindole (IV). The procedure used by Kissman 
et a1.a for the eynthosis of several alkylindoles (but not in- 
cluding 1,2dimethylindole) was used to  prepare this com- 
pound from acetone and l-methyl-l-phenylhydrazine in the 
presence of pol-vphosphoric acid. The product WRS purified 
by chromatography on activated alumina with petroleum 
ether (b.p. 30-60") as eluent followed by vacuum sublima- 
tion a t  25'/0.05 mm. to give colorless crystals, m.p. 55' 
(reporkdm m.p. 56"). 

Anal. Calcd. for CloHflN: C, 82.83; H, 7.65. Found: C, 
83.07; H, 7.90. 

Ultraviolet in cyclohexane: 272 (10,810); 280 (11,340); 
290 (9210). Ultraviolet in dioxane: 272 (shoulder); 280 
(l~,lOO); 290 (9100). Ultraviolet in ethanol: 272 (shoulder); 
280 (11,100); 290 (8680). Ultraviolet in water: 272 (shoul- 
der); 280 (10,540); 290 (shoulder). 

8,8-Dimethy!indoZe (V). The procedure of Kissman el a1.m 
wm used to prepare this compound. The product wae puri- 
fied by crystallization from cyclohexane followed by vacuum 
sublimation, m.p. 100-102° (reported" m.p. 100-102"). 
Ultraviolet in cyclohexane: 271 (6412); 282 (6254); 290 
(4335). Ultraviolet in ethanols: 283 (6860); 290 (5980). t'q 

9 - ( ~ Z n d o l y l t l , ~ ~ ~ h y d 7 0 i 7 t d o b  (VIIT). The previously 

described method31.J' was used to prepare this colnpound. 
"he base waa purified by Crystallization from cyclohexaIle, 
m.p. 107-108' (reportedal m.p. 108'). 

Anal, Calcd. for C M H ~ ~ N ~ :  C, 82.12; HI 6.03; N, 11.97. 
Found: C, 82.37, HI 6.29; N, 11.76. 

Ultraviolet in cyclohexane: 245 (13,170); 282 (9350); 286 
(9350); 306 (shoulder). Ultraviolet in dioxane: 245 (13,170); 
282 (9350); 286 (9350). Ultraviolet in ethanol: 245 ( 1  1,470); 
282 (9350): 286 (9350). Ultraviolet in water: 282 (10,620); 
286 (9770). 

Solvents. SDectroscoDicallv mire cvcloheuane, chloroform, 
dioxane (Matheeon, *Coleman, and Bell), benzene and 
ethanol (prepared in this laboratory) were used in this work. 
All solvents were regularly checked for punty by fluorescence 
and ultraviolet absorption. 

Imtrumentation. The Farrand automatic recording spec- 
trofluorometer, used in this work, is equipped with a Hano- 
via, 150-watt, xenon arc source and a R.C.A. 1P28 photo- 
multiplier tube. The sample can be irradiated at  any de- 
sired wave length between 220 and 650 my through a grating 
monochromator. The measuring monochromator can be 
used a t  any chosen wave length in the same range. Except 
where stated otherwise, 5-mp slita were used. A quartz 
fluorescence macrocell (10 X 20 X 50 mm.), requiring ap- 
proximately 7 ml. of solution, was used for all measurements. 
All the spectra were obtained at room temperature and 
oxygen was not excluded. The instrument waa calibrated 
daily for wme length and fluorescence intensity with quinine 
sulfate in 0.1N sulfuric acid. Ultraviolet absorption spectra 
were obtained wihh a Beckman DU spectrophotometer 
equipped with a Process and Instruments Co. automatic 
recording unit. 

This work WRS aided by a 
grant from the American Cancer Society, Inc., 
New York. The spectrofluorometer used in the 
work was purchased through a field investigation 
grant, No. CS-9577 from the Public Health 
Service, National Institutes of Health of the U. S. 
Department of Health, Education and 'Welfare, 
National Cancer Institute. 

Acknowledgment. 

NEW YOBK 10, N. Y. 
(29) H. M. Kissman, D. W. Farnsworth, and B. Witkop, 

(30) L. Marion and C. W .  Oldfield, Can. J. Res., 25B, 
J .  Am. Chem. Soc., 74, 3948 (1952). 

1 (1947). 

~~ 

(31) 0. Schmitz-Dumont and B. Nicolojannis, Bet., 

(32) For structure proof of this compound see: A. F. 
63,323 (1930). 

Hodson and G. F. Smith, J. Chem. SOC., 3544 (1957). 

[CONTRIBUTION FROM THE PHYSICS LABORATORY, MATERIALS CENTBAL OF WRIQFIT AIR DEVELOPMENT DIVISION] 

Effect of cis-trans Isomerism on the Urea Inclusion Compound Forming 
Ability of a Molecule; Study of the Maleate-Fumarate System 

JACK RADELL, JOSEPH W. CONNOLLY, AND WILLIAM R. COSGROVE, JR. 

Received October 94, 1980 

Several maleates and fumarates were investigated to determine their ability to form urea inclusion compounds. Olefinic 
esters of both acids will form inclusion compounds. However, the shortest chain required to stabilize a particular ester 
WIM related to the over-a11 cross-sectional diameter of the ester. The fumarates, having the more slender conformation, 
form complexes more readily than the maleates. 

Urea inclusion compounds are combinations of 
two or more compounds, one (guest) of which is 
contained within the crystalline framework of the 
other (host). The guest and host are capable of 

existing separately, and do not unite chemically. 
They are held together by secondary valence forces 
and by hydrogen bonding. Unlike ordinary hydro- 
gen-bonded complexes, the size and shape of the 
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guest molecules are critically important in the 
formation of inclusion compounds. 

Urea inclusion compounds of a variety of organic 
molecules have been prepared and studied. Both 
olefins and esters have been among them. This 
research was done to shaw more precisely the 
effect of cis and trans isomerism on the ability 
of olefins to form urea inclusion compounds as B 
function of the cross-sectional diameter of the guest. 
The maleates and fumarates were chosen to demon- 
strate this effect because the size of the chain could 
be easily controlled by selection of an appropriate 
alcohol to esterify the maleic or fumaric acid. The 
maleates and fumarates are monomers in a variety 
of copolymerization reactions. The properties of 
resulting polymers vary depending upon whether 
a maleate or a fumarate is used. It is, therefore, of 
interest to distinguish and separate these isomers. 
The technique of inclusion compound formation 
accomplishes both. 

Saturated organic molecules form inclusion com- 
pounds more readily than the unsaturated mole- 
cules. Urea inclusion compound forming ability 
is inversely proportional to the degree of un- 
saturation' because of the deviation from the 
normal saturated straight chain structure, which 
appears to have the optimum cross-sectional diam- 
eter for inclusion compound formation. The van 
der Waals forces between the host and guest are 
weaker for an olefin than for the corresponding 
saturated compound. These differences have been 
the basis of a urea complex procedure to separate 
oleic, linoleic, and linolenic acids which differ 
in the degree of unsaturation.' Complexing also 
bestows oxidative stability on an olefin because 
there is not sufficient space to permit oxygen to 
enter the channel of the complex when the channel 
is occupied by a guest. In addition, the reaction 
propagating such an oxidation could not occur 
between the separated guest molecules in the 
rrystalline honeycomb network of urea. 

DISCUSSION 

A number of cis and truns isomers of simple 
monoolefinic esters were examined for complex 
formation. In all cases the cis isomer was a maleate 
and the trans isomer was a fumarate. The fumarate 
could assume an uninterrupted planar zigzag 
conformation and consequently had a smaller 
maximum cross-sectional diameter than the maleate 
which could not assume the uninterrupted planar 
zigzag conformation. The various compounds, 
their cross-sectional diameters and their urea 
complexing abilities are listed in Table I. The fu- 
marates consistently had a cross-sectional diameter 
closer to an n-hydrocarbon than the maleates. 
The fumarates arranged in an essentially unin- 
terrupted planar zigzag fashion had a maximum 

(1) D. Swern, Znd. and Eng. C h . ,  47, 219 (1955). 

TABLE I 

Crose Urea 
Section, Inclusion 

Compound A Compound 

Dimethyl fumarate 4.60 - 
Diethyl fumarate 5.07 + 
n-Dipropyl fumarate 5.06 + 
n-Di bu tyl fumarate 5.13 + 
n-Dioctyl fumarate 5.13 + 
n-Didecyl fumarate 5.13 + 
Diethyl maleate. 5.31 - 
n-Dipropyl maleate 5.31 - 
n-Dibutyl maleate 5.31 + 
n-Dioctyl maleate 5.31 + 
WDidecyl maleate 5.31 + 
Diethyl succinate 4.95 +' 
n-Hydrocarbon (n- 4.62 + 

octane the 
shortest) 

cross-sectional diameter of 5 .1 i  and the maleates 

For comparison diethyl succinate and the n- 
hydrocarbons are included in Table I. *Octane is 
the shortest hydrocarbon that formed a complex' 
that could be isolated under the experimental 
conditions -described. Since both esters measured 
less than 6A, each was expected to form an inclusion 
compound. However, because the maleate deviated 
more from the optimum cross section of an un- 
branched planar zigzag hydrocarbon (4.6A) than 
the fumarate, it was expected that a maleate com- 
plex would form less readily than the corresponding 
fumarate complex. This was verified experimentally 
when it was found that diethyl fumarate was the 
shortest n-dialkyl fumarate to form a urea inclusion 
compound and dibutyl maleate was the shortest 
ndialkyl maleate to form an inclusion compound. 
By way of contrast, diethyl succinate is the shortest 
ndialkyl succinate to fbrm an inclusion compound. 
The stability of inclusion compounds of the 
fumarates and succinates are quite similar. Both 
molecules are capable of assuming a very similar 
planar zigzag conformation : 

5.3ii. 

Diethyl Succinate 
CHa G O C H  

CH! b"C6 \/O\ C--OCH* 

Diethyl Fumarate 

In each case the higher homologs formed more stable 
inclusion compounds than the lower homolo s. In  
Table I the cross section shown is 4.951 for 
diethyl succinate and 5.lOA for diethyl fumarate. 
The former would be expected to be slightly more 
stable than the latter. 

The existence of an ester-urea complex was 
c o n b e d  by the X-ray powder diffraction pattern 

(2) R. P. Linstead and M. Whalley, J .  Chem. Soc., 2987 
( 1950). 
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TABLE I1 
P O W D E R  PATTERNS OF UREA COMPLEXES OF n-ALKyL MALEATES AND FUMARATES 

12-Alkyl Esters 2.54- 3.24- 3.34- 3.52- 3.56- 3.68- 3.80- 3.98- 4.07- 4.33- 6.96- 
2.56" 3.28 3.41 3.54 3.64 3.70 3.85 4.04 4.15 4.46 7.19 

Dibutyl maleate+* - - 0.29 - 0.60 - 0.07 - 1.00 - 0.25 
Dioctyl maleate+ 0.05 0.10 0.26 - 1.00 - 0.11 - 0.98 - 0.33 
Didecyl maleate+ 0.31 1.00 0.31 - 0.38 - 0.21 - 0 91 0.47 0.16 

Diethyl fumarate+ 0.06 0.12 0.48 0.39 - - 0.08 - 1.00 0.06 0.11 

Dibutyl fumarate+ - 0.08 0.39 - - - 0.09 - 1.00  - 0.18  

- - 1.00 - - - 0.07 - - Dipropyl maleate 0.14' - 

- - Dimethyl fumarate 0.75 0.56 - - 0.17 0.40 - 1.00 - 

Dipropyl fumarate+ - 0.07 0.16 1.00 - 0.13 0.08 - 0.96 - 0 46 

Dioctyl fumarate+ - - 0.31 0.77 - - 0.10 - 1.00 - 0.23 
Ilidecyl fumarate+ 0.07 0.26 0.49 0.56 - - 0.07 - 1.00  0.09 0 .29  
(Urea) (0.42) - - - - - (0.20) - - (1.00) - 

Interplanar spacings in angstrom using CuK, radiation. Complex formers. Relative intensities, 1.0 the strongest. 

of the crystalline adduct. The X-ray data for 
the fumarates and maleates are listed in Table 
11. The three interplanar spac,ings unambiguously 
indicative of urea occurred at  2.82-2.84& 3,07-3,lO 
and 3.98-4.04. Only t,he latter is listed in Table 11. 
The unambiguous interplanar spacings charac- 
teristic of the inclusion compounds of bogh fumarates 
and maleates occurred a t  3.34-3.41Aj 3.80-3.85, 
4.07-4.15, and 6.96-7.19. An interplanar spacing at  
3.56-3.64a was present for all the maleate in- 
clusion compounds and absent from the fumarate 
inclusion compounds. Uncomplexed urea also had 
an interplanar spacing in t'his region. A fumarate 
inclusion compound may thus be distinguished 
from a maleate inclusion compound when no free 
urea is present. Owing to the high stability of 
these complexes a t  room temperature, X-ray 
intensity data are unsuitable for estimating the 
relative ease of dissociat'ion by the method de- 
scribed in previous publ icat io~is .~~~ This difference 
may in part he due t,o t,he fact' that all fumarate 
and maleate hnniolog;; diffb froin one asnother by 
at least two carhon atoms. (All esters are sym- 
metric.) Because t hv stability of the inclusion 
compound is proportional to the c,onsecut,ive 
niimber of ---CHI- . gmipr  of the guest molwulc>, 
the two-carbon atom inrrrase in  the fumarates nr  
maleates causes an appreriable increase in the 
stability of the inclusion compound. Since the 
method of estimating stability depends upon the 
relative amount of inclusion vompornid and 
dissociated urea, the shortest fumarate and rnaleat e 
inclusion compounds which first form are sufficiently 
stable and show no evidence of dissociated urea. In 
those cases where the above X-ray method failed to 
give evidence of dissociated urea, the complexes 
could be equilibrated a t  temperatures above the 4' 
used in this work. Since the ionization constant is 
proportional to the temperature, an equilibration 
temperature could be chosen which would permit 

(3) J. Radell and J. W. Connolly, J .  Org. Chem., 25, 1202 

(4) J. Radell, J. W. Connolly, and I,. D. E-uhm, J .  
(1960). 

OTg. Chnn., 26, 2022 (1961). 

sufficient dissociation of the more stable complexes. 
-4 Russian technique using differential thermal anal- 
ysis6 is recommended as an alternative method of 
determining accurately the relative stability of iirea 
complexes. 

In the several homologous serles studied 
earlier,a14$6 including eight families of homologous 
monoesters, the members of each family cliff ered 
by a single carbon atom only. The change In 

stability of the members of a homologous series 
differing by a single carbon atom was more gradual 
than the change in stability of the inclusion com- 
pounds of the homologous series in which the mem- 
bers had a two carbon atom difference. Hence the 
shorter homologs of all the former classes of mono- 
esters which formed an inclusion compound showed 
interplanar spacings characteristic of dissociated 
urea. 

I t  has been reported' that the structural iso- 
niei*. di-n-amyl maleate and di-n-amyl fumaiate, 
w e  etldly distinguished by the relative ease and 
nl)undztnce of complex formed as well aq hy the 
ic la t i~  c wlubility of these Complexes. The fiimarnte 
iormed inore easily and in greater ahundanw 
than t tie maleate, and the inclusion cwnpoiind 
ot t h(> maleate mas considerably more ~ 1 1 1 h l c  111 

i~ic~thanol than that of the fumarate. lye roiifirnwl 
these results by using the di-n-biityl analog& 
We found that the fumarate not only formed a 
romplex in much greater abundance over the 
rorresponding maleate but the fumarate wa3 also 
ca. 30yo less soluble than the maleate. 

( 5 )  -4. V. Topchiev, L. M. Rozenberg, N. -4. Kechitailo, 
and E. ?*f Terent'eva, Doklady Akad. Nauk. S.S.S.R., 
109, 223 (1954); L. M. Rozenberg, E. M. Terent'eva, N. A. 
Nechitailo, and A. V. Topchiev, Doklady Akad. Nauk. 
S.S.S.R., 109, 1144 (1956); I. R. Krichevskii, G. D. 
Efremova, and 0. 0. Leont'eva, Doklady Akad. Nauk. 
S.S.S.R., 113, 817 (1957). 

(6) J. Radell and P. D. Hunt, J. Am. Chem. Soc., 80, 
2683 (1958). 

(7) E. Muller, Methoden der Organischen Chemie (Houben- 
Weyl), I/], George Thieme Verlag, Stiittgrtrt, 1958, pp. 
408409. 
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TABLE 111 
PHYSICAL PROPERTIES OF PREPARED ESTERS 

Ester 

B.P./Mm. Index of Hefraction 
71DZ Specific Gravity, ddt  Sapon. Equiv. 

Obs. Lit. Obs. Lit. Obs. Lit. Obs. Calcd. 
~~~~ 

llipropyl maleate9 117-119/5.7 102-103/3,0 1.439625 1.440427 1.018925 1.030518.4 100.5 100.1 

Diethyl fumarate 90-91/3,7 98-Y9/14,0" 1 ,437925 1.43802710 1.045025 1 .  0496251a 86.1 86 8 1 
Dipropyl fumarate10 104-106/1.2 Kone 1,441025 1.438027 1.005925 1.021320. 8 100.6 100.1 

- - Dimethyl fumarate 192-193/760 192/760l5 - - - - 
im.n  105") imam 102') 

EXPERIMENTAL 

Uialkyl funiaraks and dialk?/l maleafes. Fumaric or maleic 
acid (0.3 mole) and a primary normal alcohol (0.6 mole) with 
5 ml. of concd. sulfuric acid was refluxed in a flask fitted 
with a Dean and Stark distilling receiver and a condenser 
until 10.8 nil. (0.6 mole) of water was collected in the trap. 
The contents of the flask n-ere xashed first with 10% aqueous 
sodium hydroxide and then with distilled water. The crude 
ester was washed, dried, isolated by a previously described 
methods and then distilled. The following esters were pre- 
pared in this manner: di-n-propyl fumarate, diethyl fuma 
rate, dimethyl fumarate, di-n-propyl maleate, and diethyl 
nialeate. -411 remaining est,ers were obtained from the Rubber 
Corporation of -4merica. The properties of the prepared esters 
are listed in Table 111. 

r r e a  inclusion compounds. To 4.5 ml. of urea-inethanol 
solution (0.15 g. urea/ml. of methanol) in a screw cap test 
tube was added 30 drops of ester. The tube was capped and 
shaken vigorously for 30 seconds and then allowed to stand 

( 8 )  J. Radell, Chemist Analyst, 46, 73 (1957). 
(9) C. Knons, Ann. Chent. Liebigs, 248, 194 (1888); 

Beil.,  2, 7 5 2 .  

Beil., 2, '752. 
(10) C. Iinope, -4nn. C h ~ m .  Liebigs, 248, 191 (1888); 

for 24 hr. a t  4'. The crystals that  formed were filtered by 
suction, washed with 10 ml. of absolute ethanol, cooled to  4', 
and vacuum dried a t  1 mm. for 24 hr. over anhydrous cal- 
cium chloride a t  4". 

X-Ray powder difraction diagrams. The dried urea inclu- 
sion compounds were finely ground with a mortar and pestle 
and applied to  the surface of a roughened glass slide. The 
interplanar spacings and relative intensities were obtained 
using the North American Philips X-Ray Diffraction Ap- 
paratus which was operated a t  35,000 volts and 15 milli- 
amperes with a scanning rate of 1" per min. using a CuK a 
radiation source. 

Cross-sectional diameter of maleates and jumarates. Stuart- 
Briegleb scalar molecular models were arranged in an es- 
sentially planar zigzag conformation for the fumarates; the 
maximum cross section of the molecule was measured between 
machinists parallel bars. For the maleates a series of con- 
formers were similarly arranged and measured. The con- 
former with the smallest maximum cross-sectional diameter 
was chosen. 

WRIGHT-PATTERSOX ,4IR FORCE BASE, OHIO 

(11) T, S. Patterson, A. Henderson, and F. W Fairlie, 

(12) W. H. Perkin, J .  Chem. Soc., 53,575, (1888) ; B e d .  2,742. 
(13) R. Anschutz, Ber., 12, 2280 (18i9); Bed. 2, 741. 

J. Chem. Soc., 91, 1838 (1907); Bed., 2, 742. 
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The utility of the \leerwein reaction in the ~ynthesis of substituted alkyl derivatives of the phthalic acids is illustrated 
by the synthesis of 3,4-dicarboxycinnamic acid from dimethyl 4aminophthalate and acrylonitrile. In a reaction similar to 
the RIeernein reaction, 5-acetylisophthslic wid has been prepared from dimethyl 5-aminoisophthalate and acetaldoxime. 
S e w  syntheses of dimethyl Paminophthalate, dimethyl 5-nitroisophthalate, and dimethyl 5-aminoisophthalate are also 
reported. 3,J-Dicarbo~gcinnamic acid has been reduced to 3,4-dicarbonyhydrocinnamic acid and 5-acetyliaophthalic acid 
has been reduced to l-(3,5-dicarboxyphenyl)ethanol. 

The Jleerwein reaction m s  discovered in 1939 
by Hails ,11eerwein2 and since that time has re- 
ceived coiisiderable attention both from a syn- 
thetio men point aiid from a mechanistic view- 
point * Our interest in the reaction has been a syn- 

( I )  Abstract 111 part froin the 1'h.U. Thesis of R. A. 
Clendinning, June 1959. Present address: Research Dept., 
Union Carbide Plastics Company, Bound Brook, N. J. 

(2) H. Meerwein, E. Buchner, and K. von Emster, J .  
prakt Chem., 152, 237 (1939). 

(3)  (a )  E. Muller, Angew. Chem.. 61, 179 (1949). (b) 
A. V. Dombrovskii, Cspekhi Khzm., 26, 689 (1957). 

( 4 )  (a) 0. Vogl and C. S. Rondesvedf Jr., J. Am. Chem. 
Soc., 78, "99 (1956). (b )  J. Koclli, J .  Am. Chem. SOC., 79, 
3942 (195i). 

thetic one, more especially for the synthesis of 
some substituted alkyl derivatives of the various 
phthalic acids. There are relatively few examples of 
substituted alkyl derivatives of phthalic acid in 
the literature and most of these were obtained by 
rather involved syntheses. Indeed, there are no 
general methods available for introducing a sub- 
stituted alkyl chain into a phthalic acid molecule. 
It occurred to us that the Meerwein reaction is 
ideally suited for this purpose. Furthermore, if the 
starting amines were not contaminated with posi- 
tion isomers, the resulting Meerwein product 
would also be isomerically pure. The present study 
is concerned a i th  Meerwein and Meerwein-like 


