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flow rate of 45 ml/min. Retention times of 0.90 min for 1- 
methyl-5-carbo1nethoxypyrazole ( l ) ,  I .5 min for 3-carbomethoxy- 
pyrazole (2), and 2.30 min for 1-methyl-3-carbomethoxypyrazole 
(3) were obtained. These retention times are similar to those 
previously reported.' The peak ratio for 1/2/3 was 2.2: 1.34: 
1.0 (43.8:36.5: L9.7'%), respectively. 

Reaction of Methyl trans-P-Chloroacrylate ( 6 )  with Distilled 
Diazomethane in Ether.-Reaction conditions employed were the 
same as in the reaction of c i s 4  with distilled ether-diazomethane. 
Gas-liquid partition chromatography under identical conditions 
afforded 1-methyl-5-carbomethoxypyrazole (1) and 3-carbo- 
methoxypyrazole (2)  in a ratio of 9.87:l.OO (90.8:9.2%), 
respectively. No 1-methyl-3-carbomethoxypyrazole (3) was 
detected. 

Pyrazoline and Pyrazole Formation When Methyl Acrylate 
Served as  Starting Material.-One gram (1.1 X mol) of 
methyl acrylate was treated with distilled ether-diazomethane 
(3.6-4.3 X 10-2 mol) under conditions identical with those 
described for the reaction of methyl cis-p-chloroacrylate ( 6 )  with 
distilled diazomethane in ether. The solvent was removed under 
reduced pressure and the residue containing pyraeolines was 
brominated by dropwise addition of 1.0 g (0.55 x mol) of 
Brz in 10 ml of dry CCl, according to the method of Pechman 
and Burkard.2 The reaction temperature was maintained a t  0" 
for 0.5 hr and then the solution was allowed to warm to room 
temperature. The solvent was removed under reduced pressure 
and the residue was dissolved in 25 ml of dry chloroform. Gas- 
liquid partition chromatography showed 1-methyl-5-carbo- 
methoxypyrazole (I), 11.670, and 3-carbomethoxypyrazole (Z),  
76.8%. No 1-methyl-3-carbomethoxypyrazole (3) was detected. 
Uncharacterized compounds represented a total of 11.6% of the 
reaction mixture. 

Pyrazole Formation When 3-Carbomethoxy-2-pyrazoline (1 1 ) 
Served as  Starting Material .-3-Carbomethoxy-2-pyrazoline was 
prepared from 2.1 g (2.4 X 10+ mol) of methyl acrylate under 
the same reaction conditions as described previously. The solvent 
was removed under reduced pressure and the residue was crys- 
tallized from 95% ethanol, affording 1.8 g (60%) of 3-carbo- 
methoxy-2-pyrazoline ( I l ) ,  mp 61-63' (lit.2 mp 63-66'). One 
gram (7.9 X 10 - 3  mol) of 3-carbomethoxy-2-pyrazoline (1 1) was 
treated in distilled ether-diazomethane (2.5 X 10+ mol) under 
conditions identical with the reaction conditions described 
for cis4 with distilled diazomethane in ether. The solvent 
was removed under reduced pressure and the residue was bro- 
minated by addition of 1.0 g (0.55 X mol) of Br2 in 10 ml 
of dry CCla as above. Gas-liquid partition chromatography 
showed 1-methyl-5-carbomethoxypyrazole ( l ) ,  7.67,, and 3- 
carbomethoxypyrazole (2), 89.6%. No 1-methyl-3-carbo- 
methoxypyrazolc was detected. Uncharaclerized compounds 
represented a total of 2.8y0 of the reaction mixture. 

Registry No.-Diazomethane, 334-88-3 ; cis-6, 3510- 
44-9; trans-6, 5135-18-2. 
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Tetrahedral-square-planar equilibria have been 
identified and studied with a variety of tetracoordinate 

(1) Synthetic Quinine Analogs 11, supported by the U. 8. Army Medical 
Research and Development Command, Contract DADA-17-68-C-80-45. 
Par t  I :  D.  R. Bender and D. L. Coffen, J .  O?Q. Chem., 88,  2504 (1968). 

nickel(I1) complexes in solution.2 In  comparatively 
fewer instances, both isomers of a given complex have 
been isolated in pure form.s This has been accomplished 
with bis(alkyldiphenylphosphine)nickel(II) dihalides. 
It has now been observed that both the tetrahedral and 
square planar nickel(I1) dichloride complexes of the 
bidendate ligand trans-2-(2'-quinolyl)methylene-3-qui- 
nuclidinone and of its 6'-methoxy derivative are very 
easily prepared in pure crystalline form. 

2- (6'-Methoxy-2 '-quinolyl) methylene-3-quinuclidi- 
none was synthesized in the course of a project con- 
cerned with antimalarials of the quinolinemethanol class 
by the base-catalyzed condensation of 6-methoxy- 
quinoline-2-~arboxaldehyde~ with 3-quinuclidinone. In  
order to prove the anticipated trans stereochemistry of 
the product, its cobalt, nickel, and copper dichloride 
complexes were prepared. Since these exhibit normal 
(1710-1720 cm-l) carbonyl stretching frequencies in 
their infrared spectra, both nitrogen atoms and not the 
carbonyl oxygen are involved in coordination, whence 
the trans geometry must obtain. 

Rqo ! Rq \ / O  

- --"a \ 

ci C1 

1, M = C O ;  R=OCH,  3, M = C U ;  R=OCHj 
2, M = N i ;  R=OCH,  

6 ,M=Ni ;  R = H  8 , M = N i ;  R = H  

4, M = Ni; R = OCHJ 
5 , M = C O ;  R = H  7 , M = C u ;  R = H  

The complexes were prepared by combining ethanol 
solutions of the metal dichlorides with solutions of the 
ligand. They crystallized out immediately. The 
cobalt complex 1 is deep green and may be recrystal- 
lized without change from chloroform-ethanol. The 
nickel complex 2 is maroon and has an infrared spectrum 
(Nujol) identical with that of t'he cobalt complex. 
The copper complex 3 is brown-yellow and has an en- 
tirely different infrared spectrum from those of com- 
plexes 1 and 2.  Given the propensity of cobalt(I1) to 
form tetrahedral complexes and of copper(I1) to form 
square-planar complexes,6 tetrahedral stereochemistry 
can be assigned to complexes 1 and 2 and square-planar 
stereochemistry to complex 3. When the maroon 
nickel complex 2 is recrystallized from met'hylene 
chloride-ethanol, it  changes color and yields yellow- 
brown crystals of a complex having an infrared spectrum 
virtually identical wit'h that of the copper complex 3. 
On this basis it is assigned the square-planar structure 4. 

The isomerization of 2 to 4 is irreversible, the latter 
evidently being the more stable isomer, and the success- 
ful preparation of isomer 2 is cont'ingent on the use of 

(2) M .  C. Browning, R.  F. B. Davies, D. J. Morgan, L. E. Sutton, and 
L. M. Venanzi, J .  Chem. Soc., 4816 (1961); R. H.  Holmand K. Swaminathan, 
Inow.  Chem., a, 181 (1963); A. Chakrovorty and R. H.  Holm, ibid., 8 ,  
1010 (1964); D. R. Eaton, W. D. Phillips, and D. J. Caldmell, J .  Amer. 
Chem. Soc., 86, 397 (1963); L. Sacconi, M. Ciampolini, and N. Nardi, ibid., 
86, 819 (1964). 

(3) M. C. Browning, J. R. Mellor, D.  J. Morgan, S. A. J. Pra t t ,  L. E .  
Sutton, and L. M. Venanzi, J .  Chem. Soc., 693 (1962); R .  E. Hayter and F. 
S. Humiec, Inow. Chem., 4, 1701 (1965). 

(4) W. Mathes and W. Sauermilch, Chem. Be?., 90, 758 (1957). 
(5) F. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry," 

Interscience Publishers, Inc., New York, N. Y . ,  1966, pp 865, 899. 
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a hot solvent in which the complex has low solubility. 
Boiling absolute ethyl alcohol served admirably up to 
the time a crystalline sample of isomer 4 was prepared. 
Thereafter, boiling n-butyl alcohol was necessary for 
further preparations of 2 in the same laboratory. 

Since the methoxyl group in the series 1-4 is essentially 
an artifact arising from our interest in quinine analogs, 
the ligand lacking this additional functional group was 
also synthesized. Again a single geometrical isomer 
(trans) was obtained, which readily yielded the series 
of complexes 5-8. The nickel complex 6 undergoes 
the same facile isomerization to complex 8 described 
above for the isomeric pair 2 and 4. Magnetic moments 
of four of the comp1exes, 1, 6, 7, and 8, were measured6 
to confirm the structural assignments made on the 
basis of infrared spectral data, and, in reasonable 
agreement7 with the assigned structures, magnetic 
moments of 3.98, 3.34, 1.74, and 0.65 BJI, respectively, 
were observed. The small moment observed for com- 
plex 8 suggests that it is not entirely diamagnetic. 
Possibly a small amount of the tetrahedral geometry is 
admixed with the square-planar geometry. 

Experimental Section8 

trans-2-(6'-Methoxy-2 '-quinolyl)methylene-3-quinuclidinone .- 
A solution of sodium (50 mg) in absolute ethanol (2 ml) was 
added to a solution of 6-methoxyquinoline-2-~arboxyaldehyde~ 
(187 mg, 1 mmol) and 3-quin~clidinone~ (125 mg, 1 mmol) in 
absolute ethanol (10 ml) and heated under reflux for 2 hr. The 
solution was cooled and scratched to induce crystallization, and 
the product was filtered out and washed with water and cold 
ethanol to give 246 mg (847,) of yellow crystals: mp 185-186"; 
ir vmax 1700, 1615, 1555, 1495, 1240, 1215, 1090, 1025, and 830 
cm-I; nmr (CDCls) 2.05 (m, 4 H), 2.67 (quintuplet, 1 H), 3.15 
(m, 4 H), 3.95 (s, 3 H), 7.08 (d, 1 H), 7.40 (m plus s, 2 H), 
8.05 (d, 2 H),  arid 8.75 ppm (d, 1 H). 

Anal. Calcd for C18H18N202: C, 73.65; H, 6.16; N, 9.52. 
Found: C, 73.80; H, 6.16; N, 9.40. 

Cobalt Complex I.-A solution of cobaltous chloride hexa- 
hydrate (81 mg, 0.34 mmol) in ethanol (2 ml) was added to a 
warm solution of the ligand (100 mg, 0.34 mmol) in ethanol (5 
ml). The product was filtered and washed with ethanol, giving 
133 mg (92%) of green powder. Recrystallization from chloro- 
form-ethanol gave lustrous green crystals: mp 316" dec; ir 
vmaX 1710, 1620, 1580, 1375, 1245, 1235, 1165, 1130, 1095, 1020, 
938, 867, 819, 764, 754, and 688 cm-l. S n  nmr spectrum was 
precluded by low solubility. 

Anal. Calcd for C181118C12C~N202: C, 50.96; H, 4.28; C1, 
16.72; N, 6.60. Found: C, 51.22; H, 4.30; C1, 17.04; N, 
6.73. 

Nickel Complex 2 .-A hot solution of iiickelous chloride hexa- 
hydrate (81 mg, 0.34 mmol) in ethanol (1 ml) was added to a 
boiling solution of the ligand (100 mg, 0.34 mmol) in 1-butanol 
(1 ml). The product was filtered and washed with ethanol, 
giving 131 mg (91%) of marooii needles: mp 310" dec; ir 
vmBX 1710, 1620, 1580, 1375, 1245, 1235, 1165, 1130, 1095, 1020, 
938, 868, 816, 764, 755, and 687 em-'. 

Anal. Calcd for Cl8H1,C12N2Ni02: C, 50.99; H, 4.28; C1, 
16.73; K, 6.61. Found: C, 51.06; H, 4.32; C1, 16.44; K, 
6.43. 

( 6 )  Magnetic susceptibilities mere measured a t  room temperatures with 
a Gouy balance using solid samples in glass tubes. The apparams r a s  
calibrated with mercury tetrathiooyanato cohaltate. For a detailed descrip- 
tion, see B. N. Figgis and R.  S. Nyholm, J .  Chem. Soc., 4190 (1968). No 
allowance mas made for diamagnetic contributions in calculating magnetic 
moments from the observed susceptibilities. 

( 7 )  See ref 5, p 636-637. 
(8) Melting points are uncorrected. Infrared spectra were measured as  

Kujol mulls on a Perkin-Elmer Infracord Model 137; stronger bands are 
listed. Elemental analyses were carried out by Galbraith Laboratories, Inc., 
Knoxville, Tenn. 

(9) Obtained from Aldrich Chemical Co., Inc., Milwaukee, V'is., as the 
hsdrochloride. 

Copper Complex 3.-A solution of cupric chloride dihydrate 
(58 mg, 0.34 mmol) in ethanol (2 ml) was added to a warm solu- 
tion of ligand (100 mg, 0.34 mmol) in ethanol (5 ml). The 
product was filtered and washed with ethanol, giving 138 mg 
(95%) of small khaki crystals: mp 297-298"; ir vmnx 1720, 1645, 
1625, 1500, 1380, 1245, 1135, 1090, 1025,910,888, 875, 850, 833, 
819, 781, 772, 755, and 690 cm-I. 

Anal. Calcd for C18H18CllCuNi02: C, 50.42; H, 4.23; C1, 
16.54; N, 6.53. Found: C, 50.47; H, 4.05; C1, 16.33; N, 
6.39. 

Nickel Complex 4.-The nickel complex 2 (131 mg) was taken 
up in boiling methylene chloride (25 ml), giving a brown solution. 
This was concentrated with gradual addition of ethanol, causing 
the isomeric complex to separate in yellow-brown plates. The 
product was filtered and washed with ethanol, giving 120 mg 
(92%): mp >360"; ir vmax 1720, 1645, 1625, 1500, 1380, 1245, 
1135, 1090, 1025, 910, 885, 871, 850, 835, 818, 782, 763, 757, 
and 690 em-'. 

Anal. Calcd for C1&18ClJV2?\ri02: C, 50.99; H, 4.28; C1, 
16.73; N, 6.61. Found: C, 51.21; H, 4.02; C1, 16.92; N, 
6.57. 

trans-2-(2'-Quinolyl)methylene-3-quinuclidinone.-A solution 
of sodium (347 mg) in absolute ethanol (10 ml) was added to a 
solution of quinoline-2-carbo~aldehyde~~ (1 572 g, 0.01 mol) and 
3-quinuclidinoneg (1.612 g, 0.01 mol) in absolute ethanol (25 ml) 
and heated under reflux for 0.5 hr. The solution was cooled and 
treated with water (50 ml) to induce crystallization, and the 
product was filtered out and washed with alcohol to give 2.187 g 
(83%) of yellow crystals: mp 150-151'; ir vmax 1710, 1640, 
1240, 1170, 1090, 830, 810, and 758 crn-'; nmr (CDCla) 2.03 (m, 
4 H),  2.67 (quintuplet, 1 H),  3.08 (m, 4 H), 7.36 (s, 1 H), 7.63 
(m, 3 H), 8.08 (d, 2 H), and 8.71 ppm (d, 1 H ) .  

Anal. Calcd for Cl7HI6;Y2O: C, 77.25; H, 6.10; K, 10.60. 
Found: C, 77.46; H, 6.10; N, 10.52. 

Cobalt Complex 5.-A solution of cobaltous chloride hexa- 
hydrate (0.237 g, 0.001 mol) in ethanol (12 ml) was added to a 
warm solution of the ligand (0.264 g, 0.001 mol) in ethanol (10 
rnl). The product was filtered and washed with ethanol, giving 
0.379 g (96%) of green powder. Recrystallization from C H C G  
ethanol gave deep green crystals: mp 325' dec; ir vmay 1710, 
1640, 1590, 1370, 1240, 1210, 1165, 1090, 1015, 935, 855, 832, 
807, 788, 760, and 745 em-1. 

Anal. Calcd for C17H16C12C~N20: C, 51.80; H, 4.09; N, 
7.11; C1, 17.99. Found: C, 51.80; H ,  4.02; N, 7.05; C1, 
18.18. 

Nickel Complex 6.-A hot solution of nickelous chloride hexa- 
hydrate (0.09<5 g, 0.4 mmol) in absolute ethanol (1.5 ml) was 
added to a warm solution of the ligand (0.106 g, 0.4 mmol) in 
n-butyl alcohol (4 ml). The resulting maroon solution was 
quickly cooled in a cold-water bath. The product was filtered 
and vacuum dried, giving 0.141 g (89%) of maroon crystals: 
mp 310" dec; ir vmax 1720, 1645, 1595, 1370, 1245, 935, 868, 855, 
835, 810, 790, 780, 760, and 743 em-'. 

Anal. Calcd for C17H1&12NSiO: C, 51.83; H, 4.09; C1, 
18.00; E', 7.11. Found: C, 51.88; H, 4.03; C1, 18.13; 5,  
7.11.  

Copper Complex 7.--8 solution of cupric rhloride dihydrate 
(0.085 g, 0.5 mmol) in ethanol (4 ml) Tas added to a warm solu- 
tion of the ligand (0.132 g, 0.5 mol) in ethanol (7 ml). The 
product was filtered and washed with ethanol, giving 0.189 g 
(95%) of small gold crystals: mp 233" dec; ir vnIeia 1720, 1640, 
1595, 1495, 1370, 1240, 1090, 908, 855, 828, 783, 766, and 
755 em-'. 

Anal. Calcd for C17H16Cl&~~N20: C, 51.20; H, 4.04; C1, 
17.80; N, 7.03. Found: C, 51.03; H, 3.96; C1, 17.96; N, 
6.90. 

Nickel Complex 8.-The nickel complex 6 (50 mg) was dis- 
solved in boiling chloroform (35 ml), giving a rose-colored solu- 
tion. This was concentrated with concurrent addition of abso- 
lute ethanol, causing the isomeric complex to separate in yellow- 
brown crystals. The product was filtered and washed with 
ethanol, giving 43 mg 186%): mp >360°; ir vmax 1710, 1645, 
1595, 1500, 1370, 1238, 1160, 1140, 1085, 1020, 915, 886, 860, 
830, 810, 780, 755, and 738 cm-l. 

Anal. Calcd for Cl7Hl6ClZNtNiO: C, 51.83; H, 4.09; C1, 
18.00; N, 7.11. Found: C, 51.81; H, 4.08; C1, 17.96; N, 
7.04. 

(10) H. Kaplan, J .  Amer. Chem. Soc., 63, 2654 (1941). 
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Registry No.-trans-2-(6'-~iethoxy-2'-quinoly1)- 
methylene-3-quinclidinone, 22058-77-1; trans-2-(2'- 
quinolyl) metlhylene-3-quinuclidinone, 22058-81-7; 1, 
22143-13-1; :2, 22058-78-2; 3, 22058-79-3; 5, 22058- 
80-6; 6 ,  22143-14-2; 7, 22058-82-8. 
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The synthesis of 4-(4-nitrophenylazo) benzoyl chlo- 
ride (T\'ABS-C1)2 and its use in the formation of esters 
was described3 in 1955. Since then, NABS-C1 has 
been employed advantageously for the derivatization 
of other aliphatic4 and aromatic5 alcohols, thiols,6 
sugarsi7 amines,8 and amino acid methyl  ester^;^ 
NABS-hydrazide has been prepared and used to 
prepare derivatives of aldehydes and ketones. lo The 
esters are usually solid,ll their bright red-orange color 
makes them highly suitable for chromatographic puri- 
f i c a t i ~ n , ~ ~ ' ~  and their molecular weight13 may be 
determined from the uIt'raviolet absorption of the 
NABS chromophore. These properties make NABS- 
C1 a desirable reagent in the isolation and characteriza- 
tion of natural products.12f14 

Synthesis of NABS-C1.-In connect,ion with work on 
the struct'ure of ~ i r e n i n , ' ~ ~  it' became necessary t'o syn- 
thesize NABS-C1 in quantity as shown in Scheme I. 
Our attempts to obtain the 6570% yield reported3 
for the conversion of 1 into 2 on the original 5-g scale 
resulted in an average yield (t'en experiments) of 15%; 
larger scale reactions gave even lower yields. Other 
attempt's5" to  increase the sca'le of the reaction have 
also rcsult'ed in lower yields of 2. A 63% yield is 

(1) Supported in par t  by the National Science Foundation. 
(2) Abbreviated. from its German name, 4-nitroazobenzolcarbonsaure-4- 

A .  Butenandt, R. Beokmann, and D.  Stamm, 2. Physiol. Chem., chlorid: 
324, 84 (1961). 

(3)  E. Hecker, Ber. ,  88, 1666 (1955). 
(4) E .  S. Amin and E. Hecker, ibid., 89, 6g5 (1956); E. Hecker and R. 

( 5 )  (a) R.  Pohloudek-Fabini and P. Muenchoir., Pharm,nzie, 18, 734 

( 6 )  E. 8. Amin, J .  C h e m .  Soc., 4769 (1958). 
(7) E. S. Amin, i b i d . ,  5544 (1961). 
(8) G.  Neurath and E. Doerk, Be?., 97, 172 (1964). 
(9) E. S .  Amin, J .  C h e m .  Sac., 1953 (1960). 
(10) S. A t .  A .  D. Zayed and T. hl. I. Fakhr, Justus Liehigs Ann. Chem., 

683, 165 (1963); S. M. A.  D. Zayed and I. M. I. Fakhr, Monatsh. Chem., 96, 
535 (1964). 

(11) P. Westerhof and J .  A .  K. Buisman, Ree. Trav. Chim. PnUs-Bas., 76, 
679 (1957). 

(12) W. Winter, B. Willhalm, M. Hinder, E. Palluy, and E. Sundt, 
P e r f u m e r y  Essent. Oil Record, 49, 250 (1958); B. J. Hunt  and W. Rigby, 
Chem. Ind. (London), 1790 (1967). 

(13) A. Butenandt, R.  Beckmann, and E. Hecker, Z. Physiol. Chem.,  814, 
71 (1961); W. KIoepffer, €1. Esterbauer, and E. Sohauenstein, Fetle, Seifen, 
Anstr ichmit te l ,  67, 198 (1965). 

(14) (a) W. H. Nutting, H. Rapoport, and L. Machlis, J .  Amer. Chem. 
Soc., 90, 6434 (1968). (b) E. Heoker, Angew. Chem.,  68, 682 (1956); E .  
Clarke and E. Hecker, ivaturwissenschaften, 6'2, 446 (1965); A .  Butenandt 
and Tam, Z. Physiol. C h e m . ,  308, 277 (1957); S. M .  A. D. Zayed and T. M .  
Hussein, ibid., 841, 91 (1965); A. Butenandt and H. Rembold. ibid., 808, 
284 (1957). 

Lattrell, ihid., 96, 639 (1963). 

(1963); (b) P. Muenchow and R. Pohloudek-Fabini, ibid., 19, 386 (1964). 

SCHEME I 
0 0 

l .Zn,NH,Cl 

2. FeCI, 

1 2 

j .  
0 

JC 

3a, R E OEt 
b , R = O K  
c , R = C l  

claimedsa using modified conditions, but these also 
failed in our hands. Consequently we examined this 
reaction in detail and now report conditions which 
reliably lead to 60-65% yields on up to a 40-g scale. 
In  particular, vigorous stirring, closely controlled 
temperature, and a nitrogen atmosphere are required. 
Also, the use of ammonium chloridels in place of the 
originally recommended acetic acid reduced the acid- 
catalyzed side reactions of the intermediate ethyl 
p-hydroxylaminobenzoate, which was then oxidized 
to 2 using a decreased quantity of ferric chloride in 
the cold. 

No major changes were required in the subsequent 
steps. The crude, thoroughly dried NABS ester 3a 
was purified by chromatography on alumina, and the 
most effect purification of the final SABS chloride 
(3c) was accomplished by vacuum sublimation. 

Ultraviolet Absorption of NABS Esters.-The light- 
activated isomerization of substituted trans-azoben- 
zenes to a photostationary equilibrium mixture of 
cis and trans isomers has been established.16 I n  the 
presence of ordinary laboratory fluorescent light, solu- 
tions of trans-p-phenylazobenzoates (PAB esters) of 
aliphatic17 and aromatic5b alcohols are isomerized, 
and the isomers are chromatographically separable. l7 

Consequently, trans - 4 - (4 - nitropheny1azo)benzoates 
(NABS esters) would be expected to behave similarly, 
and thus special precautions would be necessary to 
exclude Iight during handling of the solutions when 
precise chromatographic and spectroscopic determina- 
tions were being made. 

M solutions of NABS ethyl ester 
(3a) were exposed to laboratory fluorescent light 
and the absorbance a t  330 nm was noted as a function 
of time. A variety of solvents-benzene, ether, ethyl 
acetate, ethanol, and acetic acid-was used, and in 
each case photostationary equilibrium was reached 
after 2 hr with about a 5% decrease in absorbance. 

The equilibrium mixture, showing a yellow spot 
at  Rf 0.14 and a red-orange spot at  Rf 0.37 on silica 
gel-benzene thin layer chromatography, can be ther- 
mally isomerizedGa a t  room temperature in the dark 
for 30 hr to an all-trans solution which shows only 

About 3 X 

(15) G. H. Coleman, C. M. MoCloskey, and F. A. Stuart, "Organic Syn- 
theses," Coll. Vol. 111, E. C. Homing, Ed. ,  John Wiley & Sons, Inc., New 
York, N. Y . ,  1955, p 668. 

(16) (a) W. R .  Brode, J. H. Gould, and G. M. Wyman, J .  Amer. Chem 
Soc., 74, 4641 (1952); 75, 1856 (1953), (b) G. Zimmerman, L. Chow, and 
U. Paik, %bid.,  80, 3528 (1958). 

(17) I. Kata and M. Keeney, Anal. Chem., 36, 231 (1964). 


