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1964. 

Dr. John S. Driscoll was Project Leader for Monsanto Research 
Corporation. The contributions of Mr. W. J. Arigo and Mr. C. 
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ABSTRACT 

Seventeen analytically pure cyanine and porphin photosensitizing dyes 
have been prepared. The synthesis of 1-substituted thionine compounds 
is also described. Structural proofs, intermediate products, experi¬ 
mental procedures, and spectra are discussed. 

This report has been reviewed and is approved. 

James R. Pecqueux 
Project Engineer 
Photographic Branch 
Reconnaissance Division 
AF Avionics Laboratory 
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I. INTRODUCTORY SUMMARY 

A. . CONTRACT OBJECTIVE 

The overall objective of this work was the preparation by repro¬ 
ducible methods of pure dyes for use as photosensitizing agents in 
the nonconventional photographic systems currently under investiga¬ 
tion by the Air Force. 

The new photographic systems, though possessing unique processability 
and sensitivity, are nevertheless deficient in their response to the 
red region of the visible spectrum. Rather than have the needed 
sensitizers developed as part of each process research program, the 
Air Force has established a program to provide a single source of 
sensitizers for all processes under development. 

In order to achieve these objectives, structural proofs were neces¬ 
sary for the final products and were desirable for intermediate com¬ 
pounds. High purity products were also required. Whenever pos¬ 
sible, chromatographically, as well as analytically pure samples 
were prepared. 

B. RESULTS 

1. Dyes Prepared 

Seventeen analytically pure dyes were delivered during the contract 
period. These compounds were representative of two general classes 
of dyes, the cyanines and the porphins. 

a. Cyanine-Type Dyes 

In seme instances, references to the cyanine dyes requested were 
located in the patent literature. As a rule, however, little useful 
data were obtainable from these references. In other instances, 
only dyes that were similar to the requested cyanines were located. 
In several cases, a rigorous structural proof of the dye reaction 
product led to the assignment of a structure other than that pro¬ 
posed in the patent work. 

These syntheses have required as few as one and as many as twelve 
reaction steps, not including purifications. 

b. Porphin Dyes 

The synthesis of tetraphenylporphln and its chelates is well des¬ 
cribed in the chemical literature. The preparation of chromato¬ 
graphically pure porphins, however, is quite difficult. This is 
partially due to recently improved techniques for the detection of 
trace impurities. For example, an analytically pure sample of 
copper (II) tetraphenylporphln, which had been isolated in a single 
column chromatographic band, was shown to contain two trace 
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Impurities by thin-layer chromatography. This necessitated further 
purification. 

The tetrathienylporphin chelates are not characterized in the litera¬ 
ture. 

The synthesis of a porphin chelate requires a minimum of three reac¬ 
tion steps, one Soxhlet extraction, and four column chromatographic 
purification steps to produce chromatographically and analytically 
pure material. The overall yield is one per cent. 

c. Thionlne Dyes 

While no thionine dyes have yet been delivered, a considerable amount 
of work has been directed towards their synthesis. Several key in¬ 
termediates have been prepared and characterized. Synthetic work 
in this area can be classed as relatively difficult. 

2. Dye Purity 

The achievement of the desired degree of purity was found to be 
time consuming. In many instances, the synthesis and purification 
procedures required equal amounts of time. 

Thin-layer chromatography, spectroscopic analysis, and elemental 
analyses were used to determine the purity of the submitted sensi¬ 
tizing dyes. 

3. Literature Survey 

An abstracted literature survey has been carried out in the area 
of photosensitizing dyes. The survey is critical, not comprehensive. 
A 1961-1963 thionlne dye survey is included. This work is contained 
in a separate volume as Part II of the final report on AF 33(657)- 
11430. 

C. PLAN OF THE REPORT 

The report treats each sensitizing dye in a separate section, with 
the discussion of the intermediate products, experimental pro¬ 
cedures, references and spectra grouped together. 
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II. SYNTHETIC PROCEDURES 

A. 3-ETHYL-5-[4(1H)-PYRIDYLIDENEIrHODANINE (CODE NAME F23M1) 

1. Synthesis 

a. Discussion of the Literature Method 

F23M1 

(l ) Reaction Products 

The synthesis of F23M1 has been described by Jones (ref. l) and 
Kodak (ref. 2). 

When the reaction was carried out according to the patent procedure 
(ref. 1), a red crystalline material was obtained in addition to the 
described orange solid. The two differently colored materials had 



slightly different decomposition points. A mixed decomposition 
point is not a conclusive proof of identity. The two compounds had 
identical infrared spectra and the same relative thin layer 
chromatographic Rf values in both acetone and methanol. The color 
of the red material could be changed to orange by grinding. Re- 
crystallization of the red material gave a mixture of red and orange 
compounds. The different colors are concluded to be due to different 
crystalline forms of the desired compound. 

Crude yields of 40.0 and 30.2# were obtained from two runs. 

(2 ) Proof of Structure 

The infrared spectrum of F23M1 is shown in section IIA4 of this report. 
The carbonyl frequency is weak and at a low frequency compared with 
unconjugated rhodanine derivatives. The low frequency shift is best 
explained by the conjugation of the pyridylidene nitrogen with the 
rhodanine carbonyl group. 

The elemental analysis agrees with the calculated values (see Experimental, 
IIA2). 

(3 ) Purity 

The samples submitted to the Air Force are considered to be of high 
purity for the following reasons: 

1. Thin layer chromatography (acetone or methanol elution and iodine 
development) showed only one spot. 

2. The elemental analysis was performed on material taken from the 
Air Force sample. 

(4 ) Air Force Sample 

Four 2.75-gram samples of F23M1 (total 11.0 g), bottled under nitrogen, 
were submitted on 1? June 1963. 

b. Unsuccessful Attempt to Improve the Literature Method 

Because the Kodak method gave low yields, several exploratory runs 
were made to try to improve this synthesis. In a preliminary experiment, 
purified 3-®thylrhodanine and 4-phenylthiopyrldine were reacted in test 
tubes over an open flame in the solvents listed in Table 1. A dark 
red color indicates dye formation. 

4. 



Table 1 

REACTION SOLVENTS FOR F23M1 SYNTHESIS 

Solvent Color 

none (fusion) 

pyridine 

pyridine + (Bu)3N 

(Bu)3N 

(Bu)3N + diglyme 

(Bu)3N + triglyme 

(Bu)3N + triphenylphosphate 

dark red melt 

no change 

darkening 

light red solution 

dark red solution 

dark red solution 

light red solution 

triphenylphosphate dark red solution 

Bu * n-butyl 

No product could be isolated from the triphenylphosphate reaction 
after benzene extraction to remove the phosphorus-containing solvent. 

A trial run on a 10-s molar scale was carried out in diglyme (diethyl¬ 
eneglycol dimethyl ether). Dlg.yme (bp l62°C) rather than triglyme 
(bp 2l6°C) was used for ease oí solvent removal. After a 19-hour 
reflux period, only a small amount of brown solid could be isolated 
from the dark red solution. Further attempts to improve the literature 
method were discontinued. 

2. Experimental 

a. Starting Materials 

3‘Ethylrhodanlne (Eastman 3760, 100 g. $10.55) was recrystallized from 
methanol to give yellow needles, mp 38-39°C [lit. (ref. 3) mp 36-38°cj. 

4-Phenylthiopyrldlne (Eastnin .7805, 25 g, $8.75) was distilled through 
an ö-inch Vigreux column, bi- 153-155°C/7 mm [lit. (ref. 4) bp l60°C/ 
60 mm]. ‘ 

b. 3-Ethyl-5-[4(lH)-pyrldylldene1rhodanlne (F23M1) 

3-Ethylrhodanine (44.0 g, 0.28 mole) and 4-phenylthiopyridine (54.0 g, 
O.29 mole) were mechanically stirred in a round-bottomed flask immersed 
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in an oil bath maintained at 250-26o°C. After a 25-minute reaction 
period, the dark red reaction mixture was cooled to 0°C, and the 
dark red crystals resulting were filtered. The solid was washed 
successively with 50 ml of ether, 50 ml of acetone, and 50 ml of 
ether, and was then dried at 15 mm Hg to yield 26.7 g (40.oj6) of 
dark red crystals (mp darken 270°C, 285-285°C dec.). Recrystallization 
from hot pyridine with a small amount of methanol added to the pyridine 
filtrates gave an initial layer of red-purple crystals on the bottom 
of the flask. The orange needles obtained on prolonged refrigeration 
were decanted from the red crystals. Further recrystallization of 
the red material (mp 267-268°C dec.) gave orange solid. 

The crude product was recrystallized twice from pyridine-methanol and 
the resulting F25M1 dried at 80oC/15 mm for 4 hr to give 6.5 g (9.7#) 
of orange needles [mp darken 265o, 271-272°C dec. (dependent on heating 
rate); lit. mp 270-271 C dec. (ref. l); 454 m (£66,500) and 
286 mp. (66750)]. Each recrystallization reduced the yield by 50#. 

Analysis (for 0^10^032): 

0 H N S 

Caic'd. 50.59 4.25 11.76 26.91 
Found 50.52 4.45 11.52 27.04 

c. Unsuccessful Synthesis Using Dlglyme as Solvent 

Diglyme (the dimethylether of diethyleneglycol) (25 ml) was distilled 
from 50# sodium hydride in mineral oil directly into a 100-ml round- 
bottomed reaction vessel. To this solvent was added 2.0 g (I.07 x 10-2 
mole) of 4-phenylthiopyridine, I.72 g (I.07 x lO"2 mole) of 5-ethyl- 
rhodanine, and I.16 g (1.5 x 10-s mole) of triethylamine, and the 
mixture was heated to reflux. The solution color changed from light 
yellow to dark red during the first hour of the 19-hour reflux period. 
The solution was cooled to room temperature, and the diglyme solvent 
was removed under reduced pressure to yield a red oil. All attempts 
to make this oil crystallize failed. Addition of 150 ml of ether 
produced 100 mg of brown solid (mp 154-?°C). This synthesis was 
abandoned. 

5« References 

l- ^yone^U. S. Patent, 2,977,229, March 28, 1961. Ç.A., 

2* ncU^tnon,, helg' Patent 588»862» APr11 15, i960. C.A., 
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3. No literature reference to the mp other than that of the supplier 
could be found. o ^ ^ 
Eastman Organic Chemicals, List 43, Compound 3760, p. llo, Dec. 3, 
T567T- - 

4. E. Hayashi. et al., Yakugaku Zasshl, 80, 1145 (i960). C.A., 

546d (1961). 

4. Spectra 

Spectral data are given in Figure 1. 
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B. 2-[2-(l-PIPERIDYL)VINYLlBENZ0XAZ0LE ETHIODIDE (CODE NAME F29M2) 

CH=CH ■O 

1. Synthesis of 2-Methylbenzoxazole ethlodlde (B-l) 

ch3 + C2H5I 

pressure 

bottle 

100 °C 

48 hr 

Attempts to synthesize B-l by refluxing an equimolar mixture of re¬ 
actants gave very poor yields of the desired compound. 

When the reaction was carried out in a sealed glass pressure bottle 
at 100°C (ref. 1), satisfactory yields of B-l were obtained. It was 
found that the reaction mixture attacked the rubber gasket of the 
pressure bottle, as well as gaskets of Koroseal, a synthetic rubber. 
Oaskets made of Viton-A have proved very satisfactory. B-l is 
attacked by atmospheric moisture and should be recrystallized from 
absolute ethanol and kept under a nitrogen atmosphere. 

9. 



The infrared spectrum of B-l (Figure 2) shows C=N and phenyl OC 
bands at 1636, l602, I48land l46l cm-1. Lack of a significant C-0 
stretch around 12OO-I3OO cm-1 is probably not significant since this 
sometimes occurs in cyclic ethers such as furans. The infrared spectrum is 
consistent with the structure. 

2. Synthesis of 2-[2-(ß-Acetanilido)vlnyl]benzoxa2Qle 
¿thlodíde 

+ 0-N=C 
^NH0 

(B-l) (B-2) 

The red reaction solution must be filtered, scratched, and cooled before 
the orange product will precipitate. The infrared spectrum (Figure 3) 
shows a strong amide carbonyl at 1722 cm"1 with C=C and C=N at 1624, 
1615, 1602, 1388, 1563, 1489, and 1430 cnr1. The C-0 absorption appears 
at 1221 cm-1 with monosubstituted phenyl at 761, 710 and 704 cm'1. The 
infrared spectrum is consistent with the structure. 

Three runs gave yields of 53* 54 and 56 per cent. 

3. Synthesis of 2-{2-(l-Plperldyl,)vlnyl.1benzoxazole ethlodlde (F29M2) 

(B-2) (F29M2) 

a. Discussion 

This Is a straightforward reaction, which presents no difficulties. Three 
runs gave crude F29M2 In yields of 78, 82, and 89 per cent. 
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b. Proof of Structure 

(1.) Infrared Spectrum 

The strong C=0 absorption present in the starting material, (B-2), is 
completely absent as expected (Figure 4). Bands at 1652 and 1591 cm-1 
indicate C=C and C=N absorptions, while the strong absorptions at 
145O cm-1 are characteristic of aliphatic CH2 groups. 

The doublet at 1241 and 1261 cm-1 indicates aliphatic C-N and the C-0 
ether linkage. Ortho benzene substitution (oxazole ring) is seen at 
770, 754, and 758 cm-1. The infrared spectrum is consistent with the 
assigned structure. 

Slight frequency and major intensity changes were noted with samples of 
similar decomposition points that had been recrystallized a different 
number of times (1 to 3 times ). This mav be due to different cis-trans 
isomer ratios, crystal form (polymorphism; or, less likely, impurities 
in the samples recrystallized only once. 

(2.) Elemental Analysis 

The elemental analysis agrees with the assigned structure (see Experi¬ 
mental, IIB4). 

c. Purity 

The sample sent for analysis was taken directly from the sample submitted 
to the Air Force. 

Thin-layer chromatography on Silica Gel-G showed one spot with acetone or 
monoglyme (dimethyl ether of ethylene glycol) development and iodine 
treatment. Methanol elution gave uninterpretable results. 

d. Air Force Sample 

Four 5*3-gram samples of F29M2 (total 21.2 g), bottled under nitrogen, 
were submitted on 3 July 1963. 

4. Experimental 

a. Starting Materials 

2-Methylbenzoxazole (Eastman No. 982, 100 g - $14.65) was used as 
received without further purification. 

Ethyl iodide, reagent grade (MC and B No. EX685, 1 lb - $11.65) was 
dietilled before use. 

U. 



N,N1 -Dlphenylfomamldlne (K and K, 100 g - $7.50) was recrystalllzed 
from absolute ethanol U g /5 ml) [mp 157-139°C; lit. (ref. 5) mp 157°C]. 

Pipgrldlne (MC and B No. PX1255» 100 g - $4.60) was used without further 
purification. 

b. 2-Methylbenzoxazole ethlodide (B-l) (ref, l) 

2-Methylbenzoxazole (27.5 g, 0.21 mole) and ethyl iodide (20.0 ml, 58.6 g, 
0.25 mole) were placed in a 150-ml pressure bottle (a. H. Thomas Co. 
No. 2282) equipped with a Viton-A sealing gasket. After being heated 
on a steam bath for 48 hr, the solidified reaction mixture was washed 
with six 25-ml portions of anhydrous ethyl ether and filtered. The 
crude quaternary ethlodide was dried at 60°C/15 mm for 2 hr giving 52.9 g 
(5W of buff crystals, [mp soften 193°C, 197-199°C dec.; lit. (ref. 1) 
mp 195-197°C dec.]. This product was used without further purification. 

c. 2-(ß-Acetanilldovlnyl)benzoxazole ethlodide (B-2) (ref. 2) 

2-Methylbenzoxazole ethlodide [27.9 g, 9-3 x 10-2 mole), N,N'-diphenyl- 
formamidine (17.8 g, 9.I x 10-2 mole), and 125 ml of acetic anhydride 
were refluxed for one hour (calcium sulfate drying tube) during which time 
the solution color changed from light yellow to dark red. No solid 
separated on cooling to 0°C. Upon filtration, cooling, and rubbing the 
filter flask with a spatula, the desired orange solid separated. It was 
filtered, washed with 2 50-ml portions of cold acetone, and dried at 
60°C/15 mm for 4 hr. The crude orange solid, 22.8 g (5656), [mp 217°C 
dec.; lit. (ref. 4,5) mp 217°C dec.] was used without further purification. 

d. 2-[2-(l-Plperldyl)vlnyl]benzoxazole ethlodide (F29M2) 

2-(ß-Acetanilidovinyl)benzoxazole ethlodide (27.6 g, 6.4 x 10-2 mole) and 
piperidine (16.I g, 0.I9 mole) were added to 210 ml of absolute ethanol 
in a 500 ml round-bottomed flask. The amber solution was refluxed 
for one hour (calcium sulfate drying tube) and then chilled with 
scratching in an ice bath. The pale yellow solid that precipitated was 
filtered and dried at 50°C/15 mm for 2 hours. The crude, dry F29M2, 
20.1 g (82^), mp 254-240°C was recrystallized three times from absolute 
ethanol (1 g/10 ml) to give light yellow crystals, which were dried 
at 100 C/0.5 mm for 12 hr [mp 241-242.5° dec.; no literature reference 
to this compound could be found; 547 mu (g 61,000); no visible 
absorption]. Each recrystallization reduced the yield by 7#. 

Analysis (for CxoIkiINzO) 

C_ H N I 

Calc'd. 50.01 5.51 7.29 33.05 
Found 50.06 5.55 7.02 55.50 
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5. References 
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6. Spectra 

Spectral data are given In Figures 2, 5, and 4. 
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C. 2-[2-(1-PIPERIDYL)VINYL]QUINOLINE ETHIODIDE (CODE NAME F31M3) 

1. Synthesis of 2-(ß-Anlllnovinyl)qulnollne ethlodlde (C-l) 

(C-l) 

It Is Important to obtain good stirring of the reactants during the 
fusion. This reaction is more difficult than the usual reaction of 
this type. The aniline produced in the reaction is removed with an 
acetone wash. On a 0.02-molar scale, crude yields of 92, 98, and 102$ 
were obtained, while on a 0.2-molar scale, 98 and 100$ yields were 
found. The 102# figure was probably due to a weighing error or a small 
amount of aniline that was not removed. 
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The infrared spectrum of C-l (Figure 5) showed that neither starting 
material was present. The N-H stretch at 5150 cm" is very weak, while 
the absorption at I658 cm-1 is due to C=C. The five strong bands 
between l6l2 and 15OO cm-1 are due to the quinoline ring system while 
the absorption near 15OO cm-1 is attributed to C-N. Mono-phenyl 
substitution is seen as a singlet at 689 and a triplet at 785, 75^> 
and 747 cm-1, while the four free hydrogens of the quinoline ring, 
characteristic of ortho-substitution, absorb at 763"747 cm-1. The two 
other quinoline hydrogens absorb at 882 cm-1. The spectrum is consistent 
with the structure assigned. 

2. Synthesis of 2-(ß-Acetanllldovlnyl)quinoline ethiodide (C-2) 

H 
L 

CH=CH-N-0 

(C-2) 

AcgO 

reflux 
5 hr 

When the reaction mixture was refluxed for ten minutes as suggested in 
the patent reference (ref. 4), the brown product was mostly recovered 
starting material. When the reaction time was increased to three hours, 
yields of 55, 60, and 65 per cent of the desired green needles were 
obtained in three separate experiments. A satisfactory recrystallization 
solvent was not found for C-2 , nor was this compound located in the 
literature. 

The infrared spectrum of C-2 (Figure 6) is different from that of the 
starting material C-l except in the 1250 - 1150 cm-1 region. The 
amide C-0 band at 1690 cm-1 is weak in relation to the rest of the 
spectrum as are the aromatic bands between 900 and 70O cm-1. The 
conclusion is that the desired acetylation has probably taken place, 
but certain absorption intensities are not as one would predict. 

That the acetylation did take place can be inferred from the reaction of 
C-2 with piperidine to give the final product, F51M5. An attempt 

to synthesize F31M5 from the unacetylated derivative C-l and piperidine 
was unsuccessful. 
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3>‘ Synthesis of 2-[2-(l-Plperldyl)vlnyl]qulnollne ethlodlde (F31M3) 

ch3 

a. Discussion 

This reaction proceeds smoothly and no difficulties were encountered. 
Two runs gave quantitative crude yields. 

b. Proof of Structure 

(1.) Infrared Spectrum 

The carbonyl absorption present in the starting material C-2 is, 
as expected, not present in FJIMJ (Figure 7). The strong band at 
1604 cirri is due to C=N while the absorptions at 1570 and 1504 cm-1 
are aromatic. This compound does not look like the previous quinoline 
intermediates, which have 5-8 bands in the 1650-1450 cm-1 region. The 
absorption at 1290 cm-1 is probably aliphatic C-N while the benzene 
substitution (quinoline ring) absorptions occur at 854, 776, 750, and 
700 cm-1. The spectrum is indicative of the assigned structure but is 
not conclusive. Elemental analysis is needed to confirm the structure. 

The same variations in intensities mentioned in connection with the 
infrared spectrum of F29M2 (see Infrared Spectrum, IIB3b) were observed 
with F3IM3. The explanation is probably the same. 

(2.) Elemental Analysis 

The elemental analysis agrees with the values calculated for F31M3 
(see Experimental, IIC4). The structure of the compound is that 
assigned. 

c. Purity 

The sample sent for elemental analysis was taken directly from the 
sample submitted to the Air Force. 

Thin-layer chromatography on Silica Oel-O showed one spot with acetone or 
monoglyme (dimethyl ether of ethylene glycol) development and iodine 
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treatment. 
results. 

Methanol development, as with F29M2, gave unlnterpretable 

d• Air Force Sample 

S (total w-0g)*bottlea uniler nitro^"- 

^ • Experimental 

a• Starting Materials 

l-Hhylg^naldlntum Iodide (Eanmn N°. I?18, 100 g - $8.25) Imp 236'C¡ 
lit. (ref. I; mp 233-234 C] was used without further purification. 

(K/ andNK? 100 g - $7-5°) was recrystallized 
from absolute ethanol (1 g/5 ml) [mp 137-159 C; lit. (ref. 2) mp 137°C]. 

|ïïr!?Î’fatiolMC and B N0‘ PX1235, 100 6 " $4,60) Was used without further 

b* g-(ß‘Anlllnovlnyl)quinoline ethlodlde (C-l) (ref. 3) 

iAdí?e ^60\° g* 0,20 raole) and N,N'-diphenyl- 
g> i0*^1 mo;Le) were ground in a mortar until homogeneous 

stfrSiî ^i^?/,?'neCk??\roünd:bottoraed flask eclulPPed with a mechanical 
nnrhfïha?f mulf!te dryln6 tube' The mixture was placed in an 
oil bath at 145 C. The temperature of the bath was raised to 173°C 
over a 15-min. period and maintained there for an additional 15 min. 
The oil bath was removed and the brown-black reaction product was allowed 
to cool to room temperature. The solid was transferred to a beaker, 
ground thoroughiy with 100 ml of cold (0°C) acetone, and filtered. 
Ar ?r ¡Sin£/?r VI hr ab 80 c/15 "im, 79.0 g (98#) of crude brown 
t:8 ÏÎL (l?p. softe« 255°c, ¿40-245^0 dec.). Two recrystalliza- 
U S«ofcAcom!thai?01 i,®1131’00®1) raised the mp to 274-275° dec. [lit. (ref. 
3; 2o2“2o5 dec.]. The crude material was found to be satisfactory 
for the next reaction. ^ 

c* Quinoline ethlodlde (0-2) (ref. 4, 
modified)’ 

oôn^înÎii;îïÎîïl)qlîi!î0Hne,ethl?dide (80*5 g^ °-20 mole) was added to 200 ml of acetic anhydride in a 1-liter round-bottomed flask and the 
(caíCÍ^ s“Jfate drying tube) for 3.O hours. After 

? drilling at 0 C, the product was filtered, washed with 
Í??ImLPSrtl?¿L?f ®cetone* and dried at 60°C/15 mm for 0.5 hr, 

yielding 5o.3 g (03^) of crude, dark green needles of C-2. [mp 209-210°C 
jÎ,h° iit• 'ap could be found]. This material was used without 

purification for the next reaction. 

d. 2-[2-(l-Plperldyl)vinyl]quinoline ethlodlde (F31M5) (ref. 4) 

ethlodide (54.3 g, 0.12 mole) and 
piperidine (31.0 g, O.36 mole) were added to 950 ml of absolute ethanol 
in a 2-liter flask, and the solution was refluxed (calcium sulfate 
drying tube) for I.5 hr. The green solution was cooled to 0°C, and 
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the precipitate was filtered and dried at 50°C/15 mm for 2.0 hours. 
The green plates [mp 243°C soften, 244-245°C dec., 48.8 g (100#)], 
were recrystallized three times from methanol (l g/12 ml;. The first 
two recrystallizations were with activated charcoal (l g charcoal/5 g). 
Each recrystallization resulted in a 20# yield decrease. The resulting 
F31M3 was dried at 100°C/0.5 mm for 6 hr [bright yellow needles, mp 
249-250°C dec.; lit. (ref. 4) mp 253-255°C dec.; T^tOH 409 np (¢.42,000) 

and 315 np (£14,600)]. 

Analysis (for CisHasNgl) 

C H N I 

Calc'd. 54.83 5.88 7.15 32.19 
Found 54.31 6.03 6.84 31.98 

5. References 

1. "Dictionary of Organic Compounds", I. Heilbron and H. M. Bunbury, 
Eds., Vol. 4, Oxford, N. Y., 1953j 293. 

2. J. B. Shoesmith and J. Haldane, J. Chem. Soc., 123. 2704 (1923). 

3. L. Q. S. Brooker, et al., J. Am. Chem. Soc., 62, 3192 (1941). 

4. F. L. White and G. H. Keyes, U. S. Patent 2,166,736, July l8, 1939. 
C.A.. ¿2, 8515 (1939). 

6. Spectra 

Spectral data are given in Figures 5, 6, and 7. 
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d. 3-ETHYL-5-[1-(4-SULF0BUTYL)-4(1H) PYRIDILIDENE]RHODANINE SODIUM 
SALT I CODE NAME F2WJ AND ITS ACETIC ÄCID COMPLEX fCODE NAME 
F2'4m4'. h0Ac y - 

© / \ —ï"C2H5 
Na 03S-(CH2)4-N _>KsXs 

(F24m4 ) 

1. Synthesis of 4-Hydroxy-l-butane-sulfonlc acid sultone (D-l) 

-0-(CH2)3-CH2Cl + NaaSOs Ü H»° re“H.> 
2) HC1 (g) 

CH2^ .S02 

(D-l) 

In a synthesis of D-l , in which the first, seemingly unnecessary, 
distillation (ref. 3) was omitted, a viscous, undistillable semi-solid 
was produced. Two distillations with an intermediate drying step 
were found to be necessary. 

The literature method yielded D-l as a colorless liquid that vapor 
phase chromatography showed to contain a single component. The infrared 
spectrum (Figure 8) showed aliphatic CH2 at 2940 cm-1 and strong S02 
absorptions as a singlet at. 1348 cm-1 and a triplet .at 1186, 1166, and 
1149 cm"1. There was no trace of OH or S03H bands. The infrared 
spectrum is consistent with the structure. 

2. Synthesis of Anhydro-4-phenylthlo-l-(4-sulfobutyl)pyrldlnlum 
hydroxide ID-2) 

(D-l) (D-2) 

Jones (ref. 4) states that 4-phenylthiopyridine is reacted with 1,4- 
butanesulfone to give D-2 . The correct name of D-l is not "-sulfone", 
which contains two oxygen atoms, but rather "-sultone", which contains 
three. The correct name was used in an earlier patent (ref. 5). There 
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was no difficulty with 
melting po-int of D-2 
gave yields of 8l, 86, 

this preparation. The 
were inadvertently not 
and 95 per cent. 

infrared spectrum and 
obtained. Three runs 

3. Synthesis of 3-Et^vl-5-[ 1-U- 
rhodanlne sodium salt (F24M4] 
F24M4.HOAc - 

sulfobutyl)-4-(1H)ovrldylidene1 
and its acetic acid complex 

a. Discussion 

This reaction presented no difficulties, providing yields of 67 and 72 
per cent. Purification by recrystalllzatlon from glacial acetic acid 
gave very poor yields of the acetic acid complex, (F24m4•HOAc). 

b. Proof of Structure 

(l) Acetic acid complex (F24m4,H0Ac) 

The infrared spectrum shows a weak band at I710 cm"1 due to the acetic 
acid carboxyl absorption. The strong band at 1665 cm-1 is most 
likely uue to the rhodanine carbonyl group, with frequency lowering 
due to conjugation as in F23M1. The 1610 cm"1 band cannot be 
assigned. Absorptions at II80 and 1044 cm"1 are due to -SO3 © anion, 
but an expected band for this group near 650 cm"1 is missing. 

The complex has a correct elemental analysis. 

The acetic acid was quantitatively removed by heating at 2l6°C/0.5 mm 
but was not removed at 100°C or l62°C/0.5 mm to give^F24M4. 
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(2) F24m4 

The infrared spectrum of F24m4 showed the absence of the acetic 
acid 1710 cm"1 band. The visible and ultraviolet spectra of 
F24M4 were similar to those of an analogous structure, F23M1 
(see II.A). A correct elemental analysis was obtained for F24M4. 

c. Purity 

The analytical samples were taken from the samples of F24m4 and 
F24m4.HOAc submitted to the Air Force. 

Thin layer chromatography of either compound showed only one spot 
on Silica Gel-G after methanol or acetone elution and iodine devel¬ 
opment . 

d. Air Force Sample 

Two 5.25-gram samples of F24M4 and two 6.21-gram samples of 
F24m4*H0Ac, (total 22.88 grams) under nitrogen were submitted on 
8 August 1965. 

4. Experimental 

a. Starting Materials 

4-Chlorobutylacetate (Eastman No. 8503, 100 g - $8.25) was used 
without further purification. 

4- Phenylthlopyrldlne (Eastman No. 5760, 25 g - $8.75) was distilled 
through an 8-inch Vigreux column [bp 153-155°C/7 mmj lit. (ref. l) 
bp l60°C/60 mm]. 

5- Ethylrhodanlne (Eastman 5760, 100 g - $10.55) was recrystallized 
twice from methanol before use [mp 58-59^0; lit. (ref. 2) mp 
56-58°C]. 

Inorganic reagents. These were J. T. Baker reagent-grade and were 
used without further purification. 

b. 4-Hydroxy-l-butanesuIfonlc acid sultone (D-l) (ref. 5) 

A mixture of 114.7 g (O.76 mole) of 4-chlorobutyl acetate, 29O g 
(I.16 moles) of sodium sulfite heptahydrate, and 475 ml of water was 
refluxed with stirring for l8 hours, and then most of the water was 
removed under vacuum. The heavy paste remaining was allowed to stand for 
4 days with 500 ml of methanol. Then, through a 0.5-inch delivery 
tube, an excess of hydrogen chloride gas was bubbled into the con¬ 
tinuously stirred and refluxed solution for 6 hr. The mixture was 
refluxed an additional 14 hr, cooled, and filtered. The filtrate 
was concentrated to 125 ml under reduced pressure, and the residue was 
distilled at 1.4 mm pressure (150-155°C) to give 76.5 g of wet 
sultone. After dissolving the sultone in ether and drying over sodium 
sulfate, redistillation gave 68.5 g (67^) of product [bp 95°C/0.5 mm: 
lit. (ref. 5) bp 112-115 C/1.5 mm]. 
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c• Anh^dro-4-phenylthlo-l-(4-3ulfobutyl)pyrldlnlum hydroxide 

A mixture of 5-61 g (0.03 mole) of 4-phenylthiopyridine and 4.08 g 
(0.03 mole) of 4-hydroxy-l-butanesulfonic acid sultone were heated on 
a steam bath for 20 minutes and then placed in an oil bath at 115°C. 
The oily mixture solidified to a white solid in about two minutes. 
The reaction mixture was heated in the oil bath for 0.5 hour. The 
mixture was cooled, then broken up in hot acetone and filtered. The 
residue was ground under acetone, and the product collected on a filter 
and washed with acetone. After drying at 80°C/15 mm for 4 hn the 
yield of product was 8.4 g (86$). 

d. 3-Ethyl-5-[l-(4-sulfobutyl )-4(lH)-pyrldylldene]rhodanlne 
sodium salt acetic acid complex (F24M4«H0Ac) (ref. 4) 

A mixture of 64.6 g (0.20 mole) of anhydro-4-phenylthio-l-(4-sulfo¬ 
butyl )pyridinium hydroxide, 35*0 g (0.22 molej of 3-ethylrhodanine, 
and 20 g (0.20 mole) of triethylamine in 150 ml of pyridine were 
refluxed 45 minutes. The solution was cooled and stirred with 200 
ml of ether. A reddish oil not dissolved by the ether solidified 
on stirring to an orange solid. The solid was filtered off and 
placed in a 250-ml beaker. To the solid was added a solution of 
40 g of sodium iodide in 100 ml of water. The mixture was stirred 
thoroughly and cooled in ice water, and the solid was removed by 
filtration. The solid was dried in a vacuum oven at 80°C/15 mm 
for 4 hrs to yield 55-0 g (67^) of crude product (mp >310°C). 

Two recrystallizations of 80 g from glacial acetic acid gave 26.2 g 
of pure complex [mp 310°C} lit. (ref. 4) mp >300°C; /\max 
464 mp (€. 71,000), 289 mp ( € 6,660)]. Each recrystallization 
decreased the yield by 50^. 

Analysis for C^Hiy^O+SaNa 

C HNS 

Caled. 42.09 4.64 6.14 21.07 

Found 41.85 4.92 6.53 20.73 

e. 3-Ethyl-5-[l-(4-sulfobutyl)-4(IH) pyrldylldene]rhodanlne 
sodium salt (F24M4) 

The acetic acid complex, F24m4*H0Ac, was heated at 2l6°c/0.5mm for 
48 hr to give F24m4 as orange crystals [mp>310°C; lit. (ref. 4) 
mp>300°C;^t0H i»64mp (6 85,300), AEt0H 233mp (£8,420), 288m^ (€ 7,570)] 
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Analysis for Cj^Hiy^CUSaNa 

C H N S 

Caled. 42.41 4.32 7.07 

6.71 

24.26 

Found 42.00 4.49 24.26 

5. References 

1. E. Hayashi. et al., Yakugaku Zasshi, 80, 1145 (i960). C.A., 5¿, 
546d (1961). 

2. No literature reference to the mp other than that of the supplier 
could be found. Eastman Organic Chemicals, List 43, Compound 
376O, p. 118, Dec. 1902. 

3. W. E. Truce and F. D. Hoerger, J. Am. Chem. Soc., 76, 5358 (195*0. 

4. J. E. Jones, U. S. Patent 2,977,229, March 28, 196I. C.A., 5¿, 
141361 (1961). 

5. Kodak, Soc. anon., Belg. Patent 588,862, April 15, i960. C.A., 5^, 
12511 (1961). 

6. - Spectra 

Spectral data are given in Figures 8-10. 
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E. .U-ETHYLQUINOLINE-2 ) ( 3-ETHYL-21 -METHYL-4.4 ' -BITHIAZOLE-2)MONO- 
ML^hine CŸAWÏME íóbiDE (íí'47M^) -1— - 

I 
1. Discussion 

F47M5 was the compound obtained from the attempted synthesis of 
[2,2'-(3,3'-diethyl) (4,4'-bithiazolyl)] [2,2'-(l,1'-dlethylquin- 
olyl)]monomethlne cyanine di-iodide, (E-l, X=H) the originally 
requested dye. Although we were not able to find (E-l, X=h) 

in the literature, we did locate (E-l X=CH3) (ref. 3). Upon 
following the general procedure of reference 3, F47M5, not (E-l, 
X»H) was obtained. By coincidence, F47M5 and (E-l, X=H) have 
almost identical calculated carbon and hydrogen percentage values. 
The structure F4/M5 cannot easily be distinquished from (E-l, X=H) 
on the basis of infrared spectroscopy, and the product is not soluble 
enough in the common n.m.r. solvents to obtain a good spectrum. 
The product was assigned the F47M5 structure on the basis of the 
N,S, and I analyses. 

2. Synthesis Procedure (Figure 11) 

a. Synthesis of 2-Phenylthloqulnollne (E-2) 

No difficulty was experienced with this reaction. The VPC analysis 
(6 ft. 10^ SE30, 70-330°C temperature program) of the purified 
product showed it to be 99-0# pure with no trace of thiophenol or 
2-chloroquinoline present. The infrared spectrum (Figure 12) shows 
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eight C=C and C=N bands characteristic of the quinoline ring system 
between l6l5 and 1419 cm-1. Mono-substituted phenyl bands occur as 
a doublet at 704 and 69O cm-1 with a singlet at 747 cm-1. The in¬ 
frared spectrum is consistent with the structure. 

b. Synthesis of l-Ethyl-2-phenylthioquinolinium iodide (E-3) 

No difficulty was encountered in this synthesis. The infrared 
spectrum (Figure 1?) shows characteristic quinoline absorptions at 
1613, 16OO, 1568 and 1509 cm-1 with a strong ring vibration at 
II39 cm-1. The three bands near 69O and the four near 76O cm-1 
indicate monosubstituted phenyl. The three bands near 820 cm-1 
correspond to the two hydrogen atoms on the quinoline heterocyclic 
ring, while the ortho-substituted phenyl absorptions of the quin- 
pline system occur around 76O cm-1. The infrared spectrum is con¬ 
sistent with the structure assigned. 

c. Synthesis of l,4-Dibromobutanedlone-2t3 (E-7) 

Although no difficulty was encountered during the synthesis of (E-7;, 
the reaction is potentially dangerous because of the nature of the 
bromine and carbon disulfide starting materials. The reaction was 
run four times on a large scale (I.9 molar in Bra) with an average yield 
of 58 per cent. This was the maximum convenient scale. 

Biacetyl, the starting material, shows a single infrared carbonyl ab¬ 
sorption at 1712 cm-1 characteristic of ¿-trans diketones. The infrared 
spectrum of the brominated reaction product (Figure 14) shows a carbonyl 
absorption at a higher frequency (1739 cm-1), which is a good indication 
that bromination has taken place. A shoulder near 1712 cm-1 may in¬ 
dicate only partial bromination. To check this, a sample of (E-7) was 
run through the VPC; it gave only one peak of any significance. The 
VPC sample peak was trapped for infrared analysis and it, too, showed the 
shoulder at 1712 cm. This, along with the correct melting point, in¬ 
dicates the shoulder does not belong to an impurity and implies complete 
bromination. A doublet at 298O and 2950 cm-1 is indicative of CH2 
stretching. The infrared spectrum is consistent with the assigned 
structure. 

d. Synthesis of 2,21-Dlmethyl-4,41-blthlazole (E-8) 

When the reaction product is quenched with water (see Experimental 
II.E.3) the resulting solution is acidic. If this cloudy solution is 
not further acidified with dilute hydrochloric acid until it becomes 
clear, low yields result. 



The synthesis of E-8 was carried out five times with an average 
yield of Ö0 per cent. One recrystallization from methanol was 
necessary, and this lowered the yield to 50 per cent. 

Because of the symmetry of E-8 , the infrared spectrum (Figure 15) 
is of little value in assigning structure. The compound does not 
show the carbonyl or -NH2 frequencies of the starting materials. 

e. Synthesis of 2,2'-Dlmethyl^^'-diethyl-4.4'-blthiazollnm 
dl-p-toluensesulfonate (E^9j- 

This synthesis required an extensive investigation of variables in 
order to obtain satisfactory yields of E-9 (see Experimental II.E.3). 

A comparison of the infrared spectrum of E-9 with the starting material, 
E-8, shows an increase in the aliphatic C-H stretching below 5000 cm-1. 
E-q shows a phenyl band at 16OO cm-i and para-substituted phenyl at 
820 cm-1. The bands near 1030 cm-1 and strong absorption at 1200 cm-1 
are attributed to S0i3>. The band at 670 cm-1 is due to 30^3 or the 

rlng 8hlfted t0 lower frequency (compared with E-8) by the 
additional charged substituents. The spectrum is consistënt with the 
structure. 

Synthesis of 2.2 
TMlde(Ë-lÔ) 

1-Dimethyl-3,31-diethyl-4,41-bithiazollum di- 

Yields of E-10 were increased by 15$ when the reaction time was ex¬ 
tended from one day to four days. Yields of ^5,47,59,59,61, and 63$ 
were obtained. The ethyl iodide was filtered to remove any mercurv 
inhibitor before use. 

The infrared spectrum of E-10 shows C-tUstretching at 3086 cm“1. The 
band at 1577 cm-1 can be assigned to N Awhile that at 1499 cm-1 
might be a conjugated double bond. The strong bands at 1269,1181, 
1059, and 962 cm-1 occur in the region where E-8 also absorbs. The 
band at 065 cm“1 could be a C-S-C frequency. The spectrum is not in¬ 
consistent with the assigned structure. 

S. Synthesis of l-Ethyl-2-iodoqulnolinlum Iodide (E-4) 

A considerable amount of difficulty was encountered with this 
relatively simple reaction. Under reflux conditions, (72°C), 
small yields of E-4 werejobtained. At 100°C in a pressure 
bottle, the yields were improved but the production of a black 
contaminant (mp 154-165°C) increased. The formation of this 
impurity was traced to small particles of mercury used as an in¬ 
hibitor in the ethyl iodide. Filtration of the ethyl iodide 
before use solved this problem. 
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_1 are charac- 
The five infrared bands 5etw!e?_i6flLo?Dtions .^Some evidence 
teristic of quinoline C-C and C-N ab P -.hoy anH 1381 cm-1, 
for-k and -CH3 is noted 1" absorptions jt^T^nd^^o 
The band at 770 cm is as®^e^. 825 cm_i ls due to the two 
K°fnrÂenSeof3Âtîogen-oontaining ring. The infrared 
soectrum is consistent with the structure. 

Vigorous mechanical stirring 
k more often 

required a 24-hour refrigeration period. 

the infrared spectrum of ^“SS^d^qlf cm-^^No^ 
3030 cm'1, with aliphatic C-H band t 2959 ^ elght 
definite assignment of the absorption: 1570-1395, 
major bands occur in the region gDectrum of E-5 has bands in each 
1420-1210, and 1140-^40 cm spectrum ol singiet at 

^25^ frfasllgnefasd^31 k spectr* is consistent with the 

structure. 

Yields of 50, 62, 71, and 86* were obtained from four reactions. 

p. n,mtheMs of l.Ft.hvl-2-meth.ylthlnlnmoHnium iodide &§! 
This reaction is very exothermic and special^autlon should be exer- 
cised if E-5 is to be used on a scale > 5 gram . 

4- mí* T? fci «îVmws seven bands between l600 and l400 The infrared spectrum of E-6 shows svstem. The C-S frequency, 
cm“1 characteristic of the 6isyt0o weak and variable to 
which is usually between 600 ' ^^ds’at 8¾ and 772 cm"1 are assigned 

fs fn Kni and iffons^t^ with the st^cture. 

Pour reactions gave yields of 87, 95, 94, and 95^- 

J. I 5vnthesis of (l-Ethylqulnollne-2) (3-6^1-21^ 
^h^'nle-TTmonomkhlne cyanine loaioe (r4fija 

-2l-methyl-4,4’- 

(l) Discussion 

An unusual amount of difficulty was encountered in this last step in 
the synthesis of P47M5- 

vr fïïîdf0^k0.tLrtrannrÂHr;»!tE^(is; 
^rPrdeddk),3Ä following reasons: 
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A phenylthio compound had been successfully used for a similar 
type of reaction during the synthesis of F24M4 (II.D). 

- The starting materials for E-3 were considerably less expensive 
than those for E-6. 

- The simple route to E-6 gave a mixture of products (ref. 5,6) 
that could not be tolerated. 

- The unequivocal synthesis of E-6 required three steps, while 
that of E-3 required two. 

The phenylthio compound, E-3, was prepared successfully, but it 
failed to undergo the final reaction to give F47M5. 

When the patent procedure was duplicated exactly (with E-6 and the 
bithiazolium ditosylate, E-9, in methanol), no insolable product was 
obtained. However, when the bithiazolium iodide, E-10 was used with 
E-6, and the solvent was changed from methanol to isopropanol, good 
yields of F47M5 were obtained. A fairly large excess of triethyla- 
mine was also found to be desirable. Owing to triethylammonium 
iodide contamination (indicated by TLC ), crude yields of F47M5 
slightly greater than 100$ were obtained. However, only one dye 
species was present. 

The failure to obtain (E-l, X=H) was probably due to one of two 
f actors : 

- 2,2'-Dimethyl-4,4'-bithiazole (E-6) may form only a mono-ethyl 
iodide adduct under the conditions specified in the patent (ref. 

- The ethiodide of F47M5 (E-ll ) may be dealkylated under the 
reaction conditions to give F47M5, which then has a nonactivated 
methyl group. 

I ~ I 

(E-ll) 

(2) Proof of Structure 

(a) Infrared Spectrum 

The spectrum of F47M5 shows bands at 1623 and I567 cm-1 that are 
probably C»C vibrations. The strong band at I527 cm-i may be th^ 
overlapping of two or more bands and might be assigned to C=N. The 
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starting matériaís^The'^nfrarecTsDect131' t0 absorPtlons In the 
but the evidence Is nofcÍnlSaíve^l^ 

ementai analysis is necessary. 

^ jLuclear Magnetic Hesonance Spectrum 

Ä:??aUonSOlUble en0"Etl tn solvents to permit a spectral 

(°) Elemental Analysis 

(sLl^SiLTn^jr65 “lth the values fon nn5 

(^) Possible Structures 

mSMX^nnft^eíLTl^VE7^ i3? COnSldered * 
ated system present in F47M5, but absent in^p15fíel0f' The conJuS- 
accounts for the deep color and hi ah other two structures, 
of the product. hlgh vislble extiction coefficient 

The sample sent for 
to the Air Force, 
pyridine. 

ThisïtpJ?»? taken fr0In the material submitted This material was recrystallized twice from 

Thin layer chromatography 
either methanol or acetone 

on neutral alumina 
elution and iodine 

produced one spot with 
development. 

Air Force Sample 

Four 3-07-gram samples (total 12.28 
Force on 20 November I963. grams) were submitted to the Air 

3. Experimental 

a- Starting Materials 

2,3-Butanedlone (Eastman I591, 
further purification. 300 g - $9.05) was used without 
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Thloacetamlde (Eastman 1719* 100 g - $8.25) [mp 111-115°C; lit. (ref. l) 
mp llO-lll”CJ was used without further purification. 

2-Chloroquinollne (Eastman 2801, 100 g - $50.45) was used without 
further purification. 

Thlophenol (Eastman 247, 500 g - $8.80) was used without further purifica- 
tion. 

Ethyl and methyl iodide were filtered before use. 

2-Iodoquinollne (Eastman, 25 g - $22.50) (mp 44-45°C; no lit. mp 
available) was_used without further purification. 

b. 2-Pheavlthloqulnollne (E-2) (ref. 2) 

To a mixture of 2-chloroquinoline (50.0 g., O.51 mole) and thlophenol 
(65.O g, 0.59 mole) was slowly added triettçrlamine (52.8 g, 0.52 mole) 
in 5 g portions over 1/2 hour. An exotherm occurred, and a yellow 
solid formed. The reaction mixture was then heated on a steam bath 
for 45 hours and then cooled in an ice bath. The solid reaction mass 
was treated with 100 ml of water, made alkaline with potassium carbonate, 
and extracted three times with Et20 (150 ml). The ether extracts 
were dried over potassium carbonate, the ether was removed under re¬ 
duced pressure, and the residual oil was distilled. The slightly yellow 
oil [bp l65-l68°C/0.8 mm] weighed 56.8 g (775¾) [lit. (ref. 2) bp 190°C/ 
1 mm]. 

c. l-Ethyl-2-phenylthloqulnollnlum iodide (E-5) (ref. 2) 

2-Phenylthioquinoline (25.7 g, 0.10 mole) and ethyl iodide (51.2 g, 
0.20 mole) were placed in a 100-ml flask equipped with a Friedrichs 
condenser and drying tube of calcium sulfate. The reaction mixture 
was heated on the steam bath for two days. The solid that had formed 
was pulverized under acetone and filtered. The dried yellow crystals 
weighed 26.7 g (68.7$) (mp 172.5-174°C). One recrystallization from 
absolute ethanol gave 21.2 g [mp l8l-l85°C; lit. (ref. 2) mp l80-l8l°C]. 

d. lt4-Dlbromobutanedione-2,5 (E-7) (ref. 5) 

A refluxing solution of butanedione-2,5 (8.6 g, 0.1 mole) in carbon 
disulfide (55 ml) was treated dropwise with stirring with a solution of 
bromine (10.6 ml, 51.0 g, 0.194 mole) in 20 ml of carbon disulfide. The 
addition was completed in 2.25 hrs. The heating was continued an 
additional 5 hr and the reaction mixture was left overnight without 
heating. Cooling in an ice bath yielded a yellow solid. It was 
filtered, washed with hexane and air-dried to yield 11.5 g (h9&) of 
light yellow crystals of l,4-dibromobutanedione-2,5 [mp 117°Cj 
lit. (ref. 4) mp 117°C]. 
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e. 2,2'-Dlmethyl-4,41-blthlazole (E-8) (ref. 3) 

l,4-Dibromobutane-2,3-dione (48.6 g, 0.20 mole) and 50.2 g (0.40 mole) 
of thloacetamide were dissolved in one liter of methanol. In a 2-liter, 
3-necked flask equipped with mechanical stirrer, Teflon paddle, reflux 
condenser, and calcium sulfate drying tube, the reaction mixture was 
stirred and refluxed for one hour and poured into two liters of dis¬ 
tilled water. The cloudy solution (some solid was present) was acidified 
with dilute hydrochloric acid, and the solution was filtered. The clear 
filtrate was neutralized to pH ~7 with 10# aqueous potassium hydroxide 
and the precipitated solid was filtered. The crude product, dried in 
a vacuum oven at 70°C/15 mm for 4 hours, weighed 37-0 g (95#) (mp 169- 
173°C). Two recrystallizations from methanol, the second recrystalliza¬ 
tion using one g of decolorizing charcoal, gave 25.6 g (65.0#) of 
white needles [mp-173-175°C; lit. (ref. 3) mp l65°C, [ref. 4) 175°C]. 

f. 2.2'-Dimethyl-3,31-diethyl-4.4'-bithlazolium di-p-toluene 

sulfonate (E-9 

A number of reactions were run to determine the conditions necessary for 
quaternization. The best conditions are detailed below) a table 
of the reactions performed in this synthesis is included. 2,21-Dimethyl- 
4,4' -bithiazole (I.96 g, 0.01 mole) and ethyl p-toluenesulfonate (4.00 g, 
0.02 mole) were placed in a 50-ml round-bottomed flask equipped with 
a calcium sulfate drying tube. The- flask was placed in an oil bath 
whose temperature was maintained at 105-115°C for 90 hr. 

The reaction mixture was cooled in an ice bath, and the dark viscous oil 
was ground under acetone (l5 ml). The oil slowly crystallized to a 
brown solid. The suspension was filtered and the solid was washed with 
benzene (5 ml) and then 15 ml of acetone and air dried. The weight of 
crude product obtained was 3.15 g (80#), (mp 195-198°C). The crude 
product could be recrystallized from abs. ethanol-acetone to give 
2.27 g of light tan solid [mp 199-200°C (no lit. mp available )]. 

The reactions tabulated below were performed in the same manner except 
for reaction conditions. 

2,2'-Dimethyl-4,4'- 
<lll>—£ithiazole___— 
gra'ma moles 

Ethyl-p-toluene- 
sulfonate 
grams moles Time, hr Temp, °C Yield, # 

3.92 0.02 8.00 
I.96 0.01 8.00 
1.06 0.01 4.00 

19.6 0.10 40.0 
19.6 0.10 40.0 
I.96 0.01 4.00 

19.6 0.10 40.0 
19.6 0.10 40.0 
19.6 0.10 40.0 
T .. — " 
Denotes only starting material 

0.02 
0.02 
0.02 
0.20 
0.20 
0.02 
0.20 
0.20 
0.20 

obtained 

24 
18 
96 
92 
40 
96 
96 

120 
120 

100 
110 
110 80 
110 
110 17 
110 58 
110 62 
110 70 
110 95 
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The crude diethyl tosylate products from the above reactions were combined 
and the whole amount (110 g) was dissolved In abs. ethanol (175 ml), 
treated with charcoal (2 g), and filtered while hot. The clear yellow 
filtrate was cooled overnight to yield 8O.3 g of white solid (mp 200- 
201.5°C). 

g_>2'-Dimethyl-^,3'-diethyl-4,4'-blthlazollum dilodlde (E-10) 

2,2'-Dimethyl-4,4'-bithiazole (II.76 g, 0.06mole) and filtered 
ethyl iodide (5O.O ml, 96.5 g, 0.62 mole) were placed in a I50 ml 
pressure bottle (the rubber gasket was protected by a finger cot) 
and this solution was heated on a steam bath for 4 days. After 
cooling to room temperature, the light yellow crystals were filtered 
and washed with 100 ml of dry ether. The product was air dried to 
give 18.0 g (59$) of pale yellow crystals [mp 177-178°C (no lit. mp 
available)]. Attempted recrystallization from ethanol caused decom¬ 
position. The crude product was found to be satisfactory for the 
final reaction. 

h. l-Ethyl-2-lodoquinollnlum iodide (E-4) 

(l) Method A (Reflux Conditions) 

2-Iodoquinoline (4.90 g, 0.02 mole) and ethyl iodide (3.44 g, 0.022 mole) 
were placed in a 50-ml round-bottomed flask equipped with a reflux 
condenser and calcium sulfate drying tube. The reaction mixture was 
refluxed on a steam bath for l6 hr. On cooling, a dark solid formed. 
To the mixture was added absolute ether (20 ml) and the suspension was 
filtered. The brownish-yellow sc lid in the funnel was washed with an 
additional 20 ml of ether and dried at 80°C/15 mm for 2 hr to give 
crude product [2.2 g (27# conversion, 89# yield : mp 200-204°C: 
lit. (ref. 7) 201-201.50C]. 

The ether was removed from the filtrate to give unreacted 2-iodoquinoline 
5.4 g. The above reaction was repeated and gave 2.8 g (35# conversion " 
71# yield) of crude product that had a mp 193-196^, and 2.5 g of 
unreacted 2-iodoquinollne. 

The crude ethiodide from the two runs were combined and recrystallized 
from methanol to give I.9 g of pure l-ethyl-2-iodoqulnolinium iodide, 
mp I99-2OI C. ’ 

. (2) Method B (Pressure Bottle) 

2-Iodoquinoline (10.00 g, 0.040 mole) and ethyl iodide (6O.O g, O.385 
mole) were placed in a pressure bottle and heated on a steam bath’ 
for 7 days. The bottle was cooled to room temperature, 50 ml of 
absolute ether was added, and the suspension was filtered. The weieht 
of crude product was 11.75 g (73#) (mp 197-199°C dec.). 6 
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i. l-Ethyl-l,2-dlhydroaulnollne-2-thlone (E-5) (ref.^) 

Potassium hydroxide (4.70 g, O.O85 mole) was dissolved in absolute 
ethanol (25 ml) in a 100-ml, ?-necked flask equipped with mechanical 
stirrer, Teflon blade, condenser, and drying tube. Hydrogen sulfide 
gas was passed into the solution for 1/2 hr. A white solid, potassium 
hydrosulfide, precipitated. After the solution was saturated with 
hydrogen sulfide gas, the gas inlet tube was removed and l-ethyl-2- 
iodoquinolinium iodide (12.27 g> O.O3I mole) was added carefully in 
3-g portions to the stirred suspension. Reaction took place immediately 
with evolution of heat. After the addition was complete, the reaction 
mixture was refluxed for 75 minutes and then cooled in an ice bath. 
The reaction mixture was poured into JOG ml of cold distilled water. 
Cooling and scratching gave a yellow solid that was filtered. The 
wet solid was recrystallized from 12 ml of absolute ethanol to give 
5.08 g (86#) of yellow solid, bip 54.5-56°C after drying at 20°C/l5 mm 
for 2 hr', lit. mp Tref. 5l 59“dO°C] . 

J. l-Ethyl-2-methylthloqulnollnlum iodide (E-6) (ref. 0 

l-Ethyl-l,2-dihydroquinoline-2-thione (2.78 g, 0.015 mole) was 
magnetically stirred in a 50-ml round-bottomed flask equipped with a 
reflux condenser. Through the condenser, methyl iodide (1.77 ml» 
4.0 g, 0.028 mole), was delivered slowly by pipette. A vigorous reaction 
set in immediately with the formation of a yellow solid. After the 
initial reaction had subsided, the mixture was heated on the steam bath 
for 1 hr. The suspension was cooled and filtered to give 4.65 g 
(94#) of product (mp 180-183°C). Recrystallization from absolute 
ethanol (30 ml/g) gave yellow needles, which were dried at 80°C/15 mm 
for 4 hours to give 3.70 g [mp l86-l87°C (dec.); lit. mp (ref. 5) l85°C 
( dec.)]. 

k. (l-Ethylqulnollne-2) (3-ethyl-2l-methyl-4)4,-bithazole-2) 
monomethine cyanine iodide ]E47M5) 

l-Ethyl-2-methylthioquinolinium iodide (O.33I g, 0.001 mole) and 2,2'- 
dimethylO^'-diethyl^^'-bithiazolium di-iodide (O.298 g, 0.5 mmole) 
were dissolved in Isopropanol (5 ml) and triethylamine (0.25 ml, O.18 g, 
1.8 mmole) added. The reaction mixture was refluxed for l6 hr on a 
steam bath. Methanethiol was evolved. Upon cooling the dark red solution 
in an ice bath, a dark red solid precipitated and was filtered. Small 
white needles were interspersed throughout the dark red powder. The 
product was dried at 80°C/15 mm for 2 hr to give 0.479 g (102#), 
(mp 228-230°C). After two recrystallizations from pyridine (2 ml/g), 
the melting point was 238-239°C (no literature mp available). 

f \ max 470 mM (¢41,300), 349 mp (^9,100), 303 mp (¢8,200). 



wt. 

Analysis for CP1 HgfclNsSg 

C H 

Caled. 49.7 4.55 

Found 5O.4 4.5 
SO.? 4.3 

N 

8.28 

8.1 

S _I_ 

12.62 25.1 

12.6 25.4 
12.5 

Ash Mol. 

0.0 507 

0.0 336* 
0.0 

^Thermoelectric method in methylene bromide . 

1. Unsuccessful Preparation of F47M5. 

(1) Reaction of l-Ethyl-2-phenylthloqulnollnlum iodide with 
¿t2*-Dlmethyl-3»3'-dlethyl-4,4T-felthlazollum-dí-p-fcoluene- 
sulfonate 

l-Ethyl-2-phenylthioquinolinium iodide (I.6 g, 0.004 mole), 2,2'- 
dimethyl-3>3'-diethyl-4,4'-bithiazolium-di-p-toluenesulfonàte (0.8 g, 
O.OOI3 mole) were added to methanol (l6 ml) containing trlethylamine 
(1 ml, O.73 g, O.OO7 mole) in a round-bottomed flask equipped with a 
reflux condenser and calcium sulfate drying tube. The mixture was 
refluxed 30 minutes, cooled in an ice bath, and filtered. A small 
amount of reddish bolid was obtained. It was washed with methanol 
(2 ml) and dried at 80°C/15 mm for 4 hr to give O.30 g (mp 251-258°C). 
An attempt to recrystallize this from pyridine gave no product. 

The above reaction was twice repeated using a 1-hr reflux period. First, 
a 2-molar excess of triethylamine per mole of di-p-tosylate and second, 
a 5-molar excess of amine was used. No product was obtained from these 
reactions. 

The reaction described initially was repeated, but refluxing was con¬ 
tinued for 72 hours. No solid could be obtained on prolonged cooling. 
The mixture was poured into 200 ml of distilled water and extracted 
with three 50-ml portions of benzene. The benzene extracts were combined 
and the solvent was removed to give a brown tar that could not be re¬ 
crystallized. Removal of water from the aqueous layer gave only tar. 

The formation of a deep red color indicated that reaction took place 
but Isolation of the product was not practical. 



(2) Reaction of l-Ethyl-2-methylthloquinollnlum Iodide with 
2.5'-Dimethy 1-3.T*-"diethyl-4,41 -glthiazollum dl-p-toluene- 
sulfonate. 

l-Ethyl-2-methylthloqulnollnium iodide (0.64 g, 0.0019 mole) and 2,2 - 
dlmethyl-3,3'-diethyl-4,4'-bithiazolium di-p-toluenesulfonate (O.bO g, 
0.001 mole) were added to methanol (8 ml) containing triethylamine 
(0.5 ml, 0.36 g, 0.004 mole) in a 100-ml round-bottomed flask, and the 
mixture was heated gently on a steam bath until methanethiol was no 
longer evolved (10 minutes). The mixture was left standing overnight 
and then cooled in an ice bath. Prolonged cooling and scratching did not 
produce a solid as reported in the patent literature (ref. 3) for a 

closely analogous compound. 

4. References 

1. D. Rosenthal and T. I. Taylor, J. Am. Chem.Soc., 1%, 2684 (1957). 
2. L. G. S. Brooker, et al., J. Am. Chem. Soc., 73, 5326 (1951). 

3. L. C. Hensley, U. S. Patent 2,579^32, Dec. 18, 1951. C.A., 46, 

2942 (1952). 

4. E. D. Svch. Ukrain. Khim. Zhur., 24, 79 (1958). 0«A., ¿2, 18377 

(1958). -- 

5. D. J. Pry and J. D. Kendall, J. Chem. Soc., 1716 (1951)• 

6. B.. Beilenson and F. M. Hamer, J. Chem. Soc., 143 (1939). 

7. H. L. Braellow and C. A. Vander Werf, J. Org. Chem._, l6¿ 1143 

(1951). 

5. Spectra 

Spectral data are given in Figures 12-21. 
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F. 2-(3-ANILIN0-2-CHL0R0PR0PENYLIDENE)INDANEDIONE (F26m6) 

1. Synthesis of Chloromalondlaldehyde dlanll hydrochloride 
. ethanolate (F-4) ¿ ^ 

Two routes to F-4 were Investigated. The first procedure involved 
the conversion of 1,2,3,3-tetrachloropropene-l (F-2) to chloro- 
malondialdehyde (F-l) with sulfuric acid (ref. l). 

? C1CH=C-CHC12 + H2SO4 40-50°C . -^ 
7 hr 

(F-2) (P-1) 

The dianll of F-l is required for reaction with indanedione to give 
(F26M6). 

The synthesis of F-l and the preparation of its dianil (ref. l) was 
chosen over the direct production of the dianil from mucochloric acid 
(ref. 2) because of the supposed commercial availability of 1,2,3>3- 
tetrachloropropene-1 and a more modern literature reference. 

The synthesis of F-l by the method of (ref. 1) produced a small 
yield of brown F-l. The infrared spectrum (Figure 22) of this 
compound is consistent with that expected of a hydrogen-oonded, con¬ 
jugated enol (F-la), 

(P-i) (P-la) 
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with bonded 0-H absorptions between 3200 and 2500 cm-1. The carbonvl 
Slr^enKy ÍS lowered £0 1575 cm-1 by conjugated chelation. The Y 
strong bands near II78 cm-1 are due to C-0 and 0-H deformations. 

ïaS pî;ePared successfully from P-2, the method was 

?hTpd^^ï:rdre^ôL"rerLaïLi^a^%?rerclally and because of 

SÕocÂedacÍ“(í4)1lÂS“e<i BUC0es3fu1^ ^ the of 

H Cl 

0*C-C=¿-COOH 
Cl 

+ 2 
Cl 

EtOH, . I © 
A > ^N*CH-C=CHNHg/Ö* EtOH 

Cl© 
+ COi 

(F-3) (F-4) 

reaction^rîxotS^^ïh outf anddng Problems, but since the 
reaction is exothermic with carbon dioxide evolution, some care mnai- 

Sf,aUrlng the aMltlon of anlllno. It was als^noted 
or F-i ïeîe ío? ãÕSi??íffd lf îae flltrates f™ tho first crop ui r were not acidified to provide more product. 

sPectrum of F-2* shows it to be that of an alcohólate 
with 0-H stratohlng at 3400 cm-1. The© IsIss^neS Se Ä' 

Se^crthan2n?maï k/râMÏndfïy^î^saîtTîhe tandfat 

h^ÂÍ/íalX^rrtS Xa?do^^UeLhye brÎSd 
spectrum Is consistent with the assigned structure. 

I A Bellsteln flame test confirmed the presence of halogen ln F-4. 

, JÍeÍdnf&Âp^^rWlth average °rUde and P“ra 

51. 



2. r " is of 2-(3-Anillno-2-chloropropenylldene)lndanecHone 

a. Discussion 

The product of the patent reference (ref. 3) is claimed to be a 
photographic sensitizer. The patent structural assignment is 
somewhat tentativeî "The dyestuff obtained is probably that of 
Example 5." (ref. 3). 

(Example 5) 

The product we obtained after numerous exact duplications of the 
patent conditions did not have the di-substituted structure of 
Example 5# but rather the monosubstituted structure of F26M6. 
From the molar ratios of reactants used in the patent, one would 
expect to obtain a mono- rather than a di-substituted compound, 
and this was confirmed by the infrared spectral and elemental 
analyses of our reaction product. 

We believe that the patent authors were misled into thinking their 
product was a sodium salt by the following observation. F2oM6 
leaves a residue upon combustion. This was observed on every 
occasion we attempted combustion. When the infrared spectral in¬ 
terpretation ruled out Example 5 as the structure, it was then 
suspected that the product was F26M6 contaminated with sodium 
chloride from the reaction. Extractions intended to remove an 
inorganic salt from F26M6 and vice versa still gave an ash-producing 
material. Much of the purification difficulty arose from the 
insolubility of F26M6 in most organic solvents. Recrystallization 
from acetonitrile finally gave an analytically pure product that 
we also found to give a combustion residue. However, under the 
combustion conditions utilized for elemental analysis, the analysis, 
correct for the monosubstituted product F26M6, showed 0.(# residue. 

Early in this work, we utilized the molar ratios of reactants that 
we felt would have the best chance for the production of 
"Example 5", i.e., 2:1:2:: indanedione:F-4:sodium hydroxide. A 
blue color, characteristic of the anion of indanedione resulted, but 
no characterizable product was obtained. 
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b. Proof of Structure 

(l) Infrared Spectrum 

The fairly strong band at 3185 cm-1 is most probably N-H stretching. 
The N-H deformation may be combined with the phenyl band at 1506 cm-1 
where the absorption is too strong and broad for phenyl group 
alone. Two carbonyl absorptions are found at 1700 and 1S58 cm-1 
with C-0 stretching at 1300 cm“1. These frequencies are charac¬ 
teristic of cyclic anhydride type structures. The carbonyl 
absorptions are at lower frequencies than those in the starting 
material, indanedione, which is evidence for greater conjugation 
in F26m6. The absorption at 1595 cm-1 is probably phenyl and 
conjugated double bonds. The four adjacent hydrogen atoms on 
the indanedione ring are responsible for the 770 cm“1 absorption, 
while monosubstituted phenyl absorptions, present in the structure 
of F26m6, but not in'"Example 5'\ are seen at 685 and 735 cm-1. No 
ON absorption is present in the product, which favors the assigned 
structure over that of F-5, a tautomeric form of F26M6. 

(2) Elemental Analysis 

The elemental analysis agrees with the values calculated for F26M6 
(see Experimental II.F.JJ but not for"Example 5" which contains 
sodium and does not contain nitrogen. The structure of the reac¬ 
tion product is that assigned to F26M6. 

c. Purity 

The sample submitted for elemental analysis had been twice re- 
crystallized and was taken directly from the sample submitted to 
the Air Force. 

Thin-layer chromatography on alumina showed only one spot after 
methanol or acetone elution and iodine development. 
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d. Air Force Sample 

Four 3.85-gram samples (total 15.52 grams) were submitted to the Air 
Force on 27 September 1963. 

3. Experimental 

a. Starting Materials 

Mucochlorlc acid (Eastman, 500 g - $11.05; [mp 125-1260C; lit. 
Iref. 4) mp 127^] was used without further purification. 

Indanedlone (Eastman, 100 g - $27-30) was recrystallized from pet. 
ether (qo-120°C) using a Soxhlet apparatus [mp 131.5-133°C; lit. 
(ref.5 ) mp 132-1330C]. 

Aniline (Eastman, 1 kg - $2.35) was distilled under nitrogen at 
reduced pressure through a 10-in. Vigreux column equipped with 
a straight head [bp 66^0/8.5 mm]. 

Inorganic Reagents were J. T. Baker and Son reagent grade and 
were used without further purification. 

1j2,3j3-Tetrachloropropene-l (K and K, 10 g - $3.00) was used with- 
out further purification. 

b. Chloromalondlaldehyde (F-l) (ref, l) 

l|2,3»3-Tetrachloropropene (35.4 g, 0.20 mole) was added to 120 ml 
of concentrated sulfuric acid (d * 1.84 g/ml) and the mixture was 
stirred at 40-50°C for seven hours. The mixture was poured onto 
160 ml of ice water and left standing in a refrigerator for three days. 
The mixture was filtered to give 9-90 g of dark brown solid. The mother 
liquor was continuously extracted with ether (150 ml) for eight hours. 
Removal of ether layer and evaporation of ether gave an additional 
1.1 g of brown solid, 

An attempt to recrystallize the product from benzene with a little 
acetone gave a wet brown solid. It was redlssolved in benzene and 
water was removed by distillation with benzene using a Dean-Stark 
trap. After all the water was removed, the resultant benzene solution 
of dialdehyde was cooled to give 2.1 g of a light brown solid [mp 151- 
152 C; lit. (ref. l) mp 145-146°C]. Evaporation of the mother liquor 
gave only a brown tar. 
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c. Chloromalondlaldehyde dlanll hydrochloride ethanolate (F-4) 

Mucochloric acid (16.9 g, 0.10 mole) was dissolved in absolute 
ethanol (80 ml) in a 3-necked, round-bottomed flask equipped with 
a mechanical stirrer, reflux condenser, and calcium sulfate drying 
tube. A solution of aniline (I8.7 g, 0.20 mole) in absolute 
ethanol (80 ml) was added slowly over a 30 min. period. C02 was 
rapidly evolved and the mixture became warm enough to reflux. 
When COg evolution, checked by a bubble trap, had slowed, the 
reaction mixture was heated on a steam bath. When C02 evolution 
had ceased (ca. 0.5 hr), the solution was cooled in an ice bath, 
and a yellow solid precipitated. This was removed by suction fil¬ 
tration and to the filtrate was added a mixture of distilled water 
(100 ml) and cone, hydrochloric acid (10 ml). More yellow solid 
precipitated. This was filtered, combined with the original solid, 
and washed with cold water (450 ml). 

The crude product was recrystallized from absolute ethanol (7 ml/g) 
and dried at 90 C/15 mm for 3 hr to give 25.22 g (75^) of yellow 
powder tmp 229-230°C dec.; lit. (ref. 2) mp 228*0 dec.]). 

d 

Indanedione (2.5 g> O.OI7 mole), chloromalondlaldehyde dianil, hydro- 
chloride ethanolate (12.00 g, 0.O35 mole), and sodium hydroxide 
(0.68 g, O.OI7 mole) were dissolved in methanol (25O ml). The mix¬ 
ture was left standing with occasional shaking for three days. 
At that time a large amount of red solid had formed. It was fil¬ 
tered, washed with two 100-ml portions of absolute ether, and dried 
at 80 C/15 mm for 2 hr to give 5.13 g (100^) (mp 205-209*0 dec.). 
Attempts to recrystallize this solid from the usual solvents failed. 
It was recrystallized from acetonitrile (lOO ml/g) using a Soxhlet 
apparatus. The acetonitrile had to be changed after about 8 hr 
or else the reddish product had a dark coating. Two recrystalli¬ 
zations in this manner afforded a pure product [mp 207°C dec.; 
no lit.rrp; A^3°H 497 mu (c 45,500) and 246 mu (629,400)]. 

Analysis for CiaHiaClNOa 

c H N Cl 

Found 

Calc'd. 69.79 3.9I 

69.7 3.9 

4.52 11.45 

4.3 11.6 
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e• Unsuccessful Attempts to Prepare l-Oxy-3-oxyhydrlndyl- 
2-ß-chloromethine indanedlone sodium salt (Example 5) 

Indanedione (2.92 g, 0,02 mole), chloromalondialdehyde dlanil 
hydrochloride ethanolate (5*39 g> 0.01 mole), and sodium hydroxide 
(0.88 g, 0.022 mole) were dissolved in methanol (250 ml) and 
left standing 3 days. A very dark brown solid, 2.82 g, was ob¬ 
tained on filtration. This solid gave the deep blue color 
characteristic of the anion of indanedione when dissolved in 
methanol. Thin layer chromatographic analysis showed the presence 
of only a very little colored material of any type. 

The reaction outlined above was repeated except the mixture was 
refluxed on a steam bath overnight. When the mixture was cooled, 
no solid was formed. Thin layer chromatography again confirmed 
the presence of the indanedione anion and the absence of any dye. 

4. References 

1. J. W, Conforth, et al., J. Chem. Soc,, 1949, 1549« 

2. W. Dieckmann and L. Platz, Ber., 37, 4638 (1904), 

3. J. Jennen and 0. H. Vandenbroele, U. S. Patent 2,644,754, July 7, 
1953. C.A.. 48, 6? (1954). 

4. "Dictionary of Organic Compounds", I. Heilbron and H. M. 
Bunbury, Eds., Vol. 4, Oxford, N. Y., 1953. 

5. S. J. Huang, et al., J. Am. Chem. Soc., 84, 2819 (1962). 

5. Spectra 

Spectral data are given in Figures 22-24. 
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[ 2J2'-(313'-DIETHYL)(4fJ+'-BITHIAZ0LYL)][5.5'-(3,3,-DIALLYL- 
RMSANInË) J filMËTHINË ^YAÑIlá WüM?) -- 

S-ja CH-C» 

¿HgCH« 'CHg 
¿«H, CaHs oAu^-S 

I-S 

¿HgCH-CHa 

1. Synthesis of 5-Anlllnomethylene-3-allylrhodanlne (Q-l) 

a+ «ô-N-c^n s » aCH-NH0 
nNH)Ö 120 °C sAnA0 

ÔHgCH-CHa CHaCH-CHa 

(0-1) 

The procedure used was similar to that used to prepare the 3-ethyl 
derivative (ref. 4). 

The major problem in this synthesis was complete removal of the 
kerosene. It was difficult to wash this completely away from Q-l 
without losing product. Prolonged drying at reduced pressure and 
8o°C will remove it, but the high-boiling liquid contaminates the 
drying oven. Yields of 33, 36, and 8056 were obtained. N-Allyl- 
rhodanine is easily detected in small quantities, as the compound 
has a strong garlic odor. 

The infrared spectrum of G-l (Figure 25) shows the N-H stretch as a 
single band at 3225 cm-1, which is correct for a secondary amine. 
Phenyl bands are seen at 1587 and 1497 cm“1 as well as at 680 and 
750 cm-1 (mono-substitution). The strong carbonyl absorption at 
1733 cm“1, present in the starting material N-allylrhodanine is gone 
and probably lowered to 1626 cm“1 by amine conjugation. Bands at 
1689 and 1661 cm“1 may be associated with double bond vibrations. 
The infrared spectrum is consistent with the assigned structure. 

2. Synthesis of 5-Acetanilidomethylene-3-allylrhodanine (Q-2) 
0 

s—..cH-mtf ac,0) f-rCH</ 

EtsN s'NT'T) 
CHaCH-CHa 

(Q-l) 

CHaCH-CHa 

(Q-2) 
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tive (ref. 4). 

with the structure assigned. 

The synthesis and properties of E-10 are described in Section II .E 

of this report. 

2 

¿H2CH=CH2 

(a-2) (E-10) 

a. Discussion 

This final reaction proceeds without difficulty if a large excess 
of triethylamine is used. This is not apparent from the patent 
reference (ref. 3). When impure F48M7 was first obtained, it 
deceptively appeared to be pure, melting sharply over a 1 C range 
near l60°C. This compound has no literature melting point value. 
The criterion of purity is the absence of the 1706 cm-1 infrared 
absorption band characteristic of unreacted G-2. F48M7 was re- 
crystallized with difficulty because of its insolubility. Re_ 
crystallization from isopropanol gave pure material, but over 100 
ml of isopropanol per gram of F48M7 were required. However, it was 
found that analytically-pure material could be obtained by con¬ 
tinuously extracting f48M7 with isopropanol in a Soxhlet apparatus. 

Yields of 73 and 75# of pure material were obtained. 

b. Proof of Structure 

(l) Discussion 

Because of the previously encountered difficulty in the disubstitution 
of E-10 (see Section II.E), 0-3 had to be considered with F48M7 as a 
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possible structure for the product of the reaction 

h3 

(a-3) 

(2) Infrared Spectrum 

Aliphatic and olefinic C-H absorptions are seen in the 3000 cm-1 
region. The I706 cm-i amide carbonyl band of Q-2 is gone and con¬ 
jugated carbonyl is present at 1653 0m-1. The mono-phenyl substi¬ 
tution bands of Q-2 are also gone. Absorptions at 1595 and 152O cm"1 
may be due to conjugated double bonds. The infrared spectrum is 
consistent with the assigned structure. It does not, however, dis¬ 
tinguish between structures F48M7 and G-3. 

(5) Nuclear Magnetic Resonance (nmr) Spectrum 

Since the dye was soluble in deuterochloroform only to the extent 
of 3.8 wt-$, a spectrum with a low signal-to-noise ratio was ob¬ 
tained . 

NMR SPECTRAL DATA 

Chemical Shifts 
(ppm from tetra- 
methylsilane) Assignments (most probable) 

7.60 singlet 
7.45 singlet 
7.3O singlet 
6.52 broad 
5.42 broad 
5.18 broad 
4.8O broad 
2.79 singlet 
I.37 triplet 
(JHH = 7.2 cps) 

ring CH (unsat.) or =CH-CH= 
ring CH (unsat.) or *=CH-CH= 
ring CH (unsat.) or =CH-CH= 
CHs-fcH^CHg 
CH^Ha) 
N-fcHaVC 
^CH^-CHa 
ring CH3 
CHglpHa^ 

An absorption that might be due to a thiazole-methyl group was noted 
at 2.79 ppm. While this result suggests structure G-3, a conclusive 
assignment cannot be made on the basis of spectral data. 

(4) Elemental Analysis 

The calculated elemental values for F48M7 and G-3 are quite similar 
for all elements. The largest differences are in the nitrogen and 
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oxygen values (1.25 and respectively). When the product dye 
was analyzed for all elements present (including a direct oxygen 
analysis), the following results were obtained: 

Analysis, %_ 
Element ¿alcd. Caled. GÕ I^ound 

C 
H 
N 
0 
S 

50.45 50.2 50.06 
4.23 4.2 4.48 
9.O5 10.3 9.26 
5.17 3.9 5.23 

51.09 31.4 31.18 

The values found are in very close agreement with F48M7. The 
structure of the product dye is tentatively assigned as F48M7 on the 
basis of the elemental analytical data. 

c. Purity 

The sample submitted for elemental analysis was recrystallized twice 
and was taken directly from the sample submitted to the Air Force. 

Thin layer chromatography on Silica Gel-G showed one spot with 
methanol, acetone, or chloroform elution and iodine development. 
Iodine reacts with F48M7. 

d. Air Force Sample 

Four 6.0-gram samples (total 24.0 grams) in nitrogen-filled bottles 
were submitted to the Air Force on 23 August 1963. 

5. Experimental 

a. Starting Materials 

N-Allylrhodanlne (K and K, 10 g - $5.50) was obtained as waxy solid, 
ïts infrared spectrum was consistent with its structure. The can- 
pound was used without further purification. 

NtN'-Dlphenylformamldlne (K and K. 100 g - $7*50) was recrystallized 
from absolute ethanol (1 g/5 ml) [mp 137-159°C; lit. (ref. l) mp 
137°C]. 

Kerosene (Esso) highest purity without additives was obtained as 
a gallon sample from the Esso Refinery, Everett, Mass. 

Ethyl Iodide (MC and B, 1 lb - $11.65) was filtered to remove the 
mercury inhibitor before use. 

Miscellaneous Acetic anhydride, triethylamine and isopropanol 
were reagent grade and were used without further purification. 



b. 5-Anlllnomethylene-Vallylrhodanlne (Q-l) 

K-AllylrhodaHiHe (27.5 g> 0.159 mole) and NjN'-diphenylformamldine 
U1.2 0.159 mole) were mechanically stirred ln 800 ml of kerosene 
at 120 C for 1 hr. The light red solution was cooled to room tem¬ 
perature and then chilled to 0°C. The resulting yellow-orange 
solid was filtered, thoroughly ground with 150 ml of methanol, 
reflltered, and dried at 80°C/15 mm for 12 hr to remove any residual 
ker?Ün?¿.oTíe yellow vedles [24.7 g (5#), mp l6o°C, lit. (ref. 2), 
mp lol-162 CJ were used without further purification. When less 
pure products were obtained, one recrystallization from glacial acetic 
acid [5 ml/g) raised the mp to the literature value with a 3056 
material loss. 

c. 5-Acetanllldomethylene-3-allylrhodanlne (q-2) 

5-Anilinomethylene-3-allylrhodanine (38.3 g, 0.14 mole), triethyl- 
amine (21.0 g, 0.21 mole), and acetic anhydride (400 ml) were 
refluxed for 1 hr (calcium sulfate drying tube). The dark solution 
was chilled to 0°C with scratching. The resulting yellow precipitate 
was filtered, washed with two 100-ml portions of absolute ethanol, 
and dried at 650C/15 mm for 2 hr to give 34.0 g (7656) of yellow 
crystals [mp l68-l69.5°C (no lit. mp available)]. This compound 
was used without further purification. 

d- [ .2*2'-(3.3 '-Diethyl)(4,41 -blthiazolyl )115.5^(3.31 -diallvl- 
rhõdanlne)JdTmethlne cváñíne (f48m71 - 

To a mixture of 35*49 g (0.112 mole) of 5“acetanilidomethylene-3- 
allylrhodanine and 28.75 g (O.O56 mole) of 2,2'-dimethyl-3,3'- 
diethyl-4,4'-bithiazolium diiodide in 1 liter of Isopropanol was 
added 34.00 g (0.336 mole) of triethylamine. The solution was re¬ 
fluxed for 3 hr, cooled to 0°C, and filtered. The resulting purple 
solid was digested with 500 ml of isopropanol at room temperature for 
30 min, chilled to 0°C, filtered, and dried at 65°c/l5mm for 2.5 hr 
to give 37*9 g of purple solid (mp 194-205°C) that contained some 
starting material as an impurity as indicated by a 17O6 cm"1 infrared 
carbonyl absorption. Soxhlet extraction with isopropanol (lOO ml/g) 
gave 26.9 g of purple needles (mp 2l8-220°c). A repeat Soxhlet 
extraction gave the analytical sample, 25*27 g (7356) [mp 219-220.5°C; 
no lit. mp available; 534mu (e 150,300) and 296041 (€ 12,300); 
lit. (ref. 3 ), Amax 545 ^4. 

Analysis for CaaHaeN^Sa 

C H 
4.32 
4.48 

N 

9*05 
9*26 

S 

31.09 
31*18 

0 

5*17 
5*23 

Calc'd 
Pound 

50.45 
50.06 
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7. Spectra 

Spectral data are given in Figures 25-27. 

nnt ifrír.V vlslble absorption value (no solvent given) could 
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Hi 4-[ (3-ETHYL-2(3)-BENZOTHIAZOLIDENE)ISOPROPYLIDENEl-3-METHYL-1- 
(p-SULFOPHENYL)-5-PYRAZOLONE (FTHmoT 

1. Synthesis of 2-Methyl-3-ethylbenzothlazolium-p-toluenesulfonate (H-l) 

+ EtOSOz 

Crude H-l always resulted as a dark purple or red-brown solid, even 
when freshly distilled starting materials were used. Although the 
compound is supposedly recrystallizable from methanol-acetone (ref. 2), 
the use of this solvent for the purification of H-l resulted in losses 
of up to 80$. Yields of 62, 72, and 85# were realized from this reaction. 

The infrared spectrum of H-l shows the expected Soi^ vibrations at 
1216 and II90 cm-1, IO31 and 1010 cm-1, and at 677 cm-1. Para- and ortho- 
substituted phenyl absorptions are seen at 817 and 784 cm-1, respectively. 
The spectrum is consistent with the structure. When H-l was run through 
a vapor phase chromatographic (VPC) instrument (temperature programed), 
it was thermally decomposed to give two products that had the retention 
times and infrared spectra of the starting materials. 

2. Synthesis of 2-Acetylmethylene-3-ethylbenzothlazollne (H-2) 
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The purification of crude H-2 is better carried out with hexane 
than pentane. 

VPC of a H-2 sample showed it to have a single component. 

The infrared spectrum of H-2 shows a strong band at I6l0 cm-1 in 
KBr or at 1623 cm-1 in carbon tetrachloride solution. This could be 
the carbonyl absorption, but it is at a lower frequency than that 
usualiy associated with a conjugated carbonyl group [I685-1665 cm-1 

irnu 1 u 8 absorption could also be a C=N absorption or combination 
of, =N pius phenyl vibrations. The strong band at II85 cm-1 is supporting 

?iifinenCeif0r a carb0?y} Sroup. The very strong absorptions at 1493 and 
1!? ma!?y benzothia2ole compounds. The spectrum is not 

inconsistent with the structure. 

H-2 was obtained in yields of 63, 63, 65, and 67#. 

Synthesis of 2-Thloacetylmethylene-3-ethylbenzothlazoline (H-^) 

L 
(H-2) 

+ P2S5 + 

CH: 0 * C^c<, 
(H-3) 

Some difficulty was experienced with gum formation upon pouring the 
reaction product into detergent solution during the work-up of H-3 it 

Jlow,addltlon of the product to a well-stirred aqueous 
detergent solution improved the results. Heptane was found to be superior 
to hexane for the extractive purification of crude H-3. 

H-3 decomposed on attempted VPC analysis. 

The infrared absorption band at 1610 cm“1, tentatively assigned to car¬ 
bonyl in H-2, has disappeared in H-3, lending support to the carbonyl 
assignment. The band at 1502 cm-1 is a benzothiazole absorption. The 

?5MCir50?Xij.ab80fpilo5 18 qulte varlable hut may be present in the 
1292 and 1274 cm*1 bands. No concrete Justification for the structure 
proposed can be made on the basis of the spectrum. 

H-3 yields of 4l, 44, 47, and 49* were obtained. 
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^rro^te'i1g:gîtahLlmî^iSrrff^înYl) benzothlazollmn-p-toluene- 

Et 

(H-3) 

CH; 

CH3I X 
X 

t X' 

OTs© (H-4) 
3© (H-5) 

H-4 was synthesized and Isolated with the expectation of usina it as an 
rT»7Íáiite ln the flnal taction step to prepare P18M9 U was îater 
f?“? ï'"0« not to isolate H-t before comiletlng the 
final reaction. No literature melting point is available for h U hut 
0îfK18 Sp?rïed for the oorrespondlng Iodide (H-sI! The reaction of« t 
mp 23¾¾ Sech Wa8 Very raPld t0 glve H'5 I"» 256°c ¿ec; lit. (íef.33) 

7¾ ®?fCtrum 0f,Iî"4 shows ortho- and para-substltuted phenyl at 
cm-i, respectively. The Absorptions at 1292 and 1274 cm-i 

tentatively assigned to thlocarbonyl in H-5, are no longer present ' 
nn6KI!"^8tf^tnral asslgnment. The band at ?621Pcm-i may be 
combined with C=C . The broad absorption at 2700-I700 cm-i 

suggests free acid present. A check of the me thy 1-p-toluene su If oLtP 
the^structure? aCid contaminant* The spectrum is not inconsistent with 

H'5Í alS0 shows the absence of the H-5 thlocarbonyl band anri 
although there is not much similarity between the spectra of h-4 and 

SPSCîrUm 0f H"5 18 not Consistent with the sSuctuïe 
assigned. H-5 gave a positive Beilstein (halogen) test. 

5. .Synthe8lB_pf l-p-Sulfophenvl-5-methyl-5-pyrazolone (H-6) 
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The preparation of H-6 was carried out according to two different 
procedures (ref. 5,6). Both gave the same product. 

Two different procedures were used because the product obtained with 
the first method had the proper melting characteristics but an unusual 
infrared spectrum. Purification of H-6 introduced another puzzle 
into this particular synthesis. H-6 was nicely recrystallized from 
hot water, but the resulting compound, H-6a, had a different infrared 
spectrum than H-6. A comparison of the spectrum of H-6a with that of 
H-6 shows that a H-6 component has been removed or altered with the 
removal of absorptions at 5100, 1410, 1180, and 800 cm-1. These 
absorptions are characteristic of a bonded 0-H group. Neither H-6 nor 
H-6a contains a recognizable carbonyl absorption. The nearest possible 
band, at l6l0 cm-1, is too low to be a normal pyrazolone carbonyl and is 
probably a phenyl band. The absorptJ.on at 1550 cm-1 could be either an 
N-H deformation or a C=N band. S03ü is seen at 1150 and 65O cm-1 with 
para-substituted phenyl at 855 cm-1. No starting material is present 
in either sample. The infrared spectrum is inconsistent with the 
structure, but because H-6 does form a condensation product with H-4, 
we assume that H-6 is the compound used by the patent authors 
(ref. 4) to prepare FI8M9. 

The procedures of (ref. 5) and (ref. 6) gave 77 and 85# yields of H-6, 
respectively. 

Et3N 

EtOH 

(FI8M9) 

a. Discussion 

The isolation of the methylated thioketone H-4 or H-5, was not necessary 
for the preparation of FI8M9, although the final product was prepared 
in both ways. FI8M9 was also prepared from crude thioketone, H-5, 
the method stated in the patent reference (ref. 4). This product was much 
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more impure than that prepared from purified H-3, so the time con¬ 
suming, but necessary purification of the thioketone starting mater¬ 
ial was therefore carried out. 

Some trouble was encountered during the filtration of FI8M9 because 
the solid, on occasion, would go through the filter paper. Cold 
solutions appeared to filter best. It was found that the presence of 
excess triethylamine hydrochloride in the solution greatly facilitated 
the filtration. 

Anhydrous FI8M9 was found to react rapidly with atmospheric moisture 
to form a dihydrate. This was confirmed through elemental analysis 
and infrared spectral data. The water was easily removed by drying 
at 100°C/0.1 mm for four hours. 

Recrystallizations of FI8M9 by the patent method produced a product 
with variable decomposition points in the 325-335°C temperature range. 
This does not appear to be a function of the rate of heating. 

b. Proof of Structure 

(l) Infrared Spectrum 

The water absorption band in the dihydrate of FI8M9 is found at 
3^50 cm“1. The broad absorption between JOCO and 2500 cm-1 may be 
the bonded 0-H of the sulfonic acid group. The five strong bands 
between 1250 and 1000 cm-1 might also be assigned to S03‘, as 
similar bands are found in p-toluenesulfonic acid. The lo45 cm-1 
absorption could be due to a conjugated carbonyl group. It is not 
possible to definitely assign the bands from 1600-1400 cm*1, but 
these may be due to C=C and C=N absorptions. Each aromatic ring is 
capable of causing four absorptions in this region. The bands at 
840 and 760 cm-1 could be due to para and ortho phenyl substitution. 
The infrared spectrum is not inconsistent with the structure pro¬ 
posed. 

(2) Elemental Analysis 

The elemental analyses agree with the values calculated for FI8M9 and 
FI8M9.2H2O (see Experimental II.H.7). The structure of FI8M9 is 
that assigned. 

c. Purity 

The samples submitted for elemental analysis were reprecipitated twice 
from the triethylamine salt and were taken directly from the sample 
submitted to the Air Force. 

F18M9 was insoluble in all common thin-layer chromatographic solvents. 
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d. Air Force Sample 

Four 4.8-gram samples (total 19.2 grams) in nitrogen-filled bottles 
were submitted to the Air Force on 30 October 1963. 

7• Experimental 

a. Starting Materials 

i5$è% z]aiMueä before 

f»W»teífer“Íb?'b¿ dl8tlUed before U8e 

f§P^r€ifÖr(ref.aid)Bbp551-|2:c]?'80) dlStlU8d b8f0re 

fuHher^purí^lcatlon?08^8 (”C and B’ 50° g ^13^01 WaS useil wlthout 

purification?^6 <MC and B’ 1 ^ ' $10-10) used without further 

aifdrwK6pn??ifL°?tion?,d (Eastraan' 500 g • ti7-35) "as uaaii 

TÏÏR^rj’iïcItlfn?86 ÍJ' T’ 1 lb' ' $3'15) ”as “ae<i "“hout 

purification trleth»rla'nlne "ei'e reaeent grade and were uaed without 

Hydrogen chloride In methanol 

âTSr7pe?lo°df oJ'ef™ Í?Su?odÍS8°1Ved ln 50° °f cold ”etha"01 «er 

b‘ ^-■^ethy1~3-ethylben2othla2ollum-p-toluenesulfonate (H-l)(ref. 2) 

a-Methylbeniothi^oie (53-7 g, O.36 mole) and ethyl-p-toluenesulfonate 
(72.0 g, 0.36 mole) were heated in a pressure bottle with a Tefinn traoiroi 
ïïth ?í8aTníatí for,}57 hr- The resulting red-bröf? «lîd wla «?rf“ef 
with two 100-ml portions of acetone to give IO6.3 g (85¾) of vrav white 
crystals [mp l60-l63.5°Ci lit. (ref. 2) mp 163.5:1^4.5¾. gray-whlte 



o. 2-Acetylmethylene-3-ethylbenzothlazoline (H-2)(ref. 3) 

2-Methyl-3-ethylbenzothiazolium-p-toluenesulfonate (68.7 g, O.I97 mole) 
was added to 155 ml (152 g, 1.97 mole) of pyridine and the mechanically 
stirred solution was cooled to 0°C. Acetyl chloride (23.2 g, O.296 mole) 
was added dropwise to the cold solution over a IO-15 min. period. After 
the addition was complete, the dark brown solution was stirred for 30 
min. at 0°C, warmed to room temperature, and heated on a steam bath for 
1 hr. About 75# of the pyridine was then removed at 100°C/15 mm, and the 
dark brown oil was added to 500 mj. of water with stirring. The resulting 
solid was filtered, and dried at 70°C/15 mm to give 31.8 g of purple 
crystals (mp 96-103°C). This material was continuously extracted in 
a Soxhlet apparatus with 400 ml of hexane for 15 hr. The hexane was 
cooled in an ice bath and the yellow needles were filtered to yield 
27.1 g (63#) [mp 111-114°C; lit. (ref. 3) mp lll-113°cj. TLC showed 
this compound to be pure. 

2-Thioacetylmethylene-3-ethylbenzothiazoline (H-3) (ref. 3) 

To a mechanically stirred solution of 57-0 g (0.26 mole) of 2-acetyl- 
methylene-3-ethylbenzothiazoline in 140 ml of dry pyridine was slowly 
added 29.4 g (0.I3 mole) of phosphorus pentasulfide in small portions. 
The solution was refluxed for 15 min., cooled to room temperature, 
and slowly poured into a stirred solution of 1.0 g of detergent (Alconox) 
in 3 liters of water (HOOD). The black suspension was stirred for 
1 hr., filtered, thoroughly washed with three 1-liter portions of water, 
and dried at 80 C/15 mm to give 57-3 g of black solid (mp 128-130°C). 
The black solid was extracted with three 1-liter portions of heptane 
(24 hr per extraction) in a Soxhlet apparatus. A large amount of black 
residue was left behind. The heptane solution was chilled in an ice 
bath and the resulting solid was filtered and dried to give 3 crops of 
brown needles (18.9 g, 4.9 g, 1.0 g), total 24.8 g (41#) [mp 137-145°Cí 
lit. (ref. 3) mp 142-144 dec.]. It was difficult to determine whether 
decomposition occurred on melting. 

e> 3-Ethyl-2-(2-methylmercaptopropenyl)-benzothla2011um-p-toluene- 
sulfonate fH-41 (ref, j) f ■■■« r- 

3-Ethyl-2-thioacetylmethylenebenzothiazoline (0.88 g, 3.7 mmole) and 
methyl-p-toluenesulfonate (1.42 g, J.6 mmole) were heated in a pressure 
bottle on a steam bath for 89 hr. The resulting solid was filtered 
from the dark red liquid and washed with two 25-ml portions of ether and 
two 25-ml portions of acetone to give 0.64 g (43#) of pink crystals, 
(mp soften 95 C, 212-225°C, no lit. mp available). 
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f. i-p-Sulfophenyl-3-methyl-^-pyrazolone (H-6)(H-6a)(ref. 6| 

The 

1 tion was transferred to a 250-ml, 3-necked, round-bottomed flask 
equipped with a mechanical stirrer, reflux condenser and a thermometer. 

£ Hsí ^ïïs8^ äs:: to 
üie ?3 Ó ^ (8¾) of tan solid (H-6); [mp 315-316° dec. (no lit. mp 
availabie)f. Recrystallization of 1.0 g of H-6 from 20 ml of water with 

activated charcoal gave 0.8 g of white needles, H-6a (mp 327-327-5 

dec). 

ë' 
ii-f ( ^F.thvl-2(3)-benzothlazolldene)i30propylldeneJ 
l-lp-sulfophenyl)-5-pyrazQlone (Fl¿H9j{ref. 3X 

-3-methyl- 

p Thloacetvlmethylene-3-ethylbenzothiazoline (21.7 g> 0.092 mole) and 
?7 p 2?0 0% mole) of methyl-p-toluenesulfonate were heated on a steam 

bath for^r The resulting hard, dark maroon solid was broken up as 
finelv as possible, and 250 ml of absolute ethanol was added. T° th1® 
^«niXsion was add4d 23.4 g (O.092 mole of l-p-sulfophenyl-3-methyl-5- 
nvr*fl»nlone aXd 22 3 k (0.22 mole) of triethylamine. This solution was 
heated at reflux forg2.5 hr. Methyl mercaptan evolution had stopped 
(bubble trip indicator) after 2.25 hr. The dark solution was transferred 
to a 1-liter erlenmeyer flask and cooled in an ice bath with magnetic 
stirring. 6A solTion of HC1 in methanol (100 ml of a 0.14 g/ml solution, 
0 38 mole) was dropped in over a 10-min. period. The resulting brick 
red solid was filtered, washed with five 50-ml portions of methanol, 
and dried at bO‘C/15 - to give 50.6 g (75«, Up 525-506” dec; 
lit (ref. 4) mp > 315 0]. A second crop, 2.1 g (mp 304-305 dec.) 
was*isolated from the filtrates. The sample was stirred with N,N- 
dimethylformamide (IMF) (10 ml/g) at room temperature for 30 min and 
filtered. As much DMF as possible was removed f™n the resulting 

orange-red solid. The product was washed with si^ hp 
ether The solid was suspended in methanol (50 ml/g), dissolved by 
addition of triethylamine (2 ml/g) and reprecipitated by the addition 
of a 0.16 g hydrogen chloride per ml methanol solution (6 ml soln/g 
F18M9). After two such reP1,60^1^^10^8’F?è?ÏN°Sa® 
copper colored crystals was raised to 333-33 • l max 

470 mp. (£17,100), 267 mp (£26,000)]. 

Anal. Caled, for C22H21N304S2: C, 58.00; H, 4.62; N, 9-22; S, 14.05. 
Caled. foTÜ22H21N304S2.2H?0: C, 53.75; %5.10, N, 8.05, 7. 

ff mind‘(after drying at 100 C/0.1 mm): C, 58.9; H, 5.2, N, o.y, ù, ip.f. 
yõuKd after exposure of the above sample to the atmosphere): C, 53.3, 
eq r: U 5.3. 5.4. Found (after re-drying sample). C, 58.2, H, 4.9, 
nTI.O/S, li.O; wt.-fess on drying, 7.5* (ealed. * H20, 7.3). 
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9. Spectra 

Spectral data are given in Figures 28-37. 
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I. M(l-ETHyL-2(1)-ß-NAPHTH0THIAZ0LYLIDENE)ETHYLIDENE1~3-METHYL-1- 
p-suLiFOnyl-5“'pVrA2oLònê T^TqMIÔI .." ■ " 1 w- 

i. Synthesis of 2‘Methyl-3-ethyl-ß--naphthothla20llum-p-toluene- 
smfonate u>n 

(1-1) 

The synthesis of 1-1 is straightforward but time-consuming. 

The infrared absorption spectrum of an impure sample of 1-1 shows an 
unknown absorption at 3400 cm*1. Aromatic character is seen at 
1530 cm-1 while the bands at 1430 and 1230 cm-1 result from S03e 
absorptions. The spectrum is not inconsistent with the structure. 

2. Synthesis of 2-( 
sulfonate"Tl-¿) 

2-Anillnovinyl)-3-ethyl-6-naphthothla2olium-p-toluene- 

(1-2) 



The procedure for the preparation of 1-2 was similar to that used 
for the preparation of the corresponding quinoline compound, C-l 

(see II.C). 

The heating period was found to influence the yields of 1-2. Heating at 
170°C for one hour gave average yields of 6l$ while two hours gave 
an average yield of 35#. A reaction run at 170 C for four hours gave a 
red tar from which no product could be isolated. 

The infrared spectrum of 1-2 shows two weak absorptions at 3270 an^ 
3170 cm-- attributed to NH and CH stretching, respectively. The wide 
band at 2940 cm-1 results from various CH frequencies, while 
band at 1650 cm-1 corresponds to C=C stretching. The bands at 754 and 709 
cm“1 are characteristic of mono-substituted benzene compounds. he 
spectrum is consistent with the assigned structure. 

3, Synthesis of 2-(2-Acetanllldovlnyl) -3-ethyl-ß-naphthothla2ollum-p_- 
toluenesulfonate (Í-3) 

No isolable product was obtained from an attempt to prepare 1-3 
directly from 1-1 in a refluxing acetic anhydride/N,N'-diphenylform- 
amidine solution. However, when 1-2 was isolated before acetylation, 
1-3 resulted in yields of 76 and 88#. 

A comparison between the Infrared spectra of 1-3 and 1-2 shows that 
acetylation occurred. The 1-3 absorptions at 1726 and 1715 cm-1 are 
attributed to the amide carbonyl grouping. This doublet suggests 
hydrogen bonding or cis-trans isomerism in the molecule. The ab¬ 
sorption at 1654 cm-1 is a C=C stretching frequency. Bands indica¬ 
tive of mono-substituted benzene occur at 774 and 699 cm-1. The 
spectrum of 1-3 is consistent with the structure assigned. 
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4. Synthesis of 4-[ ( l-Ethvl-2( 1 )-ß-naphthothlazolylldene)ethyll_d_eneI 
methyl-1-p-sulfony1-5-pyrazolone IFigMlQj 

Et3N } FlQMIQ-Et-.N 

HC1 

F19M10 

OTs^ 

(1-3) 

a • Discussion 

The trlethylamine salt of F19M10 is the product that is first isolated 
from the above reaction. It existed in green and brown crystalline 
forms. Upon grinding, the green form became brown. 

The aqueous methanol solvent recommended in the patent procedure (ref. 
5,6) for solution of the salt before acidification proved unsatisfactory. 
The salt dissolved easily but only a cloudy solution resulted on 
acidification with a solution of hydrogen chlorine in methanol. The 
triethylamine salt of FI9MIO was not very soluble in absolute methanol, 
but a good yield of FI9MIO was obtained when methanol was used as the 
acidification solvent. Yields of 66, 7I, and 86# were obtained. Each 
reprecipitation purification reduced the yield by 5#. 

b. Proof of Structure 

(1) Infrared Spectrum 

The spectrum shows an absorption at 1675 cm-1, the region assigned to 
a,ß-unsaturated ketones. The bands at 855 and 817 cm-1 are assigned 
to two ortho aromatic hydrogen atoms. The amide carbonyl stretching 
frequencies observed in 1-5 at 1726 and 1715 cm-1 are not present in 
FI9MIO. 

The spectrum is consistent with the assigned structure. 

(2) Elemental Analysis 

The elemental analysis agrees with the values calculated for FI9MIO 
(see Experimental II.1.5). The structure of the compound is that 

assigned. 

c. Purity 

The sample submitted for elemental analysis was reprecipitated three 
times and was taken directly from the sample submitted to the Air 

Force. 

FI9MIO was not soluble in thin-layer chromatographic solvents. 
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d. Air Force Sample 

Four 6.5-gram samples (total 26.0 grams) In nitrogen-filled bottles 
were submitted to the Air Force on 27 November I963. 

5. Experimental 

a. Starting Materials 

2-Methyl-ß-naphthothlazole (Gallard-Schlesinger, 1 kg - $320.00), 
mp 94-95^, lit. (ref1. 1) mp 95-96°C, was used without further 
purification. 

Ethyl p-toluenesulfonate (MC and B, 1 kg - $6.90) was distilled be- 
fore use Lbp Í2$J0/1.5 mm, lit. (ref. 2) bp 173°C/15 mm]. 

N,N'-Dlphenylformamidine (K and K, 100 g - $7.50) was recrystallized 
from abs. el hand (l g/5 ml) [mp 137-159°C; lit. (ref. 4) mp 137°C]. 

1- p-Sulfophenyl-3-methyl-5-pyrazolone (H-6) (See Section II.H). 

b. 2-Methyl-3-ethyl-ß-naphthothlazollum p-toluenesulfonate 
(í-lj Iref. 5] 

2- Methyl-ß-naphthothiazole (25.0 g, 0.125 mole) was heated with 
25.O g (O.I25 mole)of ethyl p-toluenesulfonate at 125°C for 11 days. 
Crystallization was induced by scratching the oil during the seventh 
day. The crude brown solid was ground with 50 ml of ether and fil¬ 
tered, and then the solid was extracted with 250 ml of refluxing 
ether for 1 hr. This mixture was filtered while hot. The tan solid 
was washed with 100 ml of acetone and dried at 30°C/15 mm to give 
28.8 g (58$) of tan solid [mp soften 120°C, 127-l45°C; lit. (ref. 3) 
mp soften 140, 151-154°C]. While the melting point of the product 
could be raised to soften 135°C, 147-151°C, by further ether and 
acetone extractions, the crude material proved satisfactory for the 
next reaction step. 

c. 2-(2-Anlllnovinyl)-3-ethyl-ß-naphthothlazolium p-toluene- 
sulfonate (l-¿) 

A mixture of 50.0 g (0.125 mole) of 2-methyl-3-ethyl-ß-naphtho- 
thiazolium p-toluenesulfonate and 20.8 g (O.IO6 mole) of N,N'- 
diphenylformamidine was thoroughly ground and heated at 170°C for 
1 hr with an oil bath. After cooling, the resulting dark solid 
was ground with two 500-ml portions of acetone: it was then fil¬ 
tered and dried at 65°C/15 mm to yield 36.7 g (69#) of green solid 
[mp 249.5-250.5°C (no lit. mp available)]. 
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d. 2-(2-Acetanllidovinvl)-j-ethyl-ß-naphthothiazolium p- 
toíuenesul^onate (i-3J • - - - 

A solution of 56.7 S (0*073 mole) of 2-(2-anilinovinyl)-3-ethyl-ß- 
naphthothiazolium p-toluenesulfonate in 225 ml of acetic anhydride 
was refluxed for 5 hr and allowed to stand at room temperature for 
2 days. The brown precipitate was filtered and washed first with 
200 ml of ether and then with two 100-ml portions of acetone. After 
drying, 25.0 g of brown crystals [mp 2l6-220°C (dec?) (no lit. mp 
available)] were obtained. Evaporation of the acetic anhydride 

filtrate gave a brown solid that was washed with three 100-ml por¬ 

tions of acetone to yield an additional 5*35 g of product (mp 
215-219°C) identified by its infrared spectrum. The two crops were 

combined to give 50.55 g (76$) of product. 

e. 4-[l-Ethyl-2(l)-ß-naphthothlazolylldene)ethylidene]-5- 
methyl-l-p-sulfonyl-5-pyrazoíone (^igMlO) 

Triethylamine (6.4 g, 64 mmoles) was added to a stirred suspension 
of 8.1 g (52 mmoles) of l-p-sulfophenyl-5-methyl-5-pyrazolone and 
17.5 g (52 mmoles) of 2-(2-acetanilidovinyl)-5-ethyl-ß-naphthothia- 
zolium p-toluenesulfonate in ISO ml of absolute ethanol. The 
mechanically stirred mixture was refluxed on a steam bath for 1 hr. 
The solution was chilled in an ice bath, and the resulting brown 
precipitate was filtered, ground with three 150-ml portions of 
acetone, and extracted with 100 ml of boiling acetone. The product 
was filtered and dried at 80°C/15 mm to give 14.65 g of the brown 
triethylamine salt of FI9MIO (mp 286-286.5°C dec). The salt was 
dissolved in 1450 ml of methanol by refluxing for 1 hr; the solu¬ 
tion was filtered and acidified at room temperature with 50 ml of 
a HC1 in methanol solution (0.12 g HCl/ml, 0.1 mole HCl) to yield 

11.1 g (71$) of a yellow-orange solid (mp 527*3°C dec). The product 
was purified by addition of triethylamine (O.29 g/g product) to the 
product in methanol (175 ml/g product). The red-purple solution 
was refluxed for 1 hr and filtered, and the stirred, hot solution 
was acidified with excess HCl in methanol. After three such re- 
recipitations, the yellow-orange m>oduct had a mp 527°C dec [lit. 
ref. 5,6) mp >5150C]. \ 0.01N NaOH j,™ (^n vom oßii 

€24,800). max 

Analysis for C25H21N3O4S2 

Caled. 

Found 
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7. Spec tra 

Spectral data are given in Figures 38-41. 
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•HYDROXY-3-PHENYLISOXAZOLYL-a-CARBETHOXY-g 1 
•t'H^YLISOXAZOLONË-^ ( rSALT) ( F27MÎ7T- 

-METHYLTRIMETKINE- 

(F27M17) 

1. Synthesis of Ethylacetylpyruvate (J-l) 

O Ç00C2H5 

CH3-C-CH3 + COOC2H5 + Na ■■ —■* CH3-C-CH2-C-C-OC2H5 

( J-l) 

No problems were encountered during this synthesis. Vapor phase 
chromatographic (VPC) analysis of J-l showed several components, the main 
one comprising 72# of the sample. The sharp distillation temperature 
(see Experimental, H.J.4.), however, is indicative of a pure compound. 
It is believed that J-l either decomposes on the VPC column or is a 
mixture of keto-enoltautomers. 

Although there is no hydroxyl evidence for an enol form in the infrared 
spectrum of J-l, an enol tautomer is indicated by the absorptions at 

and 1610 cm-* assigned to C=C stretching frequencies. The band at 
2990 cm- is a methyl CH absorption, while the bands at 1750 and 17^0 cm-* 
are attributed to the ester and keto carbonyl groups, respectively 
The strong band at 1268 cm-- is a CO absorption. The spectrum is 
consistent with the assigned structure. 

2. Synthesis of 3-Phenyllsoxazol-5-one (J-2) 

This uncomplicated synthesis yields pure j-2. 
reduced the yield by 15-20# but did not alter 

Recrystallization of J-2 
the melting point. 
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ÍHhaV?írare? sp®c^rura oí’ J"'2 shows a strong absorption at 1808 cm-1 
th*ï assigned to the ring carbonyl group. The 1608 cm-1 band is 
presence of%h=N J1380^1011* but assignment is complicated by the 
presence of the phenyl group. The band at II63 cm-i is assigned to 

are 

Ô r c\ ÚV ^ J-ne oana at iio^ cm-i is assign 
inSi?afíretC5lng mode' while the absorptions at 764 and 695 cm 
indicatiVe of mono-substituted benzene. The spectrum is consistent 
with the structure and the spectrum given in the literature (ref. 3) 

5' IÍneffie°UhSí^ ' ' 

+ CH3-Ç-CH2-Ç-COOC2H5 

(1) Na, EtOH 

rt 
(2) KBr, H20 

ÇOOC2HS CH3 

0-Ç—-C-C=CH-¿=i JL 1 X0X \P K© /V 
(P27M17) 

a. Discussion 

The preparation of P27M17 by the patent procedure (ref. 4) resulted 
in a mixture of compounds that were never successfully separated. 
Continuous extraction of the crude product with anhydrous ether 
removed several impurities. A satisfactory recrystallization 
solvent could not be found among the 25 tried. 

A number of substrates and eluents were investigated in an unsuccess¬ 
ful attempt to purify F27M17 by column chromatography. Chromatog¬ 
raphy over silica gel with acetone produced the best sample, a 
mixture of two or three compounds as indicated by thin-layer 
chromatography. The infrared spectrum (Nujol mull) indicated the 
presence of a non-carboxylic hydroxyl group. This Implied that the 
hydroxyl analog of the potassium salt was a major impurity. This 
supposition was also indicated by the elemental analysis of the 
product which had values between those calculated for the salt and 
hydroxy compound. 
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From the vague statements in the patent procedure (ref. 4) i* is 
not possible to determine whether pure F27M17 was ever prepared. 
On the basis of our work on F26m6 ^see il. p) and F27M17, it is 
our opinion that the work in reference 4 is questionable. 

b. Proof of Structure 

(1 ) Infrared Spectrum 

The infrared spectrum of the F27M17 shows bands at 1735 and 1640 
cm , which are due to the a, ß-unsaturated ester grouping and 
C/-C absorption, respectively. The absorption at lo80 cm-1 is 
attributed to the ring carbonyl, which is now shifted to lower 
frequency by steric effects. The most indicative infrared bands are 

^ °U5 rS.at 772' 764’ and 704’ 698 cm"1- These bands are 
assigned to two mono-substituted benzene groups in different 
cnemicai environments. The absorption at 3440 cm-i, present in both 
the KBr and Nujol spectra, was indicative of hydroxyl. This 
absorption was not removed by drying the sample at 100°C/0.1 mm. 
he spectrum is not inconsistent with the assigned structure, but 

it Indicates a mixture of products. 

c. Purity 

The sample sent for analysis was taken from the sample submitted 
to the Air Force. 

Thin-layer chromatography on silica gel with methanol elution 
showed the sample to be a mixture of two or three components. 

d. Air Force Sample 

tnet-hó^ãfrap and one O-S-gram sample (total 6.0 grams) were submitted 
to the Air Force on 13 March 1964. 

4. Experimental 

a. Starting Materials 

Aletone (Howe and French) was 100* pure by VPC analysis. 

Methyl oxylate (MC and B, 500 g - $2.55) was 100* pure by VPC analysis. 

f^nLTirieÆ received?0 8 ' *U'55) * VPC 

(Baker' 1 lb- - $U'*6) «= -«»out 
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b. Ethyl acetylpyruvate (j-l) (ref. 1) 

Small pieces of sodium (23.0 g, 1.0 mole) were added to 400 ml of absolutp 
a 2_hí Peri°? (mechanical stirring). The mlïïuïe was anJwed 

fv? rfm^n at mu0m overnight to insure complete reaction of 
anH s?lution cooled to -5°C with a salt-ice bath, 
and a solution of 58.0 g (i.o mole) of acetone in 146.0 g (l.o mole) of 
diethyl oxalate was added dropwise with rapid stirring over a 2-hr period 
E?hflînTPhmUr?^a8 keK 5eîween 0-rC by regulating the rate of addition.* 
Ethanol (100 ml) was added to the thick yellow precipitate. The sus- 
nvaríííhf58 ?£lrred at f001" temPerature for 5 hr and allowed to stand 
overnight. The suspension was cooled to 0“C with stirring and 16 7¾ 

carefünvraHrtPrtid guS01;lXlol0n, °'55 m0le H2S°4> 1*°6 e<3ulv- H2sÓ4) was carefully added until pH 1-2 was reached. The resulting precipitate 
and.yashed with two 50-ml portions of absolute ethanol. The 

nfiÆat If0 Were combined and extracted with two 250-ml portions 
of benzene. The benzene extracts were washed with 250 ml of water 
serrated, and dried over anhydrous sodium sulfate. After filtration 
rccndrT\ng agent was washed with 50 ml of benzene. The benzene extracts 
(550 ml) were evaporated to dryness in vacuo to vieid a hrnwn r>n t-haf 80:c/6,r [llt- (ief- lTbp-^/6?5y«] to yîeïï 79^55 g (50^5) of clear liquid product, which was a white solid at 0°C. 

c • 3-Phenylisoxazol-5-one (j-2Href. 2) 

qffÍÍprte^?yí?Cetapecí1A?,6^S,o0,8 mole- was added t0 a mechanically 
°f 58;° g (0,8 mole^ of hydroxy lamine hydrochloride 

in 600 ml of water. The suspension was warmed on a steam bath and 
ethanol (400 ml) added until a tan solution resulted. The solution was 
refluxed with stirring for 1 hr (a precipitate resulted after 20 min ) 
The suspension was cooled in an ice bath and filtered. The resulting ’ 
product was washed with 400 ml of cold water and then with 400 ml of 
cold ethanol to yield 78.4 g (6l^) of white needles, mp 150.5-153°c 
did^oi^han3 151TÍ52 C5, f*ecrystallization from ethanol (15 ml/g) did not change the melting point. 

d. 

added aid the red 2¿íutl¿í wfs siÎrïêd )or ls'ÍÍñny»í87a8°Í'5-°ne wa8 
The solution, which became IntenseïrpuSu In íé¿tííg was rêftïï^re' 

^yiMiiíÂe s:ei?âÿo?.sr8i Sî” Ä îo" - 
the ÏY1?,“?8 ^aaanted, and tle taïly prlduci wal KY ?0?J/;^tated 
to yield 12.3 g of purple crystals with a golden sheen ml 124V,5^1 

»" ra‘e of heating]. Continuous extrlclï" if ?hl prlduc P 
with hot ether for 20 hr gave 0.24 g of purple crystals mn S 

extracts gave^pQ^íf1^6 ln C°Í‘? e/,her' Evaporation of the ether 
wY dilcKd » ?ulpfle «íl|0l9d5(r'S;1?^CpSi!-, Tí888 Tbactlons 
unextracted In the SoxhUt îhlmill 8 (mP 306 C dec) relMlood 
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The ether-extracted product from several reactions was chromato¬ 
graphed in the following general manner: 

F27M17(13.O g)was chromatographed over 450 g of Baker silica gel 
in a 1.5 in. x 56 in.column with acetone as the eluent. 

Cut 

1 
2 
3 
4 
5 
6 

CHROMATOGRAPHY RESULTS 

ml, eluent 

330 
30 

820 
20 

300 
100 

color of eluent 

clear 
light to dark purple 
dark purple 
purple and yellow 
dark yellow-brown 
light yellow 

Evaporation of Cut 3 in vacuo gave 10.l8 g of purple crystals 
(golden reflex), mp 128-130”? C dec. Evaporation of Cut 5 gave 
O.O8 g of a brown solid, mp 65-112°C with a complex infrared 
spectrum. 

When the material from Cut 3 was rechromatographed under the 
same conditions, the cuts were the same, including the brown 
fractions. Evaporation of the dark purple cut gave purple crystals 
(mp soften 127°C, 137-l40°C dec). During drying at lOOT/O.l mm 
for l6 hr, a brown oil sublimed out of the sample to give purple 
crystals (mp very heating rate dependent, fast heating mp l65°C dec., 
slow heating (l°C/min) mp > 325°C). When a sample of F27M17 was 
inserted into the melting point both at 238°C, it immediately 
decomposed, while at the same time a sample that had been heated 
slowly from 30° to 238°C was unaffected. 

Anal. 

Calc. C25H19KN2O6 Calc, C25H20N2O6 Found 

C 62.24 
H 3.94 
N 5-81 
0 19.93 
K 8.12 

67.6 66.2, 66.1 
4.51 4.4, 4.3 
6.31 6.0, 6.1 

21.60 
0.00 3.4, 2.8* 

* Calc, from per cent ash as K2CO3. 
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e. Unsuccessful Chromatographic Procedures 

Substrate Eluent Remarks 

1. Woelm acidic alumina 
2. MCB neutral alumina 
3. Baker silica gel 
4. Woelm neutral alumina 

5. MCB P-1 alumina 

Ether-acetone 
Acetone-methanol 
Ether-acetone 
Acetone-methanol 

Methanol 

Poor separation 
F27 changed 
Slow separation 
Poor separation, 

poor yield 
Poor yield, 

poor separation 

f. Attempted Recrystallizations (Unsuccessful) 

(l) First Attempt 

F27M17 (0.1 g) in a microsoxhlet extractor from a solution of 14.5 
ml ether and 0.5 ml acetone gave no isolable product. 

(2 ) Second Attempt 

Twenty-six common solvents were tested as fractional crystallization 
media. None were applicable. 

5. References 

1. D. Liebermann, et al.. Bull soc, chim. France, 1958, 687. 
C.A.. ¿2, 20147e (195ö)“! 

2. A, Hantzch, Ber., 24, 495 (189I). 

3. C. L. Angyal and R. J. W. LeFevre, J. Chem. Soc,, 1953, 2l8l„ 

4. J. J. Jennen and 0. H. Vandenbroele, U. S. Patent 2,644,754, 
July 7, 1953. C.A., 48, 67 (1954). 

6. Spectra 

Spectral data are given in Figures 42-44. 
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K . CHLQROANILINO-1,3-3UTADIENYL)-3-ETHYLBENZOSELENAZOLIUM 
[tüfcHiùllill 

H=CH-CH=CH-NH 

(P50M14) 

-Q-01 

1• Synthesis of 2-Methyl-3-ethylbenzoselenazolium Iodide ( K-l) 

(A) 

+ c2h5i 

(K-l) 

Because of the high cost of the starting material, benzoseienazole, (A), 
a number of small-scale reactions were carried out to optimize the yield 
of K-l. 

No difficulty was encountered with this reaction once the proper 

reaction time was determined. Yields averaged 80-90#. 

The infrared spectrum of K-l is similar to that of A, with two maior 
exceptions. The 768 cm-1 ortho-substituted benzene (heterocyclic) band 
in A has been shifted to 778 cm-1 in K-l by the ethiodide formation. 
The new absorptions due to the ethyl group are readily seen 5040, 

2980, 295O, and 29OO cm-1. The spectrum is consistent with the assigned 
structure. 

100. 



2 • f2~^~Ethoxy~1»^~but,ad:1-eny1)~3“ethyl-ben2oselena2ollum 

The reaction time used in the preparation of K-2 was varied between 
5 and 15 minutes with satisfactory results. Mechanical stirring 
was important. 

The infrared spectrum of K-2 shows a strong band at 1613 cm-1 attributed 
to conjugated C=C stretching. The absorption at 1268 cm-1 is an ether 
band while the ,9.rthp-substituted benzene absorption is now at 758 cm'1 
The remainder of the spectrum is similar to that of K-l with the ex- 
ception of changes in the CH stretching region. The spectrum is con¬ 
sistent with the assigned structure. 

3. 
l^'lciiMaulTum"l0^idP~?noMi4?llln0~1'^~bUtadlenVl^~^~ethvlbenzo' 

¿¿CH=CH-CH=CH-0C2H5 

1 (*-*> 

a. Discussion 

F50M14 

Our original synthesis of F30M14 was a 1006C fusion reaction. It 
was based on a method previously used to prepare similar compounds 
(ref. 4,5). While the desired product was obtained by this procedure, 
it was impure and the yield was excessively reduced on purification. 
The use of ethanol as a reaction solvent was found to give better 
yields and a much purer product. 
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b. Proof of Structure 

(l) Infrared Spectrum 

The spectrum of F30M14 Is qualitatively similar to that of K-2. The 
introduction of the p-chloroanilino group is confirmed by an increase 
n aromatic C=C vibrations (16OO-1500 cm-1) and the appearance of a 
p-substituted benzene band at 827 cm-1. The band at 1640 cm-1 is 
attributed to the conjugated double bonds of the side chain while 
the absorptions at 771 and 747 cm-1 are due to ortho-substituted 
benzene and C-Cl stretching, respectively. The NH stretching band is 
seen at 3170 cm-1. The spectrum is consistent with the assigned 
structure. 6 

(2) Elemental Analysis 

The elemental analysis agrees with the values calculated for 
F30M14 (see II.K.4). The structure of F30M14 is that assigned. 

c. Purity 

The sample sent for analysis was taken directly from the sample 
submitted to the Air Force. 

Thin layer chromatography on Woelm alumina (neutral) gave one 
spot on elution with either acetone or methanol. 

d. Air Force Sample 

Two samples of F30M14 (5.0 and I.5 grams* total 6.5 grams) were 
delivered to the Air Force on 2 April 1964. 

4. Experimental 

a. Starting Materials 

li'^riow^eltfn^sni?^ (°al}ai,f-s°hleslnger, 25 g - $27.50) was obtained 
as a low melting solid. Analysis by vapor phase chromatography showed 

structure^Tlle ini>rared spectrum was consistent with the 

TÍ^?^Trl^h0yÃ1~prSpen' iAldrich> 100 ß - ^30-00) was obtained as a 
^ lniT?red spectrum was consistent with the structure but 

iraPurJtles* Vapor phase chromatographic analysis was unsuc- 
cessful Jue to decomposition on the column. The compound was used 

2ec*posíuí!:e(re? ÎK8“0" «ported « cause 

p-Chloroanlllne (Eastman, 500 g - $15.35) 
vapor phase chromatography. 

was found to be 100# pure by 

Ethyl iodide (MC and B, 1 lb - $11.65) was filtered before 
the mercury inhibitor. use to remove 

Miscellaneous, Acetic acid and acetone 
without further purification. 

were reagent grade and were used 
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b. 2-Methyl-3-ethylben2oselenazolium Iodide (K-!) (ref. 2) 

2-Methylbenzoselenazolium(7.92 g, 0.040 mole) and ethyl Iodide 
(6.80 g, 0.044 mole) were placed in a pressure bottle and the 
bottle was sealed with a rubber finger cot. The bottle was heated 
on a steam bath for 46 hr and then cooled in an ice bath. The 
resulting yellowish solid was pulverized under 150 ml of absolute 
ether and filtered. The product was washed with an additional 100 ml 
of ether and air dried to yield 12.34 g of product. This was 
recrystallized with charcoal(0.1 g/g product) from absolute ethanol 
(40 ml/g) to give 10.54 g (75$) of colorless needles [mp 211-213°Cj 
lit. (ref. 2), mp 212°C]. 

c. 2-(4-Ethoxy-l,3-butadlenyl)-3-ethylbenzoselenazollum iodide 

(K>2) (reft 3) 

2-Methyl-3-ethylbenzoselenazolium iodide (21.12 g, 0.06 mole) and 
1,3,3-triethoxy-l-propene (20.88 g, 0.12 mole) were mixed with 30 
ml of glacial acetic acid in a 250-ml, round-bottomed flask equipped 
with a condenser and mechanical stirrer with a Teflon blade. The 
stirred reaction mixture was heated on a steam bath for 5 min. and 
then cooled in an ice ’'ath. The resulting greenish-black solid was 
filtered, washed with ether (2 x 100 ml) and acetone (2 x 5 ml), and 
air dried to yield 18.5 E of product. Recrystallization from methanol 
(12 ml/g) gave 12.21 g (47.5$) of green crystals [mp l62-l67°C (dec.)j 
lit. (ref. 3) mp 17b-1770C (dec.)]. 

d. 2-(4-p-Chloroanillno-l,3-butadlenyl)-3-ethylbenzoaelenazol~ 

turn iodide (F30M14) 

p-Chloroaniline (4.21 g, 0.033 mole) was dissolved in 125 ml of 
absolute ethanol in a 500-ml, round-bottomed flask equipped with a 
condenser, magnetic stirrer, and heating mantle. The stirred 
solution was brought to reflux and 2-(4-ethoxy-l,3-butadienyl)-3- 
ethylbenzoselenazolium iodide (7*20 g, 0.017 mole) was added through 
the condenser in 2-g portions over a period of 5 minutes. Upon 
addition of the first portion, the reaction mixture immediately 
turned deep purple. The sides of the condenser were washed with 
an additional 25 ml of absolute ethanol and the mixture was refluxed 
for 1 hour and allowed to cool slowly. After being chilled in an 
ice bath, the reaction mixture was filtered and the bluish product 
was dried at 70°c/l5 mm for 2 hr to yield 8.6? g (99#) of blue- 
black powder [mp 230-233°C, no lit. mp available]. The powder was 
recrystallized from 95# ethanol (125 ml/g) in a Soxhlet apparatus. 
The ethanol solution was allowed to cool slowly to room temperature 
and was then chilled in an ice bath and filtered. The product was 
dried at 80°C/15 mm for 2 hr to give 4.87 g of purple crystals 
[mp 23O-231°C]. This product was recrystallized a second time from 
95# ethanol (lOO ml/g) in the same manner and dried to yield 3*81 g. 
of purple crystals (mp 231-232°C). 
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Analysis for CigHisClINgSe 

C H N Se 

Calc'd 
Found 

44.25 3.52 5.43 15.31 
43.07 3.25 5-39 15.12 
43.74 3.60 
43.57 3.57 

5. References 

1. W. T. Simpson, J. Am, Chem. Soc.. 71, 754 (1949). 

2. L. M. Clark, J. Chem.Soc.. 1928, 2313. 

3. Kodak Ltd., Brit. Patent 556,266, Sept. 28, 1943. 

4. F. M. Hamer, J. Chem. Soc,. 12¿2> 32. 

5. F. L. White, U. S. Patent 2,369,509, Feb. 13, 1945. C.A., 39. 
3744 (1945). -- 

6. Spectra 

Spectral data are given in Figures 45-47. 
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L. TETRAPHENYLPORPHIN CHELATES .( L) 

1. Discussion 

a. Porehln Synthesis Procedures 

The reaction between aromatic or heterocyclic aldehydes and pyrrole 
to produce meso-substituted porphins has undergone some Improvements 
since its discovery. The original preparation of tetraphenylporphin 
(TPP) (ref. 1) used pyridine as solvent and led to yields of 10^. 
Since no rigorous purification of product was made, the purity of 
product is questionable. 

Ball, Dorough and Calvin (ref. 2) found that addition of zinc acetate 
to the reaction mixture led to high yields of zinc TPP from which the 
free base could be obtained by hydrolysis with dilute hydrochloric 
acid. It was further claimed that the TPP produced in this manner was 
free of chlorin, a dihydroporphin that was an impurity in the product 
if zinc acetate was not employed. Sharp (ref. 4) found that the 
absence of the pyridine solvent in the zinc acetate procedure led to 

higher yields of ZnTPP. 

Two Carius tube sizes were employed in our work (Figures 48 and 49). 
The small tube was used in exploratory work. 

Our early Carius tube reactions were carried out in both evacuated 
and nitrogen-filled tubes. The latter procedure appeared to be more 

satisfactory. 
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l4 cm 
od 10 mm 
Id 8 mm 

35 cm od 19 mm 
id 17 mm 

Figure 48. Carius Tube Used for Small-Scale 
Porphin Synthesis. 
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I 

Figure ^9. Carius Tube Used for Large Scale Porphin 
Synthesis 

I 
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b. Porphin Purification Procedures 

The classical zinc TPP purification method involved three tedious 
chromatographic separations over talc (ref. 2). A synthetic talc 
has also been used as a column packing (ref. 3)* Sharp (ref. 4) 
has recently reported that alumina was suitable for zinc TPP 
purification. We have found that alumina has the following ad¬ 
vantages over talc as a chromatographic substrate: 

- Packed columns of alumina allow solvent to flow freely; with 
talc, the flow of solvent is very slow and often pressure is 
needed to force solvent through the column. 

- Alumina can be obtained in various standardized chromatograph¬ 
ic grades of known activity. This permits choice of the 
particular grade best suited for the separation to be 
performed. 

- The use of alumina permits elution of the various bands off the 
column. With talc, once the bands have been resolved, the 
column packing is removed, the separated bands are mechan¬ 
ically separated, and each band is repacked in another column 
and then eluted. 

The aluminas used were found to differ quite markedly in activity. 
Woslm neutral alumina was found to be more active than Matheson 
Coleman and Bell alumina, but it was also twice as expensive. Alcoa 
F-l alumina was very active, but was ten times as expensive as the 
MC and B material. 

It was found that a more efficient alumina to porphin ratio could 
be determined if the crude porphin mixture was extracted with 
chloroform to remove insoluble, non-porphin products before 
chromatography. 

2. Synthesis of Zinc Tetraphenylporphin (Ml6T7a) (L, M=Zn+g) 

l80°C Sealed Pyrex tube 
48 hr 

Ml6T7a 
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a. Discussion 

Ml6T7a was prepared as the first intermediate in the synthesis of 
the.desired copper, cobalt, and iron chelates. 

Both the "neat" or "no solvent" procedure of Sharp (ref. 4) and the 
pyridine solvent method of Rothemund and Menotti (ref. l) were in¬ 
vestigated as routes to Ml6T7a. The former method was found to be 
superior. 

The quality of the tetraphenylporphin (M15T7a) obtained from the 
hydrolysis of Ml6T7a was found to depend greatly on the purity of 
the Ml6T7a used. It was found that the effort involved in preparing 
pure Ml6T7a by two chromatographic steps was justified by the 
quality of the M15T7a that could be obtained from the pure zinc 
chelate. Difficult emulsions and impure M15T7a were obtained if the 
crude or once chromatographed zinc chelate was hydrolyzed. 

The overall yields of the zinc chelate (Ml6T7a) after two chromato¬ 
graphic purifications were 4 to 6$. 

k* Proof of Structure-Spectra 

The infrared spectrum of a porphin compound is of very little use 
in structure determination because of the nature of the molecule. 
Visible spectral data are of considerably greater use if literature 
values are available for comparison. The visible spectral data for 
Ml6T7a agrees with the values in the literature (Table 2). 

c. Purity 

The sample of Ml6T7a submitted to the Air Force was chromatographed 
twice over alumina and then recrystallized from chloroform-methanol 
solution in a Soxhlet apparatus. 

The T.L.C. sample gave one spot on Woelm talc after elution with 
either benzene or acetone. 

d. Air Force Sample 

Two samples of Ml6T7a (1.5 and 0.5 grams, total 2.0 grams) under' 
nitrogen were delivered to the Air Force on 18 December 1965. 
Although Ml6T7a was not a requested dye, it was submitted as a 
compound of possible future interest. 

5. Synthesis of Tetraphenylporphin (M15T7a) (L. M = 2H) 

M16T7a nS!oh ’ M15T7a 
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a. Discussion 

This reaction proceeds in nearly quantitative yield if the zinc 
chelate (Ml6T7a) is pure. Attempts to hydrolyze the crude reaction 
mixture or the product of one chromatographic separation led to 
greatly decreased yields of M15T7a. 

Since the hydrolysis is a heterogeneous reaction between aqueous 
dilute hydrochloric acid and a chloroform solution of Ml6T7a, ef¬ 
ficient stirring is necessary. It was found in our work that the use 
of a Morton flask with creased sides and fast mechanical stirring was 
satisfactory. 

Neutralization of the hydrolysis mixture to pH 7.0 with cooling is 
also important since, if the solution is not neutral, then some 
M15T7a will be lost in the washing procedure either as the hydro¬ 
chloride salt if the solution is acid or as the Zn salt if the solu¬ 
tion is basic. The neutralization and washing are advantageously done ■ 
in the hydrolysis flask. This allows for stirring between additions 
of ammonium hydroxide to facilitate attainment of equilibrium. 

The neutralized solution is washed many times with water to remove 
zinc salts. The product obtained must be recrystallized at least 
once from benzene to give spectrophotometrically pure M15T7a. 

b. Proof of Structure 

The visible spectrum of M15T7a is in general agreement with the lit¬ 
erature data (Table 2). 

c. Purity 

The sample of M15T7a submitted to the Air Force was recrystallized 

twice from benzene. 

The T.L.C. sample gave one spot on Woelm talc after elution with 
either benzene or acetone. 

d. Air Force Sample 

Two samples of M15T7a (l.5 and 0.5 grams, total 2.0 grams) under 
nitrogen were delivered to the Air Force on 18 December 19°3. Al¬ 
though M15T7a was not a requested dye, it was submitted as a 
compound of possible future interest. 

4. Synthesis of Copper (II) tetraphenylporphin (T7aMll) (L, M = Cu+2) 

a. Discussion 

The first attempt to prepare T7aMll was a direct synthesis from 
benzaldehyde, pyrrole, and cupric acetate in the general manner found 
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successful for the preparation of zinc tetraphenylporphin (MlôTYa) 
(see II.L.2). The copper tetraphenylporphin produced in this manner 
was found to be contaminated by about 8$ copper tetraphenylchlorin 
(L-l). 

(L-l) 

This impurity was identified by its visible spectral absorption at 
617 mp (ref. 2). 

L-l could not be removed by chromatography or by reaction with cupric 
acetate. The direct synthesis of TYaMll was, therefore, abandoned 
in favor of a synthetic method that was found to produce chlorin-free 
T7aMll, 

The new procedure involved the reaction of pure tetraphenylporphin 
(M15T7a), with cupric acetate (ref. 5). 

M15T7a + Cu(0Ac)2-^T7aMll 

The degree of reaction was followed spectrophotometrically by the 
disappearance of the tetraphenylporphin (M15T7a) bands at 590 and 647 
mp.. The yield of T7aMll was essentially quantitative after two 
hours. The chlorin impurity was not present in samples of T7aMll 
prepared by this method. 

b. Proof of Structure 

(l) Infrared spectrum 

While consistent with the assigned structure, the infrared spectrum is 
of little aid in the structure proof due to the nature of the molecule. 



(2) Visible Spectrum 

The visible spectral data are consistent with those given in the lit¬ 
erature (Table 2). 

(5) Elemental Analysis 

The elemental analysis agrees with the values calculated for T7aMll 
(see Experimental II.L.7). The structure of T7aMll is that assigned. 

c. Purity 

The sample submitted for elemental analysis had been twice recrystal¬ 
lized and was taken directly from the sample submitted to the Air 
Force. 

Thin layer chromatography on Woelm magnesium silicate (talc) showed 
only one spot after elution with benzene or acetone. 

d. Air Force Samples 

Two samples of T7aMll (4.0 and 1.5 grams, total 5.5 grams) under 
nitrogen were submitted to the Air Force on 5 December I965. 

Two samples of the chlorin-containing direct synthesis product 
(T7aMll -chlorin) (2.0 and 0.5 grams, total 2.5 grams) under nitrogen 
were submitted, as requested, on 8 January 1964. 

5. Synthesis of Cobalt (ll) tetraphenylporphln (T7aM12) (L, M = Co+g) 

M15T7a + Co(0Ac)2-*T7aM12 

a. Discussion 

T7aM12 was prepared from M15T7a in much the same manner as the copper 
chelate (T7aMll). In one of the two T7aM12 preparations, the reaction 
did not go to completion. The reaction product was continuously 
extracted with hot methanol until the visible absorption bands of un¬ 
reacted M15T7a no longer appeared in the spectrum of the product. 

The cobalt chelate was initially obtained as fluffy purple needles. 
Recrystallization from ether (Soxhlet extraction) changed the crystal 
form to hard microcrystals that were much less soluble in ether than 
were the needles. After two weeks of continuous ether extraction, 
the second recrystallization yielded only one gram of product. 
Since the twice recrystallized material was spectrally identical 
with the once recrystallized product, no further purification was 
carried out. Although this sample proved to be analytically pure, it 
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gave three spots (Rf 0.80, 0.45, and 0.00) by thin-layer chromato¬ 
graphic (T.L.C.) analysis on synthetic talc (l:l:¡benzene:chloroform) . 
The compounds with Rf 0.80 and 0.45 were identified by their visible 
spectra as T?aM12 and starting material (M15T7a), respectively. 

Chromatography of 4.9 grams of the above sample over 500 grams of 
Woelm alumina with benzene-chloroform in a one-inch diameter column 
gave (1) the sample of T7aM12 submitted to the Air Force, (2) a 
small amount of M15T7a, and (5) 0.075 grams of a dark solid obtained 
from a sharp band isolated in the fortieth 225-ml fraction. This 
compound is believed to be the cause of the Rf 0.00 T.L.C. spot. 
The infrared spectrum of this compound showed an absorption at Í658 
cm-1, which is not present in T7aM12. This, along with the low Rf 
value, led us to believe that the Rf 0.00 contaminant was cobalt (ill) 
tetraphenyIporphin acetate (L-2). The 1658 cm-1 band was assigned 
to the acetate ionized carboxyl absorption. Attempted recrystalliza- 
¿:0o ^rom chloroform resulted in the conversion of L-2 to L-5. The 
1658 cm-1 L-2 absorption was raised to 1722 cm-1 in L-5. This higher 
absorption was consistent with unionized carboxyl. The proposed 
structures for L-2 and L-5 are given below. 

0 
li 

H-0-C-CH3 

N 
1 ' ‘ ,N 

JCo+3/ 

© 
OH 

(L-5) 

b. Proof of Structure of T7aMl° 

(1) Visible Spectrum 

The visible spectral data are consistent with those given in the lit¬ 
erature (Table 2). 

(2) Elemental Analysis 
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The elemental analysis agrees with the values calculated for T7aM12 
(see Experimental II.L.7J. 

c. Purity 

The analytical sample was taken directly from the sample submitted 
to the Air Force. 

The T.L.C. sample showed two spots on Woelm talc with 1:1: :benzene : 
chloroform (Rf 0.00 and 0.80). Whether the spot at the origin was 
real or imaginary could not be determined. 

d. Air Force Sample 

Two samples of T7aM12 (2.0 and 0.5 grams-Total 2.5 grams) were 
submitted to the Air Force on 28 February 1964. 

6* Synthesis of Iron (ill) tetraphenylporphln Chloride (T7aM13) 
IL, M = Fe+3, Cl-J -—— 

a. Discussion 

T7aM13 was prepared from tetraphenylporphln (M15T7a) and ferric 
acetate. 

Fe + HOAc —--> Fe(0Ac)2 --- > Fe(0Ac)3 
HOAc 

, x NaCl 
Fe(0Ac)3 + M15T7a-> T7aM13 

CHC13 

The ferrous to ferric oxidation presumably takes place during the 
filtration step. T7aM13 was obtained in quantitative yield. 

An analytically pure sample of T7aM15 could not be obtained by 
recrystallization. Column chromatographic purification of the 
sample gave two T7aM13 fractions with slightly different visible 
spectra. The elemental analyses of these samples gave low chlorine 
values and did not quite total 100# (see Experimental II.L.7). 
These samóles may be hydrates of T7aM13 (L-4), i.e. hexa-coordinated 
iron IIII) with structures similar to that postulated for cobalt 
(III) tetraphenylporphln acetate (L-2, L-3). 
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Pe+3 

H H 

(L-4) 

A water analysis is underway. 

b. Proof of Sturcture - Visible Spectrum 

The visible spectral data are similar to the literature values 
(see II.L.7.g). 

c. Air Force Sample 

A sample of T7aM13 will be delivered as soon as analytically pure 
material is obtained. 

7. Experimental 

a. Starting Materials 

Benzaldehyde (Eastman, 5OO g - $2.90) was redistilled at reduced 
pressure under nitrogen through an 8-inch Vigreux column [bp 75- 
76 C/16 mmj lit. (ref. 7)» bp 62°/l0 mm] and stored under nitrogen 
until used. 

Pyrrole (Eastman, 5OO g- $6.60) was redistilled under nitrogen 
through an 8-inch Vigreux column, [bp 150-131°Cj lit. (ref. 7), 
bp 130-131°C] and stored under nitrogen until used. 

Inorganic Reagents were reagent grade and were used without further 
purfication. 
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b. Materials, Procedures and Equipment 

(1) Chromatographic Materials 

Three different chromatography columns and three different 
substrates were used in the chromatographic procedures. They are 
described below. 

Column Inside Diameter, In, Length, In. 

A 1 36 

B 1.5 36 
C 2 30 

Columns Band C were topped by a 4-in. sphere that served as a solvent 
reservoir. 

The three types of alumina vs ed in chromatographic procedures and 
described below are hereafter referred to by the short name 
indicated. 

MCB Alumina, activated, chromatographic grade, 80-200 mesh, 
Matheson Coleman and Bell No. AX6l2, 5 lb - $15«75‘ 

Woelm Alumina, neutral, activity grade 1 for chromatography, 
Alupharm Chemicals, Inc., 2 lb - $14.00. 

F-l Alumina, activated, Alcoa F-l, 8O-IOO mesh, Matheson Coleman 
and Bell-AXÖ12-4, 500 g - $32.15. 

(2) Chromatographic Procedure 

The column to be used was filled with solvent, and purified sand 
was poured to form a layer 1 in. thick above a plug of glass wool, 
which served to prevent the sand from interfering with operation 
of the stopcock. The alumina substrate was slowly poured into the 
column with gentle tapping. When the alumina had settled uniformly, 
a 1 in. layer of sand was placed on top. Solvent was removed from 
the bottom of the column until the level of solvent was even with 
the top of the sand. All chromatographic separations were performed 
on columns packed in this manner. 

For best results, the material to be chromatographed should be 
dissolved in a minimum amount of chloroform and placed on the column 
so chat the level of the solution is about even with the top level 
of sand. Then fresh solvent is carefully added to continue the 
elution. All the solution should be on the column before more 
solvent is added. 

(3) Pyrolysis Equipment 

Two different furnaces were used in the synthesis of the porphins. 
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The exploratory procedures using the small Carius tubes (Fig. 48) 
were performed in a 25-in. cylindrical furnace, which had four 1-in. 
holes running the length of the cylinder. Each hole held one small 
Carius tube. Both ends of the cylinder were equipped with baffle 
plates to minimize the danger from explosions. The furnace was also 
equipped with a thermocouple, electrical contacts to allow heating 
through a Powerstat, and a motor to rotate the cylinder during heating. 

The large Carius tubes (Fig. 49) were placed in safety tube before 
heating. This tube consisted of a 2-in. steel pipe sealed at one 
end and fitted with a threaded steel cap at the other end. Methanol 
(100 ml) was added to the pipe to reduce the pressure differential 
on the Carius tube. The samples were heated in a stationary 
cylindrical furnace (8 x 28 in.). Three samples could be heated 
simultaneously. The temperature of the electrically heated furnace 
was controlled by an automatic temperature control unit attached 
to a large Variac. 

c. Zinc tetraphenyl porphln (Ml6T7a) (Typical Large-scale 
Preparation 

Three large Carius tubes (Figure 49) were flushed with nitrogen, 
and each was charged with benzaldehyde (34.00 ml, 34.80 g, 0.338 
mole), pyrrole (22.00 ml, 20.85 g> 0.310 mole) and zinc acetate 
dihydrate (22.00 g, 0.092 mole). Each tube was sealed under 
nitrogen and placed within a 2-in. diameter pipe sealed at one end 
and fitted with a threaded steel cap on the open end. The pipe 
contained 100 ml of methanol to reduce the pressure differential 
on the Carius tube. The three bombs were then placed within a 
large Carius furnace and heated to 180°C + 10°C for 48 hr. The 
furnace was cooled, and the Carius tubes were removed and cracked 
open. The brittle, dark solid was pulverized and extracted with 
chloroform in a Soxhlet apparatus until no color was observed in 
the chloroform extracts. Removal of chloroform in vacuo yielded 
171.6 g of black solid that was chromatographed in 35 g quantities 
over MCB alumina (l kg/35 g) in column C. 

The ZnTPP that eluted as a maroon band and a wine red solution was 
collected and the solvent removed to give 43,2 g of bluish solid, 
which was rechromatographed in 10 g quantities over Woelm alumina 
(50 g/g dye) in column C. The maroon band was eluted with 
chlrorform. Removal of solvent in vacuo yielded 8.85 g of pure 
zinc tetraphenyl porphin (5*4# yielcTK (See Table 2 for spectral 
data). The second chromatrography and resulting low yield is just¬ 
ified by the purity of the product and the ease and rapidity of the 
chromatographic procedures. All the zinc tetraphenylporphin used to 
prepare tetraphenylporphin was obtained and purified in this 
manner. 

The sample of zinc tetraphenylporphin submitted as Ml6T7a was 
prepared as above and recrystallized in a Soxhlet apparatus using 
chloroform-methanol (2:1 by volume, 120 ml/gram) and dried at 100°C/ 
0.5 mm for 16 hrs. See Table 2 for spectral data. 
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Table 2 

PORPHIN VISIBLE SPECTRAL DATA 

Reported 
a 

Foundb,C 

Compound X (mu) € 

MlöTTa 589 5,580 
545 22,100 
422 589,000 

588 5,680 
559 22,900 
422 542,000 

M15T7a 548 8,200 
514 19,000 
419 599,000 

548 8,025 
514 19,500 
419 549,000 

T7aMll 540 20,500 
417 470,000 

559 21,550 
417 482,000 

T7aMll-chlorin 

T7aM12 528 15,100 
405 245,000 

416 418,000 
559 18,200 
617 2,100 

528 16,200 
405 245,000 

a 
Reported data determined from curves in literature (ref. 6) 

b 
Average of two determinations except for T7aMll-chlorin and 
T7aM12 (one determination) 

c Benzene solution 

d. Tetraphenvlporphin (M15T7a) 

The Ml6T7afrom the above reaction (1.462 g, 2.2 x 10“3 mole) was dis¬ 
solved in 100 ml of chloroform and vigorously stirred for 2 hr with 
100 ml of 6N HC1 in a 500-ml Morton flask. The mixture was neutralized 
with cone. NH4OH to pH 7, and the aqueous layer was removed by pipette. 
The chloroform layer was washed 5 times with 125-ml portions of water 
in the same flask. The water was removed after each washing by pipette. 
The chloroform layer was dried over anhydrous sodium sulfate. Removal 
of desiccant and solvent yielded 1.505 g (98£) of pure M15T7a. 
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The tetraphenylporphln thus obtained was recrystallized once from benzene 
before being used in the preparation of other metallo-porphins. The 
sample of tetraphenylporphln submitted as M15T7a was prepared as above, 
recrystallized a second time from benzene and dried at 100°C/0.5 mm for 
16 hrs. See Table 2 for spectral values. 

e. Copper (II) tetraphenylporphln (T7aMll)(ref. 5) 

(1) Method A - Chlorln-free T7aMll 

To a stirred solution of tetraphenylporphln (2.674 g, 4.3 mmoles) in 
250 ml of chloroform was added a solution of cupric acetate monohydrate 
(I.30 g, 6.5 mmoles) in 250 ml glacial acetic acid. The mixture was 
stirred at reflux for 2 hr, cooled and filtered. The product was dried 
at 80°C/15 mm for 2 hr to yield 2.711 g (93#) of deep blue crystals. 
This reaction was repeated twice on the same scale with an average 
yield of 95#. 

The copper tetraphenylporphln obtained was recrystallized twice from 
chloroform-methanol and dried at 100°C/0.5 mm for l6 hrs. The visible 
spectrum agrees well with the reported spectrum (ref. 6). See Table 2. 

Analysis for C44H2BN4CU 

Ç_ H N Cu 

Calc'd. 78.12 4.18 8.29 9.41 
Found 77.95 ^.37 7.97 9.39 

The absence of copper chlorin impurity was confirmed by the absence 
of any absorption above 6OO mp. in the visible spectrum. 

(2) Method B - Chlorin-Containlng Chelate (T7aMll-chlorin)- 
Small Scale Reaction (Figure 487 

Into each of 4 Carius tubes were placed benzaldehyde (4.25 ml, ^.^3 g, 
0.042 mole), pyrrole (2.75 ml, 2.27 g» 0.040 mole;, and cupric acetate 
monohydrate (lO.O g, O.O5O mole). The tubes were flushed with 
nitrogen and sealed. They were placed in a revolving Carius furnace 
and heated at l80-200°C for 48 hours. The tubes were cooled and 
opened. The water was decanted and the brittle solid was pulverized 
and extracted overnight with 5OO ml of chloroform in a Soxhlet 
apparatus. Removal of solvent yielded 29.3 g of black solid whose 
visible spectrum indicated presence of porphin. 

The solid obtained was chromatographed over 1 kg of MCB alumina in 
column C. No definite bands were visible on the column so fractions 
of 100 ml of chloroform were collected and the visible spectrum 
examined for the presence of T7aMll. The first 7 cuts exhibited 
spectra similar to that reported for T7aMll (ref. 2,6). Removal 
of the solvent in vacuo gave 8.53 g of product. 
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A portion of this solid (4.00 g) was rechromatographed over 200 g of 
Woelm alumina in column B using chloroform solvent. A red-brown 
band was the first to elute. Removal of solvent yielded O.75O g of 
T7aMll whose visible spectrum was similar to that reported (ref. 6) 
except for an extra peak at 617 my, characteristic of Cu tetraphenyl 
chlorin (ref. 2). 

The remainder of the product from the first chromatography (4.53 g), 
was rechromatographed on 200 g of Woelm alumina and the red-brown 
band collected. Removal of solvent yielded I.07 g of T7aMll making 
a total yield of 1.82 g (27.C$). Recrystallization of O.75O g of 
this material from chloroform-methanol yielded 0.540 g of T7aMll- 
chlorin. 

The sample submitted was prepared as above and the dried at 100°C/ 
0.5 mm for l6 hr. Spectral analysis of the final product indicated 
approximately 8$ chlorin by comparison of the extinction coefficients 
for pure Çu tetraphenylchlorin (/\ 617, ref. 2) and pure Cu tetraphenyl- 
porphin (A 5^0, ref. 6). 

(5) Attempted Removal of Chlorin Impurity 

(a) Chromatography 

The chlorin-containlng T7aMll (4.352 g) from Method B was chromato¬ 
graphed a third time over 200 g of Woelm alumina in Column A. The 
reddish brown band was collected after elution with chloroform. The 
solvent was removed in vacuo to give 4.256 g of material that still 
exhibited the 617 my chlorin peak in the visible spectrum. A further 
recrystallization of this compound from chloroform-methanol failed 
to remove this peak. 

(b) Reaction with Excess Cupric Acetate (ref. 2) 

A 1.00 g sample of copper tetraphenylporphin from Method B was refluxed 
with cupric acetate monohydrate (O.5OO g) in glacial acetic acid (]00 
ml). Samples of the reaction mixture were withdrawn and examined 
spectroscopically for the chlorin peak at 617 my. After 48 hr at 
reflux, this peak was still present. The mixture was cooled and the 
copper tetraphenylporphin filtered and dried. The product was 
recovered in 92# yield and had a spectrum Identical to therroduct 
of Method B. 

f. Cobalt (II) tetraphenylporphin (T7aM12) (ref. 5) 

tf^aphenylporphin (2.679 g, 4.4 mmoles) in 
250 ml of chloroform in a 1000-ml Morton flask was added a solution of 
cobaltous acetate tetrahydrate (1.54 g, 6.2 mmole) in 250 ml glaciîl 
acetic acid. The mixture was stirred at reflux for 3/4 hr. Examinatio 
of the visible spectrum at that time Indicated complete reaction 1 e 

Ko?i!dS t0 M15T7a- The mixture was coiled “ ^ bath and filtered. The deep blue fluffy solid was driprf 
at 80 C/15 mm for 2 hr to yield 2.842 g (100¼) 
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In a second preparation of cobalt tetraphenylporphin using slightly larger 
amounts of tetraphenylporphin (3.62 g, 5-9 mmoles) and cobaltous acetate 
tetrahydrate (2.10 g, S.1! mmoles), unreacted tetraphenylporphin was 
detected by absorption at 64? mp even after 4 hr at reflux. The mixture 
was cooled and filtered. The crystals were dried at 80°C/15 mm for 2 
hrs to yield 5.74 g (95$) of product which was extracted in a Soxhlet 
apparatus with 250 ml of methanol for l6 hr to remove unreacted M15T7a. 
Examination of the visible spectrum of the residual T7aM12 in the thimble 
showed only a very small peak at 647 mp . This peak was removed com¬ 
pletely in the subsequent recrystallization. 

The T7aM12 was extracted in a Soxhlet apparatus with anhydrous ether 
(250 ml/g). This recrystallization proceeded very slowly as it appeared 
that digestion of the blue solid in refluxing ether produced small lus¬ 
trous crystals that are not as soluble in ether as the fluffy solid. 
The 6.25 g of microcrystalline T7aM12 obtained by cooling the Et20 ex¬ 
tracts were extracted a second time. After two weeks of continuous 
extraction, only I.39 g of product was obtained from the ether extracts 
while 4.51 g still remained in the thimble. The spectrum of the twice 
recrystallized product was identical to that of the material in the 
thimble so the extraction was discontinued. 

■¿áfflP.-kS A (mp) £ Reported (ref. 6) 

Twice recrystallized 527 16,800 15,400 

Once recrystallized 527 16,800 

The combined product was dried at 100°/0.5 mm for l6 hr. The spectral 
data are given in Table 2. 

The products irom the thimble and the ether extract 
and dried at 100 C/0.5 mm for l6 hr. 

are combined 

Analysis for C44H28N4C0 

Caled 

Pound 

Ç 

78.68 

79.05 

4.20 

4.22 

o.y't 

8.05 

W • I 

8.6i 

Thin layer chromatographic analysis of the analytical sample on talc 
(benzene), using a double development, indicated three components. 

The analytical sample (4.86 g) was then chromatographed over 300 r of 
Woelm alumina in column A. The column was initially eluted with 
benzene. 
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Fractions 
(225 ml each) 

1-12 

13-17 

18-25 

26-29 

30-39 

40-42 

Sample Eluent 

A 

B 

C 

D 

E 

CeHe 

CeHe 

CeHe 

CeHe 

1:1 
CeHe-CHCle 

Visible Absorptionstmu 

418,528 

418,528,655 

418.528.655 

418.528.550.590.655 

418,516,548,589,650 

CHCI3 418,525,589,645 

wt. g 

1.79 

O.908 

1.445 

0.531 

0.073 

The visible spectrum indicates that samples D and E are mainly 
tetraphenylporphin. Sample F eluted as a sharp, dark ring with 
chloroform and probably has structure L-2. 

Samples A, B, and C were combined and placed in a Soxhlet apparatus 
and continuously extracted with methanol to insure that all un- 
reacted M15T7a was removed. The extraction was continuous for one 

week. 

The T7aM12 remaining in the thimble was dried at 100°C/0.5 mm for 
16 hr and re-analyzed. The visible spectrum is given in Table 2. 

Analysis for C44H28N4C0 

Caled 

Found 

Ç 

78.68 

78.18 

H 

4.20 

4.08 

N 

8.34 

8.31 

C£ 

8.78 

8.94 

Thin layer chromatographic analysis on talc using CeHe-CHCla gave 
two spots (Rf 0.00 and O.8O) provided that the plate was spotted 
heavily enough. It is not known whether the 0.00 spot is real. 

An attempt at further purification by chromatography f/^oa F-l 
alumina using benzene as eluent gave only a single band indicating 
the chromatographic purity of the sample submitted. 

g, iron (ill) tetraphenylporphin chloride (T7aM13) (ref. 5l 

A mixture of 3-0 g of iron filings in 300 ml of glacial acetic acid 
was refluxed for 2 hr. The hot saturated ferrous acetate solution 
was filtered into a mixture of M15T7a (1.15 g, 1*86 mmoles) and 
sodium chloride (0.440 g, 7-5 mmoles) in 100 ml of chloroform. The 
mixture was stirred at reflux in a Morton flask for 2 hr. Tne 
volume of liquid was reduced to ca. 100 ml in vacuo. ¿J^r cooling 
in an ice bath, the product was filtered aniTdried at 80 C/15 mm to 
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yield 1.260 g (97Í) of deep blue solid. The above reaction was re¬ 
peated six times with an average yield of 99#. 

The crude products were recrystallized by continuous extraction with 
chloroform (50 ml/g). The solution was concentrated to ca. 20 ml/g 
and hot methanol (I60 ml/g) slowly added. After slow cooling,the 
recrystallized product was filtered and dried at 100°C/0.5 mm for 
16 hr to give 6.3 g of blue crystals. 

Analysis for C44H28N4FeCl 

C H _N_ Fe Cl 

Caled 75.06 4.01 7.96 7-95 5.04 

Found 73.49 3.90 7.38 7.49 6.86 

Because of the poor elemental analysis, the FeTPPCl obtained above 
was recrystallized again in the same manner. The extinction coef¬ 
ficients of the visible spectrum were not greatly changed by this 
recrystallization so 3.85 g of product was chromatographed over 
5OO g Woelm alumina in column C. Fractions of 500 ml volume were 
taken. The first 13 fractions were eluted with benzene, the re¬ 
maining 34 fractions were eluted with benzene 80#-HCCl3 20#. The 
forerun, consisting of the first 25 fractions was a broad yellow band 
that yielded O.368 g of solid. The visible spectrum of this solid 
was similar to that of tetraphenylporphin. A definite black band 
was eluted in two parts. The product from the first half of this 
band (fractions 25-29) g of blue solid (Sample A) with 
a visible spectrum 687> 655» 570, 507» and 420 mp [AT7aM13, 

lit. (ref. 6) >S6 685, 660, 573, 508, and 420 mp.]. The second half 

of the dark band, fractions 30-33, yielded 2.31 g of blue solid 
(Sample B) whose visible spectrum was slightly different from that of 
Sample A [ ^jjge 685, 610, 570, 510 (sh), and 420 mu]. 

The infrared spectra of Samples A and B are identical. 

Total 
Cl (.#) 

5.04 100 

4.92 98 

4.20 98.51 
4.02 98.59 

Analysis 

Caled C44H2aN4FeCl 

Caled C44H28N4FeCl ‘HgO 

Found Sample A 

Sample B 

75.06 

73.4 

74.89 

74.75 

H 

4.01 

4.16 

4.53 

4.53 

N 

7.96 

7.76 

7.50 

7.40 

Fe 

7.93 

7.76 

7.39 

7.89 

The purification continues. 
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Visible Spectrum (benzene) 

Sample A Sample B Reported (ref. 6) 

Ä (mu) _£ X (mil) €. Ä(mn) _^ 

690 3,060 611 3,200 685 2,960 

656 Not calc. 656 2,600 

573 5,900 

508 11,800 

418 104,000 

571 6,850 574 3,540 

502 6,850 511 11,000 

412 95,900 419 9^,000 
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9. Spectra 

Spectral data are given in Figures 50-59« 
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Figure 56. Visible Spectrum (Benzene) of Cobalt (III) tetra- 
phenylporphin acetate hydrate (L-2) 

FREQUENCY (CM') 

Figure 57. Infrared Spectrum (KBr Pellet) of Cobalt (ill) 
tetraphenylporphin acetate hydrate (L-2) 

FREQUENCY (CM') 
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M- TETRATHIENYLPORPHIN CHET,ATES (M| 

I 

1• Discussion 

w5iel s:r\than the p-iousiy 
porphln reference Is fo^d In thenii.nt T,?"17.1“0"? ‘etrathlenyl- 

cLl^ra^^rL%e0r%S?trathl^Ä'" («^-'phÍ: 3LThls 

ïetrïïu^ÂS. ».r^‘SdtS°PP?r' “e06?1*' an<i P«-lc 
intermediates. This method waf a^ iiZ^n2 c^e^a^e ancl free base 
the synthesis of the PTOCed“ra “aad 

2. 
Synthesis of Zinc tetrathlenvlporphin 

jL=zn+2; 

^«.ji-CHO + [J + Zn^0Ac^ 

190°C 
pyridine 

i 
H 

48 hr 
sealed tube 

(Ml8T7b) 

a. Discussion 

MlSTyb^ampies^than the8-^8^!^?"1^«??*“’®? t0tyleld better 
amount of a blacÎTchloroforS^oîïîi a íh°d *Se? 11A large 
product was produced during the syíthesirofnMÍ8T7S1Ubíf 8lde 
to be advantageous to extífct the^r^ctíJn^duíí wThf0Und 
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benzene (rather than chloroform; see II.L) before chromatography in 
order to avoid adding the black, non-porphin material to the column 

Better quality tetrathienylporphin (M-l) was obtained if the zinc 
chelate (Ml8T7b) was chromatographed twice before hydrolysis. The 

yields of pure Ml8T7b were about 4#. 

b. Proof of Structure 

(l) Spectra 

While the infrared spectrum is not of much use in the structure 
proof of Ml8T7b, it is not inconsistent with the structure. 

There are no literature values for the visible absorption of Ml8T7b. 
The spectrum is, however, similar to that of zinc tetraphenylporphin 
(see II.L.9) and is that expected for a zinc porphin chelate. 

(2) Reaction Product 

The structure of Ml8T7b can be assumed to be that assigned since 
the known compound, tetrathienylporphin (M-l) is produced from 

Ml8T7b on hydrolysis. 

c. Purity 

The sample of Ml8T7b submitted to the Air Force had been chromato¬ 
graphed over alumina three times. 

The T.L.C. sample showed two spots on talc with either acetone 
(RfO.OO and O.9O) or 1:1 benzene-chloroform (RjO.OO and O.7OJ. it 
is not known whether the spots at the origin are real. 

d. Air Force Sample 

Two samples of Ml8T7b (2.0 and 0.5 grams, total 2.5 grams) under 
nitrogen were submitted to the Air Force on 4 March 19^4. 

Although Ml8T7b was not a requested compound, it was submitted as 

a dye of possible future interest. 

3. Synthesis of Tetrathienylporphin (M-l)(M. X = 2H) 

Ml8T7b 
(1) HC1 (M-l) 
(2) NH4OH 

The crude M-l obtained from the hydrolysis of twice-chromatographed 
Ml8T7b appears to be of high quality. Our M-l extinction co- 
efficients are slightly lower than the values previously reported 
(ref. 4). Chromatographic purification of M-l results in large 

material losses. 
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If a sufficient amount of M-l remains after the three requested 
chelates have been prepared, a sample of this dye will also be 
submitted to the Air Force. 

4. Synthesis of Copper tetrathienylporphln (M-2)(M, X=Cu+2) 

, , CHCI3 
(M-l) + Cu(0Ac)2-jjQ^-* (M-2) 

M-2 is prepared from tetrathienylporphln and cupric acetate in 
yields of about 70$. The crude product contains unreacted M-l, 
although it cannot be detected in the visible spectrum of M-2. One 
chromatographic purification removed this impurity, but reduced the 
yield of M-2 by 50^. The analysis of the purified dye agrees with 
the theoretical values (see II.M.T.e). M-2 gives one thin-layer 
chromatographic spot on talc with benzene-chloroform. This compound 
will be submitted as soon as the data sheets are completed. 

5. Synthesis of Cobalt tetrathienylporphln (M-3)(M, X = Co4-2) 

(M-l) + Co(0Ac)g (M-3) 

Poor yields and tetrathienylporphln contamination have plagued this 
reaction. The chromatographic purification of M-2 is not as clean 
as in the case of copper analog (M-2). This reaction is still under 
investigation. 

6. Synthesis of Iron (ill) tetrathleavlporphln chloride (M-4) 
[M, X = Fe'ra. Cl~j - 

CHCI3 
NaCl , , . 

(M-l) + Fe(OAc)3 . -► (M-4) 

This synthesis is still in the exploratory stage. The chromatographic 
behavior of M-3 appears to be similar to that of iron (lll)tetra- 
phenylporphin chloride. 

7. Experimental 

a. Starting Materials 

Pyrrole (Eastman, 500 g - $6.60) was redistilled under nitrogen 
through an 8-inch Vigreux column, [bp 130-131°C, lit. (ref. l), 
bp 130-131°C] and stored under nitrogen until used. 

2-Thienylcarboxaldehyde (Columbia Chemicals, 100 g - $18.00) was 
redistilled at reduced pressure through an 8-inch Vigreux column, 
[bp 75°C/10 mm; lit. (ref. 2), bp 75.50C/11 mm] and stored under 
nitrogen until used. 
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Inorganic Reagents and Solvents were reagent-grade and were used 
without further purification. 

b. Chromatographic Materials, Procedures and Pyrolysis 
Ëqulpment 

These are described in section II.L.7 of this report. 

c. Zinc tetrathienylporphln (Ml8T7b) 

Three large Carius tubes (Fig. 49) were flushed with nitrogen and 
charged to approximately one-half their volume with pyrrole (20.0 
ml, 19.4 g. 0.288 mole), 2-thienylcarboxaldehyde (40.0 ml, 48.6 g, 
0.414 mole), zinc acetate dihydrate (20.0 g, O.O92 mole), and 
pyridine (4Ò.0 ml). The tubes were sealed under nitrogen and heated 
at 190oC for 48 hr in the manner described for zinc tetraphenylpor- 
phin (Ml6T7a) (see II.L,7)« The tubes were cooled and opened, and 
contents were poured into I5OO ml of distilled water. The dark 
semi-solid product was pulverized under water, and the black solid 
was filtered and dried in vacuo at 100°C/15 mm for 4 hr. The black 
powder was extracted in a Soxhlet apparatus with benzene until the 
extracts were colorless . The benzene extracts exhibited bands 
in the visible spectrum characteristic of porphins, i.e., Soret peak 
ca. 420 mp. plus minor peaks from 430 to 6OO mp. The solvent was 
removed in vacuo and the dark solid was dried at 80°C/15 mm for 
2 hr to yield 123-6 g of black solid. This material was chromato¬ 
graphed in 30-g portions over MCB alumina (l g/33 g alumina) in 
column C using benzene as eluant. The black solid was allowed to 
settle at the top of the column. It slowly dissolved as more benzene 
was added. The light yellow forerun was discarded. The broad, deep 
green band eluted as a maroon solution. An average of twenty-five 
450-mi fractions was collected in each chromatography. Later frac¬ 
tions were quite dilute as evidenced by light coloration. Allr H 
fractions exhibited the same general visible spectrum, i.e.,Amax 
Soret, 488 (sh), 320 (sh), 555 and 6OO mp. At times, the later 
fractions (22 to 25) also exhibited an extra peak at 63O mp. The 
solvent was removed in vacuo and the blue solid dried at 70°C/15 mm 
for 2 hr. The yield of M18T7b obtained after one chromatography was 
17.71 g. A total of 3.22 g of material was also obtained that had 
an extra peak at 630 mp. 

The combined product was rechromatographed in 10-g portions over 
Woelm alumina (l g/50 g alumina) in column C using benzene as sol- 
vent. No forerun was obtained. Again, the green band was eluted 
as a maroon solution. The visible spectrum was the same as that of 
the earlier fractions of the first chromatography. No extra peak 
at 63O mp was ever detected. The combined yield of Ml8T7b after two 
chromatographies was 6.6I g (4.3# yield). All the zinc tetrathienyl- 
porphin (Ml8T7b) used as starting material for tetrathienylporphln 
(M-l) was prepared in the above manner. The yield was 4 to 8# after 
two chromatographies . 
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benZene in C01"“ 

d. Tetrathlenylporphln (M-l) 

vr M - ¾ rSS in 
the reaction mixture was neutralized to nH 7 n tt14-v, Dat;ri while 

aoïütï™ waalepãrãualnldríS ^/¡¿hyXoSslolî™ sSÍfl^^0™ 

grMf ^ • 
similar to that reported by Sharp (ref. 4} M-l (n ñr> \ 
pared as above, was chromatographed over 56 g of Woelm*aluminaPre~ 
(benzene) In column A. A slSgle, dark green tond was elnÄ. 

??ar11 lÍÍIÍaltSnlSS aTIL^ai?6 ?L 
quantitative visible spectrum is reported below. * 6 

Wavelength, mu 

657 
597 
560 
522 
428 

£* 
** 

1,516 
4,202 
6,004 

13,114 
276,000 

7.500 
5,800 
8.500 

19,^00 
366,000 

#* 
found 
ref. 4 

The difference in £ values is under investigation, 

e. Copper(II) tetrathienvlporphlr. (m-o| 

In I50“Í1Í ^Í“ío?S™f íaera2íedTS,p?Ín <2;27 g- J-611“-3 mole), 
monohydrate (1.44 a 7 2xl0~3 mnia^ ^ ocr¡°ni0^ cuPrlc acetate 
The mixture was stirrld ÏÎ reñuí 5 11° ml ?f 8lacial acetic acid, 
and filtered. The product was dried at 70*0/15 L for&2 h^t^yield 
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1.74 g (69$) of deep blue crystals. Tnls reaction was repeated 
three times on the same scale with an average yield of 72^. 

The copper tetrathienylporphin obtained (ca. 7 g) was chromatographed 
oyer Woelm alumina (l g/150 g alumina) and eluted with a petroleum 
ether (30-60 C)-benzene mixture (l:3 by vol). The brown-red M-2 
band was cleanly separated from a definite green band that remained 
n the top third of the column. Removal of solvent in vacuo and 

drying at 70 C/15 mm for 2 hr gave 3.34 g of M-2. This solid was 
dissolved in chloroform, and filtered to remove any alumina. The _ / Nx li»V/ V ^ 0.1 ijf O X LAI 11X1 iCi • 

solvent was removed in_vacuo, and the solid dried at 100°C/0.5 
for 16 hr [Aj^x6 54H mp. (£19,700), 424 np (£350,000)]. 

mm 

Analysis for C3eH2oN4S4Cu 

£. JL N. _S_ _Cu_ 

Calcd 61.73 2.88 8.00 18.31 9.07 
Found 61.93 3.36 7.76 18.36 8.83 

f. Cobalt(II)tetrathienylporphin (M-3) 

To a stirred solution of tetrathienylporphin (O.638 g, IxlO-3 moles) 
in 50 ml of chloroform was added a solution of cobaltous acetate 
tetrahydrate (O.374 g, 1.5x10-3 mole) in 50 ml glacial acetic acid. 
The mixture was stirred at reflux for 2 hr. At that time, the 
yisible spectrum of the reaction mixture indicated no unreacted 
tetrathienylporphin. The solution was allowed to cool slowly for 
30 minutes and then was chilled in an ice bath and filtered. The 
product was dried at 80°C/15 mm for 2 hr to yield 0.39 g (55¾) of 

Attempts to increase this yield by (l) evaporating the chloroform 
layer, (2) using only glacial acetic acid as solvent, and (3) using 
pyridine as solvent were unsuccessful. 

The M-3 obtained above was chromatographed over 50 g of Woelm alumina 
in column A and eluted with a mixture of 30-60°C petroleum ether- 
benzene (1:3 by vol). A broad red band was followed by a dark green 
band on the column. The red band was eluted as six 125-ml fractions. 
The visible spectrum of these fractions showed535 and 420 mu 

Removal of solvent and drying at 80°C/15 mm for 2 hr yielded 0.19 g 
of blue solid. & 

Fractions 7-12 showed contamination with unreacted tetrathienylpor¬ 
phin. J * 

g. Iron (III) tetrathleavlporphln chloride (M-4) 

To a stirred solution of tetrathienylporphin (O.500 g, 7.9xl0-4 
mole) and sodium chloride (0.200 g, 3-4x10-3 mole) in 50 ml of 
chloroform was added I50 ml of a hot filtered solution of ferric 
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acetate, prepared by refluxing 150 ml of acetic acid over iron 
filings (l g) for 3 hr. The reaction mixture was refluxed for 
2 hr and then evaporated to dryness in vacuo. The reddish solid 
was extracted thoroughly with four 100-ml portions of benzene. Re¬ 
moval of the benzene in vacuo and drying of the product at 80°C/ 
15 mm for 2 hr yielded 0.41 g (70$) of blue solid. 

This sample of M-4 was chromatographed over 50 g of Woelm alumina 
and initially eluted with benzene. A light green band was very 
slowly eluted in the first fifteen 250-ml fractions, while the 
broad, dark band had traveled one-third of the way down the column. 
When the solvent was then changed to a (3:1 by vol) mixture of 
benzene-chloroform, the dark band was eluted completely in three 
200-ml fractions. The solvent was removed and the resulting product 
dried at 80°C/15 mm for 2 hr to yield O.O8 g of black solid, tenta¬ 
tively identified as M-4. 

8. References 

1. "Dictionary of Organic Compounds", I. Heilbron and H. M. 
Bunbury, Eds., Oxford, N. Y., 1953. 

2. G. H. Jeffery, R. Parker and A. I. Vogel, J. Chem. Soc., 570 
(1961). 

3. D. B. Sharp, U. S. Patent 2,950,237, Aug. 23, i960, C.A., 57, 
3289 (1962). - 

4. D. B. Sharp, private communication. 

9. Spectra 

Spectral data are given in Figures 60-64. 
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N. 1-SUBSTITUTED THIONINE DYES (NÏ 
X 

X = CH2COOH, CH2CH2COOH, 
CH2CH2OH, CH2CH2NH2 

1. Discussion 

lh7 this investigation is to provide analytically pure 
?,Ioaî’Mlin0P^u0^iaZ0nlum salts that are Substituted in the 1-position with the groups indicated above. 

Iphenothiazine numbering) 

Two general synthetic methods were considered; 

(1) the preparation and condensation of small molecules, 
i.e., anilines and thiophenols, to form N, and 

(2) tioÍs!tatl0n °f phenothiazlne (N-l) by substitution reac- 

The latter method was chosen after a review of the current 
zine Íchioropromazine) contract literature (ref 21) which ii?nathi 
trated the difficulties innerent in the first method. 

tlo„Sofiphenothiazine ^ ^ ^ dlreCted towards the 

(1> ?via Nitration-re ductionj1011^8 ln the Pr0Pe1, 

í2) the^-positiorw 3 0ne'’ tW°'' ^1, three-carl>0" thain into 
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^• Introduction of Amino Groups Into Phenothlazlne (Table J>) 

a. ^,7-Dlnltrophenothlazlne Sulfoxide (N-2) 

N-2 was prepared by the method of Kehrmann (ref. 3). The initially- 
formed orange precipitate, originally identified as the "mono- 
nitroderivative" (ref. 3), was found to be identical with N-2, the 
dinitro compound. 

The infrared spectrum of N-2 shows N-H and aromatic C-H stretching 
at 3247 and 3055 cm-i, respectively. The C=C stretching bands 
are at higher frequencies than in phenothiazine (N-l) indicating 
the addition of nitro groups. Nitro absorptions are seen at 1515 
and 1325 cm-1. The strong absorptions at 750 and 755 cm-1 in N-l, 
which are assigned to the four adjacent ring hydrogen atoms, are 
not present in N-2, indicating substitution has taken place. The 
assignment of the 743 cm-1 absorption to a low frequency nitro 
vibration was confirmed by subsequent reduction reactions (see N-5). 
Bands at 843 and 83O cm"1 can indicate two adjacent ring hydrogens, 
but these absorptions do not distinguish between 2- and 3-position 
substitution. No IO5O cm-1 S-0 absorption is seen, but a sulfoxide 
is suspected by analogy with N-ll (see II.N.3.d) and the incomplete, 
but indicative, analysis for N-2 (ref. 3). 

hé 7-Amino-3-phenothiazlme (N-4) and Hydrochloride (N-5) 
(Thlonlnej 

The catalytic reduction of N-2 in methanol resulted in a light green 
solution, presumably containing 3<7-diaminophenothiazine (N-3), i.e., 
leucothionine. Exposure to the air resulted in an immediate color 
change, which indicated the oxidation of N-3 to N-4. Addition of 
hydrogen chloride to N-4 gave the hydrochloride, N-5, which was 
shown to be thlonine by comparison of its visible and infrared 
spectra with that of an authentic sample. N-4, N-5 and commercially 
obtained thionine had identical visible spectra (\J™H 604 mp). 

The infrared spectra of N-4 and N-5 are similar. N-5 does not show 
the nitro absorptions present in the starting material, Nj2. The 
enhanced 3100-2400 cm-1 absorption in N-5 may be due to .¾ . 

3. Introduction of a One-Carbon Chain into Phenothlazlne (Table 4) 

a. 1-Carboxyphenothlazlne (N-7) 

N-7 was prepared by the method of Oilman (ref. 4). The infrared 
spectrum of the product is in agreement with the structure proposed 
on the basis of an indirect structure proof (ref. 4). 

The infrared spectrum indicates bonded 0-H at 3000-2400 cm-1 and 
0-K deformation at 905 cm-1. The carboxyl absorption at 1667 cm-1 
is low for an aryl acid and Indicates intramolecular hydrogen bond¬ 
ing. This finding also supports l-substitution. The N-H stretch 
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The is similarly lowered from 5516 cm-1 in N-l to 5289 cm-1 in N-7. 
bands at 1455, 1274, 1256, and 1225 cm-i are assigned to C-0 
stretching. Absorptions at 1597» 1565# 1502, and i486 cm-1 are C=C 
stretching vibrations. Strong absorptions around 750 cm-1 can be 
assigned to the four adjacent hydrogen atoms on one ring and the 
three on the other. 

Protection of the phenothlazine amino group by alkylation (benzyla¬ 
tion) before carboxylation would have advantages in many of the 
routes devised for the preparation of N . Unfortunately, when a 
10-alkyl substituent is present, phenothiazine carboxylates in the 
4- rather than the 1-position (ref. 15,14) (see, however, ref. 25). 

b. 1-Carbomethoxyphenothlazine (N-8) 

A number of unsuccessful or only partially successful attempts 
were made to esterify N-7. The literature procedure (dimethylsul- 
fate) (ref. 4) did not yield the desired product. The reaction of 
the acid chloride (N-7a) with methanol gave a mixture of N-7 and 
N-8. Oxalyl chloride (ref. 6) was used to prepare N-7a since 
thionyl chloride had been reported to cause the nuclear chlorination 
of 2-chlorophenothiazine (ref. 7). Attempted catalysis of the 
esterification with hydrogen chloride (ref. 8) or boron trifluoride 
(ref. 8) gave starting material. Sulfuric acid catalysis gave the 
desired ester, N-8, in yields of 40 per cent. 

The carboxyl 0-H absorptions (5000-2400 and 905 cm-1) of the 
starting material, N-7, are not seen in the infrared spectrum of N-8. 
The ester carbonyl is seen at 1689 cm-1, a reasonable frequency for 
an aryl ester. The bands at 748 and 755 cm"1 can be assigned to the 
four and three adjacent ring hydrogens, respectively. The N-H 
stretch is at 5257 cm-1 with aromatic C=C at 1Ó00 (split), 1565, 
1499, and i486 cm-i. The C -0 stretch is at 1250 cm-i. The attempted 
nitration of N-8 to produce N-9 was unsuccessful. 

c. 1-Hydroxymethylphenothlazlne (N-10) 

N-10 was prepared as a possible precursor for lengthening the car¬ 
bon chain at the 1-position. 

CH2OH CHgOTs ÇHaCN CH2C00H 
I, JMi b J5Ü-, ï i, 

Lithium aluminum hydride reduction of the acid, N-7, gave a com¬ 
pound with the correct elemental analysis for N-10. While the 
2-hydroxymethyl compound is known (ref. 10), the 1-isomer is new. 

All evidence for a carboxylic acid group has disappeared from the 
infrared spectrum of N-10. The absorption at 5556 cm-1 is probably 
a combination of free 0-H and N-H. Aliphatic C-H stretching is seen 
at 2¿74 cm"1 while the band at 1004 cm-1 is assigned to C-0 stretching. 
The spectrum is consistent with the structure. 
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d- l-Carboxy-3i7-dlnitrophenothlazIne sulfoxide (N-ll) 

The nitration of 1-carboxyphenothiazine (N-7) with nitric acid in 
acetic acid should give 3>7-substitution as was found for phenothia- 
zine (Table 3). The Influence of the 1-carboxylic acid group on 
the phenothiazine nucleus should be to decrease the reaction rate 
and direct substitution into the 3-position. A product was obtained 
that gave a correct elemental analysis for N-ll. 

T1?e™n!rareci s?ec^rum N-ll shows N-H and aromatic C-H stretching 
^Qr?22b and 5067 cm‘1' respectively. Bonded 0-H is found at 2900- 
1Ö00 cm-i. The increase in the carboxyl carbonyl frequency from 
I667 cm- in N-7 to I695 cm-1 in N-ll indicates the introduction of 
a nitro group into the ring bearing the carboxyl group. The 985 cm-1 
absorption is 0-H deformation. Nitro absorptions are found at 1527. 
1333> and 745 cm-1. ' 

The 745 cnr1 band is assigned to a low frequency nitro absorption 
rather than four adjacent hydrogens (which would indicate mono¬ 
nitration) since this band disappears on reduction of the nitro 
groups (see N-I3). A number of bands are noted in the 950-790 cm-1 
region making the assignments for two adjacent hydrogen and a lone 
hydrogen deformation impossible. While the spectrum is consistent 
with the structure, it does not, alone, establish the positions of 
the substituents. 

The visible and ultraviolet spectra of the di-anion of N-ll (see 
N-15) in 0.1N sodium hydroxide were similar to the spectra of the 
mono-anion of 3,7-dinltrophenothiazine sulfoxide (N-2a). 

■öQ 
COONa 

(N-15) 

\nax 500, 225 mix 

(N-2a) 

Amax 485' 22? ^ 

This evidence supports 3,7-dinitro-substitution. 

The catalytic reduction of N-ll followed by air-oxidation of the 
resulting amino compound gave a dye (see N-15) with the same shaped 
curve and absorption maximum as found with 7-amino-3-phenothiazime 
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COOH 

(N-15) (N-4) 

These data, when considered with the spectral data of other dinitro- 
phenothiazines (ref. 9), allow quite certain assignment of the nitro 
groups in N-ll to the 5,7-positions. 

b. Reactions of l-Carboxy-3,7-dinitrophenothiazine sulfoxide 

TTf~f0 "TTibliTT- -- 

a. l-Carboxy-7-amino-3-phenothiazime (N-13) 

The catalytic reduction of N-ll was analogous to the reduction of 
N-2 in that the intermediate amino compound was air-oxidized to 
a thionine dye. The oxidation of N-12, however, was considerably 
slower than that of N-3. 

The visible spectrum of N-I3, which has been discussed previously 
(see II.N.^.dJ, offers good evidence for the proposed structure. 
The infrared spectrum of N-I3 is very similar to the non-carboxyl- 
containlng dye, N-4. The carboxyl absorption is not easily identi¬ 
fied, but the band at 95O cm-1 may be 0-H bonding. The spectrum 
favors the N-I3 structure over the zwitter-ion, N-13a. 

b. Mono- and Dlsodlum Salts of N-ll (N-l4 and N-15) 

When slightly less than one equivalent of sodium hydroxide was 
added to N-ll, a red monosodium salt (N-l4) was formed. The infra¬ 
red spectrum of N-14 has a 1626 cm-1 absorption that is probably an 
ionized carboxyl frequency. The nitro absorptions are in about the 
same positions as in the acid, N-ll. 

When more than one equivalent of sodium hydroxide is added, a purple 
solid is obtained that has an infrared spectrum in which the nitro 
absorptions are shifted relative to N-ll. This is evidence for 
acl-nltro salt formation. The visible spectrum of N-15 has been 
discussed previously (see II.N.J.d). 

c. Attempted Esterification of N-ll 

The methyl ester of N-ll was desired because it was felt that the 
ester group could be reduced to an alcohol with the proper metal 
hydride complex (ref. 11) without affecting the nitro groups. Nitro 
groups are preferable to amino groups during the cyanide chain 
extension reaction (see next page). 
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confirmed by a flame test. Continuous extraction of the sample with 
ether did not completely remove the salt. When the sample was 
passed through a chloride ion-exclusion resin (ref. 18), the salt 
was removed, but N-l6 could not be removed from the resin. 

While a one-minute water extraction of the sample removed all the 
lithium chloride, it also caused a complete change in N-l6. The 
product, postulated as N-l8 from infrared data, probably resulted 
from the formation of a ß-ketoacid that spontaneously decarboxylated 
to form N-18. The problem of complete removal of inorganics from 
N-l6 has not been solved. 

The very strong infrared 0-H absorption of N-l6 at 3J80 cm-1 suggests 
the presence of water or an enol tautomer (N-l6a) 

The broad absorptions at I706 and I613 cm-1 may result from a com¬ 
bination of dicarbonyl and enol-carbonyl absorptions. The bands 
at 1460 and 1439 cm-1 are also found in phenothiazine (N-l). The 
absorption at 735 cm-1 is in the correct region for four adjacent 
hydrogen atoms on the unsubstituted ring. The spectrum is not in¬ 
consistent with the structure. 

The methanolysis of N-I6 in the presence of a sulfuric acid catalyst 
gave N-I7. No reaction occurred in the absence of the catalyst. 

The infrared spectrum of N-I7 in nujol shows a weak absorption at 
3376 cm-1 that can be assigned to either the N-H stretch or the 
bonded 0-H of the enol of N-I7. The potassium bromide spectrum 
gives evidence for both aliphatic and aromatic C-H. 

The carbonyl absorptions, while similar in shape to those in N-I6, 
are shifted to higher frequencies (1724 and 1686 cm-1), as expected. 
The bands at 1582, 1460, and 1439 cm-1 are part of the phenothiazine 
spectrum, while the ortho substitution band is seen at 745 cm-1. 
The spectrum is consistent with the structure. 

c. Introduction of a Two-Carbon Chain 

The reaction of N-6 with oxalyl chloride was expected to yield N-I9 
by analogy with N-I6. The product of the reaction could not be 
changed (ring-opened) with alcohol or water, suggesting that the 
product may have the structure of an a-ketoacid (N-19a). 
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COOH 

The solubility of the product in benzene and chloroform, and its 
insolubility in 0.1N sodium hydroxide solution, suggests structure 
N-I9, however. 

The nmr spectrum shows no trace of a carboxyl proton absorption at 
5=11 ppm. 

The infrared spectrum of N-I9 shows absorptions at 1745 and I678 cm-1, 
which could be due to the keto and amide carbonyl groups, respec¬ 
tively. The C-0 stretching vibrations are seen at 1255 and II60 cm-1 
while the band at 755 cm-1 can be assigned to unresolved three and 
four adjacent-ring hydrogen absorptions. There is practically no 
evidence for a carboxyl group in the 0-H stretching region nor is 
any 0-H deformationseen near 9OO cm-1. These data further support 
the assignment of structure N-19 rather than N-19a. 

A Wolff-Kishner reduction of N-19 gave a very small yield of a product. 
The infrared spectrum of this compound suggested that the desired 
reduction plus hydrazinolysis of the amide and ring closure had 
taken place to give N-22. 

OH 

An attempted catalytic reduction (ref. 20) of the keto carbonyl of 
N-19 to a methylene group failed. 

The reduction of N-19 with sodium borohydride gave N-20. The keto 
absorption at 1745 cm-1 in N-19 is not present in N-20. The 0-H 
stretching intensity has also increased, indicating a successful 
reduction reaction. 
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6. Experimental 

a. Starting Materials 

Phenothlazlne (N-l) (MG and B, 500 g - $2.90, crude mp 174-178°C) 
was twice dissolved in benzene (25 ml/g) and the solution refluxed 
in the presence of charcoal (l g/20 g compound). The solution was 
filtered and the filtrates evaporated to dryness to give a gray- 
white solid [mp 181-182°Cj lit. (ref. 1) mp l82°C] which was 1005¾ 
pure by v.p.c. analysis. 

n-Butylllthium (Foote Mineral Co., 64 g - $7.50) was a 155¾ solution 
in hexane. 

Carbon dioxide from a commercial "Dry-Ice" source was used. 

Oxalyl chloride (Eastman, 25 g - $6.55) was used as received. 

Malonyl dlchlorlde (Aldrich, 25 g - $16) was distilled under nitro- 
gen [bp 57“0/29 mm; lit. (ref. 1), bp 580C/26 mm]. 

Boron trlfluorlde etherate (Eastman, 250 g - $2.75) was distilled 
[bp 125“C; lit. [ref. 2), bp 125.7°C]. 

Chloride ion-exclusion resin (Baker, Dowex 1-X4 (Cl- form), 50-100 
mesh) was used as received. 

Platinum oxide (MC and B, 1 g - $8.50) 

b. 5,7-Dlnitrophenothlazlne sulfoxide (N-2) (ref. 3) 

Phenothlazlne (2.0 g, 0.01 mole) was dissolved in 50 ml of hot 
glacial acetic acid, and the solution was chilled and stirred until 
freezing occurred. The ice bath was removed and 16 ml of concen¬ 
trated nitric acid (70$, d = 1.42 g/ml, 19.2 g, 0.5 mole) was added 
dropwise to the stirred slurry over a 15-min. period. An immediate 
black coloration occurred. An orange precipitate came out of the 
dark solution after about 1/5 of the HN03 had been added. After 
completion of the addition, the suspension was cautiously heated on 
a steam bath for 1 hr, and then cooled to room temperature. The 
resulting brown solid was filtered, washed with 250 ml of water, and 
dried at 60°C/15 mm to give 2.56 g (825¾) of brown solid (mp 258-265°C 
dec). Extraction with acetone (lO ml/g) reduced the yield by 165¾ 
while giving yellow crystals [mp 268-269°C dec; lit. (ref. 5), mp 
not sharp, ca. 260°C dec]^°.IN NaOH 485 and 225 np. 

max 

c. 7-Amlno-5-phenothlazlme (N-4) 

5,7-Dinitrophenothiazine (0.50 g, 1.75 mmoles) and 0.10 g of platinum 
oxide were heated with 100 ml of reagent-grade methanol on a steam 
bath for 15 min. The suspension was cooled to 50°C and hydrogenated 
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at room temperature in a Parr apparatus at 50 lb/in.2 for 2.5 hours. 
About 0.8 lb of hydrogen was taken up (calc. O.96 lb). Upon fil¬ 
tration, the light green solution immediately became purple (air 
oxidation). Evaporation of the solvent in vacuo produced 0.55 e 

PurPle crystals [mp spots 167°C,' 221“C-?0C dec. (not sharp), 
EtOH 604 mu.]. 

'max ^ 

d* 7-Amlno-5-phenothlazlme hydrochloride (thlonine) (N-5) 

7-Amino-5-phenothiazime (O.IO g) was added to 50 ml of methanol and 
2.0 ml of a solutionof hydrogen chloride in methanol (O.l g/ml) was 
added. The solution was filtered and the filtrates were evaporated 
to dryness to give O.O7 g (60$) of a dark maroon solid (mp >520°C). 
The visible absorption spectrum (shape and AEtOH 604 mu) was identi- 

max 

cal with the spectrum of a commercial sample of thionin (MC and B). 

e. 1-Carboxyphenothlazlne (N-7) 

All glass equipment was flamed out under nitrogen before use. 

n-Butylllthium in hexane (520 ml, O.50 mole) was added to 800 ml 
of dry ether under a nitrogen atmosphere. Phenothiazine (40.0 g, 
0.20 mole) was added in small portions to the mechanically stirred 
solution under positive nitrogen pressure. Gas evolution resulted 
(C4H10). The yellow solution was stirred for 6 hr and allowed to 
stand 40 hr. When stirring was resumed, a yellow solid precipitated 
after 2 hr. The suspension was then stirred a total of 10 hr and 
allowed to stand 16 hr. The suspension was then cooled under nitro¬ 
gen in a Dry-Ice-acetone bath, and the cold suspension was poured 
rapidly into a stirred mixture of 880 g (20 moles) of solid carbon 
dioxide in 5OO ml of ether (4 liter beaker). After the suspension 
had warmed to room temperature, 1000 ml of water was added. After 
thorough mixing, the aqueous layer was separated and acidified with 
100 ml of oN hydrochloric acid (C02 evolution). The resulting 
yellow precipitate was filtered and washed with 500 ml of water. 

^ 90°C/15 mm for 16 hr, 59.17 g of crude product (mp 
255-257 C dec; was obtained« The product was dissolved In warm 
solution of 140 g of sodium hydroxide in 1400 ml of water and the 
solution filtered through a sintered glass funnel. A concentrated 
aqueous sodium hydroxide solution (128 g in 200 ml) was added to the 
stirred filtrates causing the precipitation of the yellow-green 
sodium salt of the acid. The salt was filtered (glass funnel) and 
dissolved in I600 ml of water. The solution was filtered (glass 
funnel) and 200 ml of 6N hydrochloric acid was added to the stirred 
filtrates. The resulting yellow solid was filtered (glass funnel) 
washed with 1000 ml of water, and dried at 90°C/15 mm for 24 hr to 
give 3!.04 g (64*) of product [mp 267-268°C dec.; lit. (ref. 4), 
mp 264-264.5°C]. " 
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f. 1-Carbomethoxyphenothlazine (N-8) 

Method A (ref. 4) (unsuccessful) 

A mixture of 0.49 g (0.002 mole) of 1-carboxyphenothiazine, 5.0 ml 
of 0.1N sodium hydroxide, and 1.0 ml of dimethylsulfate was re¬ 
fluxed 17.5 hr. The solid was filtered and extracted with two 
50-ml portions of ether, which were evaporated to dryness. The re¬ 
sulting 0.14 g of yellow solid (mp l69°C dec) had the infrared 
spectrum of impure starting material. 

Method B 

A suspension of 1-carboxyphenothiazine (0.45 g, 0.0018 mole), 10 ^1 
of methanol, and 1.0 ml of cone, sulfuric acid was refluxed for 5d 
hr The dark brown solution was filtered to remove a black gum. 
The yellow solid that precipitated from the filtrates upon cooling 
at 0°C was filtered and dried to yield 0.19 g W) of brown crystals 
(mo 110-112°C). Recrystallization from methanol (charcoal) gave 
golden crystals [mp soften 109°C, 111-115.5°C; lit. (ref. 4), mp 

115-115.5°C]. 

Method 0 

A suspension of 2.00 g (0.008 mole) of 1-carboxyphenothiazine, 50 
ml of methanol, and 1.0 ml of cone, sulfuric acid was heated in a 
pressure bottle for 70 hr on a steam bath. The resulting green 
crystals were filtered and recrystallized from methanol (charcoal) 
to yield 0.92 g (45#) of green-brown crystals (mp 110-112 C). ihe 
infrared spectrum of the solid was identical with that of the 

product of Method B. 

Method D (unsuccessful) 

A suspension of 1.0 g (0.004 mole) of 1-carboxyphenothiazine, 25 ml 
of methanol, and 2.0 ml of hydrogen chloride in methanol (°*12 e/ml) 
was heated in a pressure bottle on a steam bath for 96 4r. The in¬ 
frared spectrum of the product (mp 245-257 0 dec.) showed that 
only a minor amount of ester was present in the recovered starting 

material. 

Method E (unsuccessful) 

A suspension of O.5O g (0.002 mole) of 1-carboxyphenothiazine, 10 
ml of methanol, and 1.0 ml of freshly distilled boron trifluoride 
etherate was refluxed for 24 hr. The dark brown solution was 
evaporated to near dryness. Hot methanol (5 ml) was added and the 
suspension filtered. The filtrates were cooled and triturated to 
give O.15 g of impure product (mp soften 152 C, 162-250 C) . The 
infrared spectrum indicated partial ester formation. 
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Method F 

1-Carboxyphenothiazine (1.2 g, 0.005 mole) was suspended in 5.0 ml 
of-dry benzene and 1.26 ml (I.9 g, 0.015 mole) of oxalyl chloride 
was quickly added. The resulting slow gas evolution became more 
rapid as the stirred mixture was heated at reflux for 0.5 hr. The 
dark red solution was cooled to room temperature and 10.0 ml of 
methanol was added dropwise. A yellow solid precipitated. Filtra¬ 
tion gave a total of O.85 g (66$) of a mixture of starting material 
and ester identified by infrared spectral analysis and TLC (Rf 0.1 
and 0.8; silica gel/methanol). Rf 0.8 indicates the ester. 

g. 1-Hydroxyme thyIpheno thlazine (N-10) 

1-Carboxyphenothiazine (0.49 g, 0.002 mole) was extracted in a 
Soxhlet apparatus (ref. 5) for 6.5 hr with 15 ml of ether containing 
O.19 g (O.OO5 mole) of lithium aluminum hydride. After cooling the 
suspension to room temperature, 5 ml of ether was added and the 
excess lithium aluminum hydride was cautiously decomposed with 5 ml 
of water. An emulsion was obtained. Water (50 ml) and 75 ml of 
ether were added and the layers thoroughly mixed. The ether layer 
was separated, dried with magnesium sulfate, and evaporated in vacuo 
to yield O.31 g (68$) of a red-brown solid (mp 96-99^). Recrystal- 
lization from 2:5::methanol:water in the presence of charcoal gave 
white needles (mp 100.5-101°C). 

Analysis (C13H11NQS) 

Caled. Found 

C 68.09 
H 4.84 
N 6.12 

68.29 
4.92 
5.82 

h* l-Carboxy-3,7-dlnltrophenothlazlne sulfoxide (N-ll) 

A mixture of glacial acetic acid (500 ml) and 1-carboxyphenothiazine 
(12.02 g, O.05 mole) was heated on a steam bath for 2 hr in a 
2-liter, 4-necked flask equipped with a mechanical stirrer, reflux 
condenser (Drierlte tube), thermometer, and dropping funnel. 

The solution was allowed to remain at room temperature overnight and 
was then cooled to 5°C with an ice bath. Concentrated nitric acid 
(94 ml, 113 g, 1.8 mole) was added to the stirred, cooled suspension 
(1-2 drops/min ) over a period of 26 min. An immediate black colora¬ 
tion developed. When the addition was complete, the ice bath was 
removed and the solution was allowed to stir at room temperature for 
32 min. The mixture was then cautiously heated on a steam bath for 
1 hr (the pot temperature rose to 92°C). 
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The suspension was cooled to 35°C over a 1.5-hr period and 
poured into 500 ml of water (stirring). The resulting brown precipi¬ 
tate was filtered and washed with 100 ml of water. The brown solid 
was stirred with 135 ml of acetone, filtered, and dried at 70°C/15 
mm to give 5.02 g of crude yellow product (mp 250°C dec). 

The original aqueous acidic filtrates were diluted with one liter of 
water resulting in precipitation of a brown solid. Addition of 
another two liters of water gave a third crop of solid after 2 days. 
The additional crops of brown solid were combined and extracted with 
50 ml of acetone to yield an additional 2.15 g of yellow product 
(mp 247-249°C dec) which had an infrared spectrum identical with 
that of the first crop [total yield 7.15 g (41$)]. Two reprecipi- 
tations from 5# sodium hydroxide (20 ml/g) with 1.5N hydrochloric 
acid (15 ml/g) yielded a yellow solid [mp 260-262°C dec;/®*^” Na0H 
500 m|i (€29,300) and 225 nux (£20,200)]. ^max 

Analysis (C13H7N3O7S) 

Caled Found 

0 44.70 44.8 
H 2.00 2.0 
N 12.03 11.9 
s 9.17 9.2 

i. Attempted Synthesis of l-Carbomethoxy-3»7-dlnltrophenothla- 
zlne sulfoxide (tí-9) (UnsuccessfüTJ 

The attempted nitration of O.5O g (0.002 mole) of 1-carbomethoxy- 
phenothiazine in 50 ml of glacial acetiac acid with 4.5 ml of 
nitric acid in a manner similar to the synthesis of N-ll, produced 
a small amount (ca 0.5 ml) of an immiscible clear oil that would 
not crystallize. 

j. l-Carboxy-7-amlno-3-phenothlazlme (N-13) 

Method A 

A mixture of O.5O g (0.0014 mole) of l-carboxy-3,7-dinitropheno- 
thiazlne sulfoxide, 100 ml of methanol, and 0.10 g of platinum 
oxide was reacted in a Parr apparatus at 38 lb/in.2 H2 pressure and 
20°C for 3 hr. The catalyst and a small amount of starting material 
were removed by filtration. The brown filtrates became purple after 
standing overnight partially exposed to the atmosphere. The solution 
was evaporated in vacuo to yield O.32 g (8l$) of maroon product, 
(mp >320°C) whose visible spectrum was similar to that of thionine. 

Method B (Unsuccessful) 

To a dark red solution of O.50 g (0.0014 mole) of l-carboxy-3,7- 
dinitrophenothiazine sulfoxide in 100 ml of 0.1N sodium hydroxide 
was added 0.10 g of platinum oxide catalyst. The mixture was 
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hydrogenated in a Parr apparatus at 35 lb/in.2 and 20°C for 1.5 hr. 
A 0.6 lb/in.2 take-up was noted. Filtration of the catalyst yielded 
a dark red-brown solution which was kept under a nitrogen atmosphere. 
Acidification of the solution with 50 ml of 6N hydrochloric acid 
(pH 1-2) gave only a small amount of brown precipitate which was 
not characterized. 

Method C (Unsuccessful) 

A suspension of 0.45 g (0.001 mole) of l-carboxy-3,7-dinitropheno- 
thiazine sulfoxide, and 0.10 g of platinum oxide in 100 ml of acetic 
anhydride was hydrogenated for 5 hr in a Parr apparatus (35 lb/in.2, 
22°C). There was no visible hydrogen uptake. No product was isola¬ 
ted from this reaction. 

k. Mono- and Disodium Salts of l-CarboxyQ.T-dinitropheno- 
thlazlne ‘sulfoxide (N-l4 and N1-!^) 

To a stirred suspension of 2.00 g (5*74 meq) of l-carboxy-3,7- 
dinitrophenothiazine sulfoxide in 75 ml of water was slowly added 
55.0 ml of O.0955N sodium hydroxide (5.24 meq.). Stirring was 
continued for 0.5 hr after complete addition. The solution was 
filtered to remove the O.50 meq of unreacted starting material, and 
the amber aqueous filtrates were evaporated in vacuo. The resulting 
product was dried at 75°C/15 mm to give 1.79 gTOTT of red N-14 
[mp >320°C, 388, 226 nui]. N-14 forms a yellow aqueous solution 

max , a , ^ , /.. .cx r >0.IN NaOH 
that attains the blood-red color of the dianion (N-15) IAmax 

500, 225 mp] upon the addition of excess aqueous sodium hydroxide. 

l. Attempted Esterification of l-Carboxy-3»7-dlnitropheno- 
thiazlne sulfoxide 

Method A 

l-Carboxy-3,7-dinitrophenothiazine sulfoxide (0.50 g, 0.0014 mole) 
was suspended in a solution of 10 ml of methanol and 1.0 ml of cone, 
sulfuric acid in a pressure bottle. The mixture was heated for 
48 hr on a steam bath, cooled, and filtered. After filtration,.the 
red solid obtained had the infrared spectrum of starting material. 
The solid was extracted with 50 ml of ether. Water (50 ml) was 
added to the methanol-sulfuric acid filtrates and the solution was 
extracted with 25 ml of ether. The combined ether extracts were 
dried over magnesium sulfate and evaporated to dryness to give 0.03g 
of red solid Imp 82-115°C dec.) which was shown to be a mixture of 
starting material and the desired ester by Infrared spectral analy¬ 

sis. 

When a similar reaction was carried out in refluxing methanol (20 
hr), starting material was recovered in almost quantitative yield. 
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Method B 

turp'^nf0]1101'1^6 0i^ S> 0.006 mole) was added to a mix- 
n nno f 1-°afbo£y-3,7-dinitrophenothiazine sulfoxide (0.66 g, 
atSoLwp 5 5,0 T1 °f Chromatoquality" benzene under a nitrogen 
hPP?Khfï evolutlon resulted. The mixture was 
heated at reflux for 24 hr. The volume of the dark red solution 

Z* ïhfUCe? — Va^U° ab0ut tw°-thirds; 8 ml of benzene was added, 
/ llT rfuctd aSaln to 5 ml. The red solution was trans- 

ierred in a dry box to a dropping funnel and added dropwise to a 
stirred solution of 5.0 ml of methanol in 5.0 ml of pyridine. The 
resulting dark red solution was refluxed for 1 hr, cooled to room 
temperature and added to 50 ml of water. After stirring for 15 min 
the emulsion was extracted with two 100-ml portions of ether. The 

flîprtrfiay?riüa^ a®Parated> drled over magnesium sulfate, and evapor¬ 
ated to yield 0.29 g of red-brown crystals (mp l6l-l68°C). TheP 
infrared spectrum indicated partial ester formation. 

Method C (Unsuccessful) 

A suspension of 0.iO g (0..3 mmole) of l-carboxy-3,7-dinitropheno- 
thiazine sulfoxide, 5.0 ml of methanol, and 2 drops of boron tri- 

Scoveíed? WaS reílnxeá for 65 Starting material was 

m. 
l,5-Diketo-2H-pyrldo-[3,2,l-kl1phenothlazlne (N-l6) 

Phenothiazine (2.00 g, 0.01 mole) was added to a stirred solution of 
13 ml (0.02 mole) of n-butyllithium in 100 ml of dry ether under a 
nitrogen atmosphere. The yellow solution was stirred for 4 hr 

solutlon t0 stand overnight the dark brown solu- 
tion was stirred for an additional 5 hr and then cooled to -70°C 
with a Dry Ice-acetone bath. This dilithiophenothiazine solution 
was ädded dropwise over a 1-hr period to a stirred, -70°C solution 
of 1.40 g (0.01 mole) of malonyl dichloride in 225 ml of ether 
under nitrogen. The dark gray reaction mixture was allowed to warm 
to room temperature and stand overnight. The resulting blue-gray 
solid was filtered, washed with 210 ml of ether, and dried at 70°C/ 

n™ to yield 1.52 g of dark green solid (mp shrink 115°C, 119- 
iac ? 22' mp 270-271 c)* The presence of lithium chloride 
was indicated by a copper wire flame test (red). 

(1) Attempted Lithium Chloride Ether Extraction 

Soxhiet extraction of 0.1 g of N-l6 for 5 hr with 20 ml of ether gave 
0.05 g of ether-insoluble green solid (mp shrink 146°C. 172^^0 
dec), which still gave a LiCl flame test. 

(2) Attempted Lithium Chloride Removal bv Ion Exclusion 

N-16 (0.1 g) was added to 11.5 g of Dowex 1-X4 (Cl- form) ion 
exclusion resin in methanol in a 15 x 250 mm column and eluted with 

164. 



methanol. The first 10 ml of eluent gave a strong AgN03 test. 
After 40 ml, the test for chloride was very light. Attempts to re¬ 
move the compound from the resin by elution with acetone (1000 ml) 
or. continuous Soxhlet extraction with acetone (l6 hr) gave no 
isolable product. 

(3) Attempted Lithium Chloride Removal by Water Extrac¬ 
tion-Formation of N-lB 

A mixture of 0.10 g of N-I6 and 10 ml of water was stirred for 1 min. 
The suspension was filtered to yield O.O6 g of tan solid (mp 113- 
124°C dec; ref. 23* mp 100°C). A flame test showed practically no 
LiCl present. 

n. 1-Carbomethoxyacetylphenothiazlne (N-I7) 

A mixture of O.5O g(0.0019 mole) of l,3-diketo-2H-pyrido[3,2,l-kl]- 
phenothiazine, 25 ml of methanol, and 1 drop of concentrated sul¬ 
furic acid was refluxed for 3 hr. The suspension was cooled with 
an ice bath and filtered to yield 0,12 g (21$) of an olive colored 
solid (mp 170-?°C dec). No further precipitate could be obtained 
by refluxing the filtrates. 

0. l,2-Dlketo-pyrrolo[3.2«l“knphenothlazlne (N-19) 

A solution of 16 ml (I.5 g> 0.025 mole) of n-butyllithium, 2.00 g 
(O.Ol mole) of phenothiazine, and 40 ml of ether under nitrogen was 
stirred for l8 hr of a 50 hr reaction period. The resulting yellow 
suspension was quickly added to a stirred solution of 4.25 ml 
(6.35 g» 0.05 mole) of oxalyl chloride in 40 ml of ether, resulting 
in a brown precipitate. Water (100 ml) was cautiously added to the 
brown suspension (exotherm). The brown solid was filtered and dried 
at 70°C/15 mm to yield I.87 g (74$) of product (mp 140-151°C dec). 

(l) Attempted Methanolysis of N-19 

Method A (Unsuccessful) 

N-19 (O.IO g, 0.4 mmole), 10 ml of methanol, and 2 drops of concen¬ 
trated sulfuric acid were heated in a pressure bottle at 100°C .for 
16 hr. The resulting brown solid was filtered. The infrared 
spectrum was that of starting material. 

Method B (Unsuccessful) 

A mixture of N-19 (O.IO g, 0.4 mmole), 10 ml of methanol, and 0.01 g 
of sodium methoxide was refluxed for 2.5 hr. The resulting brown 
solid had the infrared spectrum of starting material. 
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(2) Attempted Hydrolysis of N-1Q 

Method A 

A mixture of N-I9 (O.IO g, 0.4 mmole) and 6N hydrochloric acid was 
refluxed for 21 hr. The resulting brown solid had an infrared 
spectrum almost identical with N-I9. A low intensity absorption 
around I7IO cm-1 was noted, however. 

Method B 

A fixture of 0.10 g (0.4 meq) of N-I9 and 10.0 ml of O.O955N sodium 
hydroxide (O.95 meq) was refluxed for I7 hr. The turbid solution 
Waífan(^ fütrates acidified with 2 ml of 6n hydrochloric 
acid. The resulting flocculant precipitate was filtered and dried 
to give 0.01 g of gray solid which had an infrared spectrum different 
from that of N-I9. The spectrum was not interpretable. 

P- -l-Keto-2-hydroxypyrrolo[3.2.l-kllphenothlazine (N-20) 

A solution of sodium borohydride (0.50 g, 0.13 mole) in 10 ml of 
methanol was added dropwise over a 10-min period to a stirred suspen- 
sion of l,2-diketopyrrolo[3,2,l-kl]phenothiazine (O.IO g, 0.004 mole) 
in 5 ml of methanol at room temperature. Water (15 ml) was then 
added to the light brown solution. Hydrochloric acid (IN) was added 
until the resulting orange solid ceased to precipitate. The solid 

14(^0^162^69^0 dec)d t0 yleld 0*°6 s of Product (mp soften 

9- Attempted Reductions of N-19 

(l) Wolff-Kishner ÍHuang-Minlon (ref. 19)1 

thTaíinp6 nf9«’27 f (0:001 molo) °f l>2-diketopyrrolo[3>2,l-kl]pheno- 
thiazine, 0.28 g of potassium hydroxide, 1.0 ml of 65^ hydrazine 
hydrate (0.013 mole), and 5.O ml of diethyleneglycol was first heated 
f°r hr at 106 0 and then for 3 hr at 150°C. Water (25 ml) was 
added to the brown suspension and a very small amount of gray precipi¬ 
tate was filtered. Addition of IN hydrochloric acid to the filtrates 
resulted in 0.02 g of brown solid (mp 73-80°C dec). 

(2) Catalytic (Palladium on Carbon - ref, 20) 

A suspension of 0.20 g (0.8 mmole) of N-19 and 0.20 g of 5# palladium 
on charcoal in 100 ml of absolute ethanol was reacted in a Parr 
apparatus at 35 lb/in.2 hydrogen pressure (24°C) for 2 hr. Filtra¬ 
tion and evaporation of the solvent gave a brown solid that had an 
infrared spectrum almost identical with the starting material 
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8. Spectra 

Spectral data are given in Figures 65-79. 
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0. 2-CARB0METH0XY-3-HYDR0XYIND0LE (t6M8) 

(t6m8) 

1. Synthesis of Methyl-N-(o-carboxyphenyl)glyclnate (0-1) 

NH2 

C00H KOH 
+ CICHaCOCXJHs H20 

NHCH2COOCH3 

rjfoooH + Kci 

(0-1) 

A mixture of light-yellow needles and brown solid was obtained from 
this reaction mixture upon cooling to room temperature. Both were 
0-1, the desired compound. The reaction mixture should not be chilled 
in an ice bath before filtration as this causes unreacted anthranilic 
acid to precipitate with the reaction product. 

The infrared spectrum shows a broad absorption from 3000-2^00 cm-1 

which is probably bonded carboxyl 0-H. This is further substantiated 
by the strong band at 90O cm-1 assigned to 0-H deformation. The 3311 
and 1375 cm-1 absorptions are assigned to N-H stretching and deforma¬ 
tion modes, respectively. The 1739 cm-1 absorption is characteristic 
of an ester carbonyl while that at 1675 cm-1 is assigned to the car¬ 
boxylic acid carbonyl. Both the acid and ester groupings have C-0 
stretching frequencies near 1220 cm-1. The four adjacent hydrogen 
atoms on the benzene ring cause the band near 750 cm-1. The spectrum 
is consistent with the structure. 

2. Synthesis of Methyl-N-(o-carbomethoxyphenyl)glyclnate (0-2) 

NHCH2COOCH3 

& 
(0-1) 

COOH 
+ CH3OH 

H2SO4 
-> 

NHCH2COOCH3 

l^jpCOOCHa 

(0-2) 

During one reaction, a mixture of yellow crystals and a gray solid 
was obtained. These were shown to be the same material by a mixed 
melting point determination. 

Yields of 52, 60, and 70Jé were obtained in three reactions. 
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As expected, the N-H stretching and deformation frequencies at 3311 
and 1575 cm-1 are present in 0-2 as well as 0-1. Two este y 
absorptions are noted: 17^2 cm-1 for the aliphatic es er, th 
1681 cm-1 for an anthranilate. The phenyl bands and bands^or ortHc 
substitution are the same as in 0-1. The band at 1225 cm 
stretching. The infrared spectrum is consistent with the assigned 

structure. 

5. 2-Carbomethoxy-3-hydroxyindole (t6m8). 

NHCH2COOCH3 

COOCH3 
+ Na 

CeHe 
-y 

_ OH 

coe 'C00CH3 

(0-2) 
(t6m8) 

a. Discussion 

At least ten unsuccessful small-scale reactions were run before, the 
critical variable in this reaction was determined. 

When small pieces of sodium in benzene were used, the sodium became 
coated with a yellow material and the reaction stopped. Yields of 
# were obtained. Freshly distilled benzene (no water Present) had 
been used. Dry toluene, xylene, tetrahydrofuran (THF), and diglyme 
were tried as reaction solvents along with sodium methoxide and 
sodium-potassium alloy as bases, all to no avail; A ^ 
173-179°C) other than t6m8 was formed in THF with sodium as base. I 
was then found that the particle size of sodium was the critica! 
factor. When sodium sand was used, t6m8 yields increased to 41, 47, 

57, 59, and 66^. 

T6m8 can be purified by sublimation at 100°C/0.5 mm, but the Process 
is slow. The melting points and spectra of sublimed and recrystall!zed 
products were identical. It is very simple to tell if a T6tó3 sample 
contains di-ester (0-2) starting material by thin-layer chromatography. 
Both compounds fluoresce strongly under ultraviolet ^ the Rf 
value of t6m8 is about 0.1 while that of 0-2 is 0.8-0.9 after methanol 

or acetone elution. 

b. Proof of Structure 

(l) Infrared Spectrum 

Two sharp bands are seen at 3401 and 3300 cm"1. Ordinarily two such 
bands are indicative of a primary amine; a secondary amine exhibits 
only one. However, the frequencies for these bands do not fit the 
mathematical relationship for primary amines, i.e.. 
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'Vsvra = (0.876"Vasym) + 3^5.53. Also, no-NH2 rocking frequency is 
seen at longer wavelengths. It is, therefore, reasonable to assign 
3401 and 3300 cm-1 to 0-H and N-H stretching frequencies, respectively. 
The 1692 cm-1 band is due to the ester carbonyl absorption, with i 
ester C-0 stretching seen at 1241 cm-1. Bands at 1333 and II98 orn¬ 
ean be assigned to 0-H deformation while the ?40 cm-1 absorption is 
caused by the four adjacent hydrogens on the phenyl ring. The spec¬ 
trum is consistent with the assigned structure. 

(2) Elemental Analysis 

The elemental analysis agrees with the values calculated for t6m8 
(see Experimental II.0.4). The structure of the compound is that 
assigned. 

c. Purity 

The sample sent for analysis was taken directly from the sample, 
which had been recrystallized four times, that was submitted to the 
Air Force. 

Thin layer chromatography on alumina showed one spot with methanol 
or acetone elution followed by ultraviolet light and iodine treatment. 

d. Air Force Sample 

Four 2.6-gram samples (total 10.4 grams) of t6M8 were submitted to the 
Air Force on 23 September 1963. 

4. Experimental 

a. Starting Materials 

Anthranlllc acid (Eastman, 500 g - $38) was recrystallized from hot 
water. Imp 145-146°Cj lit. (ref. l) mp 145°C). 

Methylchloroacetate (Eastman, 1 kg - $5.80) was distilled [bp 128.5°C; 
lit. (ref! 2) bp 1$0*C]. 

Benzene was distilled and further dried with Linde 4A molecular 
sieves before use. 

Xylene was dried with Linde 4a molecular sieves before use. 

Miscellaneous - Sodium, methanol, and potassium hydroxide were 
of reagent grade quality. 
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b. Methvl-N-(o-carboxvphenyl)glvclnate (O-l) (ref3_1 

f„thaToÎ“îon°^ %.li7l^)elt7otTâX^^0 »1 
reflu^and The meGhanically ^j^o 

înïïer a 3-minute period. After a 1-hr reflux period, the mixture 
was°allowed ?o cool overnight to room temperature. The yellow-gray 
solid ias fllïered and drild at 80°C/15 mm to give 127.6 g of crude 
product. RecrystalllzatIon from 500 ml 9j^s^u^fe^te solld 
5.0 g of activated charcoal gave 64.q8 g (4^) of off-white solid 
[mp 157-l60°C; lit. (ref. 3) mp 163 C], 

Rpfrleeratlon of the reaction filtrates gave 6.7 8 o^ ci;ud® un' 
reacîld aníhrañillc acid imp 184-214“ dec.) Identified by Its 

Infrared spectrum. 

c. Methyl-N-(o-carbomethoxyphenyl)glyclnate (0-2) (ref., 3j_ 

Methvl-N-(o-carboxyphenyl)glyclnate (60.0 g, 0.29 mole) was dissolved 
Tullo ml of methanol conillnlng 10.0 ml of concentrated sulfuric 
acid The solution «as refluxed for 69 hr, and the clear, rpd- 
Trim soîutlon «as cooled In an Ice bath. The llgh yello« Product 
resultine was filtered, washed with two 100-ml portions of 

ItllUtf ^“"rlc^teîma ï "roí «íhanfl (¾ »1^! «1¿h 
btÄ bSrfa3l6„g c«rfr/?! 1-off.whlte crystal^ 

decreaseein9yleíd. Thin layer chromatography showed this purified 

product to contain a single component. 

d. 
2-Carbomethoxy-3-hydroxylndole (t6m8) (ref.^4^. 

Xylene (250 ml ) was dried with Linde 4A lask 
filtered Into a 500-ml Morton type 3-necked, round-bottomed flask 
equipped îuS a re?lux condenser (calcium sulfate tube) and a 

stirrer. Fresh sodium metal 12.40 g» U.iuh moie; wao 
^ te thfxyteë; in about 10 pieces, and the unstirred mixture 
was heated to reflux with a flame. The flame was extlngulshe , 
and the boiling mixture was stirred at high speed until the 
xylene had cooled to near room temperature. The Bod^5iwasTh xviene 
present as hundreds of very small spheres (sodium sand). The xyle 

Sas decanted and 200 ml of benzene was raPddJXfiadd®di JJs add¡d 
(o-carbomethoxyphenyl)glyclnate (20.00 g, 0.088 mole) 

u «■/« Pnm flftpr min This reaction mixture was refluxed began to fom alter ip min. inxo thp resulting 
for 3 hr, cooled to room temperature, and fiitered. The resuit g 
tan solid was washed with 25 ml of dry benzene and dried at 70 C/ 
15 mmfor 2 hr to give 18.80 g of tan t6m8 sodium salt (mp >320 C). 
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This salt was added with stirring to 275 ml of cold water to give a 
brown solution and a blue-green solid that was very difficult to 
filter. Several filtrations were made to remove this impurity. 
The clear brown filtrates were warmed on a steam bath for 15 min 
with 4.0 g of activated charcoal. It was filtered, cooled to room 
temperature, and acidified (stirring) with 10 ml of 5$ 3Q* acetic 
acid. The tan precipitate was filtered, washed with 25 ml water, 
and dried at 80°C/l5 mm for 4 hr to give 11.10 g (66^) of light tan 
solid (mp 154-156°C). Recrystallization from a 7:3:rmethanol:water 
solution (20 ml/g) with charcoal (0.1 g charcoal/g) gave white 
crystals which were dried at room temperature/O.l mm [mp 156.5- 

157-5°C; lit. (ref. 4) mp 157-158°C];XSax°H 245m^ (6 19,100); 
no visible absorption]. Uj 

Each recrystallization reduced the yield by 20$. 

Analysis for C10H9NO3 

C H N 

Calc'd 62.82 4.74 7.55 
Pound 62.3 4.7 7*5 

5. References 

1. A. P. Isbell and H. R. Hezne, J. Am. Chem. Soc., 66, 2096 
(1944). 

2. Simon, Compt. rend., I76, 585 (1923). 

3. K. Preudenberg, et al., Chem. Ber., 85, 641 (1952). 

4. A. Robertson, J. Chem. Soc., 1927, 1939« 

6. Spectra 

Spectral data are given in Figures 80-82. 
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III. ANALYTICAL TECHNIQUES 

A. MELTING POINTS 

Melting points were determined on a Thomas-Hoover Capillary Melting 
Point Apparatus (6406-H). This oil bath instrument was calibrated 
against melting point standards in the range 80-235°C and against 
a potentiometer (which in turn was checked at 0 and 100°C) in the 
range 60-330°C. The same calibration was obtained with both methods. 

B. INFRARED SPECTRA 

Infrared spectra were determined on a Perkin-Elmer Model 20 Double 
Beam Infrared Spectrophotometer and a Perkin-Elmer, Model 137» 
"Infracord", in KBr pellets, thin films, and nujol mulls. 

C. VISIBLE AND ULTRAVIOLET SPECTRA 

These spectra were recorded on a Cary Recording Spectrophotometer, 
Model 14. 

D. NUCLEAR MAGNETIC RESONANCE SPECTRA 

Proton n.m.r spectra were obtained with a Varian A-60 spectrometer. 

E. VAPOR PHASE CHROMATOGRAMS 

V.p.c. analyses were determined on an Aerograph, Model A-350, 
chromatograph with automatic temperature programming. 

F. THIN-LAYER CHROMATOGRAPHY 

T.l.c. analyses were performed on heat activated substrate layers 
250 microns thick. The purity of the final dye products was deter¬ 
mined, whenever possible, by two separate chromatograms with 
solvents of different polarities. Separated compounds were detected 
by visual color, iodine treatment, or ultraviolet light absorption. 
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