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(72%) of trichloroethyl acetate, b.p. 62° (13 mm.), was ob­
tained. Anal. Calcd. for C4H5O2Cl,: C, 25.09; H, 2.63; 
Cl. 55.56. Found: C, 24.94; H, 2.57; Cl, 56.31. 

Similarly trichloroethyl 3,5-dinitrobenzoate, m.p. 142-
143°, was prepared in 81% yield in carbon tetrachloride 
within an hour. The quantity of aluminum chloride used 
was 30% of the molar quantities of the reactants. A con­
trol experiment was made at the same time in which no 
aluminum chloride was used. No reaction was observed 
and a quantitative recovery of the acid chloride was made. 
Anal. Calcd. for CjHsO6N2CU: C, 31.46; H, 1.47; N, 
8.15; Cl, 30.96. Found: C, 31.25; H, 1.44; N, 8.09; Cl, 
30.43. 

With aluminum bromide as catalyst, ^,/3,/3-tribromoethyl 
benzoate, m.p. 38°, and (3,/3,(3-tribromoethyl 3,5-dinitroben­
zoate, m.p. 164-165°, were easily prepared in 80-90% 
yields in carbon tetrachloride. These esters do not appear 
to have been reported previously. Anal. Calcd. for C9H7O2-
Br3: Br, 61.97. Found: Br, 61.80. Calcd. for C9H6O6N2-
Br3: Br, 50.27. Found: Br, 50.92. 

The use of aluminum chloride in the esterification of an 
ordinary alcohol and acid chloride was first reported by 
Combes,8 who isolated an acetyl chloride-aluminum chlo­
ride complex and poured it into cold ethanol. The resulting 
energetic reaction gave a mixture of several products. 
However, our work indicates that the application of metal 
halide catalysts to esterifying unreactive alcohols and acid 
chlorides in the manner outlined above gives good yields of 
esters. Investigation is being continued in exploring the 
applicability of the method and the relative efficiency of 
various Friedel-Crafts type catalysts. 

(3) A. Combes, Compt. rend., 103, 814 (1887). 
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Detection of Some Unknown Porphyrin Products 
Related to Deuteroporphyrin IX by Paper 
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In the course of preparing deuteroporphyrin IX 
dimethyl ester2 from red blood cells and resorcinol, 

several unknown porphyrin products have been de­
tected by paper chromatography.3 This paper re-

(1) This investigation was supported by a research grant from The 
National Institutes of Health, Public Health Service. 

(2) T. C. Chu and E. J.-H. Chu, THIS JOURNAL, 74, 8276 (1982). 
(3) T. C. Chu, A. A. Green and B. J.-H. Chu. J. Bid, Chtm., IM, 

9*3 (1951). 

- ports the separation of these compounds and a study 
; of their properties. 

Experimental 

J (I) Preparation and Separation.—The method of prepa­
ration of deuteroporphyrin IX dimethyl ester and the pres-

j ence of other porphyrins in the crude product were described 
j in a previous paper.2 When the crude product was chroma-

tographed on a CaCO6 column with a mixture of ethyl ace­
tate and benzene (1:12), the porphyrin esters separated into 

' three red fluorescent zones under ultraviolet light. The 
' lowest main zone Ri was identified as deuteroporphyrin IX 
j dimethyl ester. The other two zones as shown by paper 

chromatography were still mixtures. Repeated secondary 
chromatography with the same solvent system (l :10)re-

\ solved the middle zone into R2 and a less adsorbed minor 
component Ra, and the top zone with the solvent system 
(1:8) into R4 and another less adsorbed minor component 
R6. The paper chromatographic Ri values for both the free 

j porphyrins and esters in different solvent systems are listed 
j in Table I. 

(II) Properties.—Due to the extremely small quantities 
r isolated these porphyrin products were not obtained in crys-
' talline form. Although attempt was made to crystallize 
[ R2 from different solvents even under solid CO2 cooling or 
[ vacuum drying for many months, no crystals were obtained 
p and its copper complex was also not crystalline. However, 
; R2 could be precipitated by CCl4 from ethyl acetate solution. 
\ The properties of R2 and other members were studied on the 

chromatographically pure products. In general they are 
quite stable in most organic solvents and fairly so in acid, 
but very unstable in alkaline solutions. 

(A) Absorption Spectra.—Absorption experiments were 
done with a Beckman DU spectrophotometer.* Its cell 
compartment has been equipped with a thermostatically 
controlled device to minimize the change of sample concen­
tration. For comparison, their fluorescence intensities have 

> been taken as a measure of concentration, with 2 y copro-
porphyrin I in 10 ml. of 1% HCl solution as a standard. 
The measurements were made against the solvent at 25°. 
The spectra of pure crystalline dimethyl esters of deutero­
porphyrin IX and protoporphyrin IX were also measured 
for reference (Fig. 1). The strong Soret band of each of 
them in the near ultraviolet region was observed but not 
measured. 

(B) Fluorescence—pK Curve.—The relation between pK 
, and the fluorescent property of these porphyrins was studied 

on a Coleman 14 universal spectrophotometer with the 
fluorescence attachment. Stock solutions were prepared 
from samples of known fluorescence intensity in ethyl ace­
tate solution. Each vacuum-dried sample was dissolved 

(4) The authors are indebted to JQx. T. M. Doscher and Mr. J. 
Myer of Th* University of Southern California for using the instru­
ment. 

TABLE I 

SOME PHYSICAL PROPERTIES OF THE PORPHYRIN PRODUCTS 

R1
5 

R2 

R6 

R4 

R6 

R. 

CuR2 

Rf (free/ester) 
KC-KP* KCP" 

0.50/0.91 0.40/0.92 

.30/ .50 

.30/ .50 
0 / .35 

0 / .35 

.. / .59 

0 

0 
0 

0 

/ .49 

/ .63 
/ .08 

/ .17 

. / .69 

. Aosorpuons, n> (meinyi 
Organic solvents: (E), ether; (EA), ethyl 

acetate 
(E) 622 597 569 526 498-94 
(EA) 621 596 568 527 498 
(E) 
(EA) 
(E) 
(E) 
(EA) 
(E) 
(EA) 

(E) 
(EA) 
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596 
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530 
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500 
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ester; 
Acid soln. 

(%)-
(5%) 

(HA + 
10%) 

(HA + 
25%) 

(HA + 
25%) 

(HA) 

(HA)-
-%HC1 

590 

593 

. . . 
598 

598 

.562 

HOAc, 

547 

550 

555 

555 

527 

HCl 
Free 

0.4 

.4 

.9 

1.0 

. . . 

no." 
Ester 

1.5 

1.5 

1.2 

1.8 

2.5 

Yield,'' 
% 

74 

19 

1 

5 

0.5 

• The concentration in % of HCl which will extract s/« of the porphyrin from an equal volume of ether solution. * Kero­
sene, chloroform-kerosene, »-propyl alcohol solvent system.' • Kerosene, chloroform, n-propyl alcohol system.8 * Relative 
yield of the products, based on fluorescence measurements from a typical preparation from RBC. • Deuteroporphyrin IX. 



3022 NOTES Vol. 75 

6+0 560 520 

Fig. L-

Wave length, mjt. 
-The absorption spectra of methyl esters of deuteroporphyrin IX (D), 

protoporphyrin IX (P), R2, R4 and R6 in ether. 

in calculated amounts of 5 % HCl containing 5 % acetic acid 
to a final concentration of "2 7 " per ml. in coproporphyrin 
I units. The solution was allowed to stand for 24 hours 
for complete hydrolysis. For each determination, 1 ml. 
of the stock solution was generally mixed with 9 ml. of so­
dium citrate buffer or HCl or NaOH of proper concentration 
as the case might be. In the pH region, the final pB. of 
each solution after fluorescence measurement was deter­
mined in a Beckman G jt>H-meter. The curves for deutero-
and protoporphyrin IX were also included in Fig. 2, but 
with 0.5-ml. samples. 

vealed a tendency to decrease their in­
tensity while the former group was quite 
steady. 

Analyses of the products recovered 
from these experiments by paper chro­
matography showed that the compounds 
of group (2B) had undergone some sort 
of change mainly into non-fluorescent 
substances and partly to other porphy­
rins including deuteroporphyrin. In the 
buffer solution of pH 6-11, more non-
fluorescent products were formed. 

(C) Reaction with N a O H . - W h e n a 
solution of " 5 y" R8 in 10 ml. of 4 % 
NaOH was irradiated in the Coleman, 
the intensity of fluorescence increased to 
a maximum in about 20 minutes, then 
decreased slowly and smoothly for about 
an hour to reach its, half value. Neither 
1 nor 10% NaOH was as effective as the 
4 % solution. Paper chromatographic 
analysis of the reacting mixture a t vari­
ous stages showed that (1) a t the glowing 
stages, a new porphyrin designated here­
after as Re and deuteroporphyrin Were 
formed (2:1) increasingly a t the expense 
of R2; (2) a t the declining stages, no R2 
but reducing amounts of Ra and deutero­
porphyrin were found. The reaction 
between R3 and NaOH took place even 
in the dark and under nitrogen atmos­
phere but at much slower rate. Mean­
while, the addition of an equal volume 

of 30% H2O2 to 4 % NaOH solution of Rj gave essentially 
the same result. I t seems that the reaction is independent 
of any mild oxidizing agent. 

In reaction with NaOH, Rs gave rise to R6 and deutero­
porphyrin, whereas R4 gave R8 as the main porphyrin prod­
uct and R5 gave R2, R3 and R6, but with even poorer yields 
in all cases. 

(D) Isolation of R6 and Chromatographic Roll.—When 
protoporphyrin IX dimethyl ester was used instead of red 
blood cells in the fusion mixture, more R2 resulted. A 
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Fig. 2.—Fluorescence-^ H curves of deuteroporphyrin IX (D), protoporphyrin IX 
(P), R2, R3, Ri, R5 and R6. 

I t has been observed that deuteroporphyrin, protopor­
phyrin, etc. (Fig. 2A), decreased their fluorescence values 
gradually on standing in strong alkaline solutions while 
other porphyrins (Fig. 2B) showed a tendency to increase. 
On the other hand, between pH 6—J] the letter srroup r«> 

(copro-I units) of chromatographically 
pure I i 2 was obtained from 25 mg. of 
protoporphyrin ester. Ra, R< and R5 
were also found together with some deu­
teroporphyrin. 

For the preparation of Re, larger quan­
tities of R2 were treated with 4 % NaOH 
in a beaker under sunlight. A pilot 
sample was placed in the Coleman before­
hand in order to find out the possible 
maximum intensity. After 5 minutes 
testing, samples were taken at short 
intervals to determine the right time of 
exposure. For instance, under the hazy 
Los Angeles sunshine in May, it took 
7-8 minutes. The reaction mixture was 
then immediately neutralized with 1 5 % 
HCl, extracted and esterified as usual. 
The separation was effected by means of 
a chromatographic roll. I t was made 
by rolling a sheet of Whatman No. 1 
paper (15 X 57 cm.) into a doubly coiled 
No. 16 nichrome wire frame. Instead 
of spotting, a sample was applied all 
along the basal line 2 cm. from the 
bottom. The roll was developed in a 
2-1. beaker containing 20 ml. of kero­
sene-chloroform (1:1) for about 40 min­
utes. The compound Re appeared in 
the middle of the papergram as a clear 
band with deuteroporphyrin band almost 
at the top and the residual R2 at the 
bottom. Several minor products of the 
reaction which were not shown in the 
spot papergram were thus detected as 

faint bands between main ones. These bands were cut 
out from the dried papergram along pencil tracings made 
under ultraviolet light, and extracted with ethyl acetate. 
An average yield of " 3 7 " of R« wm ©btain#d from "100 7 " 
ofRa. 

R , 

"4 
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As far as the fluorescence property is concerned, Re re­
sembles deuteroporphyrin more than R2, R3, etc. In NaOH 
solution, its fluorescence disappears almost at the same rate 
as that of deuteroporphyrin; but in organic solvents it is 
not as thermostable as that of the latter. For instance, it 
loses its fluorescence considerably even at 105°. Rs is also 
very unstable around this temperature, changing partly 
into the more stable R2. 

HCl numbers of these products and absorption data of the 
copper complex of R2 ester are listed together in Table I. 

Discussion 

The absorption da ta of these porphyrin products 
indicate the absence of vinyl groups. This point 
has been supplemented by the negative qualitative 
test for the vinyl group.6 Although R2 is most 
probably an intermediate in the formation of deu­
teroporphyrin, it is not 4-vinyldeuteroporphy-
rin,6 spirographisporphyrin,7 monoformyl or di-
formyl deuteroporphyrin,8 as evidenced by the 
spectroscopic da ta and negative chemical tests to­
ward the reagents, diazoacetic methyl ester and 
hydroxylamine. 

The different trends noted in the fluorescence 
changes of the group (Fig. 2B) are shown by the 
N a O H reaction. With a 4 % NaOH, they give R6 

and deuteroporphyrin as the main fluorescent prod­
ucts. As shown in Fig. 2A, these porphyrins have 
more intense fluorescence in the strongly alkaline 
region. On the other hand a reacting medium with 
pH between 6-11 is favorable for the formation of 
non-fluorescent products. 

The results of the N a O H reaction which may be 
outlined as R5 -*• R2(Rs) -»• Re + deutero, support 
the view tha t they are most likely the precursors 
of deuteroporphyrin I X and should play some roles 
in the mechanism of the formation of deuteropor­
phyrin by the resorcinol fusion. 

The authors wish to express their appreciation to 
Sister Agnes Ann Green for her interest in the work. 

(5) E. J.-H. Chu, / . Biol. Chem., 166, 463 (1946). 
(6) H. Fischer and G. Wecker, Z. physiol. Chem., 272, 1 (1941). 
(7) H. Fischer and H. Orth, "Die Chemie des Pyrrols," Vol. II , 

1937, p. 468. 
(8) Ref. 7, p. 292. 
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Heat Capacities at Low Temperatures and En­
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Existing thermodynamic information on the 
sulfides of t in is ra ther meager, and low-temperature 
heat-capacity and entropy da ta have been entirely 
lacking. This paper presents the results of low-
temperature heat capacity measurements of both 
stannic and stannous sulfides, with an evaluation 
of their entropies a t 298.160K. 

Materials.—The stannic sulfide was prepared by K. R, 
Bonnickson of this Laboratory from reagent-grade stannous 
chloride dihydrate, sulfur and ammonium chloride. These 
ingredients were mixed in the molal proportion of 1:3:2 and 
heated in an open-end tube, first at 150° until evolution of 
water ceased and then for three hours at 300-350°, after 
Which thn tub* WM «topp«r«d and cooled i Tb* reaction 

mass was broken up, shaken with water, and centrifuged 
four times. It was then shaken with alcohol, centrifuged 
and dried at 60°. Finally the product was mixed with 10% 
by weight of sulfur and heated in vacuum for five hours at 
300°, the excess sulfur being distilled off in the process. 
The product analyzed 64.95% tin, as compared with the 
theoretical 64.92%. The X-ray diffraction pattern agreed 
with that given for stannic sulfide in the A.S-T.M. catalog, 
except for the presence of four weak lines that could not be 
identified. 

The stannous sulfide was furnished by M. J. Spendlove 
of the College Park, Md., Station of the Bureau of Mines. 
It was prepared by adding sulfur to an excess of molten tin, 
skimming off the reaction product, and roasting at 980° to 
remove excess sulfur and produce a crude grade of stannous 
sulfide. The crude material then was purified by sublima­
tion in vacuum, which gave a well crystallized, dense prod­
uct. Chemical analysis showed the substance to contain 
99.2% stannous sulfide and 0.6% stannic oxide, leaving 
about 0.2% unaccounted for. Spectrographs analysis 
indicated less than 0.01% each of aluminum, bismuth, iron, 
magnesium, calcium, sodium and copper, while silicon and 
lead may run as high as 0.05%. 

Measurements and Resul ts .—The measure­
ments were conducted with previously described 
apparatus . 1 T h e sample masses employed were 
104.12 g. of stannic sulfide and 338.98 g. of stannous 
sulfide. The stannous sulfide results were cor­
rected for the 0 .6% stannic oxide content by means 
of the heat capacity da ta of Millar,2 the correction 
ranging from 0.38% a t the lowest temperature to 
zero a t the highest. No correction of the stannic 
sulfide results was necessary. 

The measured heat capacities appear in Table I, 
being expressed in defined calories (1 cal. = 4.1840 
abs. joules) per deg. mole. Molecular weights 
accord with the 1951 International Atomic Weights.3 

T, 
°K. 

52.75 
56.45 
60.65 
65.17 
70.05 
74.92 
80.28 
84.04 
93.66 

105.07 

52.45 
56.82 
61.'40 
65.90 
70.49 
75.28 
80.20 
83.71 
94.67 

104.47 

CD, 
cal./deg. 

mole 

4.139 
4.453 
4.874 
5.389 
5.900 
6.407 
6.976 
7.387 
8.356 
9.435 

4.762 
5.115 
5.525 
3,920 
6.277 
6.623 
6.974 
7.208 
7.868 
8.368 

TABLE I 

HEAT CAPACITIES 

T, 0K. 

SnSs (mol. 
114.65 
124.72 
135.98 
146.13 
155.79 
166.54 
176.14 
186.22 
196.28 
206.63 

SnS (mol. 
114.70 
125.28 
136.01 
146.22 
155.93 
166.03 
176.12 
186.09 
195.91 
206.31 

Cp, 
cal./deg. 

mole 
T, 

0 K. 

wt., 182.83) 
10.24 
11.02 
11.80 
12.43 
12.92 
13.44 
13.85 
14.24 
14.56 
14.87 

216.55 
226.55 
236.88 
246.21 
257.06 
266.82 
276.28 
287.38 
296.54 

(298.16) 

wt., 150.77) 
8.837 
9.249 
9.607 
9.901 

10.13 
10.34 
10.54 
10.69 
10.84 
10.95 

216.37 
226.05 
236.31 
246.03 
256.19 
266.05 
276.36 
286.68 
296.80 

(298.16) 

Cp, 
cal./deg. 

mole 

15.16 
15.38 
15.62 
15.84 
16.02 
16.21 
16.39 
16.58 
16.76 

(16.76) 

11.10 
11.19 
11.28 
11.37 
11.45 
11.55 
11.61 
11.69 
11.77 

(11.77) 

Both substances exhibit normal heat capacity 
curves. The oiily unusual feature is tha t , a t tem-

(1) K. E. Kelley, B. F. Naylof and C. It. Shomat«, U. S, Buffi 
Mines Tech. Paper 686 (1946). 

(2) R. W. Millar, THIS JOURNAL, t l , 2Of <19»W. 
(i) B, Wichtra, >'*«,, Tt1 844T (1988). 


