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Condensation of o-Nitrophenylacetimino Ether with p-
Nitrobenzenesulfonyl Chloride.—The normal method of 
condensation of pyridine failed to give clean products. 
0-Nitrophenylacetimino ether base (8.4 g.) was melted 
with £-nitrobenzenesulfonyl chloride (4.4 g.). Reaction 
was immediate and the temperature rose to 80°. Some 
ethyl chloride was evolved, as normally occurs.* The 
melt, after a few minutes at 90°, was extracted successively 
with ether and water and the residue (4.9 g.) m. p. 115° 
(incomplete) was recrystallized from alcohol. The mix
ture was taken up in boiling ethyl acetate (30 cc.) and the 
product which separated on cooling (0.5 g., m. p. 157-
158°) was removed. After a crystallization from ethyl 
acetate this had m. p. 159° and was identified as o-nitro-
phenylacetamide (Calcd.: N, 15.55. Found: N, 15.4). 
The ethyl acetate liquors were concentrated and successive 
crops removed. These were crystallized from 1:1-
benzene/light petroleum mixture to give the required 
p - nitrobenzenesulionyl - 2 - nitrophenylacetimino ether, 
m. p. 123°; yield 2.55 g. Anal. Calcd. for CiOIuO7N1S: 
N, 10.7. Found: N, 10.8. 

Attempted Reduction of Above.—Two grams dissolved 
in acetone (50 cc.) was reduced catalytically in the usual 
way (0.1 g. of platinum oxide) giving an uptake of 12 H 

A distinguishing feature of a large percentage 
of the species of Primula is the secretion of white 
or yellow solids commonly designated by botanists 
as farina. They are produced by minute, two-
celled, gland-tipped hairs found on the leaves, 
scapes, calyces, or more rarely the petals. The 
chemical nature of the secretion of P. pulverulenta 
was studied by Hugo Muller2 who found it to 
consist of flavone associated with small amounts 
of a wax-like component. Later Brunswick,3 by 
the use of a microchemical test devised by Klein,4 

found that flavone was present in the secretions 
of 25 of the species of Primula as well as three of 
the closely related genus Dionysia. This test in
volved the subjection of fragments of farina-
bearing tissue or of minute portions of farina 
scraped from it, to the fumes of concentrated 
hydrochloric acid, at a temperature of 40°, in a 
sublimation ring. If flavone was present a micro
scopic examination of the tissue or the cover glass 
revealed bundles of fine white or yellow needle
like crystals. 

Appreciable differences in the color and con
sistency of the secretions of the different species 
suggest that additional components, both colorless 
and colored, should be looked for. Macroscopic 
study of them is rendered difficult because of 
difficulty of procuring enough plants upon which 
they are found. The seed of many species is un
obtainable, many are difficult to grow, and the 
yield of farina-bearing tissue per plant is very 

(1) Original manuscript received January 11, 1943. 
(2) Muller, J. Chem. i 'oc, 107, 872 (1915). 
(3) Brunswick, Bar. Akad. Wiss. Wien., [1] 131, 221 (1922). 
(4) Klein, ibid., [1] 131, 23 (1922). 

in sixty-five minutes. After filtration from catalyst, the 
acetone was removed a t low temperature in vacuo. The 
residue had a strong indole-like odor and was soluble in 
ether. No pure product was isolated and it was clear that 
the sulfonyl group had been split off. 

The author's thanks are due to the Directors 
of Messrs. May & Baker Ltd., England, for per
mission to publish this work, and to Mr. S. Bance 
for the semi-micro analyses. 

Summary 
1. When 2-aminoindole is condensed with 

acetylsulfanilyl chloride, the sulfonyl residue 
enters in the 1 position. 

2. A method of obtaining the isomeric 2-
sulfanilyl derivative by use of appropriate sulfa-
nilyl amidines or imino ethers is outlined. 

3. It is suggested that this method might find 
other similar applications in this field. 
DAGENHAM, ENGLAND RECEIVED AUGUST 24, 1944 

small. During the past fifteen years I have been 
able to grow sufficient plants of twenty-one of the 
farina-bearing species to make a partial study of 
their secretions possible. This paper is con
cerned chiefly with the secretion of P. denti-
culata. I desire to express my obligation to Mr. 
Charles Koch of this Laboratory for micro-
combustions of several of the products separated. 

Experimental Part 
Separation of Farina.—Owing to the sticky nature of 

the secretion and the small amount of farina-bearing tissue 
available, mechanical separation of it was not feasible. 
The procedure finally adopted was to treat the dried and 
coarsely powdered leaves and flower heads for twenty 
minutes, at room temperature, with a three-fold volume of 
benzene and allow the filtered extract to evaporate spon
taneously. The dry residue consisted of white crystals 
and green amorphous matter, the total equaling about 4 % 
of the tissue used. The same procedure applied to non-
fannate leaves of the same species yielded nearly 2 % of a 
green sticky mass from which no crystals could be obtained 
even by use of a variety of solvents. I t seems probable 
that none of the crystals in the extract from the farina-
bearing tissue came from the tissue itself. 

Some Properties of Flavone.—It was soon apparent that 
most of the crystalline material present in the benzene ex
tract was flavone. In separating it from the other com
ponents constant use was made of a boiling solution of 6 N 
hydrochloric acid. Although acid addition products of 
several flavone derivatives have been isolated,6 these com
pounds hydrolyze at once unless the concentration of the 
acids used in their preparation is left high. I t was found 
that constant boiling hydrochloric acid dissolved 2.65 g. of 
flavone per liter but about 90% separated, on standing at 
room temperature, as long fine needles. This may be 
attributed to its low melting point as compared with those 
of its derivatives. By treating the benzene extract with 
large volumes of 6 N acid twice, the flavone was almost 
completely separated from the large amounts of plant pig-

(5) Perkin, / . Chem. SoC, [2] 6«, 1439 (1896). 
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m e n t s , waxes , e t c . T h e resul t ing solut ion, a s well a s t h e 
c rys ta l s which s e p a r a t e on cooling, w a s lemon-yel low. 
R e p e a t e d recrys ta l l iza t ion of t h e yellow c rys t a l s from t h e 
p u r e solvent finally gave whi te c rys t a l s of t h e s a m e form. 
Smal l a m o u n t s of yellow' coloring m a t t e r were recovered 
from t h e solut ions from which t h e first c rys ta l s s e p a r a t e d . 
T h e d ry , wh i t e c rys ta l s , even a t room t e m p e r a t u r e , slowly 
lost weight a n d b e c a m e o p a q u e , owing t o t h e l ibera t ion of 
b o t h w a t e r a n d hydrochlor ic acid . T h e o p a q u e res idue 
mel ted a t 95° . T h e mel t ed p r o d u c t , purified b y crys ta l 
l ization from ei ther ho t pe t ro leum e ther or 6 0 % alcohol, 
formed shor te r whi te c rys ta l s which mel t ed a t 97° , t h e 
c u r r e n t l y accep ted me l t i ng po in t of flavone. F u r t h e r , 
t h e fine whi te c ry s t a l s from t h e acid solut ion, a s well 
as t h e c rys ta l s which mel ted a t 9 7 ° , r e sponded to t h e t r i -
iodide test , 6 t h a t is, gave a deep p u r p l e color when t r e a t e d 
wi th a d rop of a d i lu te solut ion of po ta s s ium tr i - iodide. 
W h e n t h e same process of separa t ion a n d purif icat ion was 
appl ied t o fa r ina-bear ing t i ssue der ived from P. malacoides 
a n d P. Mooreana p r o d u c t s were ob t a ined which mel t ed a t 
9 7 ° , gave molecular weights of 209, 232 a n d 240, a n d t h e 
following ana lyses . 

p. P. 
malacoides malacoides P. Calcd. for 

(a) (b) Mooreana CnHioOi 

Carbon, %. 
Hydrogen, % 

80.91 
4 36 

81.45 
4. Ot) 

80.76 
4.92 

81.05 
4.54 

Fur the r , when the scapes and calyces of P. pulverulenta 
( the species s tud ied by Mul ler ) were sub jec ted t o t h e same 
procedure b o t h t h e fine c rys ta l s from t h e acid solut ion a n d 
t h e purified p r o d u c t could no t be dis t inguished from t h e 
cor responding p r o d u c t s ob ta ined from P. denliculala. 

T h e Composi t ion of F lavone H y d r o c h l o r i d e . — T h e fine 
whi te crys ta ls , which were sepa ra t ed from hydrochlor ic 
acid solut ions of the species s tud ied , after d ry ing , were 
found t o decompose slowly, even a t room t e m p e r a t u r e , 
unless k e p t in closed con ta ine r s . Comple te e l imina t ion 
of t h e solvent from which t h e y s epa ra t ed w i t h o u t some de
composi t ion was difficult t o effect. Samples der ived from 
th ree species were al lowed t o d r y a t room t e m p e r a t u r e a n d 
weighed a t t w e n t y - m i n u t e in te rva l s un t i l t h e r a t e of loss 
showed a dec ided d r o p . T h r e e po r t i ons of each of t he se 
samples were weighed o u t for de t e rmina t i on of (a) loss a t 
105°, (b) pe rcen tage of hydrochlor ic acid, found b y add ing 
water a n d t i t r a t i n g w i th 0.01 JV sodium hydroxide , and 
(c) me l t ing po in t in a sealed capi l la ry . T h e resu l t s a re 
t a b u l a t e d . 

Loss a t 105° 
Percen tage H C l 
M . p . , 0 C . 

P. den-
ticulata 

18 .88 
13 .60 

P. mala
coides 

1 9 . 8 5 
12 .81 

p. 
japnnica 

17.44 
1 3 . 0 3 

GiHioOs-
HCl-H1O 

19 .70 
13 .19 

132-134 134-135 134-135 

These figures ind ica te t h a t t h e fine whi te c rys ta l s corre
spond t o the formula C 1 6 Hi(ArHCl -HjO . I t is no t ewor thy 
t h a t when hea ted in a small , sealed capi l lary t h e y b e h a v e 
like a one c o m p o n e n t sy s t em. H e a t e d in an open capi l lary 
t h e y began to mel t a s low as 107°. Th i s is a compound 
to which Kle in ' s t e s t is due . I t s long fine needles of uni
form d i ame te r are readi ly dis t inguished from t h e coarser , 
spl inter- l ike c rys ta l s of flavone. 

Separa t ion of a Dihydroxyf lavone .—By t r ea t i ng t h e d ry 
a m o r p h o u s mass, left af ter removal of flavone from the 
benzene ex t rac t , wi th a large a m o u n t of ho t ca rbon t e t r a 
chloride and filtering while hot , a green solut ion was 
ob ta ined . E v a p o r a t i o n gave some a m o r p h o u s m a t t e r 
and a few crys ta l s . T h e l a t t e r were purified by washing 
with pe t ro leum e ther a n d recrystal l iz ing from ei ther ben
zene or e thy l e ther . T h e purified p roduc t , which I will 
des ignate as Pr , 228, consisted of orange-yel low, 6- or 
8-sided c rys ta l s of sho r t - co lumnar or t a b u l a r h a b i t . Be
tween crossed nieols the d o m i n a n t face g a v e ext inct ion 
paral lel to t h e longer edge a n d m a r k e d birefringence. T h e 
d o m i n a n t and ad jacen t nar row faces gave bril l iant re

flections. I a m indeb ted t o M r . Ado lph P a b s t of t h e De
p a r t m e n t of Geology for m e a s u r e m e n t s of t h e corresponding 
interfacial angles on two mil l imeter- long c rys ta l s . These 
resu l t s , in add i t ion t o t h e paral le l ex t inc t ion , indicate t h a t 
t h e c rys ta l s a re monocl inic , wi th a 0 ang le of 82°18 ' . 

H e a t e d in a sealed capi l lary P r . 228 mel ted a t 228°. 
D e t e r m i n a t i o n of i ts molecular weight , b y lowering of the 
mel t ing po in t of c a m p h o r , gave 269, 234, 265 and 246 
Analyses of five m g . samples gave t h e following resul ts . 

Sample 

A, by the writer 
B, by the writer 
C, by Charles Koch 
Calcd. for C16H10O4 

C % 
70.42 
70.68 
70.98 
70.86 

H, % 

4.02 
3.81 
4.12 
3.93 

When t r e a t e d w i th 0.5 N sod ium hydrox ide P r . 228 slowly 
forms a deep yellow solut ion from which i t is reprec ip i ta ted 
u n c h a n g e d by neu t ra l i za t ion . Acety la t ion of a 13-mg. 
sample , b y m e a n s of acet ic a n h y d r i d e a n d sodium ace t a t e , 
gave a whi te , crys ta l l ine c o m p o u n d which, after recrysta l 
l ization from e thy l ace t a t e , me l t ed a t 183-184° . By hy
drolysis a n d dist i l lat ion th i s p r o d u c t yielded 1.71 moles of 
acet ic acid per mole. By dissolving P r . 228 in glacial 
acet ic acid, add ing a small a m o u n t of s t rong sulfuric acid 
and allowing t o s tand for several days a red crystal l ine 
p r o d u c t s epa ra t ed . I t yielded 2 4 . 9 0 % of sulfuric acid; 
the c o m p o u n d C i 5 H 1 0 O 4 H 2 S O 1 should yield 2 7 . 8 4 % . 

T h e preceding ana ly t ica l d a t a , associa ted wi th the re
sul t s ob ta ined by t r ea t i ng P r . 228 wi th sodium hydroxide 
and wi th acet ic a n h y d r i d e suggest t h a t it is a d ihydroxy-
flavone. I t s orange-yel low color, the format ion of a red 
add i t ion p r o d u c t wi th sulfuric acid, which is a charac te r 
istic of c o m p o u n d s con ta in ing a y py rone nucleus , and its 
insolubil i ty in ho t 6 Ar hydrochlor ic acid, confirm this sug
gest ion. I t differs from all of t h e e ight d ihydroxyf lavones 
listed b y Beilstein in its physical p roper t i es . Since it con
s t i t u t e s only a b o u t 0 . 1 5 % of t h e selected far ina-bear ing 
t issue (abou t one-n in th t h a t of flavone) fur ther work lead
ing t o t h e de t e rmina t ion of t h e posi t ion of t h e hydroxy l 
g roups m u s t awa i t t h e accumula t ion of larger a m o u n t s of 
such t issue. I t s occurrence in t h e farina r a t h e r t h a n in t h e 
ma in leaf t issue was p roven by allowing a few d rops of 
chloroform to flow over an undr ied , far ina-bear ing leaf and 
al lowing t h e solut ion t o e v a p o r a t e . T h e residue, exam
ined u n d e r a microscope, showed, in add i t ion t o flavone, 
t h e easily identif iable c rys ta l s of P r . 228. N e i t h e r flavone 
nor Pr . 228 could be s epa ra t ed from t h e benzene ex t rac t 
of d ry non-far i i ia-bearing leaves of th i s species. 

T h e Wax- l ike C o m p o n e n t s . — T h e carbon te t rach lor ide 
ex t rac t left after r emova l of Pr . 228 formed a s t icky green 
mass composed of p l a n t p igmen t s a n d t h e decomposi t ion 
p roduc t s resu l t ing from t r e a t m e n t of t h e m wi th hydro 
chloric acid. 'Small a m o u n t s of wax-like p repara t ions , 
mel t ing from 40 to 65° , were s epa ra t ed b y m e a n s of d i lu te 
alcohol b u t they could no t b e resolved in to pure com
p o u n d s . 

Composi t ion of the F a r i n a of O t h e r Spec ie s .—The 
process described above was used, wi th several modifica
t ions, in s tudy ing the farina of the t w e n t y o the r species. 
F lavone was separa ted in pure form from all of them and 
the ava i lab le d a t a ind ica te t h a t it cons t i tu t e s at least 
7 5 % of the secret ions of all these species. Small a m o u n t s 
of two addi t iona l c o m p o u n d s were isolated. F rom / ' . 
verlicillata a yellow crysta l l ine subs tance , which mel ted at 
153° a n d gave a molecular weight and composi t ion corre
spond ing t o C15H10O3, was ob ta ined . F rom P. florindae a 
second yellow c o m p o u n d , which began t o decompose at 
185° and a t 205° gave a black a m o r p h o u s solid and a few 
whi te c rys ta l s was ob ta ined . Pr . 228 was found in the 
secret ion of P. denticulate! only. N ine of t h e t w e n t y - o n e 
species, name ly , P. auricula, capitata, denticulata, ft'ondosa, 
japonica, malacoides, marginata, pulverulenta and verti
cil lata arc included in the list found t o give qua l i t a t ive 
tests for flavone by Brunswick. 1 T h e remain ing twelve, 
namely , / ' . BeeniDui, ltiilleyana, burmanicu, chiitiaciisis, 
Fiiirindiic, helodoxa, Jajfreyana, microdonta, .Vlmirnmn, 
pit'rhi'llt'irli's, Siwrrilfac and sikkimewsis do 1101 appea r in 
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have been studied chemically heretofore. Wax-like prod
ucts were obtained in variable but small quantities from all 
of the 21 species. In none of these was the percentage 
found in excess of ten and some of it may have been derived 
from the epidermal cells rather than the secreting hairs. 

Summary 
Flavone was found to form at least 75% of the 

farina of twenty-one species of primula, by heat
ing with 6 N hydrochloric acid, filtering the hot 
solution, cooling to 20° and separating the 

Bis-(trimethylenediamino)-cupric Sulfate 

BY LAWRENCE H. AMUNDSEN1 AND LENA A. MALENTACCHT 

This substance was prepared for use as a germi
cide in the treatment of surface tissues by ionto
phoresis after the desired1 combination of proper
ties had not been found in a number of other 
copper compounds, including the corresponding 
one from ethylenediamine. A report on these 
tests is expected to appear soon.2 

Bis-(trimethylenediamino)-cupric sulfate is ob
tained readily from trimethylenediamine and 
cupric sulfate, either anhydrous (blue) or as a 
monohydrate (pinkish-purple). The hydrate is 
the stable form under ordinary conditions but 
loses water slowly at 56° and promptly at 100°. 
At room temperature it dehydrates in a desiccator 
over calcium sulfate (Drierite). The hydrate 
absorbs no more water under the atmospheric 
conditions prevailing in the laboratory except in 
the most humid summer weather, when some 
samples gained as much as 4-5% in weight. It 
is very soluble in water. 

Experimental 
Trimethylenediamine.—A solution was prepared from 

882.4 g. (7.81 moles) of trimethylene chloride, 12636 cc. 
(187.4 moles) of ammonium hydroxide, and 7 liters of 
95% ethanol and left standing in a stoppered bottle at 
room temperature (19-22°), samples being withdrawn at 
weekly intervals for determinations of ionizable chlorine 
(Table I). After five weeks the mixture was distilled to 
dryness under the vacuum of a water-jet pump (13 mm.). 

TABLE I 

YIELD OP CHLORIDE ION 
Reaction period, days % Theor. 

7 33 
14 63 
21 82 
28 88 
35 92 

(1) Present address: Department of Chemistry, University of 
Connecticut, Storrs, Conn. 

(2) By Commander Armand J. Pereyra. Medical Corps, TT. vS. 
Navy. 

CIBHI0O2-HC1-H2O formed. The farina of P. 
denticulata contained about 10% of an orange-
yellow compound, Ci6H10O4, which melted at 228° 
and behaved like an undescribed dihydroxy-
flavone. A second yellow compound, CisHioOj, 
which melted at 153° was separated from P. 
verticillata. Varying amounts of wax-like com
ponents were found in all the twenty-one species. 
BERKELEY, CALIF. RECEIVED OCTOBER 25, 1944 

After the addition of 1637 cc. (31.24 moles) of 50% sodium 
hydroxide the mixture again was distilled to dryness under 
vacuum. The distillate was collected in two fractions of 
873 cc. and 720 cc, respectively. Water (220 cc.) was 
added to the residue and a third fraction was obtained by 
distilling to dryness again. The three fractions were 
saturated with sodium hydroxide. The upper layer was 
separated from each and dried over sodium hydroxide. 
The layers were separated again and more sodium hy
droxide was added to the upper layers. This process was 
repeated until fresh sodium hydroxide remained unchanged 
when added to the products. Upon rectification through 
a 180-cm. column packed with glass helices, 161 g. of tri
methylenediamine was obtained from the first fraction and 
21.5 g. from the second, making a yield of 32% of the 
theoretical. No attempt was made to rectify the product 
from the third fraction because of its high viscosity and be
cause of the low yield from even the second fraction. It 
presumably consisted largely of amines of higher molecular 
weight. The trimethylenediamine was collected at 48-
50° at 20 mm. It boiled at 133° cor. at 754.5 mm.3." 
The pressure was reduced to 5 mm. and the distillation was 
continued as long as any liquid would come over. When 
21 cc. of material so obtained was rectified again in a semi-
micro apparatus,5 9.4 g. of a product boiling at 128-131.5° 
at 20 mm. was obtained (b. p. 230.5° cor. at 760.2 mm.a). 
This compound is presumed to be bis-(y-aminopropyl)-
amine, which von Braun4 reported that he obtained as a 
fraction boiling from 210-230°. 

Bis-(trimethylenediamino)-cupric Sulfate.—A mixture 
of 15.4 g. (0.208 mole) of trimethylenediamine, 24.97 g. 
(0.1 mole) of c. P. cupric sulfate pentahydrate, and 15 cc. 
of water was boiled gently under a reflux condenser until 
all of the copper sulfate went into solution. The mixture 
then was placed in a vacuum desiccator over calcium chlo
ride. From time to time the crust on the surface was 
broken up, and the drying was continued until there was 
no further loss in weight. The product was the mono-
hydrate (Table II). 

(3) The determination was made by the micro method described 
in Shriner and Fuson's, "Identification of Organic Compounds," 
second edition, John Wiley and Sons, Inc., New York, N. Y., 1940, 
p. 93. 

(4) Fisher and Koch (Ber., IT, 1799 (1884)) reported 135-136° at 
738 mm.; Putokhin (Trans. Inst. Pure Chem. Reagents (Moscow) 
No. 6,10(1927)), 135-136°; von Braun, elal. (Ber., TOB,979 (1937)), 
136-138°; Aspinall (THIS JOURNAL, 6S, 2843 (1941)), 131° at 760 
mm.; Whitmore, el al. (ibid., 66, 726 (1944)), 138° at 735 mm. The 
higher boiling points may have been determined on samples that were 
not completely dry. Tests made during the present study showed 
that the boiling point was raised by the addition of a little water and, 
furthermore, that the apparent boiling point would be several degrees 
higher than reported above if the sample was exposed to the atmos
phere of tbe laboratory for a few minutes during the determination. 

(5) Weston, J«if. Em. Chem., Anal. KiL. 6, 179 (1933). 

NOTES 


