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1. Thiaxanthydrol has been shown to react at room temperature in acetic acid-alcohol with many molecules containing 
hydrogen-substituted carbon, nitrogen, and sulfur atoms of high electron density. For example, derivatives were formed with 
12 carbamates, 9 mercaptans, 6 @-diketones, 4 aromatic amines, hydrogen sulfide, hydrogen selenide, urea, pyrrole, 3-nitro- 
benahydraxide, 4phenethylurea, 9-methylcarbaaole, and indole. 

2. The reactions of xanthydrol have been extended. New derivatives were formed with 9 carbamates, 9 mercaptans, 4 
p-diketones, 5 aromatic amines, 3 sulfonamides, hydrogen selenide, nitromethane, malononitrile, 3-nitrobenahydrazide, 4- 
phenethylurea, and 9-methylcarbazole. 

3. Some of the xanthyl and thiaxanthyl derivatives, particularly the carbamates, were shown to exhibit phosphorescence 
and/or fluorescence. The color reactions of thiaxanthydrol and xanthydrol with carbazole derivatives, indole derivatives, 
0-diketones, and barbituric acid were invesigated. Structures were assigned to many of the dyes. 

The reaction of xanthydrol with urea under mild 
conditions to  form an insoluble derivative is well 
known and has been used in many bioanalytical 
techniq~es.~- j  Wot as well known is the fact that 
since Fosse’s initial research in 1906,6 xanthydrol has 
been found to react similarly with many molecules 
containing hydrogen-substituted carbon and nitro- 
gen atoms of high electron density.’ In recent 
years, increasing attention has been directed to- 
ward bioaiialytical techniques involving the reac- 
tion of xanthydrol with various natural products 
such as urea, arginine, asparagine, cysteine, gluta- 
mine, histidine, lysine, and tryptophaii,8 insulin, 
lysozyme, and rib~nuclease,~ and We 
have extended these observations so that i t  can be 
stated that thiaxanthydrol, as well as xanthydrol, 
will react with many molecules containing hydrogen- 
substituted carbon, nitrogen, and sulfur atoms of high 
electron density. 

Both xanthydrol and thiaxanthydrol react readily 
with acetic acid to form the acetate. The carbonium 
ion, which results, is stabilized by resonance of the 
positive charge. The carbonium ion then is attracted 
to the hydrogen-substituted carbon, nitrogen, or sul- 
fur atom of high electron density in the donor mole- 
cule. ‘Splitting oft” of the active hydrogen atom to 
give acetic acid yields the final product. 

condense with urea, ureides, acetic acid, barbitu- 
rates, and primary and secondary alcohols;12-14 
9-phenylxanthydrol has been shown to condense 
with aniline15 and methanol and ethanol;16 flavyl- 
ium perchlorate attacks the para position of di- 
methylaniline ; l7 (2-dimethylamino-5-pyridyl) car- 
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binol similarly combines with dimethylaniline and 
2-dimethylamin0pyridine;'~ 2,6-dimethyl-4-pyryl- 
lium iodide reacts with mercaptans and secondary 
 amine^;^^^?^ gramine reacts with mercaptans;21 
ethylthiomethaiiol attacks the a-position of p-naph- 
thol." Many more examples are available in the 
literature. 

Fosse has reacted several carbamates with xan- 
t h y d r ~ l . ~ ~ , ~ ~  This reaction nom has been extended 
and thiaxanthydrol, as well as xanthydrol, has been 
found to react readily with carbamates containing a 
free amino group, Table I. The thiaxanthene deriva- 
tives were found to melt a t  a lower temperature. 
Thiaxanthene carbamate crystals under ultraviolet 
light had a weak yellow fluorescence and a weak yel- 
low pho~phorescence.~~ By phosphorescence is meant 
a definite afterglow in the dark n-hen the ultraviolet 
exciting source was turned off. The xanthene car- 
bamates were non-fluorescent but had a fairly 
strong yellow phosphore~cence.~~ Many of the other 
xanthene derivatives also showed a weak yellow 
phosphorescence. Although xanthydrol derivatives 
could not be prepared from negatively-substituted 
compounds, such as dichloro- and trichloro-aceta- 
mide, and picramide,?j /%fluorourethan,26 and p,@,p- 
triflu~rourethan~' reacted readily with both xan- 
thydrol and thiaxanthydrol. In these carbamates 
the amino group is apparently not deactivated either 
because of its greater distance from the negative 
group than is the case in trichloroacetamide and 
picramide or because of the presence of the electron- 
repelling oxygen bridge. 

Dickman and Westcott8 have found that cysteine 
hydrochloride reacts with xanthydrol. We have ex- 
tended this reaction and have found that both 
xanthydrol and thiaxanthydrol react readily in 
acetic acid a t  room temperature with aliphatic and 
aromatic mercaptans, Table 11. The thiaxanthene 
derivatives were higher melting and superior for 
characterization of the mercaptans. -4 qualitative 
test for the SH group in the above derivatives with 
alcoholic lead acetate showed the absence of the 
free SH group (no copious yellow precipitate). 
Infrared spectra of these derivatives also showed 
the absence of the SH stretching frequency a t  3.9 
microns. Consequently in the aromatic mercaptans 
substitution of the xanthyl and thiaxanthyl groups 
takes place on the sulfur and not in the nucleus. 

Several p-diketones have been shown to form 

(18) Berezovskii, Zhur. Obshchei Khim. ( J .  Gen. Chem.), 

(19) Anker and Cook, J .  Chem. SOC., 117 (1946). 
(20) King and Ozog, J .  Org. Chem., 20, 448 (1955). 
(21) Poppelsdorf and Holt, J .  Chem. Soc., 1124 (1954). 
(22) Fosse, Compt. rend., 145, 813 (1907). 
(23) Fosse, Compt. rend., 158, 1432 (1914). 
(24) The ultraviolet light source was a General Electric 

A Corning 5874 

(25) Phillips and Pitt, J .  Am. Chem. Soc., 65,1355 (1943). 
(26) Sawicki and Rav, J .  Org. Chem., 18, 1561 (1953). 
(27) Oliverio and Sawicki, J .  Org. Chem., 20, 363 (1955). 

21, 1903 (1951); Chem. Abstr., 46, 3282 (1952). 

100 W PAR 38 Projector Flood Lamp. 
m 1092, 8-mm. thick filter was used. 

derivatives with xanthydrol. 28 Thiaxanthydrol also 
readily forms derivatives with p-diketones, Table 
111. 

If there are two active positions in the molecule, 
dixanthyl and dithiaxanthyl derivatives are formed, 
Table IV. For example, thiaxanthydrol, like xan- 
thydrol, condenses with urea to  form a disubsti- 
tuted derivative. Hydrogen sulfide reacts with 
xanthydrol to form di-9,9'-xanthyl sulfide.29 In the 
same way hydrogen sulfide and hydrogen selenide 
react with xanthydrol or thiaxanthydrol. Pyrrole 
has been shown to form 2,5-di-(9-~anthyl)pyrrole.~* 
Thiaxanthydrol also forms a disubstituted pyrrole 
which is assumed to  be the 2.5-derivative by 
analogy. 

Xanthydrol has been shown to react very 
readily with all types of aromatic primary amines.31 
Thiaxanthydrol reacts as easily as xanthydrol, 
especially with negatively substituted aromatic 
amines, Table V. Several sulfa drugs were tried with 
xanthydrol and were found to  give suitable deriva- 
tives. The question arises whether substitution in 
the negatively-substituted aromatic amines takes 
place on the amino nitrogen or in the nucleus. 
Adriani31 has pointed out that in the N-xanthyl 
derivatives the carbon-nitrogen bond is easily split 
in acid solution thus forming a xaiithydryl ion, 
while a xanthyl group substituted in the nucleus of 
an aromatic amine is stable to  acid solution. h solu- 
tion of any of the xanthyl- or thiaxanthyl-aromatic 
amino compounds, Table V, in hydrochloric acid 
gave the color of the respective xanthylium (yel- 
low) or thiaxanthylium (tangerine) ion while solu- 
tion in sulfuric acid gave the characteristic fluores- 
cence of the xanthylium (green) and thiaxanthylium 
(orange) ions. The infrared spectra of these deriva- 
tives indicated the presence of only one S-H 
stretching frequency a t  2.9 microns. This is charac- 
teristic of secondary amines. From these facts it is 
evident that substitution of the xanthyl and thia- 
xanthyl groups takes place on the amino nitrogen 
of the aromatic amines. 

Various other types of compounds react with 
xanthydrol and thiaxanthydrol, Table VI. The 
reaction of xanthydrol with sulfonamides has been 
shown to take place readily.32 In addition, me have 
found that xanthydrol, as compared to thiaxanthy- 
drol, is much the superior reagent for condensation 
with sulfonamides or acid amides. Several sulfon- 
amide derivatives of xanthydrol were prepared, 
Table TI. Under the same conditions thiaxanthy- 
drol derivatives were not isolated. 3-Kitrobenz- 
hydrazide and 4-phenethylurea formed derivatives 
with thiaxanthydrol as well as xanthydrol. Xanthy- 
drol was also condensed with malononitrile and 
nitromethane, the latter in poor yield. 

(28) Fosse and Robyn, Compt. rend., 143, 239 (1906). 
(29) Fosse, Compt. rend., 155, 1019 (1912). 
(30) Illari, Guzz. chim. itat., 67, 434 (1937). 
(31) Adriani, Rec. trav. chim. Belg., 35, 180 (1916). 
(32) Phillips and Frank, J .  Org. Chem., 9, 9 (1944). 
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The condensation of carbazole with xan thydrol is 
alleged to form 9-(9-~anthyl)-carbazole.~~ Con- 
densation of excess 9-methylcarbazole with xanthy- 
drol or thiaxanthydrol, however, also gives a mono- 
substituted carbazole derivative. As 9-alkylated 
carbazoles are mainly attacked in the 3-position by 
electrophilic  reagent^,^^^^^ xanthydrol and thiaxan- 
thydrol would also be expected to attack the 3- 
position of 9-methylcarbazole. Consistent with this 
is the similarity of the ultraviolet absorption spectra 
of the new carbazole derivatives to that of 9-methyl- 
carbazole, Fig. 1. No definite steric effect is notice- 
able as would be expected in a 1-substituted 9- 
methylcn rbazole. 

A hot solution of carbazole in acetic acid contain- 
ing 1% concentrated hydrochloric acid has been 
shown to develop a deep indigo-blue color with 
xanthydrol,36 while similar treatment of indole, 
skatole, and tryptophan caused the development of 
reddish-violet colors. 37 In  the same fashion thia- 
xanthydrol gives brilliant color reactions with many 
active hydrogen compounds in acetic acid solution 
in the presence of a small amount of concentrated 
sulfuric acid. For dyes formed from carbazole and 
indole derivatives the sulfuric acid was necessary as 
a proton donor. In all cases it was necessary as an 
oxidizing agent. 

For example, with 9-methylcarbazole and xan- 
thydrol the following reaction scheme is postulated: 

W 
c3 s 

,w 
FIG. 1.-ULTRAVIOLET ABSORPTION SPECTRA. 9-Methyl- 

carbazole (---); 3-(S-Xanthyl)-S-methylcarbazole (---)> 
and 3-( l0'-Thiaxanthyl)-9-methylcerbazole (*****).  

zole (blue-5 niin.) , 3-carbethoxyamino-9-methyl- 
Carbazole (blue-2 hrs.), 2-acetylamirio-9-methyl- 
carbazole (blue-2 hrs.), 3-acetylamino-9-methyl- 
carbazole (blue-2 hrs.), 3-trifluoroacetylamino-9- 
methylcarbazole (blue-2 hrs.), indole (purple5 

The color reactions (see experimental section for 
general procedure and wave length maxima) of car- 
bazole, tryptophan, barbituric acid, and 1,3-indan- 
dione with xanthydrol and thiaxanthydrol are 
shown in Table VII. In the same fashion the follow- 
ing color reactions were obtained with xanthydrol 
in the order, -compound, color, time for develop- 
ment of color,- 9-methylcarbazole (dark blue-5 
min.), 9-ethylcarbazole (dark blue-5 min.), carba- 

(33) Illari, Gazz. chim. itul., 68, 103 (1938). 
(34) Sawicki, J. Am. Chem. Soc., 76, 664 (1954). 
(35) Buu Hor and Royer, J. Org. Chem., 16, 1198 (1951). 
(36) Arreguine, Rev. Univ. Nacl. Cordoba (Arg.) ,  31, 

(37) Arreguine, Rev. Asoc. Bioquim. Argentina, 12,  3 
1706 (1944); Chem. Abstr., 39, 3222 (1945). 

(1945); Chem. Abstr., 39, 3223 (1945). 

min.), gramine (dark red-5 niin.), 1,2,3,4-tetra- 
hydrocarbazole (dark blue-30 min.), 5,lO-dihydro- 
indeno [1,2-b]indole (green-blue-30 min.), 5 methyl- 
5,lO-dihydroindeno [1,2-b]indole (green4 min.), and 
tryptophan (violet-30 min.). With thiaxanthydrol 
the following useful color reactions are obtained- 
carbazole (blue-30 min.) ,9-methylcarbazole (blue-2 
hrs.), 9-ethylcarbazole (blue-2 hrs.), indole (blue-30 
min.), gramine (red-30 min.), tryptophan (violet-30 
min.), and 1,2,3,4-tetrahydrocarbazole (unstable 
purple-2 hrs.) . Xanthydrol and thiaxanthydrol give 
only yellow colors after two hours with 2-aminocar- 
bazole, 2-amino-9-methylcarbazole, 3-amino-9- 
methylcarbazole, 9-acetylcarbazole, 9-carbethoxy- 
carbazole, 2-nitro-9-carbethoxycarbazole, 2-acetyl- 
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amino-9-mesylcarbazole, and 2-amino-9-mesylcar- 
bazole. \Vi th 2-nitrocarbazole, 2-nitro-9-methylcar- 
bazole, 2-nitro-9-ethylcarbazole, aiid 3-nitro-9- 
methylcarbazole reddish to violet colors are ob- 
tained with xanthydrol in 3 to  4 hours. An acyl 
group in the 9-position of carbazole, as well as an 
amino or nitro group in the 2- or 3-positions of 
carbazole or 9-methylcarbazole, interferes with the 
formation of the blue color. In  all the color reactions 
xanthydrol is superior to thiaxanthydrol in respect 
to stability of reagent, clarity of color, and speed of 
reaction. 

3-(9-Xanthyl)-g-methyl carbazole and the thia- 
xanthyl analog produce the blue color with solid 
acids also. When melted with acids such as p-tolu- 
enesulfonic acid, citric acid, salicylic acid, p-nitro- 
benzoic acid, aiid m-toluic acid a dark blue color is 
obtained which remains when the mixture solidifies. 
On the other hand with nicotinic acid both carba- 
zole derivatives form a dark blue melt which be- 
comes white on solidification. This reversible color 
change can be repeated indefinitely and is probably 
a redox reaction. 
3-(9-Xanthyl)-9-methylcarbazole treated with 

acetic acid containing a small amount of sulfuric 
acid produces a blue dye with a wave length maxi- 
mum a t  approximately 600 mp as does 9-methyl- 
carbazole in the color reaction. Indole by the gen- 
eral color reaction gives a violet dye as does 3-(9- 
xanthy1)indole in acetic acid solution containing a 
drop of sulfuric acid. 1,3-Indandione treated by the 
general color reaction arid diluted with acetic acid 
furnishes a yiolet dye with wave length maxima at  
430, 450, anti 538 mp. This violet dye must be 2-(9- 
xanthy1idenc~)indan-1 ,3-dione38 for this latter com- 
pound has a parallel curve in acetic acid with wave 
length maxirna at  430, 450, and 539 mp. The struc- 
ture of the xanthydrol-tryptophan dye has been dis- 
cussed by Dickman and \Testcott.* These authors 
reported a m-ave length maximum within the range 

0 
c3 
0 
-1 

X,MU. 

FIG.  VI VISIBLE ABSORPTION SPECTRA. Qualitative curves 

treated with xanthydrol in the general color reaction and 
appropriately diluted with acetic acid. 

for barbituric acid (---) and 9-methylcarbazole (- 1 

(38) Schonberg, Mustafa, and Sebhy, J .  Am. Chem. SOC., 
75, 3377 (1953). 

of 510 to 520 mp in acetic acid-hydrochloric acid. 
This checks with our value of 523 m p  in acetic acid- 
sulfuric acid, Table VII. 

Thus, it mould seem that the dyes formed in the 
reaction between xanthydrol or thiaxanthydrol and 
compounds containing active hydrogen attached to  
a carbon atom involve a C=C grouping at  the meso 
position of thiaxanthene and xanthene as shown in 
Fig. 2. The structure assigned to the barbituric acid- 
xanthydrol color product, Fig. 2, is consistent with 
the fact that 5,5-disubstituted barbiturates do not 
give the color reaction. 

It is likely that many substances related to xan- 
thydrol and thiaxanthydrol in respect to forming 
stabilized carbonium ions in acid media could be 
found that would even react with alcohols, aliphatic 
ketones, carboxylic acids and other types of active 
hydrogen-containing compounds. It is apparent that 
many new color reactions and qualitative or quanti- 
tative techniques of value in bioanalysis thus could 
be developed. 

EXPERIMENTAL3' 
Xanthydrol40 and thiaxanthydi-0141 were easily prepared 

bg excellent procedures in the literature. 
General procedure for the preparation of xanthydrol and 

thiaxanthydrol derivatives. &Fluoroethyl N-9-xanthylcarbam- 
ate. To a test tube containing 1 g. (0.005 mole) of xanthydrol 
dissolved in a mixture of 1.5 ml. of glacial acetic acid and 1.5 
ml. of ethanol was added 0.54 g. (0.005 mole) of fluoro- 
urethan26 dissolved in an equal volume of the same solvent. 
The resulting mixture completely solidified after standing a t  
room temperature three days. The solid material was col- 
lected on a small Hirsch funnel, washed several times with 
small portions of ice-cold methanol, and recrystallized from 
heptane to  give 1 g. (71%) of long white needles, m.p. 183- 
184". No attempts were made to  obtain optimal yields. 

Carbamates, Table I .  The general procedure was used. 
Although in some cases reaction took place within a few 
minutes, the mixtures all were allowed to  stand for three 
days. The crystallizing solvents were usually pentane, 
hexane, or heptane. Yields ranged from 6040%. 

Mercaptan derivatives, Table 11. The general procedure 
was used for these derivatives except that the reaction took 
place quickly; after an hour excess water Ras added to  the 
mixture. The carboxylic acid derivatives were crystallized 
from water or aqueous alcohol. The remainder of the com- 
pounds were crystallized from pentane or hexane. Yields 
ranged from 80-95%. In all cases the thiaxanthyl deriva- 
tives had a higher melting point. 

@-Diketone derivatives, Table 111. The general procedure 
was used. The crystallizing solvent was hexane or heptane. 
Yields ranged from 60 to 80%. 

Dixanlhyl and dithiaxanthyl compounds, Table IV. For 
the preparation of the sulfides and selenides the procedure 
of Fosse2g was followed. Hydrogen sulfide or hydrogen sele- 
nide was passed through an aqueous acetic acid solution of 
xanthydrol or thiaxanthydrol for 20 minutes and then the 
mixture was allowed to stand overnight. For the sulfides the 
crystallizing solvent wa8 acetic acid; for the selenides the 
crystallizing solvent was hexane-heptane (1 : 1). Yields 
ranged from 10-30%',. 

(39) All melting points and boiling points are uncorrected. 
Analyses are by Peninsular ChemResearch, Inc., Gainesville, 
Florida. 

(40) Holleman in Gilman, Org. Syntheses, Coll. Vol. I, 
2nd Ed., 554 (1941). 
(41) Oehlscblaeger and MacGregor, J .  Am. Chem. Soc., 

72, 5332 (1950). 
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TABLE V 

-4ROMATIC AMINE DERIVATIVES OF XANTHYDROL A X D  THIAXANTHYDROL 

R 

Analyses 
M.P., Calc'd Found 

X "C. Formula PIT N 
2-Cl-4-NO2-CsH2NH- 
2-NOr-CsH4-NH- 
8-NO2-CsHa-iKH 
~-NOZ-~-CH~O-C~H~-NH 
Z-NOZ-~-CH~O-C~H~-NH 
N 4-Sulfadiazine 
N4-Sulfapyridine 
3-N Oz-2-Dibenz ofuryl-N H- 
S-NOt-4-Xenylamino 
PN O2-4-Xenylamino 

S 
0 
S 
0 
S 
0 
0 
0 
0 
S 

170-1 72 
201-2020 
150-1 5 1 
164-165 

246-247 
165-1 67 

241-242 
230-23 1 
181-182 
170-171 

7 6  

8 4  
8 0  
7 7  
9 8  

13 0 
6 9  
7 1  
6 . 8  

7 .5  

8 . 2  
7.9 
7 . 6  

10.2 
13.3 
6 . 8  
7 . 0  
6 . 8  

~ ~~~ ~ 

a Lit. m.p. 1Y7-199°.4* 

TABLE VI 

MISCELLANEOUS DERIVATIVES 

R 

Analyses 
M.P.7 Calc'd Found 

X "C. Formula C H N C H ? ;  

N02CHJ- 0 
(CN)2CH- 0 
3,4-Clz-CsHa-SOzXH- 0 
4-Br-CsH4--SOzNH- 0 
S-SOz-CsHa-SOzN H- 0 
3-SOz-CsH4-COXH-XH- 0 
3-N OZ-C~H~-COXH-SH- S 
4-C*H5O--CsH*-SHCO-?H- 0 
.$-C2HjO--CsH4--N HCO-SH- S 
3-( 9-Methylcarbazo1e)- 0 
3-( 9-Met hylcarbazo1e)- 8 
%Indole S 

94-96 
186-188 
186-187 
216-217 
206-207 
191-192 
194-195 

245 
232-233 
193-195 
162-163 
155-156 

11.4 11.3 
56.2 3 . 2  56 .1  3 . 1  
54.8 3 . 4  54.0 3 .3  

7 . 3  7.3 
11.6 11.5 
11.1 11.3  
7 . 8  7 . 6  

70.2 5 . 3  70.6 5 5  
86 .4  5 3 86.5 5 . 4  
82.8 5 .0  82.6 5 .3  
80.5 4 . 8  81.0 4 . 7  

The urea and pyrrole derivatives were prepared by the 
standard procedure. The urea derivative was crystallized 
from dimethylformamide in 40-50% yield and the pyrrole 
derivatives from Methyl Cel lo~olve~~ in 70-75% yield. 

S m i n e  derivatzves, Table V. The general procedure was 
used except that the amine was first dissolved in the mini- 
mum amount of acetic acid. For example, approximately 300 
ml. of acetic acid was necessary to  dissolve 0.46 g. of 3- 
amino-2-nitrodibenzofuran. The mixtures were allowed to 
stand for over a week. Heptane and aqueous Methyl 
Cellosolve were the crystallizing solvent. Yields ranged from 

Miscellaneous derivataves, Table VI. The general procedure 
was used for these compounds except in the preparation 
of the carbazole derivatives where 0.01 mole of a B-methyl- 
rarbazolr derivative was reacted with 0.005 mole of xan- 
thydrol or thiaxanthrol. The urea derivatives and the 9- 
methylcarbazole derivatives were crystallized from Methyl 
Cellosolve, the nitromethane derivative was crystallized 
from pentane, and the remainder were crystallized from 
benzene or alcohol. Nost of the reaction mixtures solidified 

30-50 %. 

(42) Trade name for 2-methoxyethanol. 
(43) Vanags and Geita, Latvijas PSR Zinatnu Alcad. 

(44) Shriner and Wolf, J .  Am. Cherti. SOC.,  73, 891 (1951). 
Vestis, 149 (1952); Chem. Abstr., 49, 307 (1955). 

TABLE VI1 
COLOR REACTIONS I N  ACETIC .4CIDQ 

Color (Amax. in mp) 
Compound Sant  hvdrol Thiaxanthvdrol 

Carbazole Blue (585) Blue (520,607) 
Tryptophan Violet (523) Violet (557) 
Barbituric acid Violet (430, 560) Blue (595) 
1,3-Indandione Violet (430, 450, 538) 

4 Reaction solution contains 1% H2S04. 

within one or two hours but were allowed to  stand over- 
night. In the case of the nitromethane derivative water was 
added to  the reaction mixture after three days. The yields 
ranged from 70-80% except for the nitromethane derivativc 
and the 3-nitrobenzhydrazide derivativr of thiaxanthvdrol 
which were obtained in 10% yield. 

General color reaction. To a solution of 1 to  5 nig of i h r  
compound to  be tested in 1 ml. of aretic acid was addrd 
1 ml. of a 1% acetic acid solution of xanthydrol or thiaxan- 
thydrol. After standing 5-10 minutes 1 drop of concentrated 
sulfuric acid was added and the mixture was shaken. The 
color was read at appropriate times. 
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