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TABLE I 
PHICNOTHIAZINES BY THIONATION 

Substitucrit Yicld, 5;' M.1'. 

2-Methyl- 38 190-19 1 O b  

2-C hloro- 26 197-199"d 
4Methyl-  3 129-132 O C  

CChloro- Unable to  purify 
2-Methox y- 16 185-1 88 a 

CMethoxy- Unable to  isolate 
3-Methyl- 47 166-167" 
8-Methos y- 48 155-157" ' 
3-Chloro- 0 

2-Chloro-7-mcthoxy 35 173-174" 

These yields rcprcsent purificd yiclds. For example, in 
tho thionation of 3-methyldiphenylamine, a crude yield of 
809: of the 2-isomer, melting a t  175-177", is obtained, and a 
crudc yield of 20% of the 4-isomer, melting at 125-127". 
* Charpcntier e t .  al., loc. cit., reportcd a melting point of 
187-188". Charpchnticr et  al., m.p., 114-118". As noted 
above, our crude product melted a t  125-127'. Charpentier, 
et al., m.p,, 196-197'. e Charpentier, et al., m.p., 179-180". 
'Gilman and Shirlcy, J .  Am. Chem. Soc., 66, 888 (1944) 
and Kehrniann and h'ossenko, Ber., 46, 2809 (1913) report 
a melting point of 158-159'; Pummerer and Gassner, Ber., 
46, 2322 (1916) rcport 163'. 0 3-Chloroplienothiazinc could 
not be oht:iined by this proccdurc. Complete loss of chlorine 
rcsulted arid good yields of phenbthiazine were obtaincd as 
the only rcaction product. A similar loss occnrrcd to some 
extent in the preparation of I-chloroph~nothiazine.~ 

removed by distillation. Therc was obtained 20.4 g. (95Yc) of 
a yellow product, melting at  135-136". 

An analytical sample was obtained by recrystallization 
from benzenc. Colorless glistening crystals, melting at 136- 
137", were obtained. On standing or exposure to  air, the 
compound slowly turned green. 

Anal. Cttlcd. for C1&ONS: C, 67.0; H, 4.19. Found: C, 
66.8; H, 4.25. 

I-Acetoxy-10-acetylpilenothiazine. A mixture of 0.6 g. of 
I-hydroxyphenothiazine, 4 ml. of acetic anhydride, and a 
few drops of pyridine was refluxed for 4 hr. On cooling the 
mixture, colorless crystals settled out. Recrystallization 
from benzene gave 0.4 g. (60%) of colorless crystals, m.p., 

Anal. Calcd. for CleHl303XS: S, 10.70. Found: S, 10.34. 
I-Ethoxyphenothiazine.12 A mixture of 3 g. of l-hydroxy- 

phenothiazine, 3 ml. of ethyl bromide, and 10 g. of anhydrous 
potassium carbonate in 150 ml. of dry acetone was refluxed 
for 24 hr. The hot reaction mixture was filtered, and the 
filtrate evaporated. The residue, which was insoluble in 
alkali, was recrystallized from ethrtiiol to give 2.1 g. (62%) 
of colorless crystals, m.p., 81-82. 

Anal.13 C:alcd. for ClJ1130N:S: C, 68.8; H, 5.35. Found: 
C, 68.0; H,  5.36. 

2-~celoz~~-l0-acetylphe~othiazine.  A mixture of 2 g. of 2- 
methoxyphenothiazine and 6 g. of pyridine hydrochloride 
was heated at 200" for 5 hr. When the molt wa.s workcd up 
as dcscribcd under 1-hydroxyphenothiazine, an  oil was ob- 
tained which could not be crystallized. The oil was, there- 
fore, by a procedure similar to  that  for the I-hydroxy de- 
rivative, converkd into 2-acetoxy-10-acety1phenothiaxine. 
This was crystallized with difficulty from benzene-petrolcum 
ether to give 0.6 g. (35%) of colorless crystals, m.p., 138- 
140". 

Anal. Calcd. for ClaII1303NS: S, 10.70. Found: S, 10.23. 

(13) Analysis by C. Beames, N. Mexico Highlands Uni- 
versity, Las Vegas, N. M. 

(14) This compound has been reported to melt rtt 172- 
174" by D. F. Houston, E. B. Kester, and F. IIeEds, J .  
Am.  Chem. SOC., 71, 3816 (1949), who prepared i t  by the 
thionation of panilinophenol. 

208-209". 

- 

:3-1IJ.drosyphcnothitL8irie.'l The demethylation, of 3 g. of 
:3-mtrthox~phcriothiazirie with 12 g. of pyridinc hydrochloride 
was carricd out as dcscribed for the 1-hydroxy derivative. 
I~c!c,ryRt:tlli~ation from benzoric acrtone mixture gavc 2.2 g. 
(76%) of st,ecl-grity cryst,als, m.p. 187-188". Because of the 
case of oxititition, to a purple colored solid, the product was 
not analyzed but was c,orivcrtcd, as described under the 1- 
dcrivative, into 3-acctoxy-IO-acctylphenothiazine, which 
cqstallized with difficulty from benzene-petroleum ether 
mixturo t.0 give a whitc powder, m.p., 111-116°. 

Anal. Calcd. for C I G H ~ ~ O ~ X S ;  S, 10.70. Found: S, 10.21. 
Z-Clilol.o-r-h!/droxyphenothiazine. Ikmethylation of 2 g. 

of 2-chloro-7-methoxyphenothiazine in the usual manner 
gave a product which crystallized from benzene to give 1 g. 
(52y0) of light purple crystals, m.p. 224-226', turning dcep 
purpic on standing. 

Anal. Calcd. for Cl2H8OSSC1: S, 12.83. Found S, 13.14. 
lO-(9-Xanlhen?/l)-phenofhiazine. A mixturc of 0.5 g. of 

phenothiazine, 0.5 g. of santhydrol and 6 ml of glacial acetic 
acid was heat,cd to reflux. On cooling to room temperature, 
a white crystalline solid separated. Filtration and recrys- 
tallization from cthariol-acetone mixture gavc a colorless 
solid, m.p., 205-212", sintcring at 19.5'. It turned violet on 
standing. 

Anal.13 Calcd. for C~IH,.INOS: C, 79.2; H, 4.48. Found C, 
78.6; H, 4.86. 

I-Chloro-lo-acetyZphenolhiazine.3 To 1.0 g. of l-chloro- 
phenothiazine was added 1 ml. of isopropenvl acetate16 and 
5 drops of boron trifluoride cthercate. The mixture was 
heated with stirring in a boiling water for a few minutes. 
The dark residue was cooled and triturated in ethanol to 
rcmove colored impurities. The colorlem amide was filtered 
and recrystallized from ethyl acetate to  give 1.3 g. of color- 
less crystals, m.p., 135-136'. By adapting the same pro- 
cedure, the 10-acetyl derivat,ives of 1-methyl phenot<hiazine 
and I-methosyphenothiazine wcrc also prepared. 

Acknowledgments. The authors are grateful to 
the National Cancer Institute for financial support, 
(Grant CY-2450-2) ; to Helen Peoples and Eugene 
White for technics1 assistance; to Dr. C. C. Stock 
(Sloan-Kettering Institute) and Dr. R. 11. Leviri 
(The 17pjohii Drug Co.) for physiological testing. 

CHEMISTRY I~EPARTMENT 
FISK UNIVERSITY 
YASHVILLE 8, TENS. 

(15) This matcrial was kindly supplied by the Tennessee 
Eastman Co., courtesy, I h .  J. 13. Dickcy. 

Hexagonal Urea from Acetone-Urea Adduct 
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It is reported in the literature that when a urea 
adduct, decomposes, the urea reverts to its natural 
tetragonal structure. Urea adducts are crystalline 
molecular compounds of hexagonal structure.2 
We have found that a small part of the urea ob- 
tained from the decomposition of an acetone urea 
adduct existed in the hexagonal form. X-ray dif- 

(1) R. T. Holman, W. 0. Lundberg, T. Malkin, Progress 
in  the Chemistry of Fala and Lipads, Pergamon Press, Ltd., 
London, 1954, Vol. 2. 

(2) A.  E. Smith, J .  Chenz. Phys. 18, 150(1950). 
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fraction patterns were obtained, showing that a 
small amount, probably less than 5%, possessed 
hexagonal structure. The urea obtained from ace- 
tone urea adduct after the adduct was decomposed 
by heat at  55" was found to form fatty acid urea 
adducts readily in the absence of any urea solvent. 

EXPERIMENTAL 

Prcparalion of acetone octivaled uiea.8 Iiito a 1,enkc.r con- 
taining cu. 150 ml. oi  acetone wa8 added exactly 200 g. of 
urea of about 150 mesh, and the mixture was left to stand 
for 1 hr. a t  room temperature. The C X C ~ S R  acetone was re- 
moved by suction filtration and the solid adduct wa8 placed 
in a 55' oven until the original weight of urea was obtained. 
A t  this point decomposition of the acetone III'CR adduct w a  
considered to be complete.' 

Reactivity ofacelone aelivated urea. To 100 g. "E the abovc 
urea was added 25 g. of oleic acid, U.S.P. grade, and thc 
mixture was leit t o  stand for 2 hr. with occasional stirring. 
From the adduct iarmed, 24 g. 01 fa t ty  acid was r ~ ~ v e r e d  
after decomposition of the adduct by hot water. Other fatty 
acids and their methyl or et,hyl csters rcacted equally well. 

Role study. Urea, 200 g., WLR treated a8 in the first experi- 
ment. To this urea was addcd 3 i 0  ml. of toluene to which 
40 g. of stearic acid, N.F. grade, had heen dissolved, and 
immediately mechanical agitation was started. Small samples 
were taken out a t  definite intervals, were rapidly filtered via 
a cotton plug and of the clear liquid a n  aliquot was titrated 
in isopropyl alcohol with standard sodium hydraridc solution 
to a phenolphthalein end point so that  thc molarity of tho 
stearic acid toluene solution ~oultl be de te rmi id  a t  cwh 
interval. The rcsults were plotted and fitted sell the first 
order equation: 

0 .0  
I" I ,  *a 1. 10 3 3  

Fig. 1. First order reaction of stearic acicl-acttonc: activated 
urea 

(3) Urea from decomposed acetone adduct. 
(4) The urcn ws8 weighed to the nearost tent,h of a mg. 

t,o make nure t ha t  no acet,one or acCt,one adduct was pretient 
when this urea was caused to react with the fatty substanocs. 
Small traces of aoetone or acetone adduct might still h e  
present,; however, these small traces could not have csta- 
lyaed tho  reaction t o  any great extent. It was found that 
when ordinary urea, 100 g., was mixed with 25 g. of oleic 
acid in the presence of ca. 0.5 R. acetone adduct and  0.5 ml. 
of acetone, 1888 than 3 g. of oleic acid had reacted after 2 hr. 
a t  room temperature. It is not probable that traces of irec 
acetone or acetone adduct could have oatal,yzed the reaction 
of acetone activated uma with the fat ty  a d s  or their cst,ers, 
in  theseexperiments. 

2.3 log cfco = kl 
where eo = initial concentration oi stearic acid 

e = concentration of stearic acid after l n p ~  of time, 1 
t = time, min. 
k = specific reaction velocity constant 

Fig. 1 represents this curve. 
Comparison o/ totes of acelone adionled and ordinary urea. 

Urea, 200 g. of ea. 200 mesh, was reacted with stearic ncid 
dissolved in toloeno in tho ~ n m c  mariner as the acet,onc 
activstcd urea in thc previous example. Prnrtically no 
reaction took place. Fig. 2 shows thc results. 

I 
!O I 3  I O  1, 30 I3 

Fig. 2. Ilate comparison: acetonc activated urca-stoarie 
arid, 0; ordinary om-stearic arid, 0 

X - m ? ,  Niflraclwn patterns. I'owdcr diflraction patterns 
wcro ohtsincd with copper target nnd wedgo sample holder 
in n Dehyc-Shcrrer type camera. 

1. 
2. 
3. 

Sunplc exposed for 1.5 hr. I'ilm #23 
Sample cxposed for 2 Iir. 14lm #42 
HcxiLg0:onal ,,rea (ctlrylok,xte add,,vt)s l'ilm #35 

I'ilii, : : 2 x  l . :%/IOsill .<.  1.3 111. 

Figtire :3 

(5) Thia adduct was freshly mad<, in raturatprl u rw 
methanol aoliitian with excess ethyl oleate. 



Exactly 5 g. of urea, c.P., was caused to  react with excess 
acetone a8 in the first experiment. A specimen of this urea 
was investigated. Film #23 did not show much evidence for 
hexagonal urea. Film #42 did show a weak line at about 21' 
12/(20). This corresponds t o  the most intense line of the 
hexagonal urea adduct, Film #35. The intense line of tet- 
ragonal urea was vcry dark on the film because of the long 
exposurc. A dcnsitometcr was used to  compare the line of 
the hemgonal with the intense line of the tetragonal urea. 
Only a n  estimate could be made on account of the high 
darkening of the tetragonal line. This estimate put the 
amount of hexagonal urea a t  probably less than 5910. DifTrac- 
tion patterns are shown in Fig. 3. 

DISCUSSION 

The existence of the small portion of hexagonal 
urea, after the acetone urea adduct is decomposed 
by heating the adduct, could perhaps justify a con- 
jecture that the hexagonal channels of urea do not 
all collapse instantly upon the escape of the acetone 
molecules, Some of them may retain their hexagonal 
configuration or assume some metastable structure 
before reverting to the natural trtragorial form. 
Such a crystalline configuratior~ would favor adduct 
formation with adduct forming substances without 
the use of a urca solvent. A ,  phenomenon similar 
to adsorption6 may take place when acetone acti- 
vated urea is contacted with a substance such as 
oleic acid. The catalytic effect of acetone, and pcr- 
haps of other ketones, may be explainable not only 
on the basis that acctone is a mut~ual sol~eiit 
for both urea arid adduct forming substarices but 
also that it forms its urea adduct which decomposes 
to provide in situ acetone activated urca. 
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(6) W. J. Zimmerchied, It. A. Dinerstein, A. W. Weit? 
kamp, and  Robert F. Marscrier, Ind. h'ng. C'henz., 42, 1300 
(1950). 

from diphenyldichlorosilane, the hydrolysis of the 
chlorosilane under carefully controlled mild condi- 
tions to minimize the formation of high polymers 
has generally been aimed a t  for successful prepara- 
tion. 

The author now finds that diol in pure form can 
be obtained readily from the reaction of diphenyl- 
dichlorosilane with ammonium carbonate mono- 
hydrate, the yield being 00-94%. 

The new method can be represented summarily 
by the followiiig equation: 

( CeH&SiCla + (NH&C03-H20 + 
(CoH&Si(OH)a + 2NH4C1 + C02 

When 1 mole of diphenyldichlorosilane was added 
to 1.2-1.5 mole of ammonium carbonate mono- 
hydrate covered with an inert anhydrous organic 
solvent preheated at  50-60°, the ammonium salt 
decomposed readily, evolving carbon dioxide, and 
ammonium chloride precipitated as fine crystals. 
After cooling to room temperature, the reaction 
product was filtered, whereupon pure diol was ob- 
tained from the filtrate upon evaporation. The most 
effective result was obtained by use of acetone as 
the reaction medium: The hydrophilic character of 
this would make the first stage of the reaction, 
hydrolysis of diphenyldichlorosilane with water 
produced by the decomposition of ammonium 
carbonate, fairly homogeneous. 

The proposed method has the advantage that 
throughout the preparation procedure no by- 
products other than ammonium chloride and 
carbon dioxide were produced. Both of these have 
no disadvantageous effect on the hydrolysed prod- 
uct and can be separated easily from the liquid 
part, allowing ready isolation of diol. 

As has been described by B ~ r k h a r d , ~  diol was 
converted readily into cyclodiphenylsiloxanes on 
being refluxed in an appropriate solvent in the 
presence of acid or caustic alkali as catalyser; hy- 
drochloric acid and sodium hydroxide gave hexa- 
phenylcyclotrisiloxane and octaphcnylcyclotetra- 
silox:ine, respectively. 

New Simple Preparation of Diphenylsilanediol 
and Its Condensation Products; 

Cyclodiphenyisiloxanes 

Recrivcd I V ~  ember $1, 1058 
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