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Organometallic compounds react with 2,3-di- 
chloro-p-dioxane (I) in a variety of ways. Aryl 
Grignard reagents give mixtures of isomeric 2,3- 
diaryl-p-dioxanes in excellent yields. ~ - 5  The 
dominant isomer was assigned a cis structure by 
S t ~ m p f , ~  but later strong evidence for a trans 
structure was presented.6 The trans product pre- 
dominates whether the starting material I is cis or 
trans? The reaction of compound I with alkyl 
Grignard reagents is primarily one of dehalogena- 
t i ~ n , ~  dioxene and disproportionation products of 
the alkyl group resulting. The very small yields 
of mixtures of isomeric dialkyldioxanes produced 
from the alkylmagnesium halides can be markedly 
increased8 by employing the Blakeg modification of 
the Grignard reagent utilising unisolated alkylzinc 
intermediates. Even better yields are obtained 
from similar alkylcadmium compounds, but di- 
alkylmercury or alkylmercuric halide reagents are 
inert toward I .  In  the present study, phenyl- 
lithium has been found to  react with I in yet an- 
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other way, the product being 2-phenyl-p-dioxene 
(11). 
. The unsymmetrical Zphenyl-p-dioxene is an 
extremely unstable and fugacious substance, in 
sharp contrast to  the closely related, but symmetri- 
cal 2,3-diphenyl-pdioxene (111) .6 Samples of I11 
have now been kept for several years in ordinary 
shelf storage without modification, but I1 changes 
from a white crystalline solid to  a light green liquid 
on standing a t  room temperature, often in a matter 
of hours. The nature of the change taking place in 
I1 is as yet obscure. Some sort of polymerization 
occurs, as the average molecular weight of a modi- 
fied sample was found to be about 1400. That the 
reaction was not simply polymerization was in- 
dicated by the change in analysis, the percentages 
of carbon decreasing as modification proceeds. 
Addition of one oxygen atom for each phenyldi- 
oxene unit would account roughly for the change in 
composition. The infrared spectra indicate loss of 
double bond and a slight, but by no means propor- 
tional, formation of carbonyl during the transition. 

Characterization and proof of structure of the 2- 
phenyl-p-dioxene were complicated by its unstable 
character but are quite definite. It adds one mole 
of bromine to  yield 2-phenyl-2,3-dibromo-p-dioxane 
(IV). This readily undergoes hydrolysis t o  phenyl- 
glyoxal, which was isolated in the form of the osa- 
zone. The chlorine addition product, 2-phenyl-2,3- 
dichloro-p-dioxane (V), was converted by phenyl- 
magnesium bromide to  2,2,3-triphenyl-p-dioxane 
(VI), which was also prepared by an independent 
synthesis from the known 2,2,3-t richloro-p- 
dioxane. lo  

When 2,2,3-trichloro-p-dioxane was treated with 
phenylmagnesium bromide, two products rather 
than the expected one were produced. Since the 
major one had the correct analysis and molecular 
weight for 2,2,3-triphenyl-p-dioxane7 it was as- 
signed that structure. The less soluble one, formed 
in minor amount, was reminiscent of by-products 
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observed when chloro-p-dioxane was treated with 
alkyl Grignard reagents, methyldioxanyldioxane 
and butyldioxanyldioxane. l1 A mechanism like 
that suggested by McElvain and DavieI2 in a 
similar situation would predict that in the present 
case a tetraphenyl-p-dioxanyl-p-dioxane of struc- 
ture VI11 would be expected to result from a by- 
product formed when the intermediate 2,2,3- 
trichloro-p-dioxane was prepared. The analysis and 
molecular weight are consistent with this assign- 
ment of structure. 

Our original work on 2-phenyl-p-dioxene was 
done a number of years ago, but publication was 
held up bwause several attempts to repeat or ex- 
tend the work gave erratic results or were entirely 
unsuccessfiil. Even when the compound was ob- 
tained, carbon and hydrogen analyses were not 
satisfactory. Our present success seems to  be 
due to a stringent avoidance of acid at  any stage of 
the preparation or storage, all apparatus being 
rinsed with alkali carbonate or ammonia before con- 
tact with the product. Hydrolysis of the organo- 
metallic-chloro ether reaction mixture was with 
water, not with dilute acid. The traces of acid pres- 
ent in the atmospheres of desiccators charged with 
sulfuric acid or calcium chloride were sufficient to 
cause a noticeable increase in the rate of deteriora- 
tion over that which took place in the open air of 
the laboratory. Obtaining a satisfactory analytical 
sample was achieved by Dry Ice temperature crys- 
tallization from pentane, followed by drying a t  room 
temperature in a desiccator charged with p a r a f i  
chips. 

Experimental 
2-Phenyl-p-dioxene (II).-Lithium (12.5 g., 1.8 g.-atoms) 

was cut into 300 ml. of absolute ethyl ether while the flask 
was continuously flushed with pure nitrogen. A solution of 
141 g.  (0.9 mole) of bromobenzene dissolved in 225 ml. of 
absolute ether was added dropwise a t  a rate to maintain 
ether reflux. A solution of 41.7 g. (0.3 mole) of trans-2,3- 
dichloro-p-dioxane (I) dissolved in 150 ml. of absolute ether 
was added, again at  a rate to maintain ether reflux. The 
solution was heated t o  reflux, stirred for an additional 2 hr., 
and allowed to stand, with stirring, for 12 hr. It was then 
hydrolyzed with water and the ether collected and combined 
with two additional 100-ml. portions of ether used to extract 
the hydrolysis mixture. The ether was stripped and the re- 
sulting liquid distilled rapidly a t  2 mm. through a 6-in. 
Vigreux column. The material, boiling a t  97-103", weighing 
15.5 g., readily solidified on cooling. When crystallized 
from pentane, i t  melted sharply a t  43O, yield 31%. An 
attempt was made to prepare an analytical sample by crys- 
tallization from ether and drying in a vacuum desiccator over 
sulfuric acid, but the sample (a) showed marked signs of 
deterioration in less than 0.5 hr. A second sample (b) ,  re- 
crystallized from pentane and dried in a vacuum desiccator 
over paraffin shavings, gave a satisfactory analysis. 

Anal. Calcd. for CIOHIOO~: C ,  74.04; 13, 6.21. Sample 
(a): C ,  73.21; H, 5.81. Sample (b): C, 73.77; H, 6.04. 

hlol. wt: Calcd.: 162. Found: 160, by micro-Rast 
method. Titrations in triplicate showed the addition of 0.96 
mole of Brl per mole of phenyl-p-dioxene.18 
(12) S. M. McElvain and W. R. Davie, J. Am. Chem. Soc., 74, 1816 
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2-Phenyl-2,3-dibromo-p-dioxane (rV).-Bromine dis- 
solved in carbon tetrachloride was added in slight excess to a 
dilute carbon tetrachloride solution of 11. After standing in 
the dark for 30 min., the solution was washed with a sodium 
thiosulfate solution, evaporated, and the residue recrystal- 
lized rapidly from methanol without prolonged heating, m.p. 
118.5-1 19'. 

Anal. Calcd. for CloHloOzBr~: Br, 49.64. Found: Br, 
49.58. 

A similar sample was prepared by adding bromine in 
chloroform solution to 1 g. of 11, the solvent was removed, 
and the residue treated with 20 ml. of water containing 1 
drop of conc. hydrochloric acid. Heating on the water bath 
for an hour produced a homogeneous solution which was 
allowed to react with a water solution of phenylhydrazine 
hydrochloride. The osazone, recrystallized from ethanol, 
melted at  150-151". Lit. for osazone of phenylglyoxal: 
152O.1' 

Properties of Modified 2-Phenyl-p-dioxene.-Crystals of 
2-phenyl-p-dioxene could be kept indefinitely if stored a t  
Dry Ice temperature; however, after standing a t  room 
temperature for a few hours, a coating of light green oil 
invariably formed, and the entire bample would liquefy in a 
matter of days. A sample of this oil (2 months old) was 
dried a t  I-mm. Dresswe and 100" for 3 hr. and was then 
analyzed. 

Anal. Found: C. 65.80: H. 6.46. 
Infrared spectra differed from.that of unmodified 2-phenyl- 

p-dioxene in that the prominent olefin band a t  6.04 p had 
almost disappeared, and new small probably carbonyl 
bands at 5.8 and 5.9 p were evident. Molecular weight, 
cryoscopic, using benzene, was 1388, equivalent to about 
eight CloHloO~ units. 

2,2,3-Triphenyl-p-dioxae (V).-A solution of 1.62 g. 
(0.01 mole) of I1 in 50-ml. of pentane was cooled in ice and 
chlorine bubbled in until color persisted. It was added 
dropwise to  0.05 mole of phenylmagnesium bromide and the 
resulting mixture stirred and heated for 15 min. After 
hydrolysis, the residue which resisted crystallization was 
placed on an alumina column by means of hexane and eluted 
with a 25% solution of ether in hexane. After 0.1 g. of bi- 
phenyl, a single product, 1.71 g., m.p. 128", identical in 
mixed melting point and infrared spectrum with 2,2,3-tri- 
phenyl-p-dioxane was obtained. Yield, 54%. The com- 
parison sample which had been made earlier in connection 
with another study was prepared as described below. 

To a solution of phenylmagnesium bromide prepared from 
39.3 g. (0.25 mole) of bromobenzene and 6.1 g. (0.25 g.- 
atom) of magnesium in 150 ml. of dry ether was added, 
dropwise and with stirring, a solution of 10.1 g. (0.053 mole) 
of 2,2,3-trichloro-p-dioxane' in 50 ml. of ether. After re- 
fluxing for 15 min., the mixture was hydrolyzed by pouring 
onto ice-sulfuric acid, the layers separated, the aqueous 
layer washed with ether, and the combined ether solutions 
washed with dilute aqueous sodium bicarbonate and water. 
The ether was removed and the residual syrup was steam- 
distilled until no more biphenyl w a ~  present in the distillate. 
The residue was extracted in ether and dried over magnesium 
sulfate; crystallization gave 0.1 g. of a compound, m.p. 
201". The ether was removed and the residue taken up in 
hexane. Several evaporations of the hexane were done in 
ordir to remove the remaining traces of ether, and the hexane 
solution was separated into its components by chromatog- 
raphy, using a column of 80-200-mesh alumina packed in 
hexane. The column was eluted with a solution of one part 
ether and three parts pentane. A large amount of material 
was collected in the early fractions, melting, after recrystal- 
lization from ethanol, a t  128". The next compound isolated 
was the same compound, m.p. 201", obtained above. The 
combined samples of the 201' compound were recrystallized 
from hexane. 

(14) R. L. Shriner and  R. C. Fuson, "Identification of Organic 
Compounds," John Wiley & Sons, New York, N. Y., 1956, p. 284. 



The major product, the compound melting a t  12S0, was 
assigned the structure of 2,2,3-triphenyl-p-dioxane on the 
basis of its analysis, molecular weight, and method of syn- 
thesis. The compound, m.p. 201", has not been positively 
identified, but it is probably a tetraphenyl-p-dioxanyl-p- 
dioxane (VIII). 

Compound, 111.p. 201". Yield: 0.3 g. .4naI. Calcd. for 
C32H3004: C, 80.5; H,  6.3. Found: C, 80.86, 60.26; H, 
6.30, 6.30. Compound, m.p. 12s". Yield: 2 g. Anal. 
Calcd. for CzzHzoO?: C, 83.51; H, 6.37. Found: C, 83.51; 
H ,  6.09. Moleciilar weight: Calrd.: 316. Found:  806 
(Hast camphor). 
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Recently the synthesis of 4- [bis(2-chloroethyl)- 
amino]-2-pyrimidinethiol (Ib, the thiocytosine 
analog of nitrogen mustard) by the chlorination of 
2,2' - [ (2 -mercapt o - 4 - pyrimidinyl) iminoldiethanol 
(Ia) with thionyl chloride has been claimed2 but' no 
evidence mas offered that both chlorine atoms of this 
compound are in fact covalent. Further, the con- 
version of I b  to  1-(2-chloroet~hyl)-l-(2-mercapt0-4- 
pyrimidiny1)aziridinium picrate (11) by treatment, 
with hot ethanolic picric acid is described. Since 
the true structure of a nitrogen mustard such as Ib  
is important to  the evaluation of biological data 
obtained with it, and since it has been established 
that attempts to  prepare the purin-6-yl analog of 
nitrogen mustard by thionyl chloride chlorinat'ion 
of the corresponding iminodiethanol gave only the 
tricyclic purine 111,3 we have studied the chlorina- 
tion of Ia as recently described.2 We have ob- 
tained conclusive evidence that, the product, of this 
r eahon  is actually the hydrochloride of the bicyclic 
1-(2-chloroet,hyl) -2,3-dihydromidazo [ 1,2 -c]-pyrim- 
idine-S(lH)-thione (IV)4 and, therefore, that the 
reported picrate is the picrate of the dihydromid- 
azopyrimidine IV and not, of the ethyleneimonium 
form of the nitrogen mustard. 

Chlorination of Ia gave a mat'erial which re- 
sembled the reported compound,2 but about half of 
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Service Center, National Cancer Institute, National Institutes of 
Health, Contract KO. S.&-43-ph-1740. 
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its chlorine content was ionic. This material could, 
by careful neutralization, be converted to its free 
base whose ultraviolet spectrum is practically iden- 
tical with that of the chloride and quite different 
from that of Ia  (whose spectrum should be very 
similar to a structure such as Ih). The free base, 
which must have the structure IT.', was then con- 
verted back to  its hydrochloride b y  treatment with 
dry hydrogen chloride in chloroform. An anhy- 
drous sample of the hydrochloride was thus ob- 
t ained . 

The rather low toxicity reported2 for the chlorina- 
tion product of Ia is more in keeping with the imi- 
dazo[l,2-c]pyrimidine (IV) than the nitrogen 
mustard (Ib) structure. 

Ia. X = O H  
Ib. X=CI  

X O I  

I1 

Experimental5 

2-(2-Chloroethyl)-2,3-dihydroimidazo [ 1,2-c] pyrimidine- 
5(  lH)-thione (IV). (a) Free Base.6-2,2'-[(2-Mercapto-4- 
pyrimidiny1)iminol diethanol (Ia)2 (2.0 g., 9.3 mmoles) was 
added to  a well stirred solution of 0.3 ml. of thionyl chloride 
and 0.5 ml. of ethyl alcohol in 22 ml. of bis(2-methoxyethyl) 
ether. Additional thionyl chloride (4.0 ml.) was slowly 
added to the mixture and the resulting white suapension 
stirred a t  room temperature overnight. The reaction mix- 
ture was then evaporated to  dryness under reduced pressure 
to give a tan residue, which was dissolved in hot ethyl alcohol 
(100 ml.), treated with charcoal, and filtered. The clear 
filtrate was evaporated to dryness under reduced pressure t n  
give the crude hydrochloride of IT; 
pH 1-247 (11.4), 273 116.9), 320 (4.07); pH 7-232 (12.2), 

in mp ( E  X 

266 (9.44), 336 (7.10); 
(7.90); EtOH-245 (10.5), 278 (16.8), 326 (3.65). 

pH 13-232 (14.5), 266 (9.15), 33'3 

-4nal. Calcd. for C~Hl~ClK8S.HCI: C1 (total), 25.12; 
C1 (ionic), 14.06. Found: CI (total), 27.0; C1 (ionir), 13.1 
(by acid-base titration a t  0'). 

.kiter several unsuccessful attempts to  recrystallize the 
crude hydrochloride, it  was dissolved in cold water and the 
pH carefully brought to 8 by the dropwise addition of 0.1 .V 
sodium hydroxide solution. The free base precipitated as a 
yellow solid, which was recrystallized from methyl alcohol 

( 5 )  Melting points were determined on a Kofler Heizbank and  are 
corrected. The ultraviolet spectra were determined in alcoholic and 
aqueous solutions with a Cary Model 14 spectrophotometer. Paper 
chromatography was done b y  the  descending technique on Whatman 
No. 1 paper; spots were viewed in ultraviolet light. RAd values were 
determined by  locating spots relative to  adenine arbitrarily assigned 
a n  Rf value of 1.00. Solvent systems: A,  water-saturated butyl SI- 
cohol; B, butyl alcohol-acetic acid-water 1 5 : 2 : 3  by  vol.); C, isopropyl 
alcohol-concentrated ammonium hydroxide-water (14: 1 : 5 by vol.) : 
D, acetate buffer (pH 6.1). 

(6) The first part of this procedure is practically identical with that  
described by Segal and Skinner.* 


