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-\ number of a-hydroxy isocyanates, a new class of compounds, have been synthesized from isocyanic acid 
and carbonyl compounds such as formaldehyde, chloral, s-dichlorotetrafluoroacetone, trifluoroacetaldehyde, and 
perfluorocyclobutanone. These novel isocyanates undergo most of the normal isocyanate reactions. They can 
be converted readily to 1,3,5-oxadiazine-2,4-diones and to a-chloro isocyanates, an unusually reactive class of 
compounds. a-Chloromethyl isocyanate, obtained from hydroxymethyl isocyanate and thionyl chloride, was 
found to react w-ith styrene to give cinnamyl isocyanate and 3-chloro-3-phenylpropyl isocyanate, with m-xylene 
to give 2,4-dimethylbenayl isocyanate, and with phenols to give 1,3-oxazinones. 

Previously reported chemistry of isocyanic acid, a 
long knon-n compound, has involved reactions with 
amines to form ureas2 and with alcohols to form ure- 
thanes3 and al l~phanates .~ Reactions of isocyanic acid 
with chloral have given cyclic products.5 The addition 
of isocyanic acid to Schiff's bases6 and azines? has given 
heterocyclic structures. 

Our studies have led to new chemistry of isocyanic 
acid which will be reported in this and subsequent 
papers. I n  this paper, the addition of isocyanic acid to 
certain carbonyl compounds to give the hitherto un- 
known a-hydroxy isocyanates (I) is discussed. 

OH 

R,-C=O + HXCO RL- (A -NCO 
I I 
R2 R? 

I 

Previous attempts8 to prepare compounds of this type 
by the Lossen rearrangement have been unsuccessful. 

The formation of hydroxy isocyanates has been found 
to occur with such carbonyl compounds as formal- 
dehyde, s-dichlorotetrafluoroacetone, trifluoroacetal- 
dehyde, 5H-perfluoropentanal, perfluorocyclobut.anone, 
chloral, dichloroacetaldehyde, and perfluoroacetone. 
It appears that  most carbonyl compounds capable of 
forming hydrates undergo this reaction. In  general, 
the carbonyl compounds hare electronegative substit- 
uents in the a position. 

Because of the high react,ivity of hydroxy isocyanates, 
it is usually best to prepare them a t  temperatures of 0' 
or below. The extent of the formation of t'he hydroxy 
isocyanate on mixing a carbonyl compound with iso- 
cyanic acid can be determined readily by near-infrared 
spectrophotometry. As the reaction proceeds, the 
absorption band a t  1.47 p ( S H  of HNCO) decreases, 
and a band a t  1.42-1.44 p appears as a result of the 
formation of hydroxyl groups. 

Hydroxymethyl Isocyanate (n).-We have found 
that the addition of monomeric formaldehyde to ethe- 
real solutions of isocyanic acid a t  about -70" gives 

CHZO + HNCO + HOCHSNCO 
I1 

(1) F. Wohler, Ann. Chim. et Phys., Ser. 3, 27, I96 (1824). 
(2) hl. Bogert and G. Scatchard, J .  A m .  Chem. SOC., 88,  1606 (1916). 
(3) J. Johnson and L. Ferstandig, Science. 110, 441 (1949). 
(4) M. A. Spielman, J. D. Barnes, and  W. J. Close, J .  Am. Chem. Soc., 

(5) C. Bischoff. Ber., 6,86 (1872). 
(6) W. J. Hale and N. A. Lange, J .  Am. Chem. SOC., 41, 379 (1919). 
(7) J. R. Baileyand N. H. Moore, ibid., 89, 279 (1917). 
(8 )  L. W. Jones and D. H. Powers, ibid., 46, 2518 (1924). 

72, 2520 (1950); H. W. Blohm and E. I. Becker, ibid., 72, 5342 (1950). 

hydroxymethyl isocyanate in essentially quantitative 
yield. Upon removal of the solvent a t  low tempera- 
tures under reduced pressure, hydroxymethyl isocy- 
anate is isolated and is found to melt a t  about -50'. 
Infrared examination of this product a t  - 50' showed 
strong absorption a t  2.9 p (OH) and 4.43 I/. (KCO), 
but none a t  5.4 p to 5.5 (CO). This spectrum is 
consistent with the HOCH2SCO structure but not with 
an alternative cyclic structure. 

Hydroxymethyl isocyanate polymerizes with ex- 
plosive violence above 0'. Solutions in diethyl ether 
are somewhat more stable and remain clear for as long 
as an hour a t  room temperature. The formation of a 
slight turbidity signals an incipient rapid polymeriza- 
tion. S o  additives were found which would increase 
the stability of the ether solutions. 

Spontaneous polymerization of hydroxymethyl iso- 
cyanate gave a friable solid insoluble in water. The 
elemental analyses of this solid indicated that carbon 
dioxide was lost during polymerization. The poly- 
mers formed with either a basic or acidic catalyst a t  low 
temperatures showed a loss of formaldehyde during 
polymerization. Most of the polymers obtained were 
of low molecular weight and in no case could be repre- 
sented by the formula (HOCH2KCO),. 

Hydroxymethyl isocyanate forms adducts with 
a,&unsaturated ethers, such as dihydropyran and 
butyl vinyl ether, as illustrated by the following reac- 
tion. 

OCHiNCO 
HOCHzNCO + - (1;1 

This reaction proceeds readily a t  room temperature 
with an acidic catalyst such as p-toluenesulfonic acid. 
These adducts are relatively stable, distillable liquids 
that can be converted to the expected isocyanate deriva- 
tives (see Table I). 

I n  general, amines promote the rapid polymerization 
of hydroxymethyl isocyanate. To obtain good yields 
of hydroxymethylureas it is necessary to  add the hy- 
droxymethyl isocyanate to a solution of amine a t  low 
temperature. For example, when an ethereal solution 
of hydroxymethyl isocyanate was added slowly to  an 
ethereal solution of aniline a t  - 30' K-hydroxymethyl- 
N'-phenylurea was obtained in high yield. This 
compound has also been obtained from phenylurea and 
f~rmaldehyde.~ On the other hand, when aniline was 
(9) G. Zigeuner, W. Knierzinger, and K. Voglar, Monatah., 82, 847 

(1951). 



1826 HOOVER, STEVENSOS, AND ROTHROCK VOL. 28 

Structure 

TABLE I 
DERIVATIVES OF HYDROXYMETHYL ISOCYANATE 

B.P., O C .  (mm.) --- Anal. (calcd.)/found 
M.p., O C .  ( n 2 b D )  C H N 

87-88 (15) (53.48) (7.05) (8.91) 
( 1.4499) 53.99 7.12 8 .91  

143-147 

81-82 

c1 
Q O C H ~ N H C O Z O C I  - 

92-94 

98-100 

NOC~HS 
C H & e  

OCHzNCO 

C ~ H ~ O C H  (CH~)OCH~NHCONH('J - c i  88-91 

(54.83) (6.02) (9.84) 
54.56 6.12 10.09 

added to a solution of hydroxymethyl isocyanate a 
complicated mixture of products was obtained. 

A new synthesis of chloromethyl isocyanate has been 
uncovered in the reaction of hydroxymethyl isocyanate 
with thionyl chloride. This reaction takes place in the 
cold to give first the chlorosulfite which loses sulfur 
dioxide on warming to room temperature. 

0 
SOC12 ll - SO2 

HOCH2XCO -+ ClSOCHzXHCOCl-+ ClCHzNHCOCl 
-15' 30" 

(67. i 6 )  (6.36) (4.65) 
67.38 6.55 4.86 

(67.76) (6.36) (4.65) 
67.90 6.39 4.80 

(48.76) (4.72) (4.38) 
48.07 4.93 4.44 

85-87 (16) (55.47) (8.73) (8.95) 
(1.4192) 56.10 9.00 8.20 

(55.90) (7.04) (9.31) 
55.64 6.86 9.33 

The resulting chloromethylcarbamoyl chloride, m.p. 
9-10', was converted to the known chloromethyl iso- 
cyanatelo by treatment with a-pinene, d,l-limonene, 
acrylonitrile or pyridine. Both chloromethylcarbamoyl 
chloride and chloromethyl isocyanate are very potent 
respiratory irritants. 

Chloromethylcarbamoyl chloride reacted with phenol 
and naphthol to give cyclic structures. 

ClCHaNHCOCl NH 

Although the product from naphthol appears to be 
new, the derivative" of phenol has been prepared by 
another route. 

Chloromethylcarhamoyl chloride added readily to 
styrene in the presence of small amounts of mercuric 
chloride to give an adduct that lost hydrogen chloride 
on heating to form cinnamyl isocyanate. 

Under mild conditions with zinc chloride as a catalyst, 
chloromethylcarbamoyl chloride reacted with m-xylene 

(10) G .  Schroeter, Ber. ,  42, 3356 (1909). 
(11)  H. Lindemann and W. Schultheis. Ann., 464, 248 (1928). 

F' 

+ 
ClCHiNHCOCl 

+ 
CH=CHCH2NCO 

to give 2,4-dimethylbenzylcarbamoyl chloride, which 
was converted to the corresponding isocyanate. 

+ 
ClCHzNHCOCl 

l-Hydroxy-2,2,2-trichloroethyl Isocyanate (111) .- 
The reaction of chloral and isocyanic acid proceeds 
slowly a t  0' but is complete after about seven hours. 

CCLCHO + HSCO + CClSCH(0H)SCO 
I11 

l-Hydroxy-2,2,2-trichloroethyl isocyanate (111) is 
a low melting solid (m.p. 25'), recrystallizable from 
carbon tetrachloride. Above its melting point i t  is 
slowly converted to solid products of indefinite com- 
position, which are soluble in acetone but insoluble in 
carbon tetrachloride. 

A new cyclic structure, a 1,3,5-oxadiazine-2,4- 
dione, was obtained on treatment of l-hydroxy-2,2,2- 
trichloroethyl isocyanate with water. This compound 
mas also made from chloral hydrate and isocyanic acid. 
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TABLE I1 
DERIVATIVES OF CCI&H(OH)NCO 

Anal. (calod.)/found -- 
C H N c 1  

(9.88) (37.55) 
9.97 37.52 

(8.80) (44. j l )  

(1.70) (7.90) ( 5 ! ) ,  9.5) 

8 . i 9  43.91 

1.81 8.01 58.  73 

Structure 

CCIaCH( OH)NHCONHCe.H:, 
M.p., "C. 

145 

183-185 

173-182" 

190-200* 

58 (1)c 

93-94 

64-65 

158-165 

175-188 

135-139 

121-125 

108-110 

149-151 

162-1 64 

13-1.56 

10.5 der. 

CCI,CH( OH)NHCO?jHCeH~Cl-p 

(16.92) 
16.35 

0 

I I 
HN, ,NH 

C 
It 
0 

CC13CH/ 'c=o 
(20.55) 
20.68 

(1.30) (12.00) (45. GO) 
1.76 12.03 45.50 

CC13CHCINCO (6.71) (67.90) 
6.85 67.51 

(19.94) 
20.03 

CCLCHCINHC02CH3 (2.09) (5.81 ) (58.87) 
2.24 5 . 8 7  59 . 10 

CC13CH (OCHs)NHCOzCH3 (25.39) 
26.08 

(3.41) (5.92) (44,98) 
3.47 5.67 44.73 

CCliCHClNHCOz / 00 
CC13CHCINHC02 

(44.22) 
43.91 

(2.57) (3.97) (40.19) 
2.34 3.88 39.95 

(44.22) 
43.61 

( 2 . 5 i )  (3.97) (40.19) 
2 , 59 4.32 39.90 

(29.07) 
28.52 

(1.36) ( 3 .  T i )  (57.21 ) 
1.10 3.81 56.90 CC13CHCINHC02 

(7.91) 
7.87 

CC13CH(OCH3)NHCOz 

CC13CH (OCH3) NHCOz 

b 
CI 0 NHCHNHCONH 0 CI 

I cc13 

(4.02) (30. 60) 
3.60 30. OS 

(48.30) 
48.13 

(3.45) 
3 .42  

(4.02) 
4.26 

(42.13) 
41.90 

(2.81) 
2.90 

(9.83) 
9.62 

(AO,23) 
49.83 

(3.93) 
3 ,!I5 

(11.72) 
11.81 c CIS 

(26.44) 
26.75 

(1.18) 
1 . i 4  

( 15.42) 
15.25 

Q Lit.'; -190' dec. * Depended on the r:&te of heating. B.p., "C. (mm.). 

0 
CC13CHr 'c=o 

With thionyl chloride it gave 1,2,2,2-tetrachloroethyl- 
carbamoyl chloride and 1,2,2,2-tetrachloroethyl iso- 
cyanate. Both of these compounds are potent respira- 

The a-chlorine in 1,2,2,2-tetrachloroethyl isocyanate 
is highly reactive. Thus, when this compound was 
treated with alcohols or amines, the first product was 
the expected derivative of the isacyanate, but when 

NH, I ,NH I 
C tory irritants. 
II 
0 

l-Hydroxy-2,2,2-trichloroethyl isocyanate formed the 
expected derivatives with aniline and p-chloroaniline. 
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Structure 

0 / \  

I I  
HN, ,NH 

C 
II 
0 

(C1FzC)zC C=O 

(C1FzC)zC (OH) NHCOZCZHB 

CFsCH (OH)NHCONHCsHsa 

/o\ 
(CF3)zY C=O 

I 
HN\"/NH 

c, 
I1 
0 

a Contained traces of phenylurea. 

TABLE I11 
DERIVATIVES OF VARIOUS HYDROXY ISOCYANATES 

7 Anal. (calcd.)/found- 
K p . ,  o c .  C H N F 

98-99 (21.07) (0.71) (9.83) (26.60) 
21.33 0.99 Y.84 ?B. 35 

44-46 (25.02) ( 2 .  45) (4.90) (26.40) 
25.09 2.50 5.20 26.26 

75-77 

145-147 

125-126 

120-1 2 1 

(8.40) (22.70) 
8.84 22.09 

(11.97) (24.40) 
12.20 23.88 

(7.65) (41.51) 
7.63 41.22 

(11.11) (45.22) 
11.16 44.90 

110-11 1 (37.40) (4.86) (11.90) (32.27) 
37.65 5.09 12.12 31.65 

excess reactant was wed the a-chlorine was replaced 
with an alkoxy or amino group as illustrated by the 
reaction with methanol. 

CHaOH CHaOH 
CCIaCHClKCO -+ CClaCHClNHCOzCH3 -+ 

1 mole excesa 
CC13CH( OCHs)NHCOzCH3 

In a similar manner the reaction of 1,2,2,2-tetrachlo- 
roethyl isocyanate with water gave (CCI3CH(OH)- 

The derivatives obtained from l-hydroxy-2,2,2- 
trichloroethyl isocyanate are listed in Table 11. 

Bis-(chlorodifluoromethy1)-hydroxymethyl Isocya- 
nate (IV).-Of the various a-hydroxy isocyanates 
prepared, bis-(chlorodifluoromethy1)-hydroxymethyl 
isocyanate is one of the most stable a t  room tempera- 
ture. It does not undergo polymerization a t  room 
temperature and can be distilled under reduced 
pressure. Examination by near-infrared spectropho- 
tometry of both the product isolated by distillation and 
equimolar mixtures of isocyanic acid and s-dichloro- 
tetraffuoroacetone showed that bis-(chlorodiffuoro- 
methyl)-hydroxymethyl isocyanate exists in equi- 
librium with its precursors. These equilibrium mix- 
tures contained nearly 100~ '  of the hydroxy isocyanate 
a t  -20°, 98% at  Oo,  and 95% at  2.i'. 

This hydroxy kocyanate reacted readily with amines 
and alcohols to form the expected derivatives (see 
Table 111). 

Attempts to obtain a linear polyurethane by the use 
of pyridine n.. tl cLLtjily t led instead to the cyclic struc- 
ture of the type obtained from chloral. 

SH)&O. 

YO\ 

I I  

'C/ 

* (C1FzC)zC C=O 
pyridine 

2 (ClFzC) 1C (OH) NCO 
NH NH 

11 + (ClFzC)2CO 
0 

Bis-(trifluoromethy1)-hydroxymethyl Isocyanate (V). 

(CF8)nCO + HNCO J_ (CF3)nC(OH)NCO 
v 

-Bis- (trifluorome thy1 1 -hydroxymethyl isocyanate is 
similar to IV in stabilit,y. It can be distilled without 
appreciable decomposition a t  low temperatures under 
reduced pressures, but decomposes reversibly a t  tem- 
peratures much above 0". 

On standing in glass containers I r  is slowly converted 
to the 1,3,5-oxadiazine-2,4-dione, 

II 
0 

an acidic compound that readily forms a salt on treat- 
ment with triethylamine in tetrahydrofuran. 

Other Hydroxy Isocyanates.-Trifluoroacetaldehyde 
and 5H-perfluorovaleraldehyde reacted rapidly with 
isocyanic acid a t  0" to  form the corresponding hydroxy 
isocyanates. l-Hydroxy-2,2,2-trifluoroethyl isocya- 
nate from trifluoroacetaldehyde was stable a t  - 20' for 
several days but polymerized at  0". On the other hand, 
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the hydroxy isocyanate from ZH-perfluorovaleraldehyde 
WAS stable for a t  least three days at 25'. Both hy- 
draxy isocyanates formed ureas with aniline (see Table 
111). l-Hydroxy-2,2,2-trifluoroethyl isocyanate re- 
acted slowly with refluxing ethanol to give a mixture of 
ethyl S-l-;iydroxy-2,2,2-trifl~i~ro~t~~iyIcdrbamate and 
ctliyl carbamate. 

Experimental 
Prepw3tion of Isocyanic Acid.-Isocyanic acid was prepared 

routinely essenti illy by a literature met,hod.'Z C\.anriric arid oh- 
t tined frow Fht rnan  Kodak o r  .lme-ican Cyanamid was pyro- 
lyzed a t  401)-5iO" under a stream of nitrogen. The crude iso- 
cvanic acid WAS collected in traps cooled with Dry Ice-acetone. 
Re3istillation o - w  phosphorus pentoxide gave high purity iso- 
cvanic a-id with oi ly  trace amounts of hydrogen cyanide as in- 
d icn td  by gas chro natography a t  22" with a column of Silicone 
703 on Co1ump:ik. 

The pu ified iso:vanic acid could he kept a t  -50" or below for 
months wit!ioiit, apnarent change. However, on warming, i t  
iinderwent r'inid polymerixvtion or trinie-ization of explwive 
chaxcter so tbat  ctiition was neressary. 13y comparison with 
apetylene or nit!~oxllulose, isocyanic acid is a mild esplo i. e. 

Prsparation of a-Hydroxy Isocyanates and Their Derivatives. 
-The general prozedure for preparing a-hydroyy isocyanates 
comprised mixing isocyanic acid and the carbonyl compound in 
e3sentially e.pimolnr quantities a t  -78" and then allowing the 
mixture to  warm to a temperature of about O', depending on the 
stthility of the product. Solvents such as diethyl ether and 
carbon tetrachloride were used in some cases. 

The rate of adduct formation varied with the carbonyl com- 
pound. The progreys of the reaction was followed by means of 
near-infrared spectrophotometry. 

Hydroxymethyl ITocyanate. - Anhydrous formaldehyde, gen- 
erated by heating 30 g. (1 mole) of a-polyoxymethylene'3 (formed 
by base catalysis), was passed into a stirred solution of 39.2 g. 
(0.91 mole) of isocyanic acidin 200 ml. of anhydrous diethyl ether 
at -78' over a period of 107 min. A4nalysis of the reaction mi?- 
ture a t  this point by new-infrared showed it strong OH band a t  1.42 
u [the optical density O F  a ly+ carbon tetrachloride solution in a 
IO-cm. cell was 0.528 a t  room temperature, whereas the optical 
density a t  1.47 p (HX of HXCO) was only 0.018, indicating that  
virtually all of the isocyanic acid had reacted]. 

The solvent was removed a t  -30" under 0.5-mm. pressure to 
yield 69 g. (theory 60) of a mohileliquid. 011 cooling, this liquid 
formed a crystalline solid a t  about -52'. Further purification 
was effected by partial freezing and separation of the solid from 
the liquid. The resulting solid was triturated with pentane, and 
reaidual amounts of pentzne were removed hv  distillation [ -29" 
to -10" (0.5 mm.)] .  The final product melted a t  about -50". 
The analysis of hydrosyinethyl isocyanat,e was difficult because 
of its instability. 

Anal. Calcd. for C2H3SO?: C, 32.88; H ,  4.14; N, 19.17; 
mol. wt., 73.05. Found: C,  33.55; H ,  4.34; S ,  19.20; mol. 
wt., 79, 80 (bcnxene). 

Infrared analysis a t  -50" showed -NCO (4.43 p ) ,  OH (2.9 
p ) ,  and no carhonyl. 

N-Hydroxymsthyl-N'-phenylurea.-i2t -35", a mixture of 26 
g. of hydrouymethvl isocyanate and 30 g. of ether was added with 
stirring over a period of 30 min. to H, solution of 47 g. of aniline in 
150 ml. of ether. The mixture was allowed to  warm to -10' and 
poured into 500 ml. of cold q5Gz a x t i c  acid. The solid precipitate 
was washed with ether and methanol. The analytical sample was 
recrystillized from methanol (m.p. on rapid heating, 176-182" 
dec.). The infrared spectrum showed absorption a t  3.0, 3.05 p 
( N H ) ;  6 .05r(CO);  6 .45p(amideII) ;  and7.6, 13.2w(CeHs?jH). 

Anal. Calcd. for C J l d ? O 2 :  C, 5i.52; H,  6.07; K, 16.86. 
Found: C ,  57.51; H ,  6.12; X, 16.85. 

When aniline was added to hydrosymethyl isocyanate, an 
unidentified mixture was obtained. 

2-Tetrahydrogyranyloxymethyl Isocyanate.--A mixture of 135 
g. of hydroxymethyl isocyanate, 400 g. of dihydropyran, 185 g. 
of ether, and 0.5 g. of p-toluenesulfonic acid was prepared a t  -5'. 

(12) F. Zobrist and H. Schina, Help .  C h i n .  Artn .  36, 2380 (1952): 31. 

(13) I. F. Walker, "Formaldehyde," 2nd E d . ,  Reinhold Publisliing Corli., 
Linhard. Z. anorg. allgem. Chem., 286, 200 f 1938). 

K e w  York, N. Y., 1933 .11 .  129. 

Mithin a few minutes the temperature rose to 20". -4fter the 
mixture had stood about 10 days at 25", 188 g. of 2-tetrahydro- 
pyranyloxymethyl isocyanate, b.p. 87-88' (15 mm.), was ob- 
t Lined (see Table I for analytical data and for information on a 
similar adduct with butyl vinyl ether). 

2-Tetrahydropyranyloxymethyl isocyanate and the adduct 
From butyl \ inyl ether reacted (pyridine catalysis) readily with 
phenols in ether solution to give a variety of urethanes and with 
p-chloroaniline (see 'Table I )  to  form ureas. 

Chloromethylcarbamoyl Chloride and Chloromethyl Isocya- 
nate.--A mixture of 115 g. of hydroxymethyl isocyanate and 100 g. 
111 ether was added a t  -15' with etirring to  a mixture of 205 g. of 
tliionyl chloride, 400 ml. of pentane, and 2 ml. of pyridine. The 
temperature was maintained at 0" for 1 hr. and a t  33-35' for 4 
l ir . ,  during which time sulfur dioxide was evolved. The pentane 
and ether were removed under reduced pressure, and the product 
waq recrystallized from pentane-methylene chloride (2:  3). The 
yield of chloromethylcarbamoyl chloride, m.p. 9-10", was 6870. 

Anal. Calcd. for C2HdNOC12: C, 18.77; H, 2.36; N, 10.95; 
C1, 55.41. Found: C, 19.41; H, 2.29; N,  11.11; C1, 53.54. 

Treatment of 194 g. of chloromethylcarbamoyl chloride in 100 
ml. of xylene with 250 ml. of a-pinene resulted in a mild exother- 
mic reaction (temperature maintained a t  25-30" for 2 hr.). 011 
distillation, 66 g. (48'3) of C1CH2?r'C0, b.p. 37-39' (158 mm.) 
ieytrapolated 80°-1it.10 b.p. 80-81"), n25~ 1.4327, was ob- 
tained. 

Anal. Calcd. for C2HLNOCl: Tu', 15.31. Found: N ,  15.44. 
3,4-Dihydro-ZH-naphtho[ 1,2-e]-1,3-oxazin-2-one.-On m i h g  

H 
N 

/ \  
CHI C=O 

38 g. of chloromethyl isocyanate, 62 g. of pentane-ether (3:1), 
and 43 g. of p-naphthol nt 25O, hydrogen chloride was immedi- 
ately evolxed. After the elolution of hydrogen chloride had 
reased (1 day), the sol, ent was removed under vacuum, and the 
product extracted with methanol. TI he solid obtained melted a t  
lF5-1Y20. Recrystzllization from methanol gave a 25% yield of 
the ouazinone, m.p. 1?0-194'. 

..lnal. Calcd. for Cj:HgS02: C, 52.35; H, 4.55; N, 7.03. 
Found: C, 72.03; H .  4.73; N,  6.88. 

3,4-Dihydro-ZH-benzo-1 ,3-oxazin-Z-one.-A mixture of 38 g. 

of chloromethyl isocyanate, 62 g. of pentane-ether (3: l ) ,  and 28 
g. of phenol was allowed to stand 24 hr. a t  25" and then refluxed 3 
hr .  The solid product left after removal of solvent under reduced 
pressure was extracted with ether in a Soxhlct apparatus, and 
the extracted material was recrystzllized from alcohol-water, 
sublimed, and recrystallized from water. A 5% yield of product, 
m.p. 189-191" flit." n1.p. 188'), was obtained. 

Anal. Calcd. for C8H,S@g: C, 64.42; H, 4.73; Tu', 9.39. 
Found: C ,  64.73; H. 4.97; S,  8.72. 

3,4-Dihydro-6,8-dichlo 0-2( 1H)-quinazo1inone.-A mixture ot 

8.5 g. of chloromethyl isocyanate and 25 ml. of heptane was added 
to a mixture of 15 g. of 2,4-dichloroaniline, 50 ml. of ether, and 
100 ml. of heptane at -10". After standing for 16 hr. a t  25', the 
solid (13 g.) which formed was separated by filtration and re- 
crystallized thrice from dimethylformamide-methanol (2 : 1 . 
It melted at 258-2G0'. 

Anal. Calcd. for CsHeN20C12: C, 44.26; H, 2.79; N ,  12.91 : 
C1,32.67. Found: C, 44.11; H, 3.02; N,  12.7G; CI, 32.55. 

The infrared spectrum Rhowed absorption a t  3.0 u fSH) ,  3.28 
p (=CH), 3.36 p (saturated CH), 6.05 p (>CO),  6.23-6.15 p, 
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6.53 p (conjugated >C=C< and XH) ,  and 12.12 p (probably 
C-C1) consistent with this structure. 

Cinnamyl Isocyanate and 3-Chloro-3-phenylpropyl Isocyanate. 
--A mixture of 36 g. of chloromethvlcarbamoyl chloride, 58 g. of 
styrene, 100 ml. of methylene chloride, and 2 g. of mercuric chlo- 
ride was refluxed for 37 hr. The volatiles were removed a t  45" (1 
mm.).  Toluene (100 ml.) was added and the mixture refluxed for 
20 hr. t o  remove hvdrogen chloride. Fractionation gave 1, 
b . p .  76-76" (0.36), T L * ~ D  1.5597, and 2, b.p.  76-83" (0.28 nim.), 
n Z b  1.5408. Infrared and elemental analyses indicated that 
fraction 1 was 70Y0 cinnamyl isocyanate and 307, 3-chloro-3- 
Dhenylpropyl isocyanate and fraction 2 was 15% cinnamyl 
isocyanate and 85% 3-chlo-03-phenrlpropyl isocj7anate. 

2,4-Dimethylbenzylcarbamoyl Chloride and 2,4-Dimethyl- 
benzyl Isocyanate.--4 mixture of 508 g. of m-xylene, 300 ml. of 
methvlene chloride, 135 g. of chloromethylcarbamoyl chloride, 
and 2 g. of zinc chloride was refluxed (57-55') for 26 hr. when the 
evolution of hvdrogen chloride had virtuallv ceased. The zinc 
chloride was removed by adding phosphorus pentoxide (2  g.), 
refluxing, aqd filtering. Removal of solvent a t  50" (1 mm.)  left 
92 g.  of crude 2.4-dimethylbenzylcarbamoyl chloride, m.p. 64-77', 
after one recrrstallization from heptane. 

Thiq carbwnovl chloride wa3 refluxed for 24 hr. with 200 ml. of 
toluene to remove the hydrogen chloride. On distillation, 55.7 g. 
of 2.1-dimetliylbenevl isocyanate, b.p. 80-81" (0.2 mm.),  7 ~ 2 6 ~  

1.5210, was obtained. 
' lnal .  Calcd. for CIOH~~K'O: C ,  74.50; H,  6.88: T, F.69. 

Found: C,74.57; H,6.07; N,9.13. 
The infrared spectrum was consistent with this structure. 
A mixture of 9 g. of 2,4-dimethylbenzvl isocvanate and 50 ml. 

of methanol gave methyl 2,4-dimethylbenzylcarbamate, m.p. 
i0..5-71.5", after recrystallization from methanol. 

Anal. Calcd. for CIIHI~NO?:  C, 68.36; H ,  7.82; 1, 7.25. 
Found: C, 6Q.46; H, 7.%; X', 7.27. 

The infrared spectrum was in good agreement with this struc- 
tnre.  

l-Hydroxy-2.2,2-trichloroethyl Isocyanate.-This compound 
was prepare4 routinely in essentially quantitative vields by 
allowing a mixture of chloral and a 40% ethereal solution of iso- 
cranic acid (reactants in equimolar amounts) to stand overnight. 
When no solvent was used, the hydroxy isocranate was obtained 
as a 91)lid a t  0". This solid melted about 25' and underwent an 
exothermic reaction above its melting point to give a mixture of 
unidentified acetone-soluble products. 

Reaction of I-hr-drouy-2,2,2-trichloroethyl isocyanate with 
amines in ether a t  -10" gave the expected ureas (see Table 11). 
The 1,3,5-ouadiazine-2,4-dione was obtained in 30% yield by 
stirring a mixture of 10.5 g. (0.055 mole) of hydroxy isocyanate, 1 
g. (0.055 mole) of water, and 9 ml. of 1,2-dimethouyethane a t  
0" for 1 hr .  It was identified by its infrared spectrum (two 
carbonyls a t  5.57 p and .5.8 p ,  N H  a t  3.1 p and 3.25 p )  and ele- 
mental analvsis. 

1,2,2,2-Tetrachloroethylcarbamoyl Chloride, 1,2,2,2-Tetra- 
chloroethyl Isocyanate, and Their Derivatives.-l,2,2,2-Tetra- 
chloroethvlcarbamoyl chloride was prepared by the procedure 
used for chloromethylcarbamoyl chloride. Conversion to  the iso- 
cvanate was effected by refluxing a toluene solution. The over- 
all vield of isocyanate from chloral was about 75'%. 

The isocyanate was generally quite reactive and could be con- 
verted to carbamates hv  refluxing in ether with an equivalent 
amount of alcohol. Refluxing with excess alcohol led to  replace- 
ment of the or-chloro group with an alkoxy group (Table 11). 

Admixture of the isocyanate with amines in aromatic hydro- 
carbon solvents gave the corresponding ureas (Table 11). With 
excess amine, the or-chloro group was replaced with an amine 

rhe reaction of the isocl-anate with 2-aminothiazole proceeded 
rapidly in tetrahydrofuran a t  room temperature to give the bi- 
cyclic derivative shown in Table I1 in high vield. This reaction is 
analogous to that reported'4 for CH?OCF,SCO. 

g y p .  

(14) J. C. Kauer and A .  K. Schneider, J .  An. Chem. Soc., 8.8, 852 (1960). 
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The isocyanate reacted with 2,4-dichlorophenol, or-naphthol, 
p-naphthol, and 8-quinolinol in ether or benzene under reflux with 
triethylamine as a catalyst. S o  reaction occurred without 
catalyst. 

The urea ( CC1&HOHNH)sCO was obtained by treatment of 
the isocyanate with aqueous acetone. This compound was 
obtained previously from chloral and urea.16 

Bis-( chlorodifluoromethy1)-hydroxy Isocyanate (IV) .--A mix- 
ture of s-dichlorotetrafluoroacetone (4.5 g . )  and 1.2 g. of iso- 
cyanic acid prepared at -78' was allowed to warm slowly to 
room temperature. Distillation of the product gave 2.4 g. of bis- 
(chlorodifluoromethy1)-hydroxymethyl isocyanate, b .p. 2 G 2 i "  (7  
mm.). Near-infrared absorption a t  1.42 p (OH) in carbon tetra- 
chloride, infrared absorption a t  2.9 p (OH), 4.43 U. (NCO) as 
well as proton and fluorine resonance data were consistent with 
the proposed structure. 

Anal. Calcd. for C4HN02F4C1?: N, 5.80. Found: N ,  6.03. 
Bis-( c hlorodifluoromethy1)-hydroxymethyl isocyanate was con- 

verted to  a urea by reaction with aniline. Aniline was added 
dropwise a t  -5"  to a stirred mixture of 9.7 g. of bis-(chlorodi- 
fluoromethy1)-hydroxymethyl isocyanate and 25 ml. of ether. 
After allowing the mixture to stand overnight, the solvent was 
removed under reduced pressure leaving 2.9 g. (9557) of crude 1- 
[bis-(chlorodifluoromethyl)-hydroxymethyl]-3-phen~-lurea, m.p. 
80-70'. A small amount of phenylurea impurity was removed by 
treating the product with a diethyl ether-petroleum ether (10 
ml.:40 ml.) mixture in which phenylurea is only slightly 
soluble. Recrystallized (from carbon tetrachloride), the produrt 
melted a t  75-77'. 

When a drop of pyridine was added to 1.63 g. of IV, an exo- 
thermic reaction occurred with the formation of a viscous liquid 
which solidified on cooling. After recrystaliization from benzene, 
i t  melted a t  98-99". Elemental analyses (see Table IV) and the 
infrared spectrum [3.07 p ,  3.22 p (XH),  5.58 p ,  5.78 p (>C=O), 
8.9 p (C-F and C-O)] were in accord with the oxadiazine-2,4- 
dione structure. 

Reaction of IV with ethanol in ether occurred rapidly to form 
the carbamate. Proton magnetic resonance indicated the 
presence of S H ,  OH, and CsHj groups. The infrared spectrum 
was also consistent with the carbamate structure and indicated 
strong internal hydrogen bonding. 

Bis-( trifluoromethy1)-hydroxy Isocyanate (V) .-This compound 
was prepared by essentially the same procedure used for IV. 
It distilled a t  about 2" (3 mm.).  Some decomposition to its 
precursors occurred when higher pressures and temperatures 
were employed. 

Anal. Calcd. for C4HF6KOr: N, 6.70. Found: S .  7.12. 
The proton magnetic resonance spectrum of the pure compound 

showed a single peak a t  4.07 p.p.m. [downfield from the external 
standard, tetramethylsilane (5%) in carbon tetrachloride, used 
in these n.m.r. studie.;]. 

On standing for a week in a glase container, V was converted to 

The distilled product melted about -40'. 

n 
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The proton magnetic resonance spectrum showed a single peak 
at  9.5 p.p.m. 

The infrared spectrum (3.1 p ,  3.2 p (NH's);  5.52 p ,  5.70 p 

(>C=O); 8-p region (C-F and C-0) was in good agreement 
with the structure. 

The addition of 2.2 g. (0.02 mole) of triethylamine to a mixture 
of 2.5 g. (0.01 mole) of 6,6-bis-(trifluoromethyl)-1,3,5-oxadiazine- 
2,4-dione and 5 ml. of tetrahydrofuran a t  25" gave an immediate 
precipitate of a 1 : 1 derivative. Proton magnetic reEonance in 
"D" acetone showed broad absorption a t  8 p.p.m., a quadruplet 
a t  3.2 p.p.m., and a triplet a t  1.3 p.p.m. 

(15) 0. Jacobson, Ann. ,  167, 247 (1871). 


