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2,3,5,6,7,8-Hexahydro-lH,4H-3a,8a-etheno-s-indacene (12). 
Potassium tert-butoxide (18.5 g, 165 mmol) was added in one portion 
to a stirred solution of unpurified 11 (11.85 g, 41.4 mmol) in dry tet- 
rahydrofuran (500 mL) cooled to 0 "C under nitrogen. The mixture 
was gradually heated to the reflux temperature of the solvent during 
several hours, where it was maintained for an additional 4 h. After 
being cooled, the mixturme was treated with water (500 mL) and ex- 
tracted with several portions of pentane. The combined organic layers 
were washed with water and brine, dried, and freed of solvent by 
distillation at  atmospheric pressure. Distillation of the residue af- 
forded 2.86 g of liquid (bp 124-134 "C, 10 mm), which was shown by 
VPC analysis (12% Carbowax 20M, 127 "C) to contain 77% of diene 
12 (29% yield). An analytical sample was obtained by preparative VPC 
methods: 'H NMR (CDCl3) d 5.67 (s, 2 H) and 2 . 4 8 4 4 3  (br m, 16 
HI. 

Anal. Calcd for C14H18: C, 90.26; H, 9.74. Found: C, 89.91; H, 
9.89. 

2,3,5,6,7,8-Hexahydro-N-phenyl-l H,4H-3a,8a-etheno-s- 
indacene-4,8-biimine-ll,l2-dicarboximide (14). A solution of 
bromine (23 pL, 0.423 mmol) in 1 mL of pentane (washed with HzS04 
and distilled) was added dropwise at  -78 "C to a stirred solution of 
12 (freshly purified; 75 mg, 0.043 mmol) in pentane (5 mL) under 
nitrogen. After 1 h, a solution of diazabicycloundecene (245 mg, 1.61 
mmol) in dry tetrahydrofuran ( 5  mL) was introduced and the mixture 
was allowed to warm gradually to room temperature with stirring 
during 10 days. The resulting mixture was filtered down a short alu- 
mina (Act 111) column with pentane elution. At this point, VPC 
analysis (looh SE-30, 119 "C) showed three components present in 
the ratio 22:55:23. Without being concentrated, this solution was 
cooled to -78 "C under nitrogen and N-phenyltriazolinedione (45.8 
mg, 0.26 mmol) dissolved in ethyl acetate (2 mL) was added with 
stirring. After 48 h at  rooim temperature, the product was purified by 
preparative thin-layer chromatography on silica gel (elution with 10% 
ether in pentane) and recrystallized from tetrahydrofuran-pentane. 
There was isolated 28 mg; (36%) of 14: mp 188-191 "C dec; IR (KBr) 
vmaX 1710 and 1400 cm-I; 'H NMR (CDC13) 6 7.60-7.24 (m, 5 H), 5.64 
( s ,  2 H),  4.78 (s,  2 H),  2.33-2.21 (m, 4 H), and 1.89-1.74 (m, 8H); 13C 

32.6, 28.5, 24.5, and 24.3; MS m/e 359.1640 (calcd 359.1634). 
Anal. Calcd for CzzH21N302: N, 11.69. Found: N, 11.59. 
Tetrahydro-N-phen:yl-lH,4H,5H,8H-3a,4a,7a-8a-ethane- 

diylidene-s-indacene-4,8-biimine-11,12-dicarboximide (3). A 
solution of 14 (250 mg, 0.70 mmol) in acetone-benzene (l:l, 400 mL) 
was irradiated through Corex for 1 h with a medium pressure 450-W 
Hanovia lamp housed in an immersion well. The solvent was evapo- 
rated, and the residue was chromatographed on silica gel to give 150 
mg (600/) of 3 as a viscous oil: 'H NMR (CD3COCD3-CsDs) 6 7.72-7.24 
(m, 5 H), 4.73 (s, 2 H), 2.313 (s, 2 H), and 1.87-1.62 (m, 12 H); 13C NMR 
(CsDs) 6 151.1, 132.3, 129.0, 127.4, 125.3, 56.2,53.9,41.2,30.1, and 27.1. 
Calcd for C22H21Nx02: m/e 359.1640. Found: m/e 359.1634. 
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We describe here a synthesis of 1,3-dialkyldiazetidinediones 
(1) in which R may,be primary, secondary, or tertiary. 1,3- 
Diaryldiazetidinedionea; are well-known and may be prepared 
readily by dimerization of aryl isocyanates under appropriate 
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conditions.' 1,3-Dialkyldiazetidinediones have received far 
less study, primarily because they are not readily synthesized 
from the isocyanates. This conversion has been accomplished 
in good yield for benzyl isocyanates with 1,2-dimethylimida- 
zole2* and in low yield for various other primary aliphatic 
isocyanates with tertiary phosphine or BF3 catalysts.2bzc An- 
timony pentachloride has been used to induce dimerization 
of methyl (20%) and ethyl (30%) isocyanate, but the reaction 
failed with isopropyl isocyanate.2d 

An attractive alternate route, that of the ring closure of the 
aminocarbonylcarbamic chlorides (2), has been effected by 
treating diarylaminocarbonylcarbamic chlorides with pyri- 
dine.3 The procedure, however, was not successful in the di- 
alkyl case tried (2d). Ring closure of the dialkyl derivatives 

0 1978 American Chemical Society 



Notes J .  Org. Chem., Vol. 43, No. 23, 1978 4531 

2 3 

1 
R 

" / / O  

# L L  
0 'R 

1 
a, R = (CH,),C; b, R = (CH,),CH; c, R = c-C,H, I ;  d,  R = CH, 

with tertiary amines has been claimed in a patent, but no 
yields or physical data were r e p ~ r t e d . ~  The route has also been 
limited by the difficulty in synthesizing aminocarbonylcar- 
bamic chlorides containing secondary R groups. Thus, while 
primary aminocarbonylcarbamic chlorides are available in 
approximately 70% yield from the reaction of N,N'-dialk- 
ylureas with phosgene, the secondary derivatives are formed 
only in 6-12% yield, the major product being the chloro- 
formamidinium chloride salt (3).5a Tertiary aminocarbonyl- 
carbamic chlorides may be synthesized by this route, but again 
in low (-15%) yields5b?c Di-tert -butylurea forms the diaze- 
tidinedione la directly when treated with phosgene and 
pyridine, presumably through 2ae6 

Although the aminocarbonylcarbamic chlorides are avail- 
able in only low yield for R = sec- and tert-alkyl, the corre- 
sponding [chloro(alkylimino)methyl]carbamic chloride de- 
rivatives (4) may be synthesized in quantitative yield from the 
reaction of phosgene and the appropriate carbodiimides (5).7 

4 2 

The known stability of carbamic chlorides in water,s coupled 
with the ease of hydrolysis of the imidoyl chloride m ~ i e t y , ~ ~ , ~  
suggested the hydrolysis of 4 as a route to 2. The reaction is 
successful, producing 2 from 5 in overall yields of 60-80% 
(Table I). 

Di-tert -alkylaminocarbonylcarbamic chlorides can also be 
made, but prove to be quite labile. Hydrolysis of [chloro- 
(tert-butylimino)methyl]-tert-butylcarbamic chloride (4a) 
gave 2a. Compound 2a cyclized to la6 on standing at  room 
temperature; heating; a solution of 2a converted it into la and 
tert-butyl isocyanate. The facile ring closure is somewhat 
surprising, but may be ascribed in part to steric effects and 
perhaps in part to decreased conjugation of the nitrogen lone 
pairs. 

Ring closure of 2 to 1 depends on the nature of the alkyl 

groups, but is also very sensitive to the nature of the base used. 
Treatment of 2b, 2c, or 2d with a solution of Dabco (1,4-dia- 
zabicyclo[2.2.2]octane) in ether resulted in rapid formation 
of the diazetidinedione in 55-84% yield (Table I). Stronger 
bases produced more side reactions. Potassium tert-butoxide 
in refluxing tetrahydrofuran converted 2b to a mixture of 

A I 
H A 

2b 6 7 
carbamate 6 and triazinetrione 7. Sodium hydride effected 
little reaction of 2b a t  room temperature, but upon refluxing 
in tetrahydrofuran a mixture of products including isocyanate, 
carbodiimide, diazetidinedione and triazinetrione was pro- 
duced. The presence of carbodiimide may argue for some ring 
closure of 2b through the oxygen rather than the nitrogen to 
give species 8; loss of COZ would afford the carbodiimide 5b. 

I 
2b 8 

5b 
Similar reactions have been noted in the addition of phosgene 
to thioureas1° and in the synthesis of isocyanates from the 
reaction of aminocarbonylcarbamic chlorides with am- 
ines.78 

Hydrolysis of [chloro(alkylimino)methyl]carbamic chlorides 
thus provides a good route to aminocarbonylcarbamic chlo- 
rides which may be converted under mild conditions to 1,3- 
diazetidinediones. 

Experimental Section 
tert-Butyl[ ( tert-butylamino)carbonyl]carbamic Chloride 

(2a). To a solution of di-tert-butylcarbodiimide (1.0 g, 6.5 mmol) in 
15 mL of methylene chloride a t  0 "C was added phosgene (2.2 g, 22.2 
mmol) until the infrared spectrum showed no remaining carbodiimide 
stretch (2115 cm-l), ca. 15 min. The solvent and phosgene were re- 
moved under vacuum to give a pale green oil (4a):" IR (CHC13) 1760 
(s), 1690 (m), 1365 (w) cm-'; NMR (CH2C12) 6 1.40 (s, 9 H),  1.51 (s,  
9 H).  Hydrolysis of an aliquot in methylene chloride, to which 3-4 
drops of D20 were added, was followed by NMR. During 20 min the 
peaks a t  6 1.40 and 1.51 were replaced by new ones a t  6 1.37 ( s ,  9 H) 
and 1.48 ( s ,  9 H). The infrared spectrum of the resulting product was 
similar to that described below for 2a. Further standing at  room 
temperature for 20 min gave an NMR spectrum containing a singlet 
a t  6 1.37 (diazetidinedione, 70%) and a smaller singlet at  6 1.25 (iso- 
cyanate, 30%). The infrared spectrum showed bands at  1760 (diaze- 
tidinedione) and 2260 (isocyanate) cm-l. 

The major portion of the pale green oil, 4a, was dissolved at  0 "C 

T a b l e  I. Yields of Aminocarbonylcarbamoic.Ch1orides (2) and 1,3-Diazetidinediones 

registry aminocarbonylcarbamoic registry diazetidinedione, registry 
carbodiimide no. chloride, % yield no. % yield no. 

di-tert -butyl 691-24-7 -80 
diisopropyl 693-13-0 61 
dicyclohexy 1 538-75-0 67 
(dimethyl) 4852-30-6 60 

a From dimethylurea and phosgene.58 

13188-10-8 70 30885-14-4 
13188-12-0 55 67463-80-3 
13188-13-1 84 15234-14-7 

79 36909-44-1 13188-08-4 
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in 20 mL of acetone containing 0.2 mL of water and 1 g of NaHC03. 
The resulting solution a a s  stirred for 25 min a t  0 O C .  Removal of 
solvent under vacuum gave a white solid, which was dissolved in 25 
mL of hot ligroin and 25 nnL of hot benzene. The solution was filtered, 
and the solvents were removed under vacuum to give 1.2 g (80%) of 
a white solid: IR (CHC13) 3400 (w), 1755 (s), 1720 (m), 1490 (m), 1455 
(w), 1365 (m) cm-l. Volhard titration for chlorinei2 gave 88.6 f 2.1% 
of the theoretical value for 2a. Recrystallization from pentane gave 
a white solid, mp 88-89 "(2. Volhard titration was still low in chlorine 
(82.8 f 1.3% of expected value) due to facile conversion of 2a to the 
diazetidinedione. 

Hydrolysis of 4a under less carefully controlled conditions, or even 
leaving 4a loosely stoppered for a few days a t  room temperature, gave 
diazetidinedione la as the major product, isolated from the mixture 
by sublimation (75 OC, 0.1 torr): mp 88-90 "C (lit.6 mp 89-90 "C); IR 
(CHCl3) 1760 cm--'; NMlR (CDC13) 6 1.35 (9). 

Isopropyl[ (isopropylamino)carbonyl]carbamic Chloride (2b). 
Phosgene was passed through a solution of diisopropylcarbodiimide 
in methylene chloride a t  0 "C until the infrared spectrum showed no 
remaining carbodiimide stretch (2100 cm-'), ca. 15 min. Removal of 
the volatile components )under vacuum gave 88% of a pale green oil 
(4b):7b IR (CHC13) 1745 (s), 1665 (m) cm-'. To 29.5 g (0.13 mol) of 4b 
in 200 mL of acetone a t  0 "C was added 20 mL of water, and the so- 
lution was stirred for 35 min. The solvents were removed under re- 
duced pressure, and the residue was recrystallized from ligroin to give 
16.4 g (61%) of white crystals: mp 61-64 "C (lit.5a mp 63 "C); IR 
(CHC13) 3430 (w), 3360 (w), 1725 (s), 1505 (m) cm-l; NMR (CDCl3) 
6 1 , 2 8 ( d , 6 H , J = 7 H z ) ,  1 .43 (d ,6H,J=7Hz) ,4 .2 (m,2H) ,6 .5 (b r ,  
1 H). 

Cyclohexyl[ (cycloherylamino)carbonyl]carbamic Chloride 
(2c). Addition of phosgene to dicyclohexylcarbcdiimide as for 4b gave 
a quantitative yield of 4 ~ : ~ a  IR (CHC1-J 1735 (s), 1662 (m) ern-'. A 
solution of 4c (5.3 g, 17.4 mmol) in 30 mL of acetone and 25 mL of 
water was allowed to stand for 20 h. The resulting white needles were 
isolated by filtration: yield 1.70 g (34%); mp 122-123 "C [lit.5a mp 
127-128 "C (hexane)]. An additional 1.66 g (33%), mp 120-121 "C, was 
obtained by extraction, solvent removal, and recrystallization from 
hexane. The total yield of recrystallized 2c was 3.36 g (67%). Further 
recyrstallizations, either from hexane or acetone-water, did not raise 
the melting point above 122-123 "C: IR (CHC13) 3420 (w), 1715 (s), 
1495 (m) cm-1; NMR (CHCls) 6 1.0-2.1 (m, 20 H), 3.5-4.1 (m, 2 H),  
6.0 (br, 1 H).  

Anal. Calcd for C14H23N202Cl: C, 58.63; H, 8.08. Found: C, 58.90; 
H, 8.31. 

1,3-Diisopropyldiazetidinedione (lb). Compound 2b (2.63 g, 12.7 
mmol) and 1.57 g (14.0 mmol) of Dabco in 50 mL ether were stirred 
for 1 h and filtered. Hydrogen chloride was bubbled through the fil- 
trate, and the resulting suspension was again filtered. Removal of the 
ether gave 1.85 g (86%) of a clear oil, crystallized from pentane a t  -78 
"C to give 1.19 g (55%) of white needles that melted to a clear oil below 
room temperature. The compound may also be distilled: bp 80-83 OC 
(14 torr); IR (CHC13) 1780 (s), 1450 (w), 1380 (m), 1315 (m) cm-'; 
NMR (CDCI3) 6 1.33 (d, 12 H, J = 6 Hz), 3.7 (sept, 2 H, J = 6 Hz); 
mass spectrum mle (relative intensity) 170 (M+, 0.5),155 (2), 86 (2), 
85 (12), 84 (21, 71 (41, 70 (100). 

Anal. Calcd for C8Hl4N202: C, 56.45; H, 8.29. Found: C, 56.28; H, 
8.06. 

1,3-Dicyclohexyldiazetidinedione (IC) was prepared as described 
for 2b. Removal of the etlher under vacuum and recrystallization of 
the residue from hexane at -15 "C gave an 84% yield of white crystals: 
mp 92-94 "C; IR (CHC13) 1750 (s), 1440 (w), 1390 (w), 1360 (w), 1340 
(w) cm-'; NMR (CDC13) I 1.1-2.1 (m, 20 H), 3.1-3.4 (m, 2 H); mass 
spectrum, mle (relative intensity) 250 (M+, 61,222 (M+ - CO, l), 207 
(l),  169 (2), 168 (M+ - CsHlo, 5), 126 (41), 125 (M+ - c -C~HI~NCO,  
100). 

Anal. Calcd for C11H22N202: C, 67.17; H, 8.86. Found: C, 67.16; H ,  
8.94. 
1,3-Dimethyldiazetidinedione ( Id) .  Methyl[(methylamino)- 

carbonyl]carbamic chloride (2d) was prepared according to the pro- 
cedure of Ulrich et  aL5a nnp 31-32 OC (lit.5a mp 36 "C); IR (CHC13) 
1730 (s), 1530 (m) cm-'. Treatment of 2d with Dabco as described for 
2b, removal of the solvent under vacuum, and recrystallization from 
hexane gave a 7% yield of white volatile plates: mp 96-98 "C (lit.2d 
mp 94-95 "C); IR (CHC13) 1780 (s), 1725 (w), 1440 (w), 1370 (w) cm-1; 
NMR (CDC13) 6 2.86 (s); mass spectrum, mle (relative intensity) 114 
(M+, 2 ) ,86 (9),70 (12),  5!3 (3), 58 (67), 57 (100). 

Reaction of Isopropyl[ (isopropylamino)carbonyl]carbamic 
Chloride (2b) with Potassium tert-Butoxide. Compound 2b (2.06 
g, 10 mmol) and potassium tert-butoxide (1.25 g, 11 mmol) were re- 
fluxed together in 12  mL of dry tetrahydrofuran under nitrogen for 

10 h. The mixture was cooled to 0 "C, diluted with water, and ex- 
tracted with pentane. The pentane was dried (MgS04) and removed 
under vacuum to give 2.74 g of an oil and solid. NMR analysis of the 
mixture was consistent with the presence of two products, tert -butyl 
isopropylcarbamate 6 (63%) and triisopropyltriazinetrione 7 (2996). 
The products were separated by GLC (15% SE 30 on Chromosorb W, 
6 f t  X 0.25 in., temperature programmed a t  140-200 "C a t  5 "Clmin). 
The structure of 6 was confirmed by spectral comparison and a mixed 
melting point with an authentic sample. The triazinetrione 7 was a 
white solid: mp 103-104 "C; IR (CHC13) 1690 (s), 1470 (m), 1435 (s), 
1425 (s), 1370 (m) cm-l; NMR (CDC13) d 1.46 (d, 18 H), 5.0 (sept, 3 
H); mass spectrum, mle (relative intensity) 256 (6), 255 (M+, 39), 240 
(21), 214 (44), 198 (19), 172 (42), 171 (131,170 (6), 57, (100). 

tert-Butyl N-Isopropylcarbamate (6). To 176 mg (2.1 mmol) 
of isopropyl isocyanate in 25 mL of ligroin a t  0 "C was added a few 
milligrams of SnCl~Hz013 and 154 mg (2.1 mmol) of tert-butyl al- 
cohol. The reaction was warmed to room temperature and then re- 
fluxed for 2.5 h. The warm reaction mixture was filtered and the fil- 
trate taken to dryness under aspirator vacuum. The residue was 
sublimed at  14 torr to give 147 mg (45%) of white  crystal^:'^ mp 
70.5-72.5 "C; IR (CHC13) 3440 (w), 1705 (s), 1495 (m) cm-I; NMR 
(CDC13) 6 1.13 (d, 6 H, J = 6 Hz), 1.47 (s, 9 H), 3.8 (m, 1 H),  4.3 (br, 
1 H). 
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As part of our continuing interest  i n  using organosulfur- 
containing nucleophilic compounds as analytical reagents, the 
behavior of thiol  acids was studied in  basic solutions. E t h e r  
solutions containing equimolar quant i t ies  of thiolacetic acid 
and tert iary amine (pyridine or triethylamine) were unstable, 
as evidenced by the appearance of elemental  sulfur ( m p  
116-117 " C )  when the mixture  was allowed to stand at room 
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