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Abstract An srrcmpt has been made 10 prepsrc ahpharlc and aromalx dloyl dlsocyanamles accordmg 
IO Spcrlalc’r method The rcac1lons of xbac-. phthal-. Isophthal- and tercphthalamldc wlrh oxalyl chloride 
progressed smoorhty. forming rhc corrnpondlng Isocyanalc. which In [urn gave quanrllarlvcly the corrc- 

spondlng blfuncrlonal acylurea on lrcarmcnt wlrh anlhnc In all cau~ cxccp phrhaloyl Isocyanalc. In Ihc 
rcacllon of succm- or adlpamldc. however. ~hc amldc required a large amount of oxalyl chlorldc. and in 
addltlon IO rhc expected Isocyanarc. 1.2-b142-( l.3-oxazolldlnc4.5-d1onc)J cthanedlylldene or l.3-adlpoyll- 
mldazollnc-2.4.Srrlonc was ohralncd. The hydrarlnol)rls and anllmolysls of the above by-producrs 

arc also pmcntcd 

ALTHOUGH an excellent method’ for the preparation of acyl isocyanates has been 
reported, no information is available for the preparation of dioyl diisocyanates. In 
previous papers in which the di- or trimerization’ and dipolar cycloaddition reaction’ 
of benzoyl or thiobenzoyl isocyanates were investigated, it was shown that 1,2- 
and IAdipolar cycloaddition products were formed. 

The preparation of the dioyl diisocyanate from aliphatic or aromatic diamides 
was investigated by application of Speziale’s method in order to provide starting 
material for the synthesis of new heterocyclic compounds and interesting poylmers. 

The preparation of dioyl diisocyanates (II) was generally undertaken in the 
following manner : a mixture of the corresponding amide (I ; 002 mole) and oxalyl 
chloride (006 mole) in dichloroethane (30 ml) was refluxcd for 3 hr. In the case of 
sebac- (1~). phthal- (Id), isophthal- (Ie) or terephthalamide (If). the reaction progressed 
smoothly with evolution of carbon monoxide and hydrogen chloride, and the 
corresponding diisocyanate was obtained in excellent yield. 

R 
,CONH, VXXI), -- RO(‘O NU3 
‘COrW, ~Wi<‘O 

I II 

b R = (<‘HI). c: R ~.z K’H,), 

I: R = 

l A part of this work was presented al the 19th Annual Mwctng oj thr Chrmrcal Socrrly oj Japun 

Yokohama, March (1966) 
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The same reaction using succin- (la) or adipamide (Ib) formed the corresponding 
diisocyanatc in poor yield, leaving a large amount of unreacted amide. 

By varying the amount of succinyl isocyaaate (IIa) and the reaction time, the 
results were as follows: for times for 2, 3, 5 and 12 hr. the yield of IIa was 17, 34, 33 
and 33’4, respectively. After the reaction of la by the above general procedure for 
3 hr. an additional 006 mole of oxalyl chloride was added and the reaction mixture 
refluxed for 7 hr. It was found that Ila and yellow needles (III), m.p. 189’ dec, were 
formed in 79 and 13 % yield, respectively. 

In the reaction of Ib with oxalyl chloride for 15 hr according to the general pro- 
cedure, adipoyl isocyanate (IIb) was formed only in 12% yield and the unreacted 
lb recovered. When three equal parts of oxalyl chloride (006 mole x 3) were added 
to the reaction mixture at intervals of 3 hr and the mixture heated under reflux for 
I5 hr. Ilb and white crystals (IV), m.p. 312” dec, formed in 40 and 27% yield, res- 
pectively, and a small amount of Ib was recovered. 

With the exception of isophthaloyl (IIe) and terephthaloyl isocyanate (IIf),* the 
above diisocyanates decomposed on vacuum distillation, yielding the corresponding 
nitrile. Consequently, except for IIe and IIf, the yields of II are those of the corres- 
ponding bifunctional acylureas (V) which were obtained by the reaction with 
ani1ine.t The yields and properties of II and V are summarized in Table 1. 

The properties of ethyl- (VI) and phenylurethanes (VII) of II. which were obtained 
by the reaction with ethanol and phenol, respectively, are shown in Table 2. 

However, the reaction of IId with ethanol or phenol did not give the corresponding 
urethanes, but phthalimide was obtained quantitatively. The formation of phthali- 
mide is due to decomposition of the urethanes, as no phthalimide was obtained in 
the reaction of Ild with aniline. 

The yellow needles (III) which were obtained in the reaction of Ia. were in agree- 
ment with the formula C.,H,06N1. As is shown in Fig. 1, the IR spectrum of III 
shows very distinct bands at 1830. 1740 and 1680 cm- ‘, besides the weaL band at 
about 3200 cm- i. 

Nloo moo 1KIo 1600 lmo I600 
( cm-’ ) 

FIG I IR spectra of II. IV and IX In KRr dtsk. 

l Recently. we Icarnal that the rcact~on of rcrcphthalamrde wth oxalyl chlondc m CU. was mde- 

pcndcntly carnal OUI.’ 

t It was made clear that Ilc or Ilf gave the corresponding ura quantlwwely m the reaction wth 

anllmc. 
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In addition, the reaction of III with hydrazine hydrate gave oxalic dihydrazide 
(VIII) and succinhydrazide in 2: 1 molar ratio. 

A similar reaction of 2-benzylidene-I ,3-oxazolidineQ.5dione ( IX).‘b whose I R 
spectrum is similar to that of III as shown in Fig. I, with hydrazine hydrate afforded 
VIII and phenylacetohydrazide. 

On the basis of these observations, the compound III is 1.2-bis[Zjl.3-oxazolidine- 
4,5dione)]ethanedilylidene. The reaction course of III with hydrazine is illustrated 
in Scheme I. 

Although the reaction course of amide with oxalyl chloride is not clear, Speziale 
ef ul.’ postulated the possible path through the 1,3-oxazolidine4.5dione inter- 
mediate. In fact, the thermal decomposition of IX gives phenylacetyl isocyanate. 

However, the isocyanate IIa was not formed on heating of III in dichloroethane or 
xylene. It has been known that 2-benzylidene-l,3-thiazolidine4.5dione does not 
give any phenylthioacetyl isocyanate.6 

On the other hand, the white needles (IV) obtained in the reaction of Ib agree 
with the formula CPHnO,NI. The mass spectrum of IV shows the parent peak at 
m/e 224 and the IR spectrum exhibits characteristic bands in the region from 1840 
to 17OOcm-’ as shown in Fig. I. 

When IV was treated with hydrazinc hydrate, VIII and a new compound (X), 
m.p. 318” dec. were obtained. Also, the treatment with aniline gave oxanilide and X. 

The compound X agrees with the formula C,Hr,OzN,, whose IR spectrum exhibits 
characteristic bands at 3200 and about 1700 cm-’ ascribed to the NH and CO 
groups, respectively. As illustrated in Fig. 2. the NMR spectrum in CF,CO,H 
exhibits multiplets at r 7.7 (ZH). r 7.15 (SH) and a broad singlet at T IO.27 (IH). 



2588 0. Tsucir T. lrrm and M. TASHIRO 
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FIG. 2. NMR spectrum of X In <‘F,CO,H. 

Also, the mass spectrum is shown in Fig. 3. 
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FIG. 3. Mass spcclrum of X 

On the basis of the above observations, the structure of X is consistent with 
3.3a.4.5-tctrahydro-7-tindole-2,6dione (Xa) or its isomer (Xb). 

oGQO omo 
H 

X0 Xb 



Studies of scyl Isocyrnate-IV 2m 

On the hasis of the above facts, the structure of IV is I,3-adipoylimidazoline- 
2.4.5bone. and its formation and aminolysis course are shown in Scheme 2. 
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EXPERIMENTAL 

Mps and b.p IR uncorrect& IR spectra wc~ recorded on a Nippon Bunko IR-S spcctrophotomcta. 
NMR spectra were determined at 60 MC with a Japan Electron Optics JNM-3HdO NMR spectrometer. 
using TMS as internal rdercna. Mass spectra were obtDlned on a Hiufbi RMUdD instrument using a 
heatal inlet. an ionintion energy d 70 eV. an inlet tcmp of 20&2W. and a source tcmp of Zs(p. Ekmmt~l 
anrlysa were done by Mr. Eiji Shiozaki. 

Mar&x&. Commcrical g&es d sucnn- (la), mp. 260”. and phthalamidc (Id). mp. 228’. wcrz usal. 
Adtp (lb), m.p. 221’. s&u- (1~). m-p. 173”. wphthal- (1~). mp. 275”. and tercphthalamidc (If), mp. > 300’. 
were prepad by the reaction of the corresponding dichloride with cone NH,OH. and were purifti by 
recrystallization. Ox~lyl chloride was prepared by the reaction of oxalic acid with PCI, and was puriftal 
by fmctiooal distillation : b.p. 5g44”. 

Genera/ mrthod /or r/w pcparorion o/ isocy~o~e After oxalyl chloride (006 mok) wax added to a sus- 
pension of the correspooding amide (002 mole) in dichlorocthnc (30 ml). the mixture was rdluxal for 
3 hr. During this time a char soln wax obtained with evolution of CO and “Cl. In order to estimate the 
yield of the ~socyantc. after the solwnt and oulyl chloride were removal in mcuo aniline was added to 
the residue. yielding the corresponding ura (v) which wax pudti by razrystallizatioo from dioxan. 
except for the reactions d le and If. 

In the case of le or If. vacuum distillation of the rbovtmcnttoncd residue afforded the corresponding 
wcyanatc Ilc or 111. The results are shown in Tabk I. 

When the raduc or isocyanatc was treatal witb ethanol or pbcnol in plaoc danitinc, the corresponding 
urethane. VI or VII. was obtained Tbr results arc summariza! in Tabk 2. 

Reacrion oflr wirh ourlyl chloride After a suspension d la (2.32 g) and oxalyl chlondc (76 0) III dichloro- 
ethane (30 ml) was rdluxad for 3 hr. oxalyl chloride (76 a) vu added and hating uader rdlux continua! 
for another 7 hr. After cooling. a yellow ppt was colkctal by hltntion. From tba tiltrate the solvent and 
oxalyl chloride were removed in WNO. and tben aniline wu added to the residue. yielding the corrcs- 
pondmg urea Va which was purifti by recrystallization from dioxan ; yield 54 g (79’4,). 
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Reprccip~~arion from rhc DMSO soln d the above yellow ppt by ad&ion of ether gave III as yellow 

needles, m p. 189’ dcc. yield, 057 g (13’4,. (Found: C. 4303; H. 2.21; N. 12.67. Qlc. for C,H,O.NI: 

C. 42.87; H. l-80. Ni. 12~5OO”3 

Rrucrion oj lb with ox&l chlorufr Afrer a suspcnrlon d lb (2 88 g) and oxalyl chloride (76 g) in 

dlchlorocthane (30 ml) wa.s relluxcd for 3 hr. addmonal oxalyl chloride (7-6 8 x 2) wm added at tnrcrvals 

of 3 hr and it was rcfluxcd for I2 hr. Akr il had cooled. a brown sohd wo( collmcd by Wrarion. Trurmenc 

d rhc lil~rate as above gave Vb; yield 30 g (4OT.). 

Recrystalliuuon of the brown solid from acc(one u,mg active charcoal l Korded IV as white nccdla. 

mp. 312’ da. yield. 1.2 g (27”,). (Found. C. 48 29; H. 346; N. 12.42 Cak. for C.H,O,NI: C. 4g.22; 

H. 360. N. 12.504,). IR (KRr) vcy, cm ’ : 1840. 1810 (sh). 1740. I720 (sh) and 17M UV c mp (log c): 

229 (3 W). 303 (I -95). 

Rrwr~on (4 Ill w-rrh hydrazinc. A mlxturC of Ill (080 g; 36 mmok) and hydrazmc hydrate (5 ml) m 

EtOH (40 ml) PI= refluxal for IO nun. After the mixture had cooled. fillration alTordcd colourlw n&la 

(0.42 g; 6-4 mmok). m.p. 232 , which were proved. by the admixed m p. and IR spcczrum. 10 be ldenrical 

wlrh oxahc dihydrazidc (VIII). 

Alter the liltrare had been concznlrarai in cocuo. colourla needles. m.p. 161’. Identical ullh the 

aulhenrlc sample of sucnn hydride were obtained. yield. 046 g (3 mmolc) 

Rrucrion o/2-hm:~lidr~I.3-oxozolidiru-4.5dioru (IX) wirh hydroziru. A mixlure of IX (I-9 g; 10 mmok) 

and hydradnc hydrare (7 ml) in ErOH (50 ml) was rclluxed for 20 min. Trcarmcn! as above gave I0 g 

(8 mmok) of VIII and I I g (7 mmole) of phenylacctohydrande as colourla needle* m.p. I I7 (lir.’ 114’). 

whose IR spectrum showed aI 3300 and 1640 cm ’ ascribed 10 ~hc NH and CO group rcspcct~vcly. 

and elemental analyses In agrccmenr with the formula C,H,,ON, (Found: C. 63.83; H. 6.71; N. 18.55 “3. 

Rrocr~on of IV with hydrazinc A mixlure of IV W43 8; I9 mmok) and hydrazmc hydrarc (3 ml) in 

FtOH (30 ml) WBS relluxcd for IO min. Treatmen! as above aflordcd 018 g (I 5 mmole) of VIII and 024 g 

(I 6 mmolc) whKh on rccryslalhzation from aatonc water (I ‘I) gave colourless needles d X. m.p. 318’ 

da. (Found. C. 55 25. H. 5 33; N. 1865 Calc for C.H,O,N,: C. 55.25; H. 5..W; N. lg.41 9:). 

Kcocf~on oj IV wifh on~liw. A suspcnslon of IV (043 g; I9 mmolc) in amlme (5 ml) was rdluxai for 

5 mm. Afier the mixture had cooled. bcnxne was added. yielding colourkss cryslals whlB were extratied 

wlrh EtOH leavmg 024 g (I-l mmok) of colourkss needler m.p. 2W ,* whose IR spectrum (3320 and 

1670 cm ’ ass~gnal 10 the NH and CO groups) and ckmenlal analyses were m agreement wlrh rhc 

formula C,,H,aOzNI. (Found. C. 69.81; iI. 490; N. 11~8K”,). 

The EtOH-cxlraa was conanlratcd in C’YCW. yieldmg 0.34 8 (l-5 mmok) d X. 

l The m.p. glvcn In rhe Iltcraturc varlcS from 245 m 254 
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