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ABSTRACT 

Several �-alkyl-�-(N,N-dialkylamino)carbodiimides, which were 

found to form dimeric species, were prepared, and the structure of the 

dimeric species determined. A study of the reaction chemistry of both 

the monomeric and dimeric carbodiimides led to the conclusion that 

dimerization occurred via a (-n-2s + r2a) ground-state, symmetry-allowed 

mechanism, and hat thermal decomposition of the dimeric species 

occurred via a (-,,.,2s +-ir-2s) excited-state, symmetry-allowed mechanism. 

Although dialkylphosphoramidates have been shown to be useful 

intermediates in the preparation of unsaturated organic nitrogen 

compounds, N-acyl- and N-imino-dialkylphosphorohydrazidates were found 

to be too 1¥1,stable, forming trialkylphosphates upon distillation, to be 

of any synthetic value. 

The preparation of several difunctional and bis-carbodiimides was 

attempted, but no products were isolated. Based on the side reaction 

products isolated from the reaction mixtures, it was concluded that the 

desired carbodiimides did form, but that they were too unstable to be 

isolated under the reaction conditions used. 
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CH.A.PrER 1 

THE CHEMISTRY OF SOME N1-ALKYL-�-DIALKYLAMINOCARBODIIMIDES 

HISTORICAL 

· In recent years carbodiimides have attracted increased interest 

because of their great importance as versatile reagents in organic 

synthesis. They have been used in th� preparation of isoureas1 (_!), 

isothiourea.s2 (�), oxazolidones3 (.z), guanidines
4 

C,�), imidazolidones5 

(�), imidazolines6 (§_), oxazolines? (z),  triazoles8 (_§_), tetrazoles9 

(,2), anhydrides10 (10), barbiturates11 (11), and diacylperoxides12 (12). 

R'IHCOOR" 

OH 

ArN=C=NAr 

RN=C=NR 
> 

RN=C=NR + R'NH2 

+ CH�C=O 
I I 
NH

2 
OC2H

5 

(1) 

R'CHCOOR" R'CH-C=O 
l 

> I 
OC(=NR)NHR o, NR 

c___.....--

➔ RNHC=NR (j) 

> CH--C=O 
I 2 I 
NH OC2H

5 

)\ 
ArN NHAr 

NHR' 

) CH--C=O 
I 2 

t 
NH /Ar 

NAr 

(,2) 

<z) 



Sheehan and Hess13 have reported the use of dicyclohexylcarbodiimide 

NH
2
-X-COOR + R'NH-Y-COOH----)� R'NH-Y-C (=O)NH-X-COOR + H20 

(13) 

to bring about this type of condensation, with concomittant formation 

of dicyclohexylurea. 

14 Sheehan, et al. , have also reported the preparation of several 

RN=C=N (CH2)nNR2.p-CH3c6H4so2Cl 

(14) 

3 

water soluble carbodiimides (14) which have also been shown to be very 

useful in peptide synthesis. 

The first review of carbodiimides was provided by Khorana 4a only 

eighteen years ago. By drawing attention to this class of highly 

reactive compounds, the paper no doubt contributed significantly to 

the increased interest in carbodiimides. Kurzer5 has provided the most 

recent review. The fact that his article contains nearly nine hundred 

references in comparison to the one hundred references in Khorana's 

article is a measure of the increased activity in the carbodiimide field. 

Although first correctly formulated and characterized by Weith15 

in 1873, carbodiimides were undoubtedly obtained by earlier workers. 

As early as 1852,  Hinterberger16 reported the isolation of a compound, 

c6�0N2, from the reaction of �-allyl-rl-ethylthiourea with hydrated 

lead oxide. Zinin17 in 1852 and Biziro18 
in 1861 also described a 

compound, c
10

f\0N2, obtained by the action of hydrated lead oxide on 

lr"-allyl-�-phenylthiourea. Biziro described it, under the name of 



"cyana]J.Y1phenylamine", as c
6�; LN. 

c1;J 
There is little doubt that 

the compounds concerned were in fact the appropriate carbodiimides 

c2
H,jl=C=NC-jf5 

and Cf5
N=C=NC6H

5
, respectively. 5 

4 

The existence of carbodiimides as dimeric and trimeric species has 

been known since 1892 when Scha1119 first reported a compound which 

had twice the molecular weight of the carbodiimide with which he was 

working. Although he offered no structure, he formulated the dimer as 

"(Cii(N-Ph.)
2

)21' Busch20 in 1909 reported the isolation of a trimer of 

diphenylcarbodiirnide (15). Zetzsche and Fredrich21 isolated the dimeric 

form of d.iphenylcarbodiimide (16). More recently, Brown22 and Richter23 

have reported the characterization of �he dimer of diphenylcarbodiimide. 

24 
Their spectral data support structure 16. Hartke and Rossbach have 

Ph-N--C-N-Ph 

Ph-N=1--LPh 
(16) 

recently reported the isolation and characterization of dimers of 

dialkylcarbodiimides, (17). The structure of the dimer was deduced 

R-N=C--N-R 

r I 
R-N--C=N-R 

from elemental analysis and spectral data. 

R = CH
3
cH2CH2-

,, = (CH
3)2CH-

ff = 



5 

25 
Wadsworth and Emmons have shown phosphoramidates to be extremely 

interesting intermediates in laboratory preparations of m�y unsaturated 

organic nitrogen compounds, including isocyanates, isothiocyanates, 

ketenimines and carbodiimides. Several N,N-dialkylaminophosphoramidates 

(N,N-dialkylphosphorohydrazidates) have been used in the preparation 

of N,N-dialkylaminocarbodiimides (18). It was noted that the 

R-N=C=N-N(CH) 
3 2 

(18) 

> dimer 

carbodiimides formed solids which were determined to be dimers (19) 

of unknown structure. 
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DISCUSSION 

The isolation of unsymmetrically substituted dimeric carbodiimides 

led to the current investigation of the preparation of several N, ­

N-dialkylaminocarbodiimides, determination of the structure of the 

dimeric species, investigation of the chemical reactivity of the 

monomeric and dimeric species, and a proposed mechanism by which 

dimerization and decomposition of the dimeric species occurs. 

Dialkylphosphorohydrazidates, used as intermediates in the 

preparation of N, N-dialkylaminocarbodiimides, were prepared by two 

methods. The first involved the classic reaction of diethylphosphoro­

chloridate with the amine (pathway 1), and the second involved the 

reaction of diethylphosphite with the a.mine in the presence of carbon 

tetrachloride26 (pathway 2). Reaction of the dialkylphosphorohydrazidates 

(20) with sodium hydride produced, in situ, the reactive phosphoro­

hydrazidate anions (21). The reaction of N,N-dimethylphosphoro­

hydrazidate anion (2la) with tert.-butylisocyanate gave �-tert.­

butyl-rf-(N,N-dimethylamino)carbodiimide (22) in 83% yield. Reaction 

of N-piperidinylphosphorohydrazidate anion (21b) with the same 

isocyanate gave �-tert.-butyl-if-piperidinylcarbodiimide (23) in 

31% yield. 

There are several other methods27 which have been used to prepare 

carbodiimides. Sheehan28 has prepared several carbodiimides by 

dehydrosu.lfurization of thioureas using yellow mercury(II)oxide. 

Using his method, 22 and N1-tert. -octyl-N2-(N, N-dimethylamino) 

carbodiimide (24) were prepared from the appropriate thiourea in 43% 



+ 2 RNH2 

path I 

0 (-)(+) T < R'N=C=O (C2
H
5

o)2P-ONa + R'N=C=NR 

(22, 23) 

" 

NaH 

0 
i (-) 

(C2H5o)2P-N-R 

(21) 

7 

and 51% yields, respectively. The ir spectra of 22, 23 and 24 each 

contained a strong absorption band at 2120 cm-1, which is characteristic 

of the N=C=N group29• Generally speaking, Wadsworth's procedure 

R-NH-!-NHN(CH3)2 + HgO ---)� R-N=C=N-N(CH3)2 + HgS + H20 

(22,24) 

(22) R = (CH3)3c-

(24) R = (C1
½
)3ccH2C(CH3)2-

produced carbodiimides in better yields, but required two weeks to 

obtain a product. Sheehan's procedure produced poorer yields, but 

required only twenty-four hours to obtain a product. (See Table I). 



R 

(CH3)3
c­

(cH3)3c-

R' 

-N(CH3)2 

-0 
(CH3)3CH2C(CH3)2 -N(CH3)2 

(CH3)3c­

(CH3)3c-

CH2CH2CH2CH3 

-0 

TABLE I 

CARBODIIMIDFiS PREPARED 

R-N=C=N-R' 

B.P. (torr) M.P. of 

of monomer dimer 

65-7°(11) 142-3° 

70-2°(0.40) 125-7° 

59-60° (0.45) 

72-4°(12) 

65-7°(0.45) 

% yield of 

monomer 

83.4 

30.8 

51.3 

33.2 

36.3 

M.W. of Dimer 
E!e• Calc'd 

280 amu 282.50 amu 

358 amu 362.64 amu 

(X) 
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Carbodiimides 22, 23 and 24 solidified after a period of several 

days to three weeks, 22 requiring the shortest time and 24, the longest. - . -
The ir spectra of the,i_solids contained no absorptions near 2100 cm -1 

indicating the loss of the N=C=N groups. Molecular weight determinations 

indicated that the solids from 22 and 23 were dimers (22-dimer and 

§-dimer, respectively). Although three carbodiimides were prepared, 

the majority of the investigation was concerned with 22 and 22-dimer, 

as they were most readily available. 

! priori, there are six possible structures (25-30) for the dimeric 

species of the carbodiimide. Much information can be obtained as 

to which structure is correct by studying the products obtained from 

its decomposition. Decomposition could occur in both the horizontal 

and vertical planes. Cleavage in the horizontal plane would yield 

starting monomer from each dimeric structure. Cleavage in the vertical 

plane of structures 25, 26, 27 and 28 would yield disproportionation 

products of the starting monomer, but cleavage in the vertical plane of 

structures 29 and 30 would yield only starting monomer (see Figure 1). 

It was observed that distillation at reduced pressure of 22-dimer 

yielded a distillate whose ir and nmr spectra were identical with the 

spectra of 22. Gas chromatography indicated that the distillate was 

pure 22. The distillate, which formed solid after several days, was 

collected in quantitative yield. The ir and nmr spectra of the solid 

were identical with the spectra of 22-dimer. The absence of absorption 

bands near 2100 cm-l in the ir spectrum indicated that 22 had been 

completely consumed. 



(CH
3
)
3
C-N=C

1
-N

,
-N(CH

3
)2 (CH

3
)
3
c�N=C N-N(CH

3
)2. 

-----=-· �> c ?E. > + . JI + H 
(C�)

3
c-N-C=N-N(CH

3
)2 (CH

3
)
3

c-N C=N-N(CH
3
)2 

(25) 

{CH
3

)
3

C-
r

-
r
=N-N(CH

3
)

2 

{CH
3

)
3

C-N-C=N-N(CH
3
)2 

(26) 

{CH
3

)f-N
1

-
r

N(CH
3

)
2 

(CH
3
)
3

C-N=C-N-N(CH
3

)2 

( 27) 

(CH
3
)
3
C-N-C=N-N(CH

3
)2 

I I 
(CH

3
)2N-N--C=N-C(CH

3
)
3 

(28) 

(CH
3
)
3

C-N=C · N-N(CH
3
)2 

-----�> c 22) + 11 + II 
(CH

3
)
3
C-N=C. N-N(CH

3
)2 

(CH
3
)
3
C-N C=N-N(CH

3
)2 

------> <22) + II + 11 
(CH

3
)2N-N C=N-C(CH

3
)
3 

(CH
3
)
3
c-N

1
-C

1

=N-N(CH3
)2 (CH

3
)
3
c-N C=N-N(cH

3
)2 

--> c22) + II + II 
{CH

3
)2N-N=C-N-C(CH

3
)
3 

(C�)2N-N=C N-C(CH
3

)
3 

(29) (22 ) (22 ) 

(CH
3
)
3

C-N=C-N-N(CH
3
)2 

I I 
(CH

3)2N-N-C=N-C(CH
3
)
3 

(3()) 

10 

Figure 1. Possible structures and decomposition products of 22-dimer. 



· 11 

'When·heated just past its melting point, 22-dimer took on a 

brilliant blue color. Upon cooling, solid again formed with the loss 

of blue color. The spectral data of the newly formed solid were 

identical with those of original 22-dimer. Prolonged heating of the 

dimer just above its melting point resulted in complete loss of blue 

color with the liquid becoming amber colored. The ir and nrnr spectra 

of the liquid were identical with the spectra of 22. Gas chromatography 

indicated the liquid to be about 95% pure 22. The results would 

indicate that monomer and dimer interconvert via a cyclic pathway 

involving blue intermediate (31). 

blue intermediate ✓ (31) \ 

monomer ------->� dimer 

Because decomposition of 22-dimer produced 22 quantitatively, 25, 

26, 27 and 28, which would have produced disproportionation products of 

22, were eliminated as possible structures of 22-dimer. Differentiation 

between 29 and 30, which would have produced only 22, was made on the 

basis of nmr spectral data (see Figure 2). The presence of the two 

peaks at l.286 and 1.086, which were assigned to the tert.-butyl 

groups30 
would indicate the presence of two different environments 

for these groups. Two different environments for the tert.-butyl 

groups can best be accounted for by 30 in which !ElE:_- and anti­

isomerization about the C=N double bond can occur as shown in 32 

and 33, the cis and trans isomers, respectively. 
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o(EEm) ratio # H's .Group 

2.95 1.3 12 2 -N(CH3)2 
2.28 1.0 9 

J 2 -C(CH3)3 1.08 1.0 9 

Figure 2. NMR spectral data for 22. 

Nel.son and Atkins31 have reported that the R' group in 34 accounted 

for two absorption frequencies in the nmr spectrum of trialkylimines 

as a resul.t of �- and anti-isomerization about.the C=N double bond 

producing cis and trans isomers. 

cis trans 

Symmetrical structure 30 has the following characteristics: 

1) the heteroatoms are opposite, not adjacent to, each other in the 

four-membered ring and 2) double bond formation is toward the more 

electronegative atom. The doubJ.¥ bonded nitrogens in 29 are more 

electropositive than the doubly bonded nitrogens in 30 because of the 

strong negative inductive effect of the attached dialkya�ino groups 



in� compared to the weak negative inductive effect of�he tert. ­

butyl groups in 3032
• It should be mentioned.that the dimers of 

diphenylcarbodiimide21-23 (15) and dialkylcarbodiimides24 (16) have 

also been assigned symmetrical structures with the heteroatoms in 

opposite corners of the ring. 

13 

Products with symmetrical structures similar to 30 have been 

obtained from cycloaddition reactions of isocyanates with C=N double­

bond containing compounds. Ulrich, et al. 33, have shown that the 

addition of _E-tosylisocyanate to N ,N ,N' ,N'-tetramethyl-N"-phenylguanidine 

yielded cycloadduct 35. They have also shown that the addition of :e.-

R = " ; R' = " 

R" 
I 

R'-y-c-N(CH ) 
> O=c-&-R 

3 2 

; R" = -H 

tosylisocyanate to N-phenyl-N'-dimethylformamidine gave cycloadduct 

36. The structures were given as being symmetrical with respect to 

location of the ring nitrogens. 

Neumann and Fischer34 have shown that addition of phenylisocyanate 

to diphenylcarbodiimide at elevated temperatures yielded cycloadduct 37. 

Ph-N=C=O + Ph-N=C=N-Ph 

265669 

Ph-N--C=O 

> Ph-N=!
-

-h-Ph 

(37) 

STATE NIV RSITY LIBR V 
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They have also shown that reaction of isocyanates with carbodiimid.es 

is readily reversible producing mixed carbodiimides (39), substantiating 

R-N--C=O 

R-N�=N-R + R 1 -N=C=O� j � R-N=C=O + R-N=C=N-R' 

R-N= -
-

N-R' (39) 

(38) 

structure 38, and showing that this ring system can decompose in both 

the horizontal and vertical planes. 

Farrisey, et al.35, have shown that amines add to 37 with the 

formation of guanidines (40), further substantiating struct_ure 37. 

Ph-N-C=O 

I I 
Ph-N=C--N-Ph 

(37) 

Brady and Dorse�6 have recently shown that diphenylketene in 

reaction with carbodiimide produced an azetidinone (41). Structure 

41 is symmetrical with respect to the location of the exocyclic 

double bonds. 

---->� 

(C6H5 )21--
r

O 

R-N=C--N-R 

(41) 
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The assignments of symmetrical structures.to compounds 15, 16, 

,22, 36, 37, 38 and 41, together with the evidence for the quantitative 

interconversion between 22 and 22-dimer, support the assignment of 

iQ as the structure of the dimeric species of �-alkyl-N2-(N, N­

dialkylamino)carbodiimides 22, 23 and 24. 

Having established the structure of the dimeric species of the 

carbodii ·des , the chemistry of the monomer (22) and-_the dimer (30) 

was investigated. Cyclodimerization of 22 to give 30 led to attempts 

to prepare cycloadducts of 22 with other carbodiimides. Equimolar 

mixtures of 22 with �-tert.-butyl-N2-�-butylcarbodiimide and with 

r?--tert.-butyl-ri-cyclohexylcarbodiimide were prepared. (The simple 

unsymmetrical carbodiimides had been prepared via phosphoramidate 

anion intermediates. ) After two weeks, solid had formed in each of 

the reaction mixtures. The ir and nmr spectral data of each solid 

were identical with the spectral data of 30. Spectral data for the 

oily residues which remained gave no evidence for the presence of 

heteromolecular cycloadducts, but only the starting, simple carbodiimides 

with some 22 present as impurity. 

As 23 had formed a dimer, it was expected that it would form a 

heteromolecular adduct with 22. Therefore, an equimolar mixture of 

22 and 23 was prepared and set aside. After two weeks, solid had 

formed in the reaction mixture. Isolation and recrystallization of 

the solid from hexane gave a 43% yield of 30 and a 3(1)/o yield of 23-

dimer. e rest of the solid was not purified further, as spectral 

data indicated that it was a mixture of the two dimers. The data 

again would indicate, however, that homomolecular dimerization is 
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preferred to heteromolecular cycloaddition. 

Reactions to prepare water-soluble salts.of the monomers, for 

possible use in biological testing, were carried out on 22. Reaction 

of 22 with benzylchloride at room temperature gave the benzyla.mmonium 

chloride salt (42). The ir spectrum of 42 contained a strong ab­

sorption band at 2120 cm-l indicating that the N=C=N group had not 

been destroyed. However, the spectrum also contained weak absorption 

-1 
bands at 3250 and 1700 cm , assigned to NH and C=0 groups, indicating 

that hydrolysis by atmospheric moisture to produce the urea (43) had 

occurred. A sample of 42 formed a gummy residue after exposure for 

fifteen minutes to the atmosphere. The ir spectrum of the gummy 

(CH3)3C-N=C=N-N(CH3)2 + c6H
5
CH2Cl 

(22) 

sample contained absorption peaks of nearly equal intensity for 

N=C=N, NH and C=O groups. Reaction of 22 with benzylchloride at 

elevated temperatures did not yield either 42 or 43, but only a tarry 

residue. 

Reaction of 22 with methyliodide at room temperature was 

exothermic giving tetramethylammonium iodide (44), some free iodine 

and tarry residue. The ir spectrum of 44 was identical with that of 
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authentic tetramethylammonium iodide. The presence, but not the amount, 

of free iodine w� based on comparison of the· color of the benzene 

(+) 
(CH

3
)4N :rt9) + I2 + ? 

(44) 

solution with the color of a solution of authentic iodine in benzene. 

The presence o f  free iodine would indicate a complicated reaction, 

which might be free radical in nature and, perhaps, involve oxidation­

reduction. 

In attempts to prepare reduction products, hexane solutions of 

22 and of 30 containing Raney nickle catalyst were placed in a low 

pressure hydrogenation apparatus at 50 psi of hydrogen gas at room 

temperature for forty-eight hours. No reduction products were 

isolated. The only product isolated from each reaction mixture was 

starting monomer and dimer, respectively. Utilizing more stringent 

conditions, the reductions were carried out in ethanol in the presence 

of platinum oxide catalyst at 1000 psi of hydrogen gas and 50° in a 

high pressure hydrogenation apparatus. The only product isolated 

from the react ion mixtures was the ethoxyisourea ( 45) , the identity 

of which was deduced from its ir and nmr spectral data and elemental 

analysis (see Table II). The significant changes in the ir spectrum 

of 45 compared to the spectrum of 22 were the loss of an absorption 

band at 2120 cm-l for the N=C=N group and the formation of an absorption 
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band at 1090 cm-l indicative of the presence of a ·C-0-C group. 

Product 45 was identified as 0-ethyl-r?--tert •. -butyl-r?-(N , N-dimethyl­

amino )isourea. 

(CH
3

)
3
c-N�C=N-N(CH

3
)2 

(22) 
or 

(CH
3
)

3
C-N

1
-

i
-N(CH

3
)2 

(CH
3)2N-N-C=N-C(CH

3
)

3 

(30) 

EtOH ,  ptQ �C2H5 
(CH

3
)

3
C-N=C-NHN(CH

3
)2 

(fM) 

The addition of alcohols to carbodiimides to give isoureas in 

high yields has been shown to occur readily and exothermically under 

the influence of certain ionic catalysts such as copper(I) and copper 

(II)chloride3,37. However, in the absence of catalyst, alcohols have 

been shown to be fairly inert towards carbodiimides unless the reaction 

is carried out under conditions of high pressure and temperature, 

as in a sealed tube reaction38 • 

To determine if the reduction reaction conditions were necessary 

to induce format ion of the isourea ( 45) , 22 and 30 were each maintained 

at gentle reflux in ethanol for several hours with no catalyst being 

present. Isourea (45) was found to be the only product of each 

reaction .  Product identification was based on spectral data . Formation 

of isourea under mild reaction conditions indicated that 22 was more 

reactive towards alcohols than the carbodiimides previously described, 



R 

I 

(cH3 )3
C-N::C=N-N(CH3)2 

or 

(CH3)3
C-N=C-N-N(CH

3)2 
I 1 

(CH
3)2N-N-C=N-C(CH

3 )3 

B . P .  (t err) 

c2H50-

CH
3
cH2cH2CH2NH-

46-8° (0 . 50) 

98-102° (11 )' 

CN- 84-6° (0.50) 

TABLE II 

PRODUCTS OF REACTION 

+ RH ---4 

Calculated 
°I£ %H 

57. 70 11 . 32 

61 . 62 12. 25 

63.50 11 . 60 

(CH
3

)
3
C-N=C-NH-N(CH3)2 

Found 
°loN_ °I£ %H 

22 .45 57. 60 11 . 28 

26 . 14 62 . 08 12 . 22 

24. 75 63.09 11 . 16 

.,, 

°laN 

22 . 61 

25 . 82 

27. 08 

� 
\() 
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and that 30 decomposed to 22 before undergoing reaction� 

Carbodiimides readily react with a.mines to form guanidines4 • · The 

reaction at atmospheric pressure of 22 with .£.�butylamine and with 

piperidine under gentle reflux conditions at atmospheric pressure 

gave the respective guanidines, r?--tert.-butyl-N2-_£-butyl-N3-(N,N­

dimethylamino)guanidine (46) and N1-tert.-butyl-�-piperidinyl-N3-

(N ,N-dimethylamino)guanidine (47). Product identification of 46 and 

47 was based on ir and nmr spectral data and elemental analyses. The 

reaction at atmospheric pressure of 30 with _£-butyl amine and with 

piperidine produced only the respective guanidines (46 and 47) with no 

other products being isolated. (See Table II) 

{�)
3
C-N=C=N-N (CH

3
)2 

(22) 

and 

i
CH2CH2CH2CH3 

CH
3

CH2 CH2 CH2NH2 ➔ ( CH3) 3c-N =C-NHN ( CH3) 2 

(46) 

I 
..-..==----�(CH

3
)

3
C-N=C-NHN(CH

3
)2 

(47) 

There are several different pathways that the preceding nucleophilic 

addition reactions with 30 could have followed (see Figure 3). If 

the reaction followed one of the two possible ionic pathways, or a 

radical pathway of 48 to 50, it would be expected to conform to the 

chemistry found for analogous ring systems. As previously mentioned, 

Farrisey had obtained guanidine 40 from the reaction of 37 with amines. 



::(2N-k

JT

·c;,,N-c(cH
3 >� � r� 

L
CH ) C-N=C-N-N(CH ) 

] 

- . 
.... 

L 
) 

-
( ) 

J 
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3
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3
)2 

I 
(22 ) 

NuH 

(cH
3
)

3
c-N=y-NH-N(CH

3)2 
Nu 

(53) 

fCH
3 )3

C-N

1
-

:��
N(CH3 )2 7 

L (CH3)2N-N--'--C=N-C(CH
3
)� 

(49) 

Figure .2.• Possible pathways for nucleophilic addition to 22.• 

rft-; ., 

(CH3 )3
C-N=

,
-. NHN(CH3

)2 

(cH3
)2N-N-i�N-C (CH3)2 

(51) 

f\) 
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Brady and Dorse� have proposed that the formation of 41 from 

diphenylketene and carbodiimide occurred through an ionic intermediate 

(2t_). The formulation of 54 was based upon the isolation of urea 55 

H2o after 4 min. 

cc6H5
)2c

r
-y=0 cc6H5)2cH-c

1
=0 

I (41) (55 ) 
R-N=C-N-R R..TfflC-NHR 

II 
0.  

following the hydrolysis of the reaction mixture. The fact that 51 , 

which is analogous to 40 and 55, was not isolated meant that in the 

present case the reaction did not proceed through either an ionic 

pathway or through the pathway involving diradical intermediate 48. 

It was previously mentioned that 30, upon heating just past its 

melting point, formed a brilliant blue intermediate (31). The electron 

spin resonance spectrum, as interpreted by Farr39 , indicated the 

presence of a triplet diradical species which would lend credence to 

the formation of 52 from decomposition of 30 in reaction mixtures. 

With the esr spectrum data as supporting evidence for the existence 

of a diradical species, attempts to trap the diradical were carried 

out. The use of alkenes and alkyldienes to trap carbene and nitrene 
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triplet diradicals is well known 4°. Therefore, a �ample of 30 was 

dissolved in cyclohexene and the mixture refluxed for several hours. 

No products, except starting material, were isolated from the mixture. 

Cyclohexene was found to actually be an excellent recrystallizing 

solvent for 30. Utilizing an aklyldiene as a trapping agent, 30 

was added to cyclopentadiene. After several days, the reaction mixture 

formed tarry residue. All attempts to isolate product from the residue 

failed. Although no products could be isolated, it was apparent that 

a reaction had occurred. 

The diradical (52) found in the thermal decomposition of 30 

should be partially stabilized by electron delocalizat.ion (56). As 

the radical is a triplet, in which the spins of unpaired electrons are 

> (CH
3

)
3
C-ij-C=N-N(CH3 )2 ( •) <•> 

parallel, it must be of fairly high energy. A number of attempts 

were made to produce this species by photolysis of 22 with ultraviolet 

light. If dimerization occurs via a similar diradical, the rate of 

formation of 30 should be enhanced. Boyer and Frints41 have reported 
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the isolation of cyana.mides (R2-N-C=N) from the photolysis of carbo ­

diimides. Therefore, the formation of a cyanamide from t he photolysis 

of _2Q was considered possible. During the course of the photolysis 

reaction, samples were removed and their ultraviolet spectra obtained. 

Both monomer (22) and dimer (30) show uv absorptions at 250 and 218 nm. 

wit h f of 1630 and 7900 for n --+ 77"* and rr---.::, 1T *  transitions 42, max 

respectively. The uv spectra of the various photolysate samples were 

all identical. They contained the two absorptions found for 22 and 30 

plus two additional bands at 284 and 272 nm. with E of 670 and max 

1030 , respectively. The small E. values could be indicative of max 

forbidden transitions, but the type of chromophore (s) . is (are) unknown. 

A small amount of solid product was isolated from the photolysate 

reaction mixture, but the data collected for the solid could not be 

sufficiently correlated to permit identification of the compound. 

However , the spectral data of the solid did indicate that it was not 

monomer or dimer or cyana.mide because there were no absorption bands 

near 2100 cm-l in their ir spectrum. (See Table IV) 

To determine the effect of light and dark conditions on the rate 

of dimerization, twelve sample tubes of freshly distilled 22 were 

prepared. Six of the tubes were placed in a container wrapped in 

aluminum foil to exclude all light, while the six remaining tubes 

were placed in direct sunlight. After four days, solid formation 

occurred in all six tubes placed in the sunlight. Subsequent exami­

nation of t he six dark tubes revealed that solid formation had also 

occurred in the same span of time. Therefore, it was concluded that 
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TABLE III 

CARBODIIMIDE PHor0LYSIS DATA 

Ultraviolet data : 

Time �max E max 

0 hr .  250 1, 630 
218 7, 930 

20 ft 284 750 
272 950 
255 1, 450 
217 

42 " 283 810 
272 1, 550 
255 1, 950 
218 

66 " 284 450 
272 600 
257  1 , 560 
218 

Physical data for solid product isolated : 

Melting point-------------------------------- 123-5° 

Molecular weight - potentiometric titration - 154 to 159 amu. 

Infrared data 

3250 

3050 

-NH 

=C-H 

.2(E.P�)-

7. 67 

3. 80 

1.42 

NMR data - - - - -
-�'� _Gro!!J)i,?l 

1 - singlet -NH or =CH 

3 or 4 - CH3N- or 
singlet 2 - CH N-2 

9 - singlet -C (CH3)3 
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the dimerization of 22 to 30 was not a photolytic _process. 

Because 30 gave the same products as 22 under identical reaction - -
conditions, it was concluded that 30 did not decompose via a two-step 

ionic mechanism. Even though 30 passed through an excited-state 

intermediate during thermal decomposition, no cycloaddition products 

could be isolated from reactions with diradical trapping agents. 

Because the rate of dimerization of 22 to form 30 was not affected by 

light or dark conditions, dimerization did not occur via an excited­

state intermediate. These observations and partial conclusions led 

to the overall conclusion that �-alkyl-�-(N, N-dialkylamino)carbodiimides 

dimerized and decomposed, under various reaction conditions, via a 

concerted one-step mechanism. 

The dimerization through the C=N double bonds of two molecules 

of � to produce 30 is a (7T2 + 7T2) cycloaddition reaction. Woodward 

and Hoffman
43 have established a set of rules concerning the conservation 

of orbital symmetry in cycloaddition reactions. The cycloaddition 

of C=N double bonds is formally analogous to the cycloaddition of two 

C=C double bonds, as in the dimerization of two ethylene molecules to 

41+ produce one cyc1obutane molecule • The bonding 1i (57) and anti-

bonding ,r* (58 ) orbitals of an ethylene molecule may approach those 

of another ethylene molecule in four different manners giving the 

four combinations 1T
1 

+ 77
2
, 1Jj_ _ r

2
, Qi* + r!, and llj_ * - �* (59-62). 

The ff orbitals may then combine forming four a- bonds, two being 

b.onding o- orbitals, o-1 + o-
2 

and fi - � (63, 64) and two being anti-
* * * * * bonding g- orbitals, CS + '"2 and 'I - 'S (65, 66). Included with all 



Figure 4. Bonding -rr (54)  and antibonding 7T* (55 ) orbitals of an 
ethylene moiety. 

(61) 

Figure 5. Combinations of approaching ethylene moieties. 

r, .... tr;. ; st ,-; - D'i � AS 
( 63 ) (64 )  

.. � r, + tr; ; 5A 

(65 ) 

a;� di. ft ; A II 

(66 )  
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, 

Figure 6.  Possible sigma bond combinations from two ethylene moieties . 



eight orbital combinat io·ns (59-66) are the symmetric, S, and anti­

symmetric, A, states of the orbitals in the vertical and horizontal 

planes, respectively.·· (see Figures 4, 5 and 6 for 57 to 66. ) 
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By arranging the orbitals of both the reactant and product states 

in order of increasing stability, the correlation diagram of the 

approaching ethylene moieties with the cyclobutane moieties, with 

orbital symmetry being conserved, may be constructed. (See Figure 7) 

Clearly, if orbital symmetry is to be conserved, two ground-state 

ethylene moieties cannot combine in a simple (1'T 2  + 77"2) concerted 

reaction to give a ground-state cyclobutane moiety. Likewise, a 

cyclobutane moiety cannot decompose in a simple ftr2 + .,,.-2) concerted 

fashion to give two ground-state ethylene moieties. These reactions 

are symmetry forbidden. However, if one of the electrons is promoted 

to the lowest excited state, the lowest antibonding orbital, the 

reaction is symmetry allowed as orbital symmetry is conserved. 

The decomposition of 30 to produce two molecules of 22 does 

indeed conform to the symmetry-allowed excited-state decomposition of 

cyclobutane for the esr spectrum of 30 did indicate the presence of a 

diradica1 species when decomposed. However, it was also shown that 

the formation of 30 from two molecules of 22 was light independent, 

and therefore, the reverse reaction, the cycloaddition, could not 

occur through an excited-state intermediate. The cycloaddition, 

therefore, must be a ground-state reaction. 

In the forbidden ground-state cyclobutane-ethylene system just 

discussed, t he bonds that were broken and formed were all on the same 
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* 
1T flR 

1T' 115 

_ _ _ _ _ _ _ _ _ _ _  .__ _ _  _ _ _ _ _ ...__ _ 

7r S).. _ 

-,r .55 -

- AS� 

-5Srr 

Figure 7. Correlation diagram for the formation of a cyclobutane 
moiety from two ethylene moieties. 
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face of the system. The cycloaddition is considered to be suprafacial 

(s ) on each component. However, there are alternate allowed ground­

state antarafacial (a) processes in which the newly formed or broken 

bonds lie on opposite faces of the reacting system. In the (--rr2s + 

-rra) process, when the 0- bonds are cleaved, the two electrons in 

orbital 67 can pass with symmetry conservation into a bonding orbital 

§. of one of the ethylene moieties , and those electrons in orbital 

§.2_ can pass with symmetry conservation into a bonding orbital 70 of 

the other ethylene moiety. Therefore, the (rr2s + 17" 2a) reaction is 

symmetry allowed. This would account for the cycloaddition of 22 to 

form 30 without passing through an excited state intermediate. 

{See 67-70 in Figure 8.) 

To obtain maximum overlap of the relevant orbital lobes in a 

( 1'1"'2s + 7T" 2a) reaction, the ethylene moieties must approach each other 
. 4 orthogonally 5• (See 71 and 72 in Figure 9.) It is by this same 

type of orthogonal approach that the (-rr2s + 7J'"2a) cycloaddition of 

diphenylketene with olefins, r�cently reported by Brady, et al.46, 

can occur. Ketenes are powerful nucleophiles. Chemically, the 

spearhead of their reactivity is the carbon atom of their especially 

reactive carbonyl group. This dominant aspect of the structure of 

ketenes, expressed in valence-bond structure (73) suggested that the 

addition of a vinylium ion (74) to an olefin from the viewpoint of 

orbital symmetry be analyzed, as was done by Woodward and Hoffman 47• 

The relevant diagrams are 75 and 76 in Figure 10. The significant 

differences here, compared to simple olefin-olefin combinations, is 



Figure 8 .  

> 

> 

Ground state passage of electrons from cyclobutane bonding 
orbitals to ethylene bonding orbitals. 

Figure 9. Orthogonal approach of orbital lobes in ( 7T 2s + 7T2a) 
concerted fashion. 

31 
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the presence of  the orthogonal vacant "p" orbital in the vinylium 

ion (stippled). It is at once apparent that this feature contributes 

two strong bonding interactions which are absent from the (7[ 2s + 'ff 2a) 

reaction path for simple olefins. 

In the dimerization of diphenylcarbodiimide, the carbon atom of 

the starting carbodiimide may have some positive character, as it 

does in diphenylketene, which would enhance a (71 2s + �2a) concerted 

cyclodimerization. The vacant "p" orbital on the carbon atom can 

� etc .  

help stabilize the orbitals of  the second approaching carbodiimide 

molecule. In addition, the like-signed lobe of · the filled "p" orbital 

of the nitrogen may delocalize its electrons into the now electron­

deficient orbitals of the approaching carbodiimide molecule, producing 

a six electron - four center system, which would further enhance the 

(?J 2s + 411 2a) concerted cyclodimerization. (See Figure 11.) 

As with diphenylcarbodiimide, a carbon atom with positive 

character (78) may also exist for �-alkyl-�-(N, N-dialkylamino) 

carbodiimide, using valence bond structures. The positive character 

on carbon may be less than that in diphenylcarbodiimide, but it is 



Figure 10. Diagram showing effect of vacant "p" orbital (stippled ) 
in stabilizing the approaching molecule. 
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Figure 11. A representation 

of the approach of a C=N 

double bond system to an 

aminovinylium ion. The 

arrows represent initial 

electron flow towards the 

vacant "p" orbital (shaded ) 

on the carbonium ion. The 

stippled orbital rep.resents 

the filled "p" orbital on 

the nitrogen atom. 



more than that found in a simple dialkylcarbodiimide because of ion 

stabilization by the electrons in the non-bonding orbitals of the 

adjacent nitrogens. Therefore, it is probable that these carbodiimides 

,-, (+) 
R-N-C::N-NR' 2 

C-J (+) 
R-N-C=N-NR' 

/

2 

undergo a concerted ( 1r2s + 7t2a) cyclodimerization through the same 

type of intermediate as shown in Figure 10. 

Additional supporting evidence for the existence of a stable 

ion as shown in 78 may be found in an article by Hoffman 48 in which 

he has reported that symmetrical cyclobutadiene systems are stable if 

a ''push-pull" resonance system exists in the molecule. That is, 

X

)::(

y 

is more stable than 

X

)::(

x 

, and 

y X y y 

w-=c \,J===:==W 

l I is more stable than I 
i!-w i! =� 

A "  ush-pull" resonance system may exist for N, N-dialkylaminocarbo­

di . ides as shown in 79. The important feature of this system in 

co arisen with the equilibrium shown in 78 is that a negatively 



charged nitrogen atom is present in an identical position. 

l-J l+l 
R-N=C-N-NR R-N-C-N-NR 

t I 2 �----�' I I 2 
R N-N-C=N-R ' RzN-N'--C-N-R 
2 (+J (-) 
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Therefore, based on the physical am! chemical data presented, the 

r("-alkyl-w2-(N, N-dimethylamino)carbodiimides form dimers with symmetrical 

structures , as 30. These carbodiimides, like diphenylcarbodiimide and 

the simple olefinic system discussed, do conform to the Woodward-

Hoffman rules for orbital symmetry conservation, and therefore, the 

cyclodimerization may indeed occur via a ( rr 2s + TT 2a) concerted 

one-step reaction mechanism. In addition, the observation of an 

excited intermediate from the thermal decomposition of 30 would conform 

to a (rr2s + 'fT 2s) concerted decomposition. 

,, ·  



CHAPI'ER 2 

THE ATTEMPI'ED PREPARATIONS OF DI-FUNCTIONAL AND BIS-CARBODIIMIDES . 

The preparation and investigation of �-alkyl-�-(N, N-dialkylamino )­

carbodiimides led to an investigation of carbodiirnides containing at 

least one non-alkyl substituent (80) and of bis-carbodiimides (81). 

R-N=C=N-NR2 
(80 )  

R-N=C=N-N=C=N-R 

(81) 

if R = alkyl, R' I alkyl 

if R '  = alkyl, R I  alkyl 

R = alkyl, or aryl 

The utility of phosphoramidate anions (82 ) as intermediates in 

laboratory preparations of many unsaturated organic nitrogen compounds25 

was mentioned in Chapter 1. Phosphoramidates were found to be useful 

not only in the synthesis of carbodiimides (83 ), but also in the 

R-N=C=N-R' 
(83) 

t R ' -N=C=O 

R-N=C=O co lo cs � 
84 ) �2 . 1" (-) 2 ---/ (_ ------- (C H 0 )  P-N-R -----2 5 2 

R-N=C=C-R' 2 
(86 )  

(82 ) 

R-N=C=S 

(85) 
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synthesis of isocyanates ( 84), isothiocyanates (85 ) ketenimines (86) , 
· 49 

and hydrazinium 11ylides" (87), which could rearrange to form tetrazoles • 

As an extension of this work, it was intended to prepare a series of 

N-acyl-N-methylphosphorohydrazidates with respect to ·their possible 

use as intermediates in the preparations of N-acyl-N-methylcarbodiimides 

(88) and other unsaturated organic nitrogen compounds analogous to 

84 ...1.-

It was also intended to prepare a series of N-iminocarbodiimides 

(90) utilizing N-iminophosphorohydrazidate anions ( 89 ) . Alternate 

(C H 0) t-N-N=CRR' 2 5 2 

(89) 

R"-N=C=O > R"-N=C=N-N=CRR ' 

syn.theses to be used in the preparation of 90 were dehydration14, 5o , 51 

of -iminoureas (91) and dehydrosulfurization28, 52 of N-iminothioureas 

X 
I I  

R11NHCNHN=CRR' 

(91) R = H , alkyl ; R' = alkyl, aryl ; R" = alkyl ; X = 0 
( 92) " " " " " " " " " " " X = S 



The syntheses to be used in the preparation of bis-carbodiimides 

(§!_) were dehydration of bis-ureas (93) and dehydrosulfurization of 

bis-thioureas (94 ). 

n � 
RNHCNHNHCNHR 

(93) R = alkyl ; X = 0 
" " " X = S 

In order to prepare N-acyl-N-methylphosphorohydrazidates, it 

was first necessary to prepare N-acyl-N-methylhydrazides, for which 

there were four major synthetic procedures. The first· procedure was 

the direct reaction of acyl halides with methylhydrazine in a mole 

ratio of one�to-two, respective1;53• Both the unsymmetrical (95) 

Q O CH3 0 
R-c-c1 + 2 cH NHNH ➔ R-c-h-NH + R-8-NHNHcH 3 2 2 3 

(95 ) (96 ) 

and the symmetrical . (96) isomers could be obtained with 96 predominating 

with large bulky R groups. The acetyl analogue of 95 ( R  = CH3-) 

was prepared in 44% yield. Several attempts to prepare the benzoyl 

analogue of 95 (R = c6H5-) did not yield the desired compound. 

The second procedure, used in attempts to prepare the benzoyl 

analogue of 95 , was that reported by Cignarella54 • The proposed 

reaction sequence was as follows : 



1 

� P. - - - --7� c
6H

5
c-NHNH2 + ROH 

NaH 

(97) 

c6H
5

CHO 

c
6H

5
8-NHN=CHC6H

5 

(98) 

(in filtrate) (precipitate) 
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Benzoylhydrazide (97) was prepared in 75% yield by the addition of 

methyl benzoate to excess hydrazine. Excess hydrazine was used to 

minimize he formation of dibenzoylhydrazide (103). Benzoylbenzalhydra­

zone (98) was prepared in 96% yield by the addition of benzaldehyde 

j{ � 
c6�c-NHNH

2 
+ c6H

5
C-OR 

(97) 

to 97 dissolved in ethanol. 

R g > c6H
5

C-NHNH-CC6H
5 

(103) 

Reaction of 98 with sodium hydride in 

dry dioxane led to the in situ formation of the benzoylbenzalhydrazone 

anion (99 ) , which readily reacted with excess methylbromide forming 

the methylated derivative (100) in 63% yield . 
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In the last reaction of the sequence, the methylated deriviative 

(!QQ) appeared to react smoothly with phenylhydrazine, as evidenced · 

by the formation of benzalphenylhyd.razone (102 ). Only about 5CJ'/4 of 

� was initial.ly filtered out of the reaction mixture. The filtrate 

became very viscous, as it was reduced in volume, making it u.nfil­

terable, which prevented further isolation of 99 from the mixture. 

Therefore , the viscous residue was distilled yielding an unidentifiable 

distillate, which spectral data indicated was not the desired compound. 

Various modifications of the isolation procedure were employed, but 

all of them gave the same negative results . 

It is interesting to note that although Cignarella reported the 

preparation of eight different analogues of the general formula RC(O)­

N(R ')NH2, where R was acyl and R' was alkyl, none of the derivatives 

contained both benzoyl and methyl as R and R ' , respectively. Either 

he did not attempt the preparation of the benzoyl analogue, or else 

he obtained the same negative results •. 

The third procedure, used in attempts to prepare the benzoyl 

analogue of 95, was that reported by Hinman and Fulton55 • The 

procedure involved the reaction of methylhydrazine with symmetrical 

anhydrides which were used to eliminate a mixture of products. Hinman 

and Fulton never isolated pure hyd.razide, but rather, the benzal­

hydrazine and phenylsemicarbazone derivatives. Dibenzoyl anhydride 

was added to a 3Cf'/4 aqueous solution of methylhyd.razine. Attempts 

to isolate pure hydrazide, using crystallization, extraction, and 

distillation procedures, did not afford pure product. The only 



identifiable product isolated was benzoic acid. 

� y1l3 g 
) Rt;-N-NH

2 + RC-NHNHCH
3 

(95 )  (96 )  

p 
+ R�-OH 

As i1-benzoyl-rr--methylhydrazide could not be isolated by any 

of the above three procedures, no further attempts to prepare this 

compound were made. 

The fourth procedure used for the preparation of acylhydrazides 

was that reported by Pedersen56, involving the reaction of esters 
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with methylhydrazine. As with the acyl halide and anhydride procedures, 

the ratio of products is affected by the size of the R group. The 

Q H y
H

3 P. 
�-OR ' + CH.fIBNH2--->� RC-N-NH2 + RC-NHNHCH

3 
+ R'OH 

(95 ) (96 ) 

(104) R = H-

(105) R = CH
3
-

reaction of methylhydrazine with methylformate and with ethylacetate 

produced rl-formyl-N1-methylhydrazide (104) and t?--acetyl-t?--methyl­

hydrazide (105) in 89°/4 and 17'/4 yields, respectively. Product 

identification was based upon spectral data and positive tests for 

the presence of an NH2 group, using meta-nitrobenzaldehyde. (See 

Table IV.) 



R 

C
6

H
5

-

a.c6H5tNHNH2 

0 
b .c6H5�-NHN=CHC6H

5 

0 CH3 II I 
c.c

6
H

5
C-N-N=CHC

6
H5 

CH3 

H 

TABLE IV 

?i f3 N-ACYL-N-MNrHYLHYDRAZIDES R-C-N-NH2 

B.P. (mm. Hg ) IR data or M.P . 
Exp. Lit . . ( -1 ) Absorpt ion cm 

(Desired compound not obt ained) 

111-3 11266 3250a 

3100 
1650 

3020 , 1600 , 1500 
760 , 690 

206-8 3100 
1620 

3020 , 1600 , 1495 
760 , 690 

83-5 84-567 1630 
1600 , 1495 
760 ,  690 

97-100 (12 ) 118-20 (24 )55 3250 
3170 
1650 

90-3 (12 ) 80 (1 )56 3300 
3200 
1670 

Group 

NH2 NH 
C=0 

C
6

H
5 

NH 
C=O 
C6H

5 

C=O 
C

6
H

5 

NH2 

C=O 

NH2 
C=O 

(a) Identical with Sadtler IR #1567168 

NMR data 

6(pattern) # H ' s  Group 

nmr not obtained 

nmr not obtained 

nmr not obtained 

nmr not obtained 

7- 95 ( sing. ) 1 HC=0 
7. 75( " ) 
4. 60(broad ) 2 NH2 2.84(sing. ) 3 CH3 

4='" 
2.80( " ) N 



N-Acyl-N-methylhydrazides differ from N-acylhydrazides, which may 

undergo Curtius rearrangement, by the presence of the methyl group. 

Therefore, it was of interest to subject 104 to Curtius rearrangement 

react ion conditions. The Curtius rearrangement57 involves the reaction 

of an acylhydrazide with nitrous acid to form the azide (106). The 

azide loses nitrogen, and the formed nitrene rearranges to an isocyanate 

(.!QZ). The reaction of 104 with nitrous acid did not produce an 

L 0 R-N=C=O """'""-___ _ RC-N : 

(107) 

isocyanate, but rather, methylazide (109). The formyl group and the 

hydroxyl group, the fragments remaining from the decomposition of 

g y1l3 � Y
H
3 

HC-N--NH2 + HONQ --->-- H�-N-N=NOH -->➔ CH3N3 + HC=O + OH 

(108) (109) 

intermediate 108, could have combined to form formic acid. Titration 

of the solution, using aqJ1eous base, indicated that no excess acid 

was present. Therefore, the formyl and hydroxyl fragments possibly 

decomposed further, forming water and carbon monoxide. To confirm 
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the identity of 109 as the reaction product, its spectral data were 

compared with, and found to be identical with, the spectral data of · 

authentic methylazide·· prepared by the reaction of sodium azide with 

dimethylsu1fate58 • The apparent reason for the difference in reactivites 

of the two types of acylhydrazides is the lack of an acidic hydrogen 

in ' lo4. 

To pursue the chemistry of N1-acyl-�-methylphosphorohydrazidates 

required their preparation f�om �-acyl-�-methylhydrazides. Util-

ization of the phosphorochloridate procedure (previously discussed in 

Chapter 1)  proved to be the best route. The procedure was modified 

in that the hydrazide and diethylphosphorochloridate were mixed in a 

one-to-one molar ratio with triethylamine being used as the hydrogen 

chloride scavanger. 

(+ ) 

( C H ) _NHCt
-

> 2 5 5 
(112) 

Both the N1-acetyl (110) and the �-formyl (111) -- --
phosphorohydrazidates were prepared. In each case the ammonium salt 

(112) was isolated in 60-7Cf'/4 yield. The spectral data of the crude 

residues of 110 and 111 indicated that the desired compounds were 

present. (See Table V.) However, upon vacuum distillation, both the 

rf-formyl and �-acetyl residues gave distillates with identical 



R 

CH
3 

H 

TABLE V 

CRUDE N-ACYL-N-MErHYLPHORPHOROHYDRAZIDATES 

CH3 � 
R8�&-NHP(OC2H5 )2 

IR dat a 
Significant _1 Absorpt ions (cm ) 

3300 
1670 
1250 
1050 

3250 
2820 
1680 
1250 
1050 

Group 

NH 
C=O 
P-0 
P-0-C 

NH 
HC=O 
C=O 
P-0 
P-0-C 

NMR data ( a) 
6(pattern ) 

4.75 (broad ) 
3. 9o(split quartet ) 
2. 87 (singlet with 

impurity peaks ) 
1. 85 ( singlet with 

impurit y peaks) 
l. 08(triplet) 

7. 90 ( singlet) 
3. 9o( split quartet ) 

3.o-1. 6 (many small peaks) 
1. l0 (triplet) 

Group 

NH 
P-0-CH 2 CH3C=0 

N-CH3 

-CH3 

HC=O 
. P-0-CH2 

-CH3 

(a) Due to the presence of impurit ies in the samples, integrat ion of peak areas was impossible. 
Also , group assignment s are, at best , only tenuous. 

� 
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boiling points and spectral data. The lack of NH and C=O absorptions 

in the ir spectra of the distillates, whereas these absorptions were 

present in the ir spectra of the undistilled residues, indicated that 

the phosphorohydrazidates had decomposed upon distillation. The 

spectral data of the distillates, which were identical, did indicate 

the presence of ethoxy groups and a phosphorus-oxygen group, indicating 

that the distillate was a phosphate ester. The three possible esters 

that could have formed were 1) tetraethylhypophosphate, 2) tetraethyl­

pyrophosphate and 3) triethylphosphate. The boiling points of the 

three esters are 1) 116-7° (2mm. Hg)59, 2) 166-70° (8mm. Hg)59 , and 

3) 99.2° (13 mm.  Hg) and 108° (25 mm. Hg)6�. As the boiling point 

of the distillation product was 101-3° (15 mm. Hg), phosphat� esters 

1 )  and 2 )  were eliminated. Comparison of the data obtained for an 

authentic sample of triethylphosphate61 with the experimental data 

obtained for the distillation products of the phosphorohydrazidates 

confirmed that the distillation product was triethylphosphate. (See 

Table VI. ) The mechanism by which triethylphosphate was formed is 

unknown. 

Because the acylphosphorohydrazidates could not be purified, 

several reactions were carried out on the impµre undistilled residues. 

The first was reaction with carbon dioxide, with the expected product 

being the isocyanate (113). The reaction was carried out several times. 

Each time, the reaction appeared to proceed smoothly with the formation 

of gummy residue. However, attempts to isolate product from both 

the filtrates and gummy residues did not yield any identifiable products. 



Data tlEe 

IR 

NMR 

MW 

BP 

7l f 
Analysis 

TABLE VI 

COMPARISON OF DATA OF PHOSPHOROHYDRAZIDATE 
DISTILLATION PRODUCT WITH TRIETHYLPHOSPHATE 

Distillat e 

No NH or C=O absorptions 
P�O at 1250 cm-1 

P-0-C at 1050 cm -1 

Split quart et at 3.976 (J = 8 . 2  Hz. ) 
Split triplet at 1 . 156 ( J  is too small 

to  measure ) 
oq - ot

=2 . 820 

VPO in benzene 184 and 182 amu 

74-5° at 1 . 5  mm. Hg 
0 101-3 at 15 mm. Hg 

104-7° at 18 mm. Hg 

1 .4055 

Found : C ,  39 . 72 ;  H ,  8 . 36 
C ,  40.01 ; H ,  8 . 55 

Triethylphosphate 

No NH or C=O absorptions 
-1 P�O at 1250 cm 

-1 P-0-C at 1050 cm 

Split quart et at 4 .116 (J = 7 Hz.81 
Split triplet at 1 . 356 (J  is too  small 

to measure ) 
o - o =2 . 766 
q t 

Calculat ed = 182 . 18 amu 

77-9° at 2 mm. Hg ( exp. )  
0 60 

99 . § at 13 mm.  Hg
60 108 at 25 mm. Hg 

1 . 405960 

Calculat ed: C ,  39 .55 ;  H ,  8 . 32 

69 a. J = 6 .5-10 for P-O-CH2 

� 
--,J 



(113) 

The isocyanate may rapidly polymerize and be too unstable to isolate. 

The reaction of 11 1 with benzaldehyde to produce the benzal-

hydrazone (114) was carried out. The only product isolated from the 

Q yll3._� H y1l3 
Ha-N-�(OC2H

5
)2 + c6H

5
CHO --->-- HC-N-N=CHC

6H
5 

(fil) (114) 

reaction was 0.04 g. of a high melting (above 250°) solid which was 

not identifiable. 
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In an attempt to prepare �-acetyl-�-methyl-�-tert. -butyl­

carbodiimide (115), sodium hydride was added to 110 producing, in situ, 

(CH ) C-N=C=O � fH3 
3 3 > CH C-N-N=C=N-C(CH ) 

3 3 3 
· c 115) 

the phosphorohydrazidate anion. tert.-Butylisocyanate was added to 

the reaction mixture. After several days, upon work-up of the reaction 

mixture, a small amount of white solid was isolated. The ir spectrum 

of the solid indicated the presence of NH, C=O and alkyl groups. 

The nmr spectrum indicated the presence of NH and tert.-butyl protons , 



only. The compound did not melt, but sublimed above 200°. The data 

indicated that the solid was a urea containing a tert. -butyl group. 

Further identification of the solid was not attempted. Distillation 

of the solvent-stripped filtrate residue gave a very small amount of 

distillate. Spectral data of the distillate indicated the presence 

of ethoxy, carbonyl, N-methyl, phosphate ester, phosphorus oxide , 

and tert.-butyl groups in addition to other unassignable impurity 

peaks. Therefore, it appeared that the product was a mixture of 

starting materials, as no correlations of the integrated nmr spectrum 

could be made. 
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The results of the experimentation have indicated that a variety 

of N-acy1-N-methylphosphorohydrazidates were not to be made. The 

two crude phosphorohydrazidates that were prepared were either too 

unstable in the anionic form, to be available for reaction in situ, 

or that the anions, because of the presence of electron-withdrawing 

groups on both ends of the molecule , were not basic enough to undergo 

reaction with electrophiles. 

The decomposition of the phosphorohydrazidates upon distillation 

may be analogous to the thermal decompositions of halophoSphates 

(phosphorohalidates) and polyphosphates. According to Kosolapoff62, 

"the basic principle of this (thermal decomposition) reaction, which 

yields various polyphosphate esters as the end products, consists of 

the elimination of alkyl halide from reaction mixtures in which sub­

stances with halophospµate groups and with phosphate ester groups are 

present. " The phsophorohydrazidate reaction mixture, which contained 



acylphosphorohydrazidate, acylphosphorohyd.razidate anions, ammonium 

chloride salts, and unreacted hyd.razide and phosphorochloridate, may 
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have produced various· chlorophosphates, which decomposed forming 

phosphites. The phosphites could have dimerized forming hypophosphates, 

which could undergo oxidation-reduction giving pyrophosphites and 

pyrophosphates. The pyrophosphates could then decompose giving phosphates 

(i.e., triethylphosphate) and "by-products that are usually named 

metaphosphates or 'decomposition' products. " It is quite possible 

that these same phosphate decompositions occurred in the phosphoro­

hyrazidate anion reaction mixtures, which could have produced the 

large amounts of gummy residues, making product isolation difficult. 

Having had no success in the preparation of N-acylcarbodiimides, 

the preparation of N-iminoca.rbodiimides was attempted. Utilization 

of N-iminophosphorohydrazidate anions to prepare N-iminocarbodiimides 

required the preparation of diethylphosphorohydrazidate (116), 

conversion of 116 to the appropriately substituted N-iminodiethyl­

phospho�ohydrazidate (117), formation of the anion (118), and finally, 

reaction of 118 with isocyanate to produce the N-iminocarbodiimide 

(119). 

In the preparation of 116, · the reaction of diethylphosphoro­

chloridate with hydrazine in a one-to-two molar ratio gave a residue 

product that, when distilled for purification, decomposed, giving 

triethylphosphate. The ir and nmr spectra of the distillate compared 

with the spectral data of authentic triethylphosphate. It should be 

recalled that triethylphosphate was also obtained from the distillations 



0 
t <-l NaH 

(C2H
5o)2P-N-N=CRR ' < 

(118) 

(119) 

of N-acyl-N-methylphosphorohydrazidates. Therefore, the reactions 

to form N-iminophosphorohydrazidates (117) were carried out on the 

und.istilled residue of 116, as the spectral data of the residue and 

a positive test for the NH2 group, using meta-nitrobenzaldehyde, 

indicated that 116 was present in the residue. 

The reaction of para-nitrobenzaldehyde with the residue gave a 

71% yield of para-nitrobenzaliminodiethylphosphorohydrazidate (120). 

(The per cent yield was based on the assumption that 116 was pure 

compound.) The identity of 120 was based on spectral data. In 

0 
(c

2�o)2P-NH-N=R, where R = c6H
5
CH=, 

R = (CH
3
)2C= , 

similar reactions, benzaliminodiethylphosphorohyd.razidate (121) and 

51 
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isopropy1iminodiethylphosphorohydrazidate (122) were prepared. 

However , 121 and 122 were not isolated, but were subsequently reacted 

in situ.  
- -

The reaction of each of the three iminophosphorohydrazidates 

with sodium hydride, followed by reaction with tert. -butylisocyanate 

to form the respective carbodiimides, was carried out. (This is the 

same procedure successfully used in the preparation of carbodiimides 

22 and 23, as mentioned in Chapter 1.) Excessively large amounts of 

residue formed in all three reactions. Subsequent work with  the 

filtrates and residues from all three reactions did not yield any 

products . 

Having had no success in preparing N-iminocarbodiimides via N­

iminophosphorohydrazidate anions, the dehydration of a series of N­

imino- (91 ) ,  and bis- (93) ureas (see Tables VII and VIII. ) to produce 

N-imino- (90) and �- {81 ) carbodiimides was attempted using three 

different dehydrating agents. The first reagent used for dehydration 

was phosphorus pentoxide50• The reaction procedu!e was carried out 

by four different methods : 1)  an intimate mixture of phosphorus 

pentoxide and urea was heated with an open flame with the products 

being distilled away from the reaction mixture at atmospheric pressure ; 

2) an identical intimate mixture was heated more slowly with the 

products being dist illed away from the reaction mixture under aspirator 

vacuum ; 3) an identical intimate mixture was slowly heated with the 

products being distilled away from the reaction mixture at pressures 

of less than one millimeter of Hg ; 4) an ident ical intimate mixture 



suspended in !!,-octane was maintained at reflux temperature for 

forty-eight hours followed by vacuum distillation of the filtrate. 

The first reaction yielded less than one milliliter of distillate. 

The ir sp ctrum of the distillate contained absorption bands at 2200 

and 2120 m-1, indicative of the presence of N=C=O and N=C=N groups. 

Subsequent attempts at duplicat ing this reaction did not yield any 

product. No products were isolated from any of the other reactions. 
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The second reagent used for dehydrat ion was thionyl chloride51 • 

The reaction procedure was carried out by two different methods. In 

the first procedure thionyl chloride and urea were mixed in a one­

to-one molar ratio in dry benzene, the mixture brought _to reflux for 

several hours, and the products distilled away. In the second method 

excess thionyl chloride was added as both reactant and solvent to 

the urea , the mixture maintained at reflux for several hours and then 

distilled.. No carbodiimides were obtained on distillation of either 

of the reaction mixtures. However, phenyliso·cyanate was isolated in 

71% yield from the reaction of thionyl chloride with diphenyl-bis­

urea, and tert.-octylisocyanate was isolated from the react ion of 

thionyl chloride with di-tert.-octyl-bis-urea. 

The third reagent · used for dehydrat ion was para-tosyl chloride 

following Sheehan's procedure14 • In this procedure urea and freshly 

recrystallized para-tosyl chloride were mixed together in methylene 

chloride ith triethylamine present as the hydrogen chloride scavenger. 

After three hours of refluxing, the mixture was neutralized with 4cf/4 

aqueous potassium carbonate, extracted with methylene · chloride, and 



product isolation from methylene chloride attempted. One problem 

with the procedure was the attempt to extract a carbodiimide from 

an aqueous solution, under which conditions, the carbodiimide should 

again form the urea. Another problem was the handling of excessive 

amounts of solid that _formed upon neutralization with potassium 

carbonate. Even though Sheehan had reported the preparation and 

isolation of several carbodiimides (14), as discussed in Chapter 1, 
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all attempts to prepare imino- and bis-carbodiimides by this method 

failed. The attempted preparation of 22 from �-tert. -butyl-if­

(N ,N-dimethylamino)u.rea did not yield any product, except a small 

amount of solid, m.p. 137-9°, whose spectral data indicated that it 

was a para-tosyl derivative of the urea. The small amount of compound 

did not allow for exact product identification. 

There are several equally useful procedures for the dehyd.ro­

sulfurization of thioureas63• The use of yellow mercury (II)oxide, 

following Sheehan's procedu.re28, was the most convenient method. 

(The procedure was used successfully in the preparation of carbodiimides 

22 and 24, as discussed in Chapter 1.) The reactions of several imino­

(92) and bis- (94) thioureas (see Tables VII and VIII.) with mercury (II) 

oxide were carried out. The only product isolated was a small amount 

of tert.-octylisothiocyanate from the reaction of mercury (II)oxide 

with di-tert. -octyl-bis-thiourea. No other products were isolated 

from any of' the react ions. 

The isolation of several isocyanates and isothiocyanates from the 

various reaction mixtures indicated that the desired carbodiimides 



TABLE VII 

IMINOUREAS AND IMINOTHIOUREAS PREPARED , AND REACTION USED TO PREPARE THE CARBODIIMIDE 

R X M.P. 

(CH3 )3
c- 0 117-8° 

(CH3
)
3
c- s 121-6° 

C6H5- s 127-9° 

(cH3 )3
ccH2C(CH3 )2 s 78-81° 

GENERAL FORMULA RNHC(=X )NHN=C(CH
3

)2 

% zield 
P205 SOC12 E_-CH:f 6H4so2Cl 

31.6  X X X 

10.9 

40.2  

26 .7  

HgO Product 
zes no 

? 

X X 

X X 

X X 

\J1 
\J1 



TABLE VIII 

�-UREAS AND �-THIOUREAS PREPARED , AND REACTION USED TO PREPARE_ CARBODIIMID:El> 

GENERAL FORMULA mmc(�x)NHNHC(=X )NHR 

SOC12 E_-CH3c6H4so2c1 HgO Product 
R X M.P. % yield . J_es no 

(CH3)3
C- 0 190-2° 80.0 X X 

(cH3
)
3
c- s 153-5° 67 . 3 X X 

(cH3)3
cCH2C(CH

3
)2- 0 170-2° 85 .6  X X 

(cH3)3ccH2C (CH3)2- s 134-8° 62.5  X X 

C6H5- 0 242-4° 95 . 5 X X 

0 0 196-8° 90.7 X X 

\J1 
O'\ 
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had formed, but were too unstable under the reaction conditions used. 

Having had no success in isolating di-functional and bis-carbodiimides, . 

it was intended to determine if any N-aminocarbodiimides, other than 

those already prepared, (i.e. 22, 23 and 24) could be prepared either 

via phosphorohydrazidate anion intermediates or from ureas or thiou.reas. 

(See Table IX). The reaction of phenylisocyanate with N,N-dimethyl­

phosphorohyrazidate anion (21a) did not yield any product. The 

reaction of methylisocyanate with 21a gave trimethylisocyanurate , 

apparently because of the basicity of the reaction mixture 64• The 

dehydrosul.furization of �-phenyl-�-(N,N-dimethylamino)thiourea 

using mercury (II)oxide yielded a very small amount of an ethanol­

soluble solid, whose elemental analysis and spectral data indicated 

that it was �-phenyl-if- (N, N-dimethylamino)carbodiimide, but attempts 

to duplicate the reaction did not yield any more product. 

Mitsmtobu, et ai.52, have recently reported the preparation of 

carbodiimides from the reaction of thioureas with diethylazodicar-

P p � R � 
c2H

5
0C-N=N-COC2H5 

+ R-NH-�-NH-R ' -->� c2H
5
0C-N-NH-�OC2H5 

u23) l (124 ) 

R-N=C=N-R ' 

(C6H5):,1' 

'¥ 
R � 

+ c2H50C-NH-NH-COC2H5 + 

(126) 

R-N=C-NH-R' 

(C6H5)3P=S 

(127) 

boxylate (123) to produce isothioureas (124), followed by reaction 



M.P.  

(CH3)3
c- 150-3° 

(CH3)3
ccH2C (CH3 )2- 108-11° 

C6H5- 180-2° 

TABLE IX 

AMINOI1HIOUREAS PREPARED AND REACTED WrI'H HgO 

GENERAL FORMULA RNHC(S )NHN(CH
3
)2 

% ;t:ield 

61 . 2  

86 . 2  

73. 1  

Calculat ed Found 
Product obtained °/cC %H %N °/<IJ � _1fil.. 

(CH3)3C-N=C=N-N(CH3)2 a. 

(cH3
)
3
ccH2C (CH

3)2-N=C=N-N(CH
3)2 a. 

( ? )  c6H5-N=C=N-N(CH
3

)2 67.o4 6 .89 26 .07 66 . 86 6 . 87 25. 85 

a.. See Table I 

\.n 
CX> 



with triphenylphosphine to yield carbodiimide (125), diethyldihydra­

zodicarboxylate (126 ) and triphenylphosphine sulfide (127 ). Having 

det ermined from previous react ions that bis-carbodiimides were too 

unstable to be isolated, it was thought that react ion of 123 with 

di-tert. -butyl-bis-thiou.rea could yield azine (128 ) which, upon 
- -

reaction with exc ess triphenylphosphine, could yield the pho sphine 

adduct of the bis-carbodiimide (129 ). Preliminary investigat ions 

of the reaction have shown that 126 did form and was isolated in 

59 

90+% yield. Another solid has also been isolat ed. The spe ct ral data 

tenuously indicated that the solid could be 129, but all puri ficat ion 

procedures have not produc ed any product purer than the original solid. 
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The data presented has indicated that N-substituted carbodiimides 

of general formula (130) could not be prepared from phosphorohydrazidates , 

R-N=C=N-NR2 
(130) 

ureas , or thioureas, under the reaction conditions used, unless R was 

a bulky alkyl group, such as a tert.-butyl group or a tert.-octyl 

group, �d -NR2 was a tertiary alkylamino group, such as a dimethyl­

amino group or a piperidinyl group. Difunctional and bis-carbodiimides 

were apparently too unstable under the reaction conditions used to be 

isolated. The discussion has also led to the conclusion that cyclo­

dimerization and decomposition in reactions of 22, 23 and 24 occurred 

via a ( 11"2s + Tr 2a) . concerted mechanism, and that thermal decomposition 

was via a ( -rr2s + 1r2s) mechanism, conforming to the Woodward-Hoffman 

rules for conservation of orbital symmetry. 

It should be noted that Zimmerman and 0lofson65 have recently 

reported the synthesis of �-methyl-�-vinylcarbodiimide (131) from a 

tetrazolium salt, using very mild reaction conditions. This synthesis, 

> + 

R-N=C=N-R' 

(131) 

(R = CH3
; R' = CH2=CH-) 

and possibly others involving mild reaction conditions, may prove to 

be useful in the synthesis of other difunctional carbodiimides. 



EXPERIMENTAL 

Description of Instruments Used 

The infrared (ir )  spectra were obtained on either a Beckman IR-5 

Infrared Spectrophotometer or a Perkin-Elmer 700 Infrared Spectropho­

tometer either as nujol mulls or as neat samples. 

The nuclear magnetic resonance (nmr) spectra were obtained on a 

60 MHz Varian A-60A Spectrophotometer as either solutions or as neat 

samples with tetramethylsilane used as an external standard. 

The ultraviolet (uv ) spectra were obtained on a Beckman DK-2A 

Spectrophotometer. 

Gas chromatography analyses were carried out on a Beckman GC-

2A using a column (20 ft. x 3/8 in.) packed with 30 g. of Dow-Corning 

nuid type 550 silicone on lOO g. of 42/60 C-2 firebrick� 

Melting points were taken either on a Thomas Hoover capillary 

melting point apparatus or on a Thiele tube apparatus. All temper­

atures are in degrees centigrade and are uncorrected. 

Brookings , South Dakota, where this research was performed , is 

at an elevation of 1, 620 feet with an average barometric pressure 

of 725 mm. Hg. Those boiling points given at atmospheric pressure 

are uncorrected. All boiling points are given in degrees centigrade. 

Description of Chemicals Used 

All chemicals were used without purification as they were received 

from the manufacturers. All solvents that had to be anhydrous were 
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stored over anhydrous calcium chloride for at least two weeks before use. 

Pre at ion of Eth 1-N-tert.-but lcarbamate 

Ethylchloroformate, 108 g. (1.0 mole), was added slowly with 

stirring to a mixture of  tert.-but ylamine, 73.0 g. (1.0 mole ),  

potassium carbonate, 150 g. (1.1 moles), 300 ml. of  water and 100 ml. 

of xylene. (Note : enough potassium carbonate was used so that the 

solid did not completely dissolve.) The mixture was allowed to  stir 

two hours and was filtered. The organic and aqueous layers of  the 

filtrate were separated. The organic phase was washed three times with 

20 ml.-portions of water. The combined water phase was then washed 

three times with 20 ml.-port ions of  xylene. The xylene fractions were 

combined and dried over anhydrous magnesium sulfate for several hours. 

The mixture was then filtered, the filtrate stripped of  solvent at 

the aspirator , and the residue distilled, giving 109.30 g. (75 .4% 

yie1d) of  distillate, b.p. 65-6° (11 mm. Hg). 

Preparation of tert.-Butylisocyanate 

Calcium oxide, 20 g., was added to ethyl-N-tert.-butylcarbamate, 

80.19 g. (0.5 mole), and the mixt ure brought to reflux· (oil bath at 

1?5° ). Distiliate was collected periodically at an equilibrium vapor 

0 temperature of  70 . As each portion of distillate was collected, it 

was quickly washed with water, the layers separated, and the organic 

layer dried over anhydrous calcium chloride. The combined dried 

distillates were filtered and the filtrate redistilled, giving 26.20 g. 

(53% yield)  of distillate, b.p. 71-3° (atm.). The ir spectrum of  the 
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distillate was identical with that of commercial tert. -butylisocyanate. 

Preparation of Diethyl-Ir°,�-d�methylphosphorohydrazidate (21a) 

Method A. W-,�-Dimethylhydrazine, 120 g. (2  moles) was added slowly 

with stirring to a mixture of diethylphosphite, 138 g. (1 mole), dry 

carbon tetrachloride, 154 g. (1 mole) and 250 ml. of dry xylene. The 

reaction flask condenser was fitted with an anhydrous calcium chloride 

drying tube to exclude atmospheric moisture. The temperature of the 

reaction mixture was kept below 40° by external cooling with an ice bath. 

After the addition was completed, the mixture was allowed to stir for 

one hour while coming to room temperature. The mixture was immediately 

filtered, giving 92 g. (96% yield) of white crystalline solid. The 

solid, which was hydroscopic, gave a positive halide ion test upon the 

addition of aqueous silver nitrate and was assumed to be N1,�­

dimethylhydrazinium chloride. The filtrate was stripped of solvent at 

the aspirator and the residue distilled, giving 129.17 g. (66% yield) 

of distillate, b.p. 110-4° (0. 5  mm. Hg). The ir and nmr spectra 

supported the identification of the compound. 

Method B. Diethylphosphorochloridate, 86. 28 g. (0. 5  moles) was 

added slowly with stirring to a mixture of lr,�-dimethylhydrazine, 

60.10 g. (1. 0  moles), and tri�thylamine, 50.55 g. (0.5 moles), in 

200 ml .  of dry benzene. The temperature of the reaction mixture was 

kept below 40° by external cooling with an ice bath. After the addition 

was completed, the mixture was allowed to stir for four hours while 

coming to room temperature. The mixture was filtered, giving 63. 74 g. 
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(92.5% yield) of white crystalline solid, m. p. 247-50°. The ir spectrum 

of the solid was identical with that of authentic triethylammonium . 

chloride prepared froJJJ triethylamine and hydrogen chloride gas. The 

filtrate was stripped of solvent at the aspirator and the residue 

distilled, giving 54. 59 g. (55.9°/4 yield) of distillate, b. p. 110-5° 

(0. 8  mm. Hg). The ir spectrum of the distillate was identical to the 

spectrum of the distillate obtained by Method A. 

Preparation of Diethyl-N-piperdinylphosphorohydrazidate (21b ) 

{Method A.) N-Aminopiperidine, 50.1 g. (0.5 moles), was added 

slowly with stirring to  a mixture of diethylphosphite, 34. 5 g. (0. 25 

moles ), and dry carbon tetrachloride, 39. 0 g. (0. 25 moles) in 100 ml. 

of dry xylene. The reaction flask condenser was fitted with an anhydrous 

calcium chloride drying tube to exclude atmospheric moisture. The 

temperature of the reaction mixture was kept below 4o0 by external 

cooling with an ice bath. After the addition was completed, the 

mixture was stirred for one hour while coming to room temper-

ature. The mixture was immediately filtered, giving 33.24 g. (expected -

34.17 g. ) of moist solid. The water-soluble solid gave a positive 

halide ion test with aqueous silver nitrate and was assumed to be N­

methylpiperidinium chloride. The filtrate was stripped of solvent at 

the aspirator and the residue recrystallized from heptane, giving 30.41 

g. {83. 1% yield) of white crystalline solid, m. p. 70-2°. The ir 

and nmr spectra supported the identification of the compound. 
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Preparation of Diethyl-N-n-butylphosphoramidate 

(Method A.) !!-,-Butylamine, 29.2 g. (0.4 moles), was added slowly 

with stirring to a mixture of diethylphosphite, 27.6 g. (0.2 moles), 

and dry carbon tetrachloride, 30.8 g. (0.2 moles), in 100 ml. of dry 

xylene. The reaction flask condenser was fitted with an anhydrous 

calcium chloride drying tube to exclude atmospheric moisture. The 

temperature of the reaction mixture was kept below 4o0 by external 

cooling with an ice bath. After the addition was completed, the 

mixture was stirred for one hour while coming to room temperature. 

The mixture was immediately filtered, giving 16.7 g. (expected -

21.92 g. ) of moist solid. The water-soluble solid gave a positive 

halide ion test with aqueous silver nitrate and was assumed to be 

!!_-butylammonium chloride. The filtrate was stripped of solvent at 

the aspirator and the residue distilled, giving 27.07 g. (63.4% yield) 

of distillate, b.p. 114-6° (0.15 mm. Hg). The ir and nmr spectra 

supported the identification of the compound. 

Preparation of Diethyl-N-cyclohexylphosphoramidate 

(Method A. ) Cyclohexylamine, 39.6 g. (0.4 moles), was added slowly 

with stirring to a mixture of diethylphosphite, 27.6 g. (0.2 moles), and 

carbon tetrachloride, 30.8 g. (0.2 moles), in 100 ml. of dry xylene. 

The reaction flask condenser was fitted with an anhydrous calcium 

chloride drying tube to exclude atmospheric moisture. The temperature 

of the reaction mixture was kept below 40° by external cooling with an ice 

bath. After the addition was completed, the mixture was stirred 



for one hour while coming to room temperature. The mixture was 

i.Dlllediately filtered, but the isolated solid was not weighed. The 

filtrate was stripped .. of solvent at the aspirator and the residue 

recrystallized from hexane, giving 33.56 g. (71.3% yield) of white 

crystalline solid, m.p. 71-4°. The ir and nmr spectra supported the 

identification of the compound. 

Preparation of N1-tert.-Butyl-if- (N ,N-dimethylamino)carbodiimide (22) 
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Method A. Sodium hydride (500/4 in oil), 14.4 g. (0.3 moles), was 

slowly added to diethyl-�,�-dimethylphosphorohydrazidate, 58.86 g. 

(0.3 moles ), dissolved in 250 ml. of dry benzene under a dry nitrogen 

atmosphere. The mixture was stirred for twelve hours until 

gas evolution had ceased. tert.-Butylisocyanate, 29.7 g. (0.3 moles), 

was added to the react ion mixture, cooled in an ice bath. The mixture 

was allowed to stir until the stir bar "froze" in the formed residue. 

The reaction flask was sealed under a dry nitrogen atmosphere and set 

aside . Fourteen days later, the reaction mixture was filtered, the 

filtrate stripped of solvent at the aspirator, and the residue distilled, 

giving 35.33 g. (83.4% yield) of distillate, b.p. 65-7° (11 mm. Hg). 

Ana1ysis for Ct1J.5N3- Calculated: C, 59.52 ; H, 10.74. · Found : C, 

60.O0, H, 10.61. The ir spectrum of the distillate contained an 

absorption band at 2120 cm-l which is characteristic of the N=C=N group. 

Method B. Yellow mercury (II)oxide (Merck), 25 g., was added to 

t1-tert.-butyl-N2-(N,N-dimethylamino)thiourea, 17. 53 g. (0.1 moles), 

dissolved in 100 ml. of benzene. The mixture was refluxed for six hours 
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vith the water being azeotroped off. The mixture was filtered and the 

filtrate was refluxed with an additional. 20 g. of mercury(II)oxide for 

six .hours. The mixtU;e was filtered, the filt.rate stripped of solvent 

at the aspirator, and the residue distilled, giving 6.04 g. (43% yield) 

of distillate, b.p. 65-8° (11 mm. Hg). The spectral data for the 

sample were identical with the spectral data for the sample obtained by 

Method A. 

Preparation of �-t e_rt �--B llt yl-N2 -piperidinylcarbodiimide ( 23 ) 

{Method A. ) Sodium hydride (500/4 in oil), 4.8 g. (0. 1 mole) was 

added portionwise to diethyl-N-piperidinylphosphorohydrazidate, 23.6 g. 

(0.1O mole),  dissolved in 200 ml. of dry benzene under a dry nitrogen 

,__ atmosphere. The mixture was stirred for eight hours until gas 

evolution had ceased. tert.-Butylisocyanate, 9.9 g. (0. 10 moles), was 

added to the reaction mixture, cooled in an ice bath. The reaction 

mixture was allowed to stir until the stir bar "froze" in the formed 

residue. The reaction flask was sealed under a dry nitrogen atmosphere 

and set aside. After five hours, the reaction mixture was filtered, the 

filtrate stripped of solvent at the aspirator, and the residue distilled, 

giving 5.58 g. {30.8% yield) of distillate, b.p. 68-70° (0.40 mm. Hg). 

The ir spectrum of the distillate contained a strong absorption band 

at 2120 cm-1, which is characteristic of the N=C=N group. 

Preparation of r-tert. -O ctyl-N2-(N, N-dimethylamino)carbodiimide (24) 

(Method B. ) Yellow mercury(II)oxide, 22 g. , was added to 



?r-tert.-octyl-�-(N,N-dimethylamino)thiourea , 23.14 g. (0.1 moles ) ,  

dissolved in 100 ml .  of dry benzene. The mixture was maintained at 

refJ.ux for eight hour.s with the water being azeotroped off. The 

mixture was filtered and the filtrate maintained at reflux with an 

additional 20 g. of mercury(II)oxide for six hours. The mixture was 

filtered , the filtrate stripped of solvent at the aspirator and the 

residue distilled , giving 10.51 g. (51.J'/4 yield) of distillate, b.p. 

59-60° (0.45 mm. Hg). The ir spectrum of the distillate contained a 

. -1 strong absorption band at 2120 cm for the N=C=N group. 

Preparation of �-tert. -Butyl-N2-n-butylcarbodiimide 

(Method A. ) Sodium hydride (50'/4 in oil ) , 4.8 g. (0.1 moles ) was 

added portionwise to N-E_-butylphosphoramidate, 21.03 g. (0.1 moles ) ,  

dissolved in 100 ml. of dry benzene under a dry nitrogen atmosphere. 

The mixture was allowed to stir for eight hours until gas evolution 

had ceased. tert.-Butylisocyanate , 9 .9  g. (0.1 moles) was added to 

the reg.ction mixture cooled in an ice bath. The reaction mixture was 

stirred until the stir bar "froze" in the formed residue. 
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After four hours , the reaction mixture was filtered, the filtrate 

stripped o f  solvent at the aspirator, and the residue distilled, giving 

5.13 g. (33.2'/4 yield ) of distillate , b.p. 72-4° (12 mm. Hg). The 

ir spectrum of the distillate contained a strong absorption band at 

2120 cm-1� characteristic of the N=C=N group. 



Preparation of rt"-tert�-Butyl-if-cyclohexylcarbodiimide 

(Method A.) Sodium hydride (50'/4 in oil), 4.8 g. (0.1 moles), .... 
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was added portionwise to N-cyclohexylphosphoramidate, 23.5 g. (0.1 moles), 

dissolved in 100 ml. of dry benzene under a dry nitrogen atmosphere. 

The mixture was stirred for three hours until the stir bar 

"froze" in the formed residue. The reaction mixture was filtered, 

the filtrate stripped of solvent at the aspirator, and the residue 

distilled , giving 6.55 g. (36.3°/4 yield) of distillate, b.p. 65-7° 

(0.45 mm. Hg). The ir spectrum of the distillate contained a strong 

absorption band at 2120 cm-1, characteristic of the N=C=N group. 

Isolation of l,3-Di- (N,N-dimethylamino)-2,4-bis-(tert.-butylimino)­

l,3-diazatidine (22-dimer, 30) 

Carbodiimide 22 formed a solid after several days. The solid was 

recrystallized from hexane, giving a white crystalline solid, m.p. 

142-3° • .Analysis for c14H
30

N6 - calculated : C, 59.52 ; H, 10.74. 

Found : C, 59.21 ; H, 10.35. The ir spectrum showed the loss of the 

2120 cm-l absorption band, present in the ir spectrum of 22. Molecular 

weight determination in benzene by vapor pressure osmometry gave a 

weight of 280 amu. The theoretical value is 282.50 amu. 

Isolation of l,3-Di-N-piperidinyl-2,4-bis-(tert.-butylimino)-l,3-

diazetidine (23-dimer) 

Carbodiimide 23 formed a solid after several days. The solid was 
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recrystallized from hexane, giving a white crystalline solid, m.p. 

125-7
°. The ir spectrum showed the loss of the 2120 cm-l absorption 

band, present in the ir spectrum of 23. Molecular weight determination 

in benzene by vapor pressure osmometry gave a weight of 355 amu. The 

theoretical value is 362 .64 amu. 

Interconversion of 22 and 30 

Dimer 30 , 5 . 0  g. (0.018_ moles) was distilled, giving 4.85 g. 

(97% yield ) of distillate, b.p. 66-8° (11 mm. Hg). The ir and nmr 

spectra of the distillate were identical with the spectral data of 22 . 

After several days, solid formed in the distillate. The solid was 

recrystallized from hexane, giving 4.53 g. (93 .5% yield) of white 

crystalline solid, m. p. 142-3°. The ir and nmr spectra of the solid 
' 

were identical with the spectra of 30. Heating of 30 just above its 

melting point gave a brilliant blue colored liquid which became pale 

yellow colored after several minutes of heating. The ir and nmr 

spectra of the pale yellow liquid were identical with the spectra 

for 22. Gas chromatography indicated the compound to be 95% pure 22. 

Reaction of 22 with N1-tert. -Butyl-N42-n-butylcarbodiimide 

A mixture of 22, 2. 82 g. (0. 02 moles), and �-tert . -butyl-rl­

!!_-butylcarbodiimide, 3. 08 g. (0. 02 moles), was placed in a sealed 

vial and set aside. After fifteen days, the formed solid was removed 

and air dried by vacuum filtration. The ir and nmr spectra of the 

solid , m .p. 138-40� were identical with the spectra of 30. The nmr 
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spectrum of the oily residue was identical with the spectrum of original 

tr-tert. -butyl-N2-_£-butylcarbodiimide, but also showed the presence 

of a small amount of 22, as impurity peaks. 

Reaction of 22 with �-tert.-Butyl-N2-cyclohexylcarbodiimide 

A mixture of 22, 2.82 g. (0.02 moles), and �-tert.-butyl-N2-

cyclohexylcarbodiimide, 3.61 g. (0.02 moles), was placed in a sealed 

vial and set aside. After fifteen days, the formed solid was removed 

and air dried by vacuum filtration. The ir and nmr spectra of the 

solid, m. p. 136-9°, were identical with the spectra of 30. The nmr 

spectrum of the oily residue was identical with the spectrum of original 

N1-tert.-butyl-N2-cyclohexylcarbodiimide, but also showed the presence 

of a small amount of 22, as impurity. 

Reaction of 22 with 23 

A mixture of 22, 1.41 g. (0.01 moles), and 23, l.65 g. (0.01 moles), 

was placed in a sealed vial and set aside. After fifteen days, the 

formed solid was removed. Recrystallization from dilute hexane solution 

gave 0.61 g. (43% yield) of 22, m.p. 137-40°, whose identity was 

confirmed by spectral data. Concentration of the hexane filtrate 

gave solid, m.p. 105-20°. The last solid to be isolated from the 

hexane melted at 122-5°. The spectral data of the 0.49 g. (30'/4 yield) 

compared with the spectral data of 23. 



Preparation of N1-tert.-Butyl-�-benzyldimethylammonium Chloride 

Carbodiimide (42) 

Benzyl chloride, 1.26 g. (0. 01 moles), was added to 22, 1.41 g. 

(0.01 moles), dissolved in 10 ml. of dry benzene and the solution 

allowed to stand for eight hours. The solid which had formed was 

filtered out, giving 0. 88 g. (33°/4 yield). The melting point of the 

solid was 123-6° (lit. 128-9° 25b). The ir spectrum of the solid 

contained a strong absorption band at 2120 cm-1, indicating that the 

N=C=N group was still present. The presence of absorption bands at 

3200 and 1700 cm-1, indicated that the solid had been partially 

hydrolyzed to the urea. 
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When the reagents were mixed as above, but the mixture maintained 

at reflux for several hours, the mixture became a dark gummy residue 

of unknown composition. 

Reaction of 22 with Methyliodide 

Methyl iodide, 1.62 g. (0. 01 moles), was added to 22, 1.41 g. 

(0.01 moles), dissolved in 50 ml. of dry benzene. The exothermic 

reaction produced a brown solid, 1. 34 g. , which did not melt below 

24o0
• The ir spectrum of the solid was identical with the published 

spectrum of tetramethylammonium iodide70 • No other product could be 

isolated from the tarry residue. 
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Preparation of 0-Ethyl-rr--tert.-butyl-rl- (N,N-dimethylamino)isourea (45) 

Compound 30, 2.0 g. (0. 14 moles) was dissolved in 10 ml. of 

ethanol and the mixture maintained at gentle reflux for three hours. 

The mixture was stripped of solvent and distilled, giving a colorless 

distillate, b.p. 46-8° (0. 50 mm. Hg). Analysis for c9H21N
3
o -

Calculated : c, 57.70 ;  H, 11. 32 ;  N, 22.45. Found: C, 57. 60 ; H, 11. 28 ;  

N, 22.61. 

The identical reaction of � with ethanol also gave 45 with product 

identification based on identical spectral data of the distillates 

from both reactions. 

Product 45 was also obtained when 22 and 30 were. dissolved in 

ethanol and placed in the Parr bomb high pressure hydrogenation 
. 0 apparatus at 50 and 1000 psi of hydrogen gas. Product identification 

was based on spectral data of the distillate products. 

Preparation of �-tert.-Butyl-N2-n-butyl-N3- (N,N-dimethylamino)� 

guanidine (46) 

!!_-Butylamine, 1.02 g. (0. 014 moles), was added to 22, 2. 0 g. 

(0.014 moles), dissolved in 10 ml. of hexane. The exothermic reaction 

was stirred while coming to room temperature. The mixture 

was filtered, the filtrate stripped of solvent at the aspirator and 

the residue distilled. Only enough product, b. p. 98-102 (11 mm. Hg), 

was collected for spectral and elemental analysis. Analysis for 

c
11

H
26

N
4 

- Calculated: C, 61. 62 ;  H, 12.25 ; N, 26. 14. Found: C, 62. 08 ; 



H, 12.22 ;  N, 25.82. The ir and nmr spectra supported the identi­

fication of the compound. 

The same rea?tion with 30, 2.0 g. (0. 007 moles), also produced 

46 with identification based on spectral data. 

Preparation of N1-tert. -Butyl-N2-piperidinyl-N3-(N,N-dimethylamino)-

!?anidine (47) 

A mixture of 30, 2.82 g. (0. 01 moles), and piperidine, 0. 85 g. -
(0.01 moles), was slowly warmed in an oil bath until all solid had 

disappeared. The mixture was maintained at this temperature for 

several hours, and then distilled, giving distillate, b.p. 84-6° 

(0.50 mm. Hg). Only enough distillate was collected for spectral 

and elemental analysis. Analysis for c12H26N4 - Calculated : C, 63. 50; 

H, 11.60 ; N, 24. 75. Found : C, 63. 09 ; H, 11.16 ; N, 27. 08. The ir and 

nmr spectra supported the identification of the compound. 

The same reaction with 22, 1.41 g. (0. 01 moles), also produced 

47 with identification based on spectral data. 

Reaction of 30 and Cyclopentadiene 

A mixture of 30, 2.82 g. (0.01 moles), and cyclopentadiene, 

1.32 g. (0.02 moles) was prepared and set aside. After several days, 

the mixture had become a dark gummy residue. No products could be 

isolated from the residue mixture. The spectral data of the residue 

mixture were poor and inconclusive. 
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Reaction of 30 with Cyclohexene 

Carbodiimide dimer 30, 2.82 g. (0.01 moles), was dissolved in 

10 ml. of cyclohexene and the mixture maintained at gentle reflux 

for forty-eight hours. Upon cooling of the mixture, 2. 57 g. (91% yield) 

of solid, m.p. 140-2° , was collected. The spectral data of the solid 

were identical with the spectral data of 30. 

Ultraviolet Photolysis of 22 

A solution of 22, 5. 0 g. (0.035 moles), dissolved in 800 ml. 

- of hexane was placed in the photolysis apparatus and irradiated with 

a mercury lamp at 2537A. Aliquots of the photolysate: were removed 

and the uv spectra obtained at O ,  20, 42, and 66 hours. (See Table III 

for uv spectral data. ) The photolysate was stripped of solvent at 

the aspirator giving 0.1 g. of solid, m. p. 123-5°. Data were collected 

(see Table III), but the identity of the compound could not be deduced. 

Qualitative Study of the Rate of Formation of 30 from 22 

Twe1ve sample tubes containing freshly distilled 22 were prepared. 

Six of the tubes were placed in a box completely wrapped in aluminum 

foil to exclude all light , and six of the tubes were placed in direct 

sunlight� After four days, solid formed in all six of the light­

exposed tubes. A sample of this solid had a melting point of 139-41° 

and spectral data that were identical with the spectral data of 30. 

Examination of the tubes not exposed to light, revealed that solid had 

also formed in all six tubes. A sample of this solid had a melting 



76 

point of 140-2° and spectral data that was identical with the spectral 

data of 30. 

Preparation of Benzoylhydrazide (94 )  

A solution of methylbenzoate, 1 36  g. (1.0 moles), dissolved in 

200 ml. of dry benzene was aa.ded to a mixture of hydrazine (95
+%) ;  

128 g. (4.0 moles), in 100 ml. of dry benzene. The mixture was 

stirred, while coming to room temperature. Two layers were present 

in the reaction mixture, the lower being yellow in color, and the 

upper being colorless. Cooling the reaction mixture in an ice bath 

caused the formation of solid in the lower layer. Separation of the 

layers in the warm mixture, removal of solvent at the aspirator from 

the lower layer, and recrystallization of the residue from benzene, 

gave 104.48 g. (77% yield ) of white crystalline solid, m.p. 111. 5-113 °. 

The ir spectrum of 94 was identical with Sadtler spectrum #15671 of 

benzoylhydrazide. 

Preparation of �-Benzoyl-rl-benzalhydrazone (95) 

Benzaldehyde, 42.4  g. (0.4  moles) was slowly added to a solution 

of 94, 54.4  g. (0.4 moles),  d�ssolved in 400 ml. of ethanol. Solid 

began forming as the addition was completed. The mixture was maintained 

,at reflux for several hours to insure completion of reaction. The 

mixture was reduced in volume at the aspirator, cooled in an ice bath, 

and the solid filtered out, giving 85.70 g. (95.7'/4 yield) of white 

crystalline solid, m.p. 206-8°. The ir spectrum of the solid showed 



the disappearance of the NH2 absorption band at 3250 cm-1, which was 

present in the ir spectrum of 94. 

Preparation of �-Benzoyl-�-methyl-}f-benzalhydrazone (97) 

Sodium hydride (50'/4 in oil), 20. 2 g. · (0. 42 moles), was slowly 

added to a solution of 95, 85.5 g. (0. 38 moles), dissolved in 250 ml. 

of dry dioxane and the mixture was stirred for twelve hours •. 

(The reaction flask condense! was fitted with an anhydrous calcium 

chloride drying tube to exclude excess atmospheric moisture from the · 

reaction mixture.) The mixture was maintained at reflux for an 

additional two hours to insure completion of reaction. After cooling 
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the reaction mixture in an ice bath , excess methyl br�mide (about 100 ml . ) 

was added. The reaction mixture was allowed to slowly come to room 

temperature, and was then maintained at reflux for twelve hours. The 

resultant slurry was allowed to cool to room temperature and the solid 

filtered out, giving 38.82 g. (94.3% yield) of sodium bromide. The 

filtrate was stripped of solvent at the aspirator, and the residue 

recrystallized from ethanol, giving 56. 14 g. (63°/4 yield) of white 

crystalline solid, m.p. 83-5°. The ir and nmr spectra . confirmed the 

identity of' the compound. 

Preparation of il-Benzoyl-�-methylhydrazide (98) 

Phenylhydrazine, 26 g. (0.24 moles ), was slowly added to a mixture 

of 97, 56 .1  g. (0. 24 moles) , in 500 ml. of . ethanol containing 3 ml. of 

concentrated hydrochloric acid. The reaction mixture was maintained at 
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reflux for two hours, then cooled in an ice bath and solid filtered out, 

giving 20.81 g .  (44.4% yield),  of benzalphenylhyd.razone, m.p. 154-6°. 

The filtrate, upon reduction in volume at the aspirator, became very 

viscous and unfilterable, which prevented the isolation of more 

benzalphenylhydrazone. Therefore, the residue mixture was distilled, 

giving 18 .?6 g.  of a viscous oil, b.p. 178-84° (12 mm. Hg). The ir 

-1 spectrum of the oil had no absorption bands in the 3300 cm region, 

which indicated that the NH
2 

group was not present in the material. 

Qualitative tests for the presence of NH2, using acetophenone and 

benzaldehyd.e, were negative; therefore, it was concluded that the 

desired compound had not been prepared. 

Preparation of ?r"-Acetyl-�-methylhyd.razide (102) 

Method A. Acetyl chloride, 78 .5 g. (1.0 moles ), was slowly added 

to a solution of methylhydrazine, 92.0 g. (2.0 moles ),  dissolved in 

?5 ml .  of ethanol. The temperature of the reaction mixture was kept 

below 4o0 by external cooling in an ice bath. After the addition was 

complete, the mixture was allowed to come to room temperature, during 

which time , a white solid formed. The solid, methylhydrazinium 

chloride , m.p. 79-82° , was isolated in quantitative yield. The 

filtrate was stripped of solvent at the aspirator and the residue 

distilled, giving 39.4 g. (44.8% yield ) of colorless distillate, b.p. 

97-100° (12 mm. Hg). The ir spectrum of the solid confirmed the 

identification of the product. 
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Method B. Ethyl acetate , 17.6 g. (0. 20 moles ) ,  was slowly added 

to a solution of methylhydrazine ,  9. 2 g. (0. 20 moles ) ,  dissolved in 

15 ml. of ethanol. The mixture was maintained at reflux for nine 

hours , the solvent removed at the aspirator , and the residue distilled , 

giving 2.97 g. (16.9'/4 yield ) of colorless distillate , b. p. 98-100° 

(12 mm. Hg). The ir spectrum of the distillate was identical to that 

of 102 prepared by Method A. 

Pre aration of rr--Form l-N1-meth lh drazide (101 ) 

Methyl formate , 132.12 g. (2. 2  moles) , was slowly added to 

methylhydrazine , 92.18 g. ( 2. 0  moles) , in the absence of solvent. 

The temperature of the reaction mixture was kept below 4o0
_ by 

external cooling in an ice bath. The mixture was allowed to come to 

room temperature ,  the formed methanol removed at the aspirator , and 

the residue distilled , giving 131. 64 g. (88. 7'/4 yield ) of colorless 

distillate ,  b. p. 90-3° (12 mm. Hg ).  The ir and nmr spectra supported 

the identity of the product. 

Reaction of 101 with Nitrous Acid 

Hydrochloric acid , 10 ml. of a 3CP/4 solution in water ,  was slowly 

added to a mixture of 101 , 7. 4  g. (0.10 moles) , and sodium nitrite ,  

7.9 g. (0. 10 moles ).  The gases formed in the exothermic reaction were 

fractionally collected (an ice bath trap followed by a Dry Ice-acetone 

bath ). A total of 4.54 g. (82.4% yield) of methyl azide with trace 

impurit y was collected in the ice bath trap. 



Distillation of the residual reaction mixture gave water as the 

onl.y distillate with sodium chloride being left in the distillation 

flask. The ir spectrum of the distillate was identical with that of 

vater. The distillate was found to be neutral , when titrated with 

aqueous base. 

Note 1. An authentic sample of methyl azide , for comparative 

purposes , was prepared by adding slowly dimethylsulfate , 12. 6 g. 

(0.01 moles ) ,  to sodium azi4e , 10. 7 g. (0.1 moles) , dissolved in 

50 ml. of water. The evolved gas was collected in an ice bath trap. 

The ir spectrum of the gas was identical with the gas obtained above , 

except for several impurity peaks. 

Bo 

Note 2 .  The nitrogen dioxide impurity was verified b y  comparing 

the extraneous absorption bands in the ir spectrum of methyl azide with 

the ir spectrum of authentic nitrogen dioxide , prepared by the reaction 

of hydrochloric acid with sodium nitrite. 

Reaction of 102 with Nitrous Acid 

The same reaction was carried out with 102 as was carried out 

vith 101. Because of the small amount of 102 available , not enough 

product was obtained to be identified. 

Preparation of N1-Acetyl-�-methylphosphorohydrazidate ( 110) 

Diethylphosphorochloridate , 17.25 g. (0.1 moles ) ,  was slowly 

added to an ice-cooled mixture of 102 , 8. 81 g. (0.1 moles) and 

triethylamine , 10.12 g. (0.1 moles ) ,  in 50 ml. of dry benzene. The 
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reaction mixture temperature was maintained at 25° by controlling 

the rate of addition of the phosphorochloridate. The react ion mixture 

was stirred for a period of four hours, after which time, 

the solid was filtered out giving, 8.42 g. (61.2'/4 yield) of triethyl 

ammonium chloride , m.p.  243-5°. The filtrate was stripped of solvent 

at the aspirator, leaving an oily residue. The ir and nmr spectra 

of the residue indicated that 110 was present in the residue . Dis­

tillation of the residue ga�e 15 ml. of light yellow distillate, b .p. 

58-60° (0. 25 mm. Hg). The ir spectrum of the distillate contained no 

absorption bands to indicate the presence of NH or C=O groups, which 

were present in the ir spectrum of the undistilled residue . 

Preparation of ril-Formyl-rr--methylphosphorohydrazidate ( 11·1) 

Diethylphosphorochloridate, 86.25 g. (0.5 moles), was slowly 

added to an ice-cooled mixture of 101, 37.0 g. (0 .50 moles), and 

triethylamine, 50.6 g.  (0.5 moles) in 300 ml. of dry benzene. The 

reaction mixture temperature was maintained at 25° by controlling 

the rate of addition of the phosphorochloridate. The reaction mixture 

was stirred for six hours, after which time, the solid was 

filtered out , giving 45.75 g.  (66.5% yield) of triethylammonium 

chloride. The filtrate was stripped of solvent at the aspirator, 

leaving an oily residue. The ir and nmr spectra indicated that 111 

was present in the residue. Distillation of the residue gave 25 ml.  

of  light yellow distillate , b . p. 90-1° (12 mm.  Hg).  The ir and nmr 

spectra of the distillate were identical with the spectra for the 

distillate obtained from the distillation of 1 10-residue. 
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Preparation of Triethylphosphat e 

Phosphorus oxytrichloride, 15. 33 g. (0.1 moles), was slowly added 

to a mixture of �thanol, 13.82 g. (0.3 moles), and pyridine, 23. 73 g. 

(0.3 moles )  in 100 ml. of dry benzene. The temperature of the reaction 

mixture was kept below 40° by external cooling with an ice bath. Aft er 

the reaction mixture had come to room temperature, the solid was 

filtered out, giving 29.40 g. (84. 8% yield) of pyrid inium chloride, 

m.p .  138-41°. The filtrate �as stripped of solvent at the aspirator 

and the residue distilled. Only enough distillate, b. p .  95-6° (13 mm. Hg) 

was collected for identification and comparison purposes. The ir and 

nmr spectral data of the distillat e were identical with the spectra 

of the distillat es from 110-residue and 111-residue. (See Table VI). 

Reaction of 111-residue with Sodium Hydride,  then Carbon Dioxide 

Sodium hydride (50'/4 in oil), 9. -6 g. ( 0.2 moles), was slowly added 

to undistilled residue-Ill, 42. 04 g. (0.2 moles), dissolved in 200 ml. 

of dry benzene under a dry nitrogen atmosphere. The mixture was 

stirred for twelve hours , until gas evolution had ceased. 

Carbon dioxide, from the sublimation of Dry Ice, was allowed to bubble 

through the reaction mixture with stirring for three hours. The 

reaction flask was then sealed under a dry nitrogen atmosphere and 

set aside. After seven days, the liquid was decant ed from the gummy 

residue, the decantat e filtered several times, and the filtrate 

stripped of solvent at th.e aspirator. Distillation of the residue 

did not yield any distillate that could be identified. 



Reaction of I ll-residue with Sodium Hydride, then Benzaldehyde 

Sodium hydride (50% in oil), 2.4 g. (0.05 moles), was slowly 

added to undistilled residue-.!_g, 10.5 g. (0.05 moles) dissolved in 

100 ml. of dry benzene under a dry nitrogen atmosphere. The mixture 

was stirred for a six hour period until gas evolution had ceased. 

Benzaldehyde, 5.36 g. (0.05 moles) was added to the mixture under a 

dry nitrogen atmosphere and the mixture was allowed to stir for 

twelve hours. The reaction mixture was filt ered and the filtrat e 

reduced at the aspirator to a volume of 15 ml. Only 0.04 g. of a 

high melting (above 250°) solid was isolat ed. The solid could not 

be identified because of the small amount obtained. 

Reaction 01 110-residue with Sodium hydride, then tert . -Butylisocyanate 

Sodium hydride (50'/4 in oil), 4.9 g. (0.1 moles), was slowly added 

to undistilled residue-110, 22.2 g. (0.1 moles) , dissolved in 200 ml. 

of dry benzene under a dry nitrogen atmosphere. The mixture was 

stirred for an eight hour period until gas evolut ion had ceased. 

tert.-Butylisocyanate, 9.9 g. (0.1 moles), was added to the reaction 

mixture under a dry nitrogen atmosphere and the mixture allowed to 

stir until the stirring bar "froze" in the gummy residue. The reaction 

flask was sealed under a dry nitrogen atmosphere and set aside. After 

two weeks , the entire cont ents of the flask had formed a gummy residue. 

The mixture was heated with most of the residue going into solution. 

The hot mixture was filtered and the filtrate stripped of solvent 

at the aspirator, yielding a small amount of white solid, which 



sublimed above 200°. The spectral data of the solid indicated that 

the solid was a urea containing at least one tert.-butyl group. 

Further identificat idh could not be made bec�use of the small amount 

of sample. No other products could be isolated. 

Preparation of Diethylphosphorohydrazidate (113 ) 

Method A. Diethylphosphorochloridate, 17.2 g. (0.1 moles), 

was added to a mixture of hydrazine (95+%), 3.36 g. (0.1 moles), 

and sodium hydroxide pellets, 4.o g. (0.1 moles), dissolved in 50 ml. 

of methanol. The temperature of the reaction mixture was kept below 

40° by controlling the rate of addition of the phosphorochloridate. 

The mixture was stirred while coming to room temperature. 

84 

The solid was filtered out of the reaction mixture, giving 3.40 g. 

(58.2"/4 yield) of sodium chloride. The filtrate was stripped of solvent 

at the aspirator and the oily residue was decanted from the remaining 

solid. The ir and nmr spectra of the oil indicated that the desired 

compound, 113, was present. The distillation of the oil gave a small 

amount of distillate, b.p. 68-70° (0.70 mm. of Hg). The ir spectrum 

of the distillate was identical with that of triethylphosphate. 

Method B. Diethylphosphorochloridate, 17.2 g. (0.10 moles), 

was slowly added to a mixture of hydrazine (95+%), 6.72 g. (0.20 moles ),  

dissolved in 50 ml .  of dry benzene. The mixture was stirred 

for two hours while coming to room temperature. The solid was fil­

tered out, giving 4. 70 g. ( 67'/4 yield ) of hydrazinium chloride. The 

filtrate was stripped of solvent at the aspirator. The ir spectrum 



of the oily residue was the same as the spectrum of the residue in 

Method A. Attempted distillation of the residue gave no product. · 

,. 
Preparation of meta-Nitrobenzaliminodiethylphosphorohydrazidate (117 ) 
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An excess of 5% �-nitrobenzaldehyde in benzene was added to 

undistilled residue-113 , 10 g. (0.06 moles), dissolved in 50 ml. of 

ethanol. An excess o f  the benzene solution was used to ensure complete 

removal of unreacted hydrazine. After several minutes of stirring , 

a yellow solid formed, which was filtered out. The ir spectrum of 

the solid , m.p. 187-90° , indicated that the solid was meta-nitro­

benzalazine. The filtrate was stripped of solvent at the aspirator 

and the residue recrystallized from ethanol, yielding 13.05 g. 

('71..5% yield) of  white crystalline solid , m.p. 138�41°. The ir and nmr 

spectra. of the solid supported the identity of the compound as 117. 

The Attempted Preparation of r?--tert.-Butyl-�-meta-nitrobenzalimino­

carbodiimide 

Sodium hydride (50'/4 in oil ) , 2.45 g. (0.05 moles) , was added to 

a solution of ll7, 15.1 g. (0.05 moles ) ,  dissolved in dry benzene 

under a dry nitrogen atmosphere. The mixture was st irred for 

one hour while coming to room temperature. 'When the rate of gas 

evo1ution had yisibly lessened, tert.-butylisocyanate ,  4.95 g. (0.05 

moles ) was slow1y added to the react ion mixture. The mixture took on 

a deep red color with the format ion of solid. The mixture was 

stirred until the stirring bar became "frozen" in the residue. The 
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flask was sealed under a dry nitrogen atmosphere and set aside. Six 

days later, the flask was opened, but all attempts to isolate product 

were without success.� 

The Attempted Preparation of �-tert. -Butyl-N'2-benzaliminocarbodiimide 

Diethylphosphorochloridate, 17.2 g. (0. 10 moles), was added to 

a mixture of hydrazine, (95+%), 6 .72 g. (0.20 moles), in 50 ml. of 

dry benzene. The mixture wap stirred for a one hour period and the 

solid filtered out. Benzaldehyde, 10.61 _g. (0.10 moles), was added 

to the filtrate. The reaction mixture was maintained at reflux with 

the water being azeotroped off for a period of five hours. Sodium 

hydride (50'/4 in oil), 4.9 g. (0.10 moles), was added to the mixture 

which was stirred for a one hour period, until gas evolution had 

diminished. tert.-Butylisocyanate, 9.9 g. (0. 10 moles), was added 

to the reaction mixture, which was stirred while warming to 

room temperature. As the isocyanate was added, the reaction mixture 

thickened turning dark reddish-orange in color. After several hours 

of stirring, the mixture began to solidify. After twenty-four hours, 

the mixture was filtered and the filtrate stripped of solvent at the 

aspirator ,  giving a solid residue, m.p. 87-92°. The ir spectrum of 

the solid was identical with that of authentic dibenzalazine. All 

attempts to isolate product from the residues were without success. 



The Attempted Preparation of rr--tert.-Butyl-�-isopropyliminocarbodiimide 

Diethylphosphorochloridate, 17. 2 g. (0. l0 moles), was added to 
I• 

a mixture of hydrazine (95
+
%) , 6. 72 g. (0.20 moles), in 50 ml. of dry 

benzene. The mixture was stirred for a one hour period and the solid 

filtered out. Acetone, 5.8  g. (0. 10 moles), was added to the reaction 

mixture which was maintained at reflux for a period of five hours with 

the water being azeotroped off. The reaction mixture was reduced in 

vo1ume at the aspirator to remove unreacted acetone. The residue was 

redissolved in dry benzene and sodium hydride (50'/4 in oil), 4.9  g. 

(O.l moles ) was added under a dry nitrogen atmosphere and the mixture 

was stirred for six hours, until gas evolution had ceased. tert.­

Butylisocyanate, 9.9 g. (0.10 moles), was added to t the ice· bath cooled 

mixture and the mixture was stirred while warming to room t em­

perature. The mixture was brought to reflux and maintained at that 

temperature for two days. After cooling to room temperature, the 

solid was filtered out, the filtrate reduced in volume at the aspirator, 

and the residue distilled, yielding only a few drops of distillate, 

which was not enough sample to be identified. Near the end of the 

distillation, solid began collecting in the distillation head. The 

ir and nmr spectra of the solid were identical with the spectra of 

authentic di-tert.-butylurea. No other products were isolated from 

the reactio� mixture. 



Pre aration of Iminoureas and Iminothioureas 

General Procedure : Acetone was added to hydrazine in benzene 

and the mixture maintained at reflux for twelve hours with the water 

being azeotroped off. The desired isocyanate or isothiocyanate was 

added to the reaction mixture, which was maintained at reflux for 

several hours. The reaction mixture was stripped of solvent and the 

residue isolated, and recrystallized, if necessary. 

Preparation of N1-tert. -Butyl-�-isopropyliminourea 

Acetone, 5. 81 g. (0. 10 moles), and hydrazine (80+%), 4. 0 g. 

(0. 1 moles), were mixed together. tert. -Butylisocyanate, 9. 91 g. 
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(0. 10 moles) was added to the mixture. The isolated solid, recrystallized 

by dissolving in ethanol and precipitating with water, gave 5.42 g. 

(31. 6% yield) of white solid, m.p. 117-8°. 

Preparation of �-tert. -Butyl-�-isopropyliminothiourea 

Acetone , 5�81 g. (0.10 moles), and hydrazine (95+%), 3.30 g. 

(0.10 moles), were mixed together. tert. -Butylisothiocyanate, 11.5 g. 

(0.10 moles), was added to the mixture. Isolated was 2. 04 g. (10. 9°/4 

yield) of white crystalline solid, m.p. 121-6°. 

Preparation of �-Phenyl-�-isopropyliminothiourea 

Acetone, 11. 6 g. (0. 20 moles), and hydrazine (95+%), 6. 60 g. 

(0. 20 moles), were mixed together. Phenylisothiocyanate, 27.04 g. 

(0. 20 moles), was added to the mixture. The isolated solid, 



recrystallized from ethanol, gave 16.65 g. (40. 2'/4 yield) of white 

crystalline solid, m.p. 127-9°. 

Pre aration of N1-tert.-Oct liminothiourea 

Acetone, 11.6 g. (0.20 moles), and hydrazine (95+%) , 6.60 g. 

(0.20 moles), were mixed. tert. -Octylisothiocyanate, 39.47 g. 
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(0. 20 moles), was added to the mixture. The isolated solid, recrys­

tallized from ethanol , gave 13. 02 g. (26. ?;6 yield) of white crystalline 

solid, m.p. 78-81°. 

Preparation of bis-Ureas and bis-Thioureas 

General Procedure : Two parts of the desired isocyanate or 

isothiocyanate were slowly added to one part of hydrazine in benzene. 

The mixture was maintained at reflux for several hours to insure 

completion of the reaction. The solid was filtered out of the reaction 

mixture, and recrystallized, if necassary. 

Preparation of Di-tert. -Butyl-bis-urea 

tert .-Butylisocyanate, 99.13 g. (1 .0 moles), was added to hydrazine 

(95+%) , 17.0 g. (0.50 moles). Refluxing of the reaction mixture was 

not required. The solid was filtered out, and recrystallized from 

ethanol, giving 92 .90 g. (80.00/4 yield) of white crystalline solid, 

0 m.p. 190-2 .  
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Pre aration of Di-tert. -but 1-bis-thiourea 

tert . -Butylisothiocyanate, 49.02 g. (0 .42 moles) was added to 

hydrazine (95+%) , 7. 15 g.  (0.21 moles), and the mixture maintained at 

reflux for two hours . The solid was isolated from the cooled mixture 

and recrystallized from ethanol, giving 37.83 g .  (67. �/4 yield) of 

white crystalline solid, m.p. 153-5°. 

Pr aration of Di-tert. -oct. 1-bis-urea 

tert. -Octylisocyanate, 31. 05 g. (0.20 moles), was added to 

hydrazine (95+%) , 3.4  g.  (0. 10 moles), and the mixture maintained at 

reflux for three hours. The solid was isolated from.the cooled 

mixture giving 29.15 g. (85. 6% yield) of unrecrystallized white 

0 cr;yEtalline solid, m. p. 170-1.5 .  

· Preparation of Di-tert. -octyl-bis-thiourea 

tert. -Octylisothiocyanate, 23.17 g. (0.136 moles), was added to 

hydrazine (90+%) , 2 .42 g. (0. 078 moles), and the mixture maintained 

at reflux for three hours. The solid was isolated from the cooled 

mixture, giving 15. 99 g .  (62.5% yield) of unrecrystallized white . � 
crystalline so1id, m.p. 134-8° . 

Preparation of Di-phenyl-bis-urea 

Phenylisocyanate, 59. 56 g. (0. 50 moles), was added to hydrazine 

(95+%), 8 .43 g.  (0.25 moles) , and the mixture maintained at reflux 

for two hours. The solid was isolated from the cooled mixture, giving 



64.90 g. (95.5% yield) of unrecryst a.llized white crystalline solid, 

m.p. 242-4°. 

Pre aration of 1-bis-urea 
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Cyclohexylisocyanate, 12.52 g. (0.10 moles), was added to  

hydrazine (95+%), l. 69 g. (0.05 moles), and the mixture maintained at 

reflux for two hours. The solid was isolated from the cooled reaction 

mixture, giving 12. 90 g. (90. 7'/4 yiel�) of unrecrystallized white 
. 0 crystalline solid, m. p. 196-8 . 

Pre aration of Aminoureas and Aminothioureas 

General Procedure : One part of the selected isocyanate or 

isothiocyan�te was added t o  one part of the selected amine or 

hydrazine dissolved in benzene. The reaction mixture was maintained 

at reflux for several hours to insure completion of the reaction. 

The reaction mixture was stripped o·f ·sol vent at the aspirator and the 

residue isolated and recrystallized·, _  if necessary. 

Preparation of N1-tert.-Butyl-N2-(N,N-di�ethylamino)urea 

tert.-Butylisocyanate, 49. 56 g. (0. 5 moles), was added to 

unsym. -dimethylhydrazine, 30. 05 g. (0. 5 moles), and the mixture 

maintained at reflux for one hour. The mixture was stripped of 

solvent at the aspirator, giving 78.50 g. (98. 5% yield) of u.nrecrys­

tallized white crystalline solid, m.p. 88-91°. 
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Preparat ion of r1-Methyl-t<2-(N1N-dimethyla:nino )urea 

· Methylisocyanate, 28.54 g. (0.50 moles), was added to unsym. ­

dimethylhyd.razine, 36.57 g. (0.50 moles), and the mixture maintained 

at reflux for one hour. The solid, isolated from the cooled mixture, 

was recrystallized from chloroform-hexane, giving 42.96 g .  (66.1% 

yield) of white crystalline solid, m.p. 143-5°. 

Preparation of �-tert.-Butyl-N2-aminothiourea 

tert .-Butylisothiocyanate, 5.76 g. (0.05 moles), was added to 

hydrazine (95+%) , 1.7 g. (0.05 moles), and the mixture maintained at 

reflux for one hour. The mixture was stripped of solvent at the 

aspirator, giving 7.27 g. (97.5% yield) of unrecrystallized white 

crystalline solid , m.p . 135-8°. 

Preparation of rr--Phenyl-�- (N,N-dimethylamino)thiourea 

Phenylisothiocyanate, 13.52 g.  (0.10 moles) was added to u.ns:nn.­

d.imethylhydrazine, 6.01 g.  (0.10 moles), and the mixture maintained 

at reflux for one hour. The solid, isolated from the cooled mixture, 

was recrystallized from ethanol, giving 13.76 g. (74.c'/4 yield) of 

white crystalline solid, m.p. 180-2°. 

Preparation of il-Phenyl-�-aminothiourea 

Phenylisothiocyanate, 13.52 g. (0.10 moles), was added to 

hydrazine (95+%) ,  6.6 g. (0.20 moles), and the mixture maintained at 

reflux for one hour. The solid was isolated from the cooled reaction 



mixture, giving 12.29 g. (73.1% yield) of unrecrystallized white 

crystalline solid, m.p. 139-42°. 

Preparati n of rr--Cyclohexyl-N2-(N,N-dimethylamino)thiourea 

Cyclohexylisothiocyanate, 8.60 g. (0.061 moles) was added to 

unsym.-dimethylhydrazine, 3. 7 g. (0.061 moles), and the mixture 
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maintained at reflux for one hour. The solid, isolated from the cooled 

reaction ixture, was recrystallized from ethanol, giving 4.67 g. 

(38.00/4 yield ) of white crystalline solid, m.p. 149-52°. 

Preparation of rr--te·rt .-Octyl-N2 -(N ,N-dimethylamino )thiourea 

tert.-Octylisothiocyanate, 34.26 g. (0.20 moles), was added to 

unsym.-dimethylhydrazine, 12.02 g. (0.20 moles), and the mixture 

maintaine at reflux for two hours. The solid was isolated from the 

cooled reaction mixture, giving 39.87 g. (86.2°/4 yield) of unrecrys­

tallized hite crystalline solid, m.p. 108-11°. 

Identification of all Ureas and Thioureas Prepared 

The identification of _the N-iminoureas, N-iminothioureas, bis­

ureas, bis-thioureas, N-aminoureas and N-aminothiou.reas was based on --
their ir and nmr spectra and qualitative tests for the presence of 

NH
2 

groups, using meta-nitrobenzaldehyde. 



Preparation of Iminocarbodiimides and bis-carbodiimides from the 

Respective Ureas 

Dehydration Using Phosphorus·Pentoxide 

Method A • .  An intimate mixture of phosphorus pentoxide, 21.3 g. 

(0 .- 15 moles) and N1-tert.-butyl-�-(N, N-dimethylamino)ur�a, 17. 3 g. 

(0. 10 moles ), was placed in a flask fitted with a distillation head, 

condenser and receiving flask. The mixture was heated with a flame. 
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The mixture became very dark brown in color and began frothing with 

about 2 ml. of distillate being collected at a very erratic temperature. 

The ir spectrum of the distillate contained absorption .bands for N=C=O 

-1 and N=C=N groups at 2250 and 2080 cm , respectively. The attempted 

redistillation of the distillate gave no product. Subsequent attempts 

to duplicate this procedure gave no product. 

Method B. An identical intimate mixture, as used in Method A ;  

vas prepared. The mixture was heated more slowly with a heating 

mantle and an aspirator vacuum was applied to the system. No product 

was isolated after several attempts using this method. 

Method C • .An identical intimate mixture was again prepared. 

Vacuums of less than 1 mm. Hg were applied to the system. No products 

were isolated, except some starting urea which sublimed up into the 

distillation head. 

Method D. An identical intimate mixture was prepared and was 

placed in 200 ml. of n-octane. The mixture was maintained at reflux 

for 48 hours. The residue solid was removed, the filtrate stripped of 

solvent and the residue distilled, but no product was collected. 
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Dehydration Using Thionyl Chloride 

Reaction 1. Excess thionyl chloride was slowly added to �-tert.­

butyl-rf- (N, N-dimethylamino)urea, 5 g. (0. 03 moles), the thionyl 

chloride acting as both reactant and solvent. The mixture was maintained 

at reflux for twenty-four hours, at which time the excess thionyl 

chloride was distilled off at the aspirator. Subsequent vacuum 

distillation of the residue gave no product. 

Reaction 2. Excess thionyl chloride was slowly added to di­

phenyl-bis-urea, 27.03 g. (0. 1  moles), the thionyl chloride acting 

as both reactant and solvent. The mixture was maintained at reflux 

for twenty-four hours, at which time the excess thi�nyl chloride was 

distilled off at the aspirator. Subsequent vacuum distillation gave 

17. 10 g. ( 71% yield) of distillate, b. p. 65-75
° (1.5 mm. of Hg). 

The ir and nmr spectral data were identical with the data of authentic 

phenylisocyanate. No other products were isolated. 

Reaction 3 .  Excess thionyl chloride was slowly added to di­

cyclo-hexyl-bis-urea, 28 . 24 g. (0.1 moles), the excess thionyl chloride 

acting as both reactant and solvent. The mixture was maintained at 

reflux for twenty-four hours, at which time the excess thionyl chloride 

was distilled off at the aspirator. Subsequent vacuum distillation 

of the residue gave no product. 

Reaction 4. Excess thionyl chloride was slowly added to di-tert.­

octyl-bis-urea, 34 . 26 g. (0.1 moles), the excess thionylchloride 
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acting as both reactant and solvent. The mixture was maintained at �eflux 

for twenty-four hours, at which time the excess thionyl chloride . was 

distilled off at the -aspirator. Subsequent vacuum distillation of the 

residue gave no product. 

Reaction 5. Thionyl chloride, 9.54 g. (0. 09 moles), was slowly 

added to di-tert.-octyl-bis-urea, 13.7 g. (0. 04 moles), in dry benzene. 

The mixture was maintained at reflux for several days, and the mixture 

stripped of solvent at the aspirator. Distillation of the residue gave 

6.10 g. (49'/4 yield) of tert.-octylisothiocyanate, b.p. 27-9° (0. 86 mm. 

Hg) .  The ir and nmr spectra were identical with the spectra of authentic 

tert.-octylisothiocyanate. No other products were isolated. 

Dehydration Using p-Tosylchloride 

General Procedure : One part of urea was mixed with two parts of 

triethylamine in methylene chloride, then two parts of freshly recrys­

tallized .E,-tosylchloride in methylene chloride were added with the 

0 · temperature of the reaction mixture being kept below 5 by external 

cooling with an ice bath. The mixture was allowed to slowly warm to 

room temperature and was maintained at reflux for three hours. The 

mixture was allowed to cool to room temperature and 4CJ'/4 aqueous potassium 

carbonate solution was added in three equal portions to the mixture, 

with the organic phase being separated from the solids and aqueous 

phase. The combined organic layers were combined, stripped of solvent 

at the aspirator, the residue extracted with diethyl ether, the extracts 

stripped of solvent at the aspirator and the residue distilled under 

high vacuum. 
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Reaction l .  The above reaction procedure was carried out on �­

tert. -buty�-rl- (N, N-dimethylamino)urea, 17.3 g. ·(0.1 moles), using 20. 2 

g. '(0.2 moles) of tri'ethylamine and 38. 2 g. (0. 2 moles) of .E_-tosyl 

chl..oride. The only material isolated from the ether extract was some 

E,-tosyl chloride. 

Reaction 2. The above reaction procedure was carried out on di­

ter . -butyl-bis-urea, 23. 04 g. (0.1 moles_), using 40.4  g. (0.4 moles) 

of triethylamine and ?6.4 g. (0.4 moles) of .E_-tosyl chloride. As the 

ir spectrum of the methylene chloride layer contained no absorptions 

-1 in the 2100 cm region for N=C=N group, the mixture was not worked 

with further. 

Preparation of Iminocarbodiimides and bis-Carbodiimides from the 

Respective Thioureas 

General Procedure : One part of thiourea, or one part of bis­

thiourea was mixed with one part, or two parts, respectively, of yellow 

mercury (II) oxide in dry benzene, and the mixture maintained at reflux 

for six hours with the water being azeotroped off. The mixture was 

filtered and the filtrate mixed with a second portion of mercury(II)­

oxide. The mixture was maintained at reflux for an additional six 

hours , filtered, the filtrate stripped of solvent at the aspirator, 

and the residue distilled. 

Reaction 1. The above procedure was carried out with �-phenyl­

rl-isopropyliminothiourea, 20.73 g. (0.1 moles), using 21. 7 g. (0.1 mole) 
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of 3ellow mercu.ry(II )oxide� No product was isolated upon distillation. 

Reaction 2.  The above procedure was carried out with di-tert.-

but�l-bis-thiou.rea, 26.25 g. (0. 1 moles), using 43.4  g. (0.2 moles) 

of yellow mercury(II)oxide. One drop of distillate was collected. 

The ir spectrum of the distillate contained an absorption band at 2200 

cm-1, indicative of the presence o f  an N=C=O group, but positive 

identification could not be made. 

Reaction 3. The above reaction procedure was carried out with 

di- ert. -octyl-bis-thiourea, 37.47 g. (0. 1 moles), using 43.4  g. (0.2 

moles ) of yellow mercury(II)oxide. The small amount of distillate 

collected proved to be tert.-octylisothiocyanate based on spectral data. 

Reaction of Phenylisocyanate with 21a 

Sodium hydride (50'/4 in oil), 4. 8 g. (0. 1 moles), was slowly added 

to �, 19.52 g. (0.1 moles), dissolved in 100 ml. of dry benzene under 

a dry nitrogen atmosphere. The mixture was stirred for a six hour period 

unt:il gas evolution had ceased. Phenylisocyanate, 11.91 g. (0. 1 moles), 

was slowly added to the reaction mixture, which was stirred 

until the magnetic stir bar "froze" in the residue. The flask was 

sea1ed under a dry nitrogen atmosphere and set aside. After one week, 

the mixture was filtered and the filtrate stripped of solvent at the 

aspirator. Distillation of the residue gave no products. No identi­

fiable products were extracted from the reaction mixture residue. 
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Reaction 

Sodium hydride (50'/4 in oil), 4.8 g. (0.1 moles), was slowly added 
l-

to �, 19.52 g. (0.1 moles),  dissolved in dry benzene under a dry 

nitrogen atmosphere. The mixture was stirred for six hours until 

gas evolution had ceased. Methylisocyanate, 5.71 g. (0. 1 moles), 

was added to the reaction mixture, which was stirred until 

the stir bar "froze" in the reaction mixture. The flask was sealed 

under a dry nitrogen atmosphere and set aside. After one week, the 

mixture was filtered and the filtrate reduced in volume at the aspirator, 

yie1ding a small amount of white solid, m. p. 182-4° . The ir spectrum 

of the solid was identical with that of authentic trimethylisocyanurate. 

Dehydrosulfurization of �-Phenyl-rl-(N,N-dimethylamino)thiourea 

�-Phenyl-�- (N ,N-dimethylamino)thiourea, 5 .0  g. (0. 027 moles), 

was mixed with 10 g. of yellow mercury (II)oxide in benzene and the 

mixture maintained at reflux for six hours. The mixture was filtered 

and stripped of solvent at the aspirator giving 2 . 85 g. of solid material. 

Upon washing the solid with ethanol, part of the residue dissolved and 

part did not. Both the ethanol-soluble and · ethanol-insoluble solids 

were recrystallized from acetone, The ethanol-soluble solid decomposed 

at 1?5-6° , and the ethanol-insoluble solid decomposed at 208-9° . The 

spectral data of the ethanol-soluble solid indicated that the sample 

was not pure, but the spectral data of the ethanol-insoluble solid 

indicated that it was pure. Analysis for �-phenyl-rl- (N, N-dimethyl-

amino)carbodiimide - Calculated : C, 67.04 ;  H, 6 .89 ;  N, 26. 07. Found 
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for ethruwl-insoluble solid : C ,  66.86 ; H ,  6 .87 ;  N ,  25 . 85 . The init ial 

?pectral ata for the ethanol�insoluble solid supported its identifi­

cation as the carbodiimide , but subsequent attempts to duplicate this 

reaction ave no product. 
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