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and product were deduced from the optical densities at three or
four wavelengths, and an average of these values was calculated
and used in the following expression (a and b are the initial con-

1/(b — a) In [a(d — z)/bla — z)]

centrations of the starting ketone and amine, respectively; z
is the concentration of the product). The kinetic constants
were determined by the least-squares method.
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1,3-Diphenyl-4-(phenylimino)-2-uretidinone (IIa) reacts with nucleophiles to give triphenylguanidinecar-

boxylic acid derivatives.
the isocyanate~carbodiimide adducts.

parameters for the dissociation are described.

Although cycloaddition reactions of isocyanates,
particularly dimerization, have been known for some
time, they are incompletely understood and still the
objeet of lively interest.! The kinetics of the catalyzed
dimerization and dedimerization of phenyl isocyanate
have been described recently and the equilibrium
nature of the reaction well documented.? An uncat-
alyzed dimerization is also possible, and appears more
prevalent with difunctional isocyanates.® The struc-
ture of the phenyl isocyanate dimer by X-ray diffrac-
tion,* and the assumed one for all the rest is the sym-
metrical uretidinedione, Ia, although Ib derives
chemical support from the conversion of dimer into
carbodiimide with loss of carbon dioxide at 180-200°%

(eq 1).
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A similar uncatalyzed cycloaddition occurs between
isocyanate and carbodiimide to give an adduet which
by analogy is accorded the iminouretidinone’ struc-
ture, Ila (eq 2).
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The isolation of the guanidine derivatives confirms the iminouretidinone structure for
At 80-100°, ITa dissociates reversibly to phenyl isocyanate and diphenyl-
carbodiimide, with an equilibrium constant of 1.2 at 80° and 4.2 at 100°.

The rate constants and activation

The ready reversibility of this reaction (eq 3) has
prompted its use .in the synthesis of mixed carbodi-
imides.? Although either structure (IIa or IIb)

RNCNR + R'NCO ==

0
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would accommodate the facile interchange reaction,
IIa is preferred on the basis of its infrared spectrum, as
discussed below. _

It was the object of this research to investigate the
kinetics of formation and dissociation of II and its
chemical reactions. From the results of nucleophilic
attack on II, chemical support for structure Ila was
obtained.

Results

When equimolar quantities of diphenylcarbodiimide
and phenyl isocyanate are heated, with or without
cuprous chloride as catalyst,® there is obtained II, a’
white solid, in ca. 309, yield. The infrared spectrum
of recrystallized II exhibits a carbonyl band at 5.78 u
(1730 em~1) with a weaker band at 5.88 u (1700 e 1),
For a four-membered-ring amide carbonyl, the value
of 5.73 1 (1745 em—*) is reported,® and the cyclobutane-
imine C=N 1is recorded’ as 5.76-5.80 u (1720-1740
em™Y). If one assigns the weaker absorption at 5.88 u
to the C=N group and the 5.78-u band to the C=0
function, then the infrared speetrum is in accord with
ITa, and does not support the symmetrical structure
IIb.
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When II was heated in solvent to 80-120°, the in-
frared spectrum showed the appearance of isocyanate
and carbodiimide bands indicating dissociation of I
to its components. When a solution of II in chloroform
was examined by vapor phase chromatography, only
peaks for phenyl isocyanate and diphenylcarbodiimide
could be detected in the area ratio of 0.58:1. Since II
contains phenyl isocyanate and diphenylcarbodiimide
in the weight ratio of 0.61:1, the vpec results suggest
the quantitative dissociation of II to its constituents
on heating.

The reaction of Ila with nucleophiles such as n-
butyl aleohol does not occur readily except at elevated
temperatures. When a solution of IIa in tetrachloro-
ethane is heated with n-butyl aleohol at 90-110°, the
IIa is consumed with the formation of n-butyl N-
phenylcarbamate and diphenylearbodiimide (eq 4).
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With further heating, some of the carbodiimide is
converted into the pseudourea III. Complete reaction
of Ila is achieved in about 4-5 hr. The usual urethan
catalysts were without effect on this reaction, except
in that carbodiimide consumption was variously in-
fluenced. When cuprous chloride (a reported catalyst
for formation of iminouretidinones® and for reaction
of nuecleophiles with carbodiimides)® was employed, the
over-all reaction time was inappreciably affected, but
the level of carbodiimide detectable was greatly re-
duced. Since the reaction with n-butyl aleohol occurs
at about the same rate as the dissociation in the ab-
sence of nucleophiles, it seems reasonable to suggest
that IIa is reacting by prior dissociation to its com-
ponents, followed by reaction of these with n-butyl
alcohol (eq 5). Since the carbodiimide is much slower
reacting unless properly catalyzed, its concentration
builds up to detectable levels. The highly reactive
isocyanate, on the other hand, is consumed too rapidly
to be discernible.

n-BuOH
IIa === PhNCO 4 PhNCNPh —> products (5)

Quite a different reaction (eq 6) occurs when the
reaction of IIa with n-butyl alcohol is catalyzed by bases
such as sodium phenoxide, sodium methoxide, or sodium
n-butoxide. Here, the reaction is exothermic and is
complete in 15-60 min at room temperature. The
initial product, in greater than 809, yield is the carbo-
butoxytriphenylguanidine IV. If the reaction mixture
is heated, or allowed to stand for too long, especially
with the stronger bases methoxide and butoxide, some
triphenylguanidine is produced. The identity of IV

(8) Farbenfabriken Bayer, A. G., British Patent 795,720 (1958).
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was determined from its infrared spectrum [N—H at
2.90 u (3450 cn—1), C=0 at 5.80 u (1725 em™1), C=N
at 6.02 u (1660 em~—1)], its nmr spectrum which showed
aromatic, N—H, CH,—O, and —CH,CH,CH; groups in
the proper ratio, molecular weight, and analysis. In
addition, IV could be hydrolyzed with aqueous caustic
to triphenylguanidine. In keeping with its guanidine
structure, IV is slightly less basic than triphenyl-
guanidine, and is about equivalent to dibutylamine.
Methanol and phenol could be used as nucleophiles in
phace of n-butyl alcohol.

The addition of amines, such as di-n-butylamine,
could not be accomplished cleanly with the same cata-
lysts, or without catalyst. At 60°, di-n-butylamine
could be added to IIa with formation of the carbox-
amide derivative in the presence of acetic acid {eq 7).
The carboxamide V, a viscous oil, was purified as the
hydrochloride salt, mp 156-157°, and characterized by
nmr and elemental analysis.
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I
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v

It was found subsequently that di-n-butylamine, al-
though unreactive at 60°, could be added to IIa in the
absence of catalyst at higher temperatures (eq 8).
Thus, in refluxing toluene, the reaction of IIa with di-
n-butylamine affords a mixture of products which in-
cludes V. The components of the mixture besides V
were identified by thin layer chromatography as the
urea VI and the guanidine VII. In the nmr spectrum

I[la =
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PhNCO + PhNCNPh
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of V, the methylenes adjacent to nitrogen are at 2.80
ppm, whereas those of VI and VII are at 3.28 ppm.
The mixture was analyzed tor its components thereby
and shown to be composed of 4.6 parts of VI and VII to
1 part of V. Since VI and VII are produced in equal
amounts from the dissociation process, the ratio of
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dissociation to direct ring attack was 2.3:1 under these
conditions,

A possible explanation for the types of catalysts ef-
fective in opening the ring of IIa may lie in the nucleo-
philicity of the attacking reagent. With aleohols this
attacking species is probably an alkoxide or phenoxide
ion, with the resultant product determined by ester
interchange with the solvent alcohol, present in large
excess (eq 9). For the amine-acetic acid reaction,
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acetate ion may be the nucleophile, with the product
determined by attack of the amine on the mixed an-
hydride (eq 10). In agreement with this scheme,
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ring opening by n-butyl alcohol to IV could be achieved
with acetic acid-sodium acetate catalysis, whereas
acetic acid alone was ineffective.

It must be emphasized that the formation of the car-
boxyguanidine derivatives from II presents excellent
chemical evidence for I1a as the proper structure. Of
the possible structures for a dipolar addition product
between an isocyanate and a carbodiimide only IIa can
satisfy the infrared spectrum, the ready interchange of
isocyanate—carbodiimide, and the ring opening to
guanidine derivatives. Structure Ila is the only one
with three nitrogens attached to carbon. It should be
pointed out here that the guanidine derivatives ob-
served could not be prepared from any combination of
products derivable from IIa by thermal dissociation
and subsequent reactions. For example, n-butyl N-
phenylcarbamate and diphenylearbodiimide gave no
detectable IV when heated with sodium phenoxide (eq
11).
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PhNHCO-n-Bu + PhN=C=NPh —Stor

- Ph
I
PhNHC—NCOO+#-Bu (1)

Ph
v

1,3-D1PHENYL-4-(PHENYLIMINO)-2-URETIDINONE 1915

ALY TV 2 '
(4-Ae)Rs 20 '7/7

Figure 1,—Dissociation of 0.32 M II at 100°.

Kinetics.—Determination of the rate of dissociation
of IIa was attempted, utilizing the absorbance values
of the infrared band at 5.78 u as a measure of the con-
centration of IIa. When IIa was heated in solvent at
80-100°, it was found that the 5.78-x band did decrease
considerably and eventually reached a constant value.
A plot of the log of the absorbance values for this peak
with time showed a marked curvature beyond 30-409,
reaction (Figure 1), indicating, as expected, that the
dissociation is not a simple first-order process. If an
equilibrium process is assumed, in which a first-order
forward reaction is opposed by a second-order reverse
reaction, then a rate equation can be derived® (eq 12)

[t ] - k() (12)

where the A’s relate to the concentration of Ila. In
this case, the absorbance data was used directly and
Ay is the initial absorbance of the 5.78-u band, 4, is the
equilibrium value, and 4 is the value at time ¢. When
the left-hand side of eq 12 was plotted against time, a
reasonably good straight line was obtained (Figure 1)
of slope kg4, the rate constant for dissociation. The
equilibrium constant K can be calculated from eq 13

K= *———[Noﬁﬁfcm - [(‘4" do = 4o )] /Aec (13)
4., [IIa] = 4.. The

where [INCN] = [NCO] = 4, —
values for k4, K, and 9, dissociation for IIa at 80 and
100° and at two concentrations are shown in Table I.

TasLe 1
KinNgTic AND EquiLisriuM Dara For Dissociarion oF 1T
Tempera-
Conen, kq X 1078 %% ture,
mol/lL. sec ™1 Kequil diseociation °C
0.64 2.67+0.07 1.2+0.1 72 80+ 0.3
0.32 2.85+0.12 1.2 83 80+ 0.3
0.32 23.0 =0.3 4.4 94 100+ 0.3
0.32 23.3 0.3 4.0 932 100 0.3
0.64b 0.9 80 = 0.3

¢ Cuprous chloride (19,) added. °? Reverse reaction, 0.64 M
in phenyl isocyanate and diphenylearbodiimide.

The equilibrium data are in accord with the assumed
reaction process. A decrease in concentration of Ila
results in a greater degree of dissociation, since the re-
verse reaction is a second-order one whose rate is more
concentration dependent. Higher temperatures favor
dissociation also (839, at 80°, 949 at 100°). Roughly
the same equilibrium constant was obtained when

(9) A. A. Frost and R. G. Pearson, ‘‘Kinetics and Mechanism,” John
Wiley and Sons, Inc.,, New York, N. Y., 1961, p 187.
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equilibrium was approached from the opposite direc-
tion, although the accuracy of the analytical determina-
tions was somewhat reduced.

The activation parameters calculated from the rate
and equilibrium data are shown in Table II. These

TasLe 11

Activarion PARAMETERS FOR THE DissociaTioN oF IIa

PhNCO-catalyzed?®

Dissociation Reassociation dimerization

E, 28.2 kcal/mol 12.2 kcal/mol 1.1keal
AF¥  29.0kecal/mol 29.5keal /mol 21.5keal
AH¥  27.5kcal/mol 11.5keal/mol 0.5keal
ASF  —2.4cal/deg —48.4 cal/deg —~70 cal/deg
o See ref 2.

data can be accommodated to the equilibrium in ques-
tion. Higher temperatures will favor the higher activa-
tion energy process, namely dissociation. Comparison
of these activation parameters with those obtained for
the catalyzed dimerization? of phenyl isocyanate is
given in Table II also. The catalyzed dimerization
process requires much less activation energy and a more
highly ordered transition state compared with the reas-
sociation process for IIa. When the equilibrium data
are compared, however, one finds more comparable
values: for ITa dissociation, AH® = 15.7 kcal mol—},
AS° = 45 cal deg™!, AF° = —1.08 keal mol™!;
for phenyl isocyanate dimerization, AH® = —10.2 keal
mol~!, AS° = —37.6 cal deg~!, AF° = 1.02 keal
mol~!, The opposite signs reflect the different direc-
tions for which the reactions were studied.

These comparisons suggest similar initial and final
states for the two systems; substitution of carbodiimide
for isocyanate does not appreciably affect the relative
energies of the initial and final states. The rather
different values for the activation parameters in the
catalyzed and uncatalyzed processes reflect a dissimi-
larity in transition states. These data support the
contention that the equilibrium being measured is
truly uncatalyzed.

The details of the steps in the dissociation process
are not known. It can be claimed, however, that, if the
dissociation is a stepwise process, the intermediates are
short lived and untrappable with alcohols. This is
shown by the absence of the carboxyguanidine deriva-
tives from thermal cleavage of Ila in n-butyl alechol

(eq 14).
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Experimental Section

Synthesis of Diphenyl Carbodiimide.®—Into a 500-ml flask
equipped with a mechanical stirrer, thermometer, condenser,
and nitrogen inlet tube were charged 359.9 g of phenyl isocyanate

The Journal of Organic Chemistry

and 0.4 g of 1-phenyl-3-methylphospholene oxide. The mixture
was heated at 120-200° for 3 hr and distilled. There was ob-
tained 170.8 g of light yellow liquid, bp 132-135° (1.5 mm).

1,3-Diphenyl-4-(phenylimino )-2-uretidinone (II).—~A mixture
of 80 g (0.41 mol) of diphenylearbodiimide and 49 g (0.41 mol)
of phenyl isocyanate was heated at 100-120° for 1.5 hr. On cool-
ing, there was obtained 33 g (259%) of white solid, which after
repeated crystallization from carbon tetrachloride had mp 139~
140° (with decomposition)! and showed only a single spot on
thin layer chromatography. No isocyanate or carbodiimide
bands were present in the infrared spectrum. The adduct had
strong infrared absorption at 5.8 and 7.32 u.

Anal. Caled for CyoHisN;O: C, 76.60; H, 4.83; N, 13.40;
mol wt, 313.4. Found: C, 76.5; H, 5.0; N, 13.5; mol wt,
316.

A similar reaction of 97 g of diphenylearbodiimide and 60 g of
phenyl isocyanate with 0.2 g of cuprous chloride was conducted
at 70-85° for 4 hr. On cooling, a pale yellow solid was collected
and recrystallized from carbon tetrachloride. The yield of once
recrystallized product was 43.5 g, 289;.

Vpc Analysis.—A solution of II in carbon tetrachloride was
injected into an F & M 720 vapor phase chromatograph (Carbo-
wax column, 100-300° at 15°/min). Two peaks were observed
corresponding in retention time to phenyl isocyanate and di-
phenylcarbodiimide. The ratio of the peak areas 1.03/1.77 =
0.58 was close to the ratio of weights of phenyl isocyanate and
diphenylcarbodiimide in IIa, 119/194 = 0.61.

n-Butyl N-phenylcarbamate was prepared from n-butyl
aleohol and phenyl isocyanate, mp 60-61°.12

Methy! N-phenylcarbamate, mp 45°,1% was prepared similarly.

2-Butyl-1,3-diphenylpseudourea was prepared from the
cuprous chloride catalyzed addition of n-butyl aleohol to diphenyl
carbodiimide and had mp 48-58°; ir (CHCL), 2.93 (NH),
6.02 (C=N) (lit."* 6.00 C=N); nmr (CDClL), § 7.09 (m, 10,
ArH), 5.84 (s, 1, NH), 4.38 (t, 2, OCH,), 0.84-1.9 (m, 7).

2-Methyl-1,3-diphenylpseudourea, mp 62°, was prepared
similarly: ir (CHCL), 2.91 (NH), 6.00 (C=N); nmr (CDCl),
§ 6.93 (m, 10, ArH), 5.85 (s, 1, NH), 3.87 (s, OCHj,).

Reaction of Iminouretidinone with Nucleophiles (Table III).

Reaction with n-Butyl Alcohol.—A solution of 6 g of ITin75 g

TasLe I11
CaraLyzep ReactioN oF I1a wiTH n-BuTYL ALcoHOL
Time, hr
Catalyst (temperature, °C) Major products

None 5 (100) PhNHCOOBu, I1I, PAINCNPh
Cu,Cl, 4 (100) PhNHCOOBu, II1
T-9¢ 3 (100) PhNHCOOBu, III, PANCNPh
DABCO? 5 (100) PhNHCOOBu, 111, PhNCNPh
BuN*+Br~ PhNHCOOBu, ITI, PANCNPh
NaOBu 0.25¢ IV 4 triphenylguanidine
NaOPh 0.5 v
NaOAc-HOAc 484 Methyl ester of IV
Bu;NH-HOA¢ 24 (60)¢ v
H,0 12 days/ Triphenylguanidine,

PhNHCONHPhH, PhNH,

@ Stannous octoate, M and T Chemicals, Inc. ? Triethylene-
diamine, Houdry Process and Chemical Co. ¢ At 25-95°; reac-
tion nearly complete in 15 min at 25°. 4 In methanol solu-
tion. ¢ No n-butyl alecohol. 7 At 70°; hydrolysis incomplete.

of dried n-butyl alcohol and 225 g of sym-tetrachloroethane was
heated in an oil bath for 6 hr at 98-102° under nitrogen. Samples
were withdrawn periodically and examined by infrared and
thin layer chromatogaphy. As the sample was heated, the in-
frared spectrum revealed the appearance of a carbodiimide band
at 4.67 u (2140 cm ™) and a slight decrease in the 5.78-u carbonyl
absorption. As the heating was continued, the carbonyl di-

(10) T. W, Campbell, J. J. Monagle, and V. 8. Foldi, J. Amer. Chem.
Soc., 84, 3673 (1962).

(11) Farbenfabriken Bayer, A. G., British Patent 959,097 (June 3,
1064). ’

(12) H. Tieck!mann and H. W, Post [J. Org, Chem., 18, 268 (1948)]
report mp 58-60°.

(13) J. W. Baker and J. B. Holdsworth [J. Chem. Soc., 713 (1947)] re-
port mp 48°,

(14) S. E. Forman, C. A, Erickson, and H. Adelman, J. Org. Chem., 28,
2653 (1963).
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minished to a constant value, about one-third its original in-
tensity. The residual carbonyl band is due to the n-butyl N-
phenylcarbamate formed during the reaction. No isocyanate
band was detected. If the solvent were not dried carefully,
carbanilide was also detected as the reaction product. This
could have been derived from either the isocyanate or carbo-
diimide.

The parallel thin layer chromatography record indicated the
onset of adduct disassociation with heat. The first products were
carbodiimide and n-butyl N-phenylcarbamate. Carbodiimide
was slowly consumed in formation of 2-n-butyl-1,3-diphenyl-
pseudourea. The thin layer record was confirmed by vpe data.
The carbamate, carbodiimide, and pseudourea were established
by comparison of their retention times with those of authentic
samples,

Dissociation of the adduct in the presence of cuprous chloride,
a known catalyst for addition of nucleophiles to carbodiimides,’
yielded only a trace of carbodiimide; the pseudourea content
increased at the same rate as the carbamate.

Reaction with Di-n-butylamine.—A solution of 6.0 g of II in
225 g of benzene was heated with 20 g of di-n-butylamine for 18
hr at 50-60°. At the end of this time, no reaction could be de-
tected in the infrared spectrum. Glacial acetic acid (1.0 g) was
added and the heating continued. It was apparent from the
infrared spectrum that a reaction was occurring, which was
nearly complete after 9 hr. After 24 hr, the heating was stopped.
A portion of the reaction mixture was stripped of solvent and
washed with dilute hydrochloric acid to remove excess di-n-
butylamine. There remained a yellow resinous oil which did
not crystallize. Trituration of the oil with hexane yielded a
white solid, mp 156~157, the hydrochloride of V.

Anal. Caled for CygHysN,OCL: C, 70.20; H, 7.36; N, 11.70.
Found: C, 70.08; H, 7.39; N, 11.86.

Evaporation of the hexane gave anoil (V): ir (CHCL), 2.91
(N-H), 6.04 (C=N); nmr (CDCl;), § 7.15 (m, 15, ArH), 6.01
(s, 1, NH), 2.84 (t, 4, CH;N), 0.85-1.3 (m, 14).

Synthesis of Carbobutoxytriphenylguanidine.—A 6.0-g (0.019
mol) sample of II was dissolved in 300 g of a 75:25 mixture of
dried tribromomethane and n-butyl alcohol. To this was added,
with stirring under dry nitrogen, 0.1 g of sodium phenoxide.
After 15 min at 25°, a sample was taken and the reaction mixture
heated to 96° over 0.5 hr, when another sample was removed.
The infrared spectra and thin layer chromatography of these
samples showed the absence of starting material and were nearly
identical, indicating that the bulk of the reaction was completed
before the heating was begun. The reaction mixture was cooled
to room temperature. The products of the uncatalyzed reactions
(carbamate, pseudourea, carbodiimide) were absent. Evapora-
tion of the solvent on a rotary evaporation gave 6.1 g (829 yield)
of a white solid (IV) which, after several recrystallizations from
petroleum ether (30-60°), had mp 114-115°.

Anal. Caled for CoHisN3;0.: C, 74.39; H, 6.5; N, 10.85;
mol wt, 387.46. Found: C,74.6; H,6.8; N, 11.1; mol wt, 400.

The nmr spectrum of IV in deuteriochloroform showed 15
aromatic protons at 7.1 ppm, a triplet of 2 protons at 4.0 ppm
(-CH,-0O-), a single sharp proton resonance (N-H) at 2.3
ppm, and a complex multiplet of 7 protons at 1.4 ppm (-CHs;—
groups) and 0.8 ppm (CH; triplet). The infrared spectrum of
IV in chloroform showed a sharp N-H at 2.90 p (3450 cm™),
C==0 at 5.80 u (1725 cm™1), and C=N at 6.02 x (1660 cm ™).
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Hydrolysis of IV in 1 ¥ sodium hydroxide proceeded slowly at
100° to yield triphenyl guanidine, mp 140-145° (identified by in-
frared analysis and tle), carbanilide (by infrared analysis and tle),
and aniline (vpe); the last two products were produced from
hydrolysis of the triphenyl guanidine.

When the sodium phenoxide ring opening was carried out in
methanol solution, the corresponding carbomethoxytriphenyl-
guanidine was prepared, mp 117-118°, and with phenol, the
carbophenoxy derivative, a white solid, was prepared, mp
125-127°.

Anal. Calcd for CgaHnNaOzZ C, 7664, H, 519, N, 10.31.
Found: C, 76.6; H, 5.1; N, 10.1.

Kinetic Runs.—Solutions of IIa were prepared in 1,2,3-tri-
chloropropane solvent and placed into 2-ml ampoules. The
ampoules were sealed and placed in an oil bath regulated to
+0.3°. At appropriate times, the ampoules were withdrawn from
the bath and quickly chilled in ice water, and a 1-ml sample
was withdrawn and diluted to volume with additional solvent.
The infrared spectrum of the diluted samples were then examined
in matched 0.l1-mm cells with 1,2,3-trichloropropane in the
reference cell. A Perkin-Elmer 237 grating instrument was
used. At least two separate determinations were made for
the initial (4,) and final (4.) points. The absorbance of the
5.78-u band was determined for each sample using the base-line
density method.’® The base line was essentially constant, and
this correction was small. Control experiments indicated no
measurable shift in the equilibrium during the sampling, dilution,
and infrared measurement procedure. Measurements were
continued until equilibrium was established as evidenced by a
constant infrared spectrum, including, of course, a constant
absorbance at 5.78 u.

By plotting the data as an equilibrium process involving a
first-order forward reaction opposed by a second-order reverse
reaction, a good straight line for the log [conen] »s. time plot
was obtained, where the concentration was represented by eq 12.

At — 4.4 kd(A° + Ae)t

2.303 log (4 = A4 = 4, — 4.

(12)

The instantaneous rate constants for each sample were calcu-
lated from eq 12 and the average rate constant determined from
these. No drift in these instantaneous rate constants was noticed,
even at 70-90%, reaction to equilibrium.

The equilibrium constants were calculated from the absorbance
data at equilibrium using eq 13.
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Registry No.—Ila, 14124-22-2; IV, 16005-53-1;
IV carbomethoxy derivative, 16031-08-6; IV carbo-
phenoxy derivative, 16005-54-2; V, 16005-55-3; V HCl,
16005-56-4; 2-butyl-1,3-diphenylpseudourea, 16005-
57-5; 2-methyl-1,3-diphenylpseudourea, 16005-58-6;
triphenylguanidine, 101-01-9.

(15) R. G. White, “Handbook of Industrial Infrared Analyses,” Plenum
Press, New York, N. Y., 1964, p 241.



