862

(733 mm.)]. The infrared spectrum differed markedly
from that of 3-butene-1-ol. For example, whereas the
latter compound had a strong hand at 6.1 u, due probably
to the isolated carbon—carbon double bond, the present
material had only a very small band in this region. The
present material also lacked bands at 8.45, 9.5, 10.1 and
11.4 u. Additional bands at 7.5, 8.1, 8.9, 9.1, 9.7 and 10.4
u were present. The infrared spectrum also differed mark-
edly from that of cyclopropylmethanol. For example, the
present material did not have bands at 12.9, 12.4, 11.95
and 11.0 p. The infrared spectrum compared favorably
with that reported in the literature for cyclobutanol.l4
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The phenylurethan derivative of VII was prepared as
described above for labeled cyclopropylmethanol (V) by
allowing 1.32 g. (0.011 mole) of phenyl isocyanate to react
with 0.74 g. (0.010 mole) of VII. After it was recrystal-
lized five times from hexane, the phenylurethan had m.p.
131.5-132.5° (capillary) (lit.1¢ 130.6-131.2°).

Anal. Caled. for CnH1;;0:N: C, 69.09; H, 6.85; N,
7.33. Found: C, 69.38; H, 7.08; N, 7.19.

(14) J. D. Roberts and C. W. Sauer, THIS JoUrNAL, 71, 3925
(1949).
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The Reactions of Diazonium Salts with Nucleophiles.

V. The Substitution of Halogen

by Thiocyanate!

By EDWARD S. LEWIS AND HARALD SUHR
RECEIVED JUNE 4, 1959

Rates are reported for the reactions of various 0- and p-halogen substituted benzenediazonium ions with thiocyanate,

resulting in the substitution of thiocyanate for the halogen.

Solvent effects are studied. Although the order ot reactivities

of p-halogen derivatives is p-1 > p-Br > p-Cl > p-F, it is concluded that the reaction is a normal nucleophilic substitution

powerfully activated by the diazonium ion group.

Introduction

Substitution of groups ortho and para to the
diazonium group has long been known; anmiong the
earliest examples was that of Hantzsch and Hirsch?
who found that when p-chlorobenzenediazonium
thiocyanate was dissolved in alcohol and precipi-
tated with ether, the solid product was p-thiocy-
anatobenzenediazonium chloride. Subsequent in-
vestigations by Hirsch? established the generality
of the reaction, and Hantzsch and his co-workers*
found that chloride ion would substitute for nuclear
bromine ortho or para to the diazonium group.*
They found in one case first-order kinetics, which
now appears improbable, and also found that the
rate was strongly solvent dependent. A large
variety of analogous reactions is summarized by
Saunders® showing that many groups can be lost
in such reactions, in most cases from the position
ortho to the diazonium group.

In their influential review,® Bunnett and Zahler
made it clear that the diazonium group was a par-
ticularly powerful member of a class of substituents
which activate nucleophilic aromatic substitutions,
which also includes the more familiar nitro group.
They observed that the diazonium ion group was
the most powerful activator known, in conformity
with its very high o-value.” Recently the rates of
displacement of halogen para to the diazonium
group by methoxide ion have been measured.®
An exploratory experiment showed that the re-
actions of p-chloro- and p-fluorobenzenediazonium
ion with thiocyanate ion were too slow to measure

(1) Paper TVis E. S. Lewis and H. Sulir, Chem. Ber., 98, in press
(1960).

(2) A. Hantzsch and B. Hirsch, Ber., 29, 947 (1898).

(3) B. Hirsch, ¢bid., 31, 1253 (1898).

(4) A. Hantzsch, et al., (a) ibid., 30, 2334 (1897); (b) 33, 505 (1900);
(c) 86, 2069 (1903).

(5) K. H. Saunders, “Tlie Aromatic Diazo Comnpounds,’” Edward
Arnold & Co., London, 1949, pp. 117-125.

(8) J. F. Bunnett and R. E. Zahler, Chem. Revs,, 49, 273 (1951).

(7) 1i. 8. Lewisand M. D. Johnson, TrIs JoURNAL, 81, 2007 (1939).

(8) B. O. Bolto, M. Liveris and J. Miller, J. Chem. Soc., 750 (1958).

in water solution.® The contrast between this
result and those of Hantzsch and his co-workers,
and the first-order kinetics reported by Hantzsch
for the chloride-bromide exchange prompted a
more careful study of this system. The reactivity
of thiocyanate in nucleophilic aromatic substitution
was not questioned since it had been shown to
displace either chloride! or the nitro group!! to
give 2,4-dinitrophenylthiocyanate; its reactivity
in aliphatic substitutions is also well established.

Methods and Results

The reaction was followed by observing the in-
troduction of radioactivity into the diazonium salt
by reaction of a large excess of halodiazonium salt
with carbon 14 tagged thiocyanate ion. Unre-
acted thiocyanate was removed to give a solution
containing only the halo- and thiocyanatodiazonium
ions, chloride and electrically neutral decomposition
products. In some experiments the amount of
radioactivity in these neutral products was de-
termined by scintillation counting of a toluene
extract at this stage. The apparent first-order rate
constants divided by the diazonium ion concentra-
tion for the formation of these neutral decompo-
sition products are referred to as the second-order
constants, k4. The diazonium salts were con-
verted in good yield to the corresponding chloro
compounds by reaction with cuprous chloride.
These were extracted into toluene and counted in
this solution, and gave the total amount of thio-
cyanate introduced into the molecule which ulti-
mately became toluene soluble. Since most of the
measurements were made without the prior ex-
traction to determine k4, the products counted
include both chlorophenyl thiocyanate and the
neutral decomposition products. The resulting
apparent first-order constants, divided by the di-

(9) R. E. Parker and E, S, Lewis, unpublished observations.

(10) P. T. Austin and F, S, Smith, THI$ JOURNAL, 8, 89 (1886).

(11) 1°. Challenger and A. D. Collins, J. Chem. Soc., 125, 1377
(1924).
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azonium ion concentration, are the second-order
constants for the total reaction, k. The second-
order constant for the substitution reaction, ks,
was defined as bkt — k4, and in a few cases was de-
termined independently in experiments involving
two extractions, one before and one after the
cuprous chloride treatment, so as to count only the
material which was rendered toluene soluble by
cuprous chloride. In these cases ks did not differ
significantly from k2t — ka. The introduction of
radioactivity followed a first-order course, except
as noted below, and the apparent first-order rate
constant was proportional to the diazonium salt
concentration.

This method follows the introduction of thio-
cyanate but does not identify the product. It was
assummed that the p-halobenzenediazonium salts
all gave ultimately p-chlorophenyl thiocyanate,
since our conditions resemble those of Hantzsch,?
who identified the product. With 2,4-dichloro-
benzenediazonium ion and the 2,4,6-trichloro
compound, the total activity is the sum of that due
to substitution of the 2-chlorine and the 4-chlorine,
with a negligible amount of disubstitution, since
the dichloro compound was in large excess over the
thiocyanate. The product of reaction of the simple
o-substituted compounds is obscure. It was ob-
served that the radioactivity change did not follow
a first-order course, but instead increased to a
maximum and then decreased, as illustrated in Fig.
1. This indicates that the initial reaction product
lost the thiocyanate carbon to a water-soluble,
toluene-insoluble or volatile form. We believe
that the introduction of radioactivity followed the
same course as it did in the para case to give the o-
thiocyanatobenzenediazonium ion, but that this
was unstable under the reaction conditions. The
ultimate product was not identified; a possibility
that benzothiadiazole was formed through reac-
tion 1 was eliminated since the absorption spectrum
of the product did not show the characteristic
maxima of benzothiadiazole. The possibility that

SCN §CN S
AN X~ X N\ v

O S0 = e

N=N N N (1)
the entire thiocyanate group was displaced by water
was not ruled out. This deviation from a first-
order course was apparently most serious with the
o-iodo and o-bromo compounds.

Preliminary results established the kinetic law,
the approximate magnitude of the salt effects and
some qualitative solvent effects and substituent
effects.

The 2,4,6-trichlorobenzenediazonium ion in water
solution gave apparent first-order rate constants
varying by a factor of 2.1 for a change in diazonium
ion concentrations of a factor of 1.9. Over this
range the second-order rate constants were 0.011,
0.011 and 0.012 1./mole.sec. at 30°, confirming the
second-order law. Some less accurate results on
the o-chloro compound in 959, t-butvl alcohol
showed again that the second-order rate constant,
now uncertain to about %159, was unaltered by a
factor of two change in diazonium ion concentra-
tion. There is no suggestion that any other rate
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Fig. 1. —Dependence of counting rate of product samples
on time of reaction of ¢-iodobenzenediazonium ion with
thiocyanate.

law (such as the first-order law of ref. 4) would be
as satisfactory.

In ca. 0.01 M solution in water, 2,4,6-trichloro-
benzenediazonium ion reacted with 2 X 10-5% M
thiocyanate at a rate uninfluenced by sulfuric
acid (4 X 10—* M), hydrochloric acid (4 X 10-3
M), sodium chloride (2 X 10—3 M), but the rate
was retarded about 309, by 0.4 M sodium nitrate.
Cupric sulfate (10— M) and pyridine (10—¢ M),
did not influence the rate. The rate referred to in
every case is the total rate, given by k.. Rate
constants for other conditions are given in Tables
Ithrough IV.

TABLE I

RATES oF 2,4-DICHLOROBENZENEDIAZONIUM ION wITH THIO-
CYANATE IN AQUEOUS METHANOL AT 20°

Solvent, Dielectric Ry,
wt. % MeOH constant 1./mole sec.
25 74.0 0.00125
50 56.5 .0027
70 47.3 .014
90 37.3 .087
98 33.3 .30

Table I shows the effect of water in methanol
on the rate of reaction of 2,4-dichlorobenzenedi-
azonium ion. In water alone the total rates (k)
for the 2,4,6-trichloro compound, the 2,4-dichloro
and the 2,5-dichloro compounds are, respectively,
0.01, 0.00063, 0.0006, and the p-chloro compound
reacts too slowly to measure. The correction for
decomposition is large in the last two numbers,
so that ks is not known with good precision.

Table I shows the rates of the p-bromobenzene-
diazonium salts with thiocyanate in various
i-butyl alcohol mixtures.

Table IIT shows corresponding figures for the
reactions of o-chlorobenzenediazonium ion with
thiocvanate at 20°, showing also the solubility of
the fluoroborate salts in the same solvent.

The variation of rate with solvent is regular,
and as shown for the case of the p-bromo and o-
chloro compounds in Fig. 2, follows with reason-
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Fig. 2. —Dependence on dielectric constant in aqueous {-
butylalcohol: A, p-bromobenzenediazonium fluoroborate, k¢
for reaction with thiocyanate; O, o-chlorobenzenediazonium
fluoroborate, k¢ for reaction with thiocyanate; O, same, 104/
K.p.

able precision the expected linear relation between
the logarithm of the rate constant and the reciprocal
of the dielectric constant. A very similar effect on
the halogen exchange was noted by Hantzsch.#®
The logarithm of the equilibrium constant (the
reciprocal of the solubility product of the solid
salt) for reaction 2 is also plotted in the figure.

0-C1C6H4N2+ + BF.;- <___‘: 0-C1C6H4N2 "'BFf(cryst.)
2)

The near linear relation and the similar slope to that
of other lines suggests that the activity coefficient
of the electrically neutral transition state for the
substitution reaction is insensitive to solvent,
as is of course the activity of the solid diazonium
salt. It is not clear whether the use of solubility
equilibria can be considered as a generally useful
model for reactions of ions passing through un-
charged transition states.

Table IV shows the effect of changing the position
and nature of the halogen. In addition to the
results reported there, experiments on several -
substituted compounds failed to detect any substi-
tution reaction, which showed that this reaction
was not more than one one-hundredth as fast as
that of the p-fluoro compound, the least reactive
compound with a measurable rate. The precision
of the total rate & for the p-Cl, p-Br and p-I cases
is about %109, and about =209, for the p-F
compound, which was not followed to a very large
extent of completion. The error on the com-
pounds with o-halogen is difficult to estimate for
the reason stated previously. We are confident
that the rate is accurate to within a factor of two;
the reproducibility of the initial rates was much
better than this. The numbers given for At are
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TaBLE 11

REACTION RATES OF $-BROMOBENZENEDIAZONIUM JON WITH
THIOCYANATE AT 20°

Solvent

wt. %

t-butyl Dielectric —~——————1./mole sec.
ale, constant kt kq ks
95 11.5 0.30 0.016 0.28
90 13.5 .090 .013 077
80 18.8 .018 L0015 .016
70 25.3 .0053 .0003 .0050
50 40.0 .0016 .0002 .0014

TasLE III

REACTION RATES OF 0-CHLOROBENZENEDIAZONIUM ION WITH
THIOCYANATE AT 20°

Solubility
Solvent, of 0-CICs-
o t- 1./mole sec. H4N:BY,
BuOH ki kd ks moles/1, X 102
95 0.083 0.0017 0.082 ..
90 .016 .0008 .015 1.19
80 .0023 .0005 .0018 2.70
70 00077 .0002 .0006 6.70
60 ... 8.60
50 .00017 12.7
0o .. 21.0
TaBLE IV

ReacTion RATEs oF SEVERAL DiazoNium IoNs wiTH Tuio-
CYANATE IN 959, -BUuTYL ALCOHOL

Sub- Temp.,

stituent °C. ky ka ks
p-F 20.0 0.0012 0.0003 0.0009
»-Cl1 10.6 .0092 .0002° .007
p-Cl 20.0 .019 .0007° .018
p»-C1 30.0 .090 .0027° .063
p-Br 20.0 .31 .01 .30
p-1 20.0 .39 .008 .38
p-NOy 20.0 .0080 .0025 L0055
o-F 20.0 .04 .03 .01
0-Cl 20.0 .08 .02 .06
0-Br 20.0 .25 .06 .19
o-1 20.0 .13 .04 .09

8 The apparently anomalous temperature dependence of
kq is probably an indication of low reproducibility, rather
than a real anomaly.

the averages of the results of two or three runs.
The deviations from the mean are within the errors
estimated above.

Discussion

The Kinetic Law,—The reaction in water solu-
tion is clearly first order in each of the two ions,
and the same rate law is indicated for the reaction
in the other solvents, although the order in the
diazonium ion is not so rigorously demonstrated.
These arguments apply specifically to the over-all
reaction, but in most cases the substitution pre-
dominates so that the argument applies also to k..
It appears that the same law applies for the decom-
position process. The similarity of the solvent
effects k. and k4 suggests that both are reactions of
an anion with a cation, and therefore the same rate
law for the two reactions is indicated more strongly
by the solvent effects than by the individual rate
studies. A kinetically second-order but mecha-
nistically complicated reaction between benzene-
diazonium ion and thiocyanate ion to give phenyl
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thiocyanate has been suggested by Cooper.!?
This presumed free-radical process may well be
even more important with substituted benzene-
diazonium ions; our data here are insufficient to
see if the erratic behavior observed by Cooper
also exists here.

The Solvent Effect.—The effect of changing
solvents is just as might be expected for a reaction
between two oppositely charged ions. The reason-
able correlation with dielectric constant alone sug-
gests that the transition state does not contain
solvent molecules playing any very important
specific roles. The apparent discrepancy between
our preliminary results and the very rapid reaction
observed by Hantzsch and Hirsch is now clear.
Doubtless the very fast reaction first observed
occurred almost exclusively after the alcoholic
solution of p-chlorobenzenediazonium thiocyanate
was diluted with ether to precipitate the salt.

Since the rates are very dependent on solvent, it
is quite unjustifiable to compare quantitatively the
activating influence of the diazonium group with
that of the more traditional neutral activating
groups. Nevertheless, the rate constants are im-
pressively high. Thus the reaction of 2,4-dini-
trochlorobenzene with thiocyanate is carried out
at 60-80°, and there are no reactions of singly
activated halobenzenes carried out at such low
temperatures, so the qualitative statement® that
the diazonium ion is the most powerfully activating
group for nucleophilic aromatic substitution is
certainly justified.

The Effect of Position and Nature of the Halogen.
—The majority of reported examples of substitution
are those of groups ortho to the diazonium group,
rather than para, suggesting that the rate at the
o-position is much faster than at the p-position.5
The sterically similar and isoelectronic reactions of
halobenzonitriles show about the same ortho and
para reaction rates with piperidine; the nitro
activated halobenzenes react with piperidine more
rapidly in the ortho case than in the para, but with
methoxide in the p-nitro compound is the more
reactive.!® It is therefore not surprising that the
rate of reaction of o-chlorobenzenediazonium ion is
only slightly faster than that of its p-isomer. The
same order prevails in the fluorine substituted
compounds, but the bromine and iodine compounds
may be reversed, the uncertainties in the rates of the
ortho compounds prevents a more precise analysis.

The Reactivity of the Halogens.—Table IV
shows that in the para series the order is F < Cl <

Br < I. This is somewhat unusual in nucleophilic
aromatic substitution, but not unprecedented,
X .
s

Y

We attribute this order to two primary factors,
and admit the possibility of further factors which
at present seem less important. One factor in the
high reactivity of the iodine compound is the high
polarizability of both the iodide and the thiocya-
(12) J. E. Cooper, Thesis, The Rice Institute, 1959.
(13) The pertinent data are summarized in a Table XIV in the

volume edited by M. S. Newman, *‘Steric Effects in Organic Chemis-
try,”’ John Wiley and Sons, Inc., New Vork, N. Y., 1958, p. 190.
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nate ions. If we assume the intermediate I for the
attack of Y~ on p-X-benzenediazonium ion, the
energy vs. reaction codrdinate curve for the com-
plete reaction will show a minimum at the con-
figuration I. On leaving this minimum in either
direction the energy of the adjacent transition
state will be lowered if the leaving group is highly
polarizable, so that substantial bond energy may
persist at long bond distances. The lowering of
the energy of the transition state with the bond to
the polarizable group incompletely formed will
bring this transition state in all respects closer to
the intermediate.!* If the bond to the leaving
group X is also polarizable, then by the same argu-
ment the second transition state is also close to the
intermediate, and therefore both transition states
will have contributions of structures in which both
bonds are broken, and hence the bond strength
to the leaving group can be reflected in the re-
action rate if the attacking group is polarizable.
Thus the highly polarizable thiocyanate ion reagent
will be expected to have a smaller ratio kr/kr than
would be found with a first-row atom as a nucleo-
phile.

A second factor may be found in the nature of
the solvent, The fluoride ion, by virtue of its
small size and basic character, must be solvated
by hydrogen bonding to a more important extent
than other halides. Thus hydrogen bonding can
be expected to play an important part in substitu-
tion reactions with a fluoride leaving group. Part
of the low reactivity of the fluoride in the reaction
considered here may be due to the very low acidity
and hydrogen-bonding capacity of the ¢-butyl
alcohol solvent.

Another factor which may contribute to the
reversed order of halogen reactivities is that the
attacking group is, by virtue of its linearity, not
likely to interfere seriously even with a leaving
iodine so that the transition state is not seriously
hindered. Finally, the very great electron-with-
drawing power of the diazonium group may make
the lesser electron withdrawal by fluorine negligible,
so that the usual reasons for extra reactivity of
fluorine compounds do not exist. This ‘‘satura-
tion” of the electron-withdrawing effect certainly
does not appear on going from mononitrohalo-
benzenes to 2,4-dinitrohalobenzenes, but it may
nevertheless be significant with still more extensive
electron withdrawal. A closely related effect
resulting from extreme electron withdrawal would
be the retarding effect of contribution to the initial
state of structures with a double bond to halogen.
This would be of importance only with fluorine.

In sum, the high polarizability of the attacking
thiocyanate and its modest steric requirements,
the poor hydrogen bonding characteristic of the
solvent #-butyl alcohol, and the extreme electron-
withdrawing power of the diazonium group can all
be reasonably expected to contribute to the inver-
sion of the usual order of the halogens. The nitro
group occupies a position between chlorine and
fluorine as it also does in cases where the fluoro
compound is inore reactive than the chloro com-
pound.

(14) G. S. Hammond, THis JoURNAL, T7, 334 (1955).
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We may conclude that this reaction is a normal
activated substitution passing through the struc-
ture I.

Experimental

Materials.—The diazoniwm salts were prepared in the
usual manner from the corresponding amines, whicli were
commercial materials, and were precipitated by the addition
of 109, fluoroboricacid. They were recrystallized by dissolv-
ing in ethanol at room temperature, then cooling to —40°.
Two recrystallizations usually sufficed to give material which
gave ultraviolet spectrum and reaction rates unaltered by
further recrystallization. Carbon 14 labeled sodium thio-
cyanate (obtained in allocation-free quantities from Merck
and Co. of Canada) was diluted to a specific activity of about
100 wc. per g. Stock solutions of this were made up in water
for the work in water solution and iu dimethoxydiethyl ether
for all other solvents.

Kinetics.—Solutions of appropriate conceutration were
made up and placed in the thermostat, which regulated the
temperature to better than =0.2°. Ten-ml. samples werc
then treated by two different methods to remiove unreacted
thiocyanate; the resulting solutions were then added to 25
ml. of a solution of excess cuprous chloride in hydrochloric
acid. After at least two hours at room temperature, the
mixture was extracted with 25 ml. of reagent grade toluene,
using a shaking machine for 10 minutes, and the extract
was then washed with 25 ml. of water. After drying over
calciuin chloride, 10 nil. of the solution was mixed with 10 mil.
of a solution containing 3 g. of 2,5-diphenyloxazole and 0.1
g. of 1,4-di-(2-(5-phenvloxazolyl))-benzene per liter, then
counted in a Packard Tri Carb Scintillation spectrometer
using conventional settings. TFor the slowest reactions at
least 1000 counts were recorded, and for most of the runs at
least 10,000 counts wererecorded. Activities were well above
background in all cases so that minor changes in the back-
ground could not cause crror comparable with that from
other sources. Several representative samples were tested
for quenching by adding known amounts of radioactive
benzoic acid. The rate of counting was indeed lower by
about one-quarter than in pure toluene with the standard
benzoic acid. This quenching was reproducible aud no cor-
rection was necessary, sitice the reactions followed a first-
order course. With the o-fluoro and p-nitro conipounds
colored by-products were formed, leading also to an optical
quenching. Corrections were applied in these cases.

The constant kg was determined from the counting rates
of toluene extracts made before the cuprous chloride treat-
ment. Since it was ineasured only to show that the correc-
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tionn was small, only about two points were taken and the
precision is low.

Neither of the two methiods for removing radioactive
thiiocyanate from the solution gave a quantitative recovery of
radioactive diazonium salt, but both were reproducible in
this respect. In the first niethod, 10 ml. of the reaction mix-
ture was diluted with 100 ml. of cold water and 1 millimole
of inactive sodium thiocyanate was added. A small excess of
silver nitrate was then added and the solution filtered, then
treated with cuprous chloride. Only about 459, of the maxi-
muin expected number of couttts could be obtained by this
method. In the second method, a 10-ml. sample of the
reaction mixture was diluted with 40 ml. of cold water and
passed through a chloride form anion exchange resin (Am.
berlite IRA-400) in a column cooled from the outside to 6°.
The column was washed with 110 ml. of cold water and the
solution treated as before with cuprous chloride. This gave
about 609 of the expected number of counts. The majority
of the runs was done using the second method. Second-
order rate constants were calculated by dividing the apparent
first-order rate constants by the initial diazonium ion con-
centration. The apparent first-order rate constants were
the slopes of plots of In Neo/(Nw — N) vs. time, where IV
and Ne are the counting rates of samples at time ¢ and after
many half-lives.  Both separation methods gave good
straight lines it this plot, and the slopes were the same.

Dielectric constants were measured using a Sargent Oscil-
lometer.® A plot of dial reading vs. reciprocal of the dielectric
constant for several kuown liquids was linear, so that inter-
polation was straightforward. Measurenients were made at
room temperature.

Solubility measurements were made by stirring solid dia-
zonium fluoroborate with the solvent in a thermostat for 20
minutes, then centrifuging to remove the solid; the clear
solution was appropriately diluted with water and the con-
centration determined by measuring the ultraviolet absorb-
ance at the maximum. Since large dilutions were made, no
correction for change in spectrum with solvent was made.
The values in Table IIT are the averages of at least three de-
terminations, including some made by adding a saturated
water solution with solid salt to the #-butyl alcohol solvent
so as to approach the equilibrium from the super-saturated
side.
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The Homopolymerization of Monoisocyanates

By Victor E. SHasHoua, WILFRED SWEENY AND RavMOND F. TIETZ
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Mouoisocyanates were polyinerized at low temperatures ( —20 to —100°) by anionic catalysts to give linear high molecu-

lar weight polymers.
isocyanates, atior
posed mechanism for the reaction is given.

The formation of cyclic dimers and trimers from
isocyanates is a well known reaction, promoted
by such basic reagents as triethylamine,! tri-
ethylphosphine? and pyridine.® In a previous
communication® from these laboratories the homo-
polymerization of monoisocyanates to linear film
forming products was demonstrated. These studies
have now been extended to a host of aliphatic and
aromatic isocyanates in an attempt to examine the

(1) D. H. Chadwick and T. C. Allen, U. S. Patent 2,733,254 (19586)-

i2) A. W. Hofmann, Ber., 3, 761 (1870).

(3) H. 1. Snape, J. Chem. Scc., 49, 254 (1886).
(4) V. E. Shashoua, THIS JOURNAL, 81, 3156 (1959).

These polymers are classified as 1-nylomns.
The scope and limitations of the reaction are defined.

The reaction is applicable to both aliphatic and aromatic
Tlie properties of the 1-nylons are described. A pro-

scope and limitations of this new reaction of
isocyanates. To our knowledge the honiopolymeri-
zation of isocyanates in accordance with the re-
action scheme below represents the first example of

the polymerization of compounds with C=N—

groups to high molecular weight products. These

(L)

R—N=C=0 —>» -\—IJ{ / "
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