1600

C.—A solution of I (3.29 g., 0.022 mole) in acetone (10 ml.)
was treated dropwise during 10 min. with piperidine (1.9 g.,
0.022 mole) in acetone (10 ml.) and stirring was continued 3.5
hr. The yellow powder (3.55 g., 709,) was extracted with hot
ethanol to remove traces of IIf, then crystallized from ethanol;
colorless prisms, m.p. 180-181°; R: 0.88; in water, R
0.75.

Anal. Caled. for CgH]sNaSz (‘ff):
N, 18.33; 8, 27.92.
8, 27.70.

Reactions of Ethylene Diisothiocyanate (I) with Diethylamine.
T was treated with diethylamine in water and in acetone accord-
ing to runs A to B. The presence of both mono- and bis-
adducts was ascertained by chromatography (R values: 0.90
and 0.87, respectively). The products were not investigated
further.

C, 47.15; H, 6.70;
Found: C, 46.80; H, 6.69; N, 18.28;
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Hydrolysis.—All mono- and bisadducts were stable towards
dilute acid. The substituted ethylenedithioureas were also
stable towards alkali. The monoadducts, on the contrary,
were hydrolyzed by dilute sodium hydroxide with formation of
the known imidazolidine-2-thione (VII)., This was collected in
minute amount after refluxing 30 min. on the water bath V{
(100 mg.) with normal sodium hydroxide (10 ml.); in the other
cases, VII was identified by chromatography of the alkaline
solutions by ecomparison with a standard sample. Inmost cases,
additional spots due to unidentified compounds appeared in the
chromatograms. Acidification of the alkaline solution caused
evolution of hydrogen sulfide.

Acknowledgment.—We gratefully acknowledge the
support by Shell Internationale Research, Maatschap-
pij N.V., The Hague, Holland, for the investigation.

Interaction of Phenyl Isocyanate and Related Compounds with Sodium Borohydride!

S. E. Ernzey, JR., AND CHARLES H. Mack

Southern Regional Research Laboratory,® New Orleans 19, Louisiana

Recetved December 21, 1962

Catalytic trimerization of phenyl, p-tolyl, and p-methoxyphenyl isocyanates has been observed with several

complex metal hydrides, with and without solvent.

Excess sodium borohydride in refluxing diglvme (diethylene

glycol dimethyl ether) transforms phenyl isocyanate, its dimer and trimer, and N-formyl-N,N’-diphenylurea

into a mixture of aniline, N-methylaniline, tris(N-methylanilino)borine, and formanilide.
pound is itself converted into aniline, N-methylaniline, and the aminoborine under the same conditions.

The latter com-
Phenyl

isothiocyanate yields only N-methylaniline and traces of the aminoborine at high temperature, but at lower
temperatures thioformanilide is formed. A mechanism for the formation of the observed products is proposed.

The reaction of phenyl isocyanate with lithium
aluminum hydride in refluxing ether has been reported
by several workers®* to give N-methylaniline in high
yield. In a careful quantitative study Finholt and co-
workers® reported the following stoichiometry for the
following reaction.

4PhNCO + 3LiAlH; — (PhNCH;)AILi + 2LiAlO,

Hydrolysis of the intermediate complex then gave N-
methylaniline.

In addition, other reports®’ have appeared on the
reduction to substituted methylamines of other iso-
cyanates with lithium aluminum hydride.

Formanilide® and pheny! isothiocyanate® also yield
N-methylaniline with lithium aluminum hydride while
sym-diphenylurea* was recovered unchanged after
thirty hours in contact with lithium aluminum hydride.

This investigation extends complex metal hydride
reactions with aryl isocyanates to sodium borohydride.

Results and Discussion

In the presence of catalytic amounts of sodium bqro-
hydride phenyl, p-tolyl, and p-methoxyphenyl iso-
cyanates are converted into the corresponding trimers

(1) Presented before the 142nd National Meeting of the American Chemi-
cal Society, Atlantic City, N. J., S8eptember, 1962,

(2) Ome of the laboratories of the Southern Utilization Research and De-
velopment Division, Agricultural Research Service, U. 8. Department
of Agriculture.

(3) F. Wessely and W. Swoboda, Monatsh. Chem., 83, 621 (1951).

(4) W. Ried and F, Miller, Chem. Ber., 85, 470 (1952).

(5) A. E. Finholt, C. D. Anderson, and C. L. Agre, J. Org. Chem., 18, 1338
(1953).

(6))H. H. Zeiss and W. B. Martin, Jr., J. Am. Chem. Soc., 78, 5935 (1953).

(7) R. L. Dannley, R. G. Taborsky, and M. Lukin, J. Org. Chem., 21,
1318 (1956).

(isocyanurates) in high yield. Identity of the products
was established by mixture melting points and com-
parison of their infrared curves with those of authentic
samples. The formation of trimers was exothermic in
either dioxane or diglyme without external heating
when as little as 0.01 mole of sodium borohydride per
mole of isocyanate was present. When the catalyst
concentration was one tenth this value moderate heat-
ing was required to initiate reaction. Treatment of
phenyl isocyanate with a catalytic amount of lithium
aluminum hydride in ether also afforded the trimer.

Bulk polymerization of phenyl isocyanate by a
catalytic amount of sodium borohydride also afforded
triphenyl isocyanurate, although in this case moderate
heating was required. Lithium aluminum hydride,
lithium tri-&-butoxyaluminohydride, and potassium
borohydride are also effective catalysts in the bulk
polymerization of phenyl isocyanate. The two lithium
hydrides gave exothermic reactions while potassium
borohydride, like sodium borohydride, required mod-
erate heating to initiate a reaction.

The catalytic bulk or solution trimerization of phenyl
isocyanate by lithium aluminum hydride is noteworthy
in view of the several reports of the formation of N-
methylaniline from the isocyanate and equivalent
quantities of this hydride. An explanation may be
that, in the presence of excess hydride, reduction is the
predominant reaction. Alternatively, an equilibrium
may exist between the isocyanate monomer and the
initially formed trimer, with gradual catalytic detri-
merization to the monomer as reduction of the latter
proceeds. Purely thermal displacement of the equi-
librium in favor of the monomer is an unsatisfactory
explanation for the failure to isolate trimer in refluxing
ether since triphenyl isocyanurate represents a struc-
ture which is very stable to thermal attack.
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TasrLe 1
ReacTions wiTH ExcEss SopiuM BOROHYDRIDE IN REFLUXING DIGLYME
—Produet and yield
Tris(N-methylanilino)-
- -— —Aniline%——— —N-Methylaniline*—~ ,———-borine’~———-~ —Formanilide®‘—
Compound Moles Mmoles % Mmoles % Mmoles %% Mmoles %% Total %
PhNCO 0.1 4.8 4.8 25.7 26 13.4 40 3.3 + 3.3 74
(PhNCO);, .025 3.4 6.8 11.0 22 5.6 34 63
(PhNCO); .017 2.1 4.1 17.2 34 4.7 28 1.7 3.3 69
PhNHCHO .1 15.2 15 21.4 21 11.2 34 5.7 5.7 76
PhN(CHO)CONHPh .024 4.9 10 15.1 31 5.2 32 0.8 1.7 75
PhNCS .05 45.3 91 0.3 1.8 93

¢ Yields determined by gas chromatography. ° Crude product.

An example of detrimerization of an isocyanurate has
been reported by Shapiro and co-workers® who found
that tris(m-chlorophenyl) isocyanurate was converted
to ethyl m-chlorophenylurethane upon reaction with
ethanol for three hours at 120° in the presence of lithium
ethoxide. The alkoxide was also a trimerization
catalyst for the isocyanate.

When 0.5 mole of sodium borohydride per mole of
phenyl isocyanate was employed in diglyme at tem-
peratures up to 60°, triphenyl isocyanurate was isolated,
irrespective of the order of addition of reagents.
When the hydride was added to the isocyanate, how-
ever, a better yield of trimer was realized. In the case
of reverse addition, reactions leading to reduction
products probably predominated, although this pos-
sibility was not investigated fully.

No trimerization occurred with n-butyl, o-tolyl, and
o~chlorophenyl isoecyanates and catalytic amounts of
sodium borohydride, even with heating. The un-
changed isocyanates were recovered as the correspond-
ing ureas after reaction with water. Steric factors
may account for the lack of reaction in the case of the
o-substituted phenyl isocyanates, although trimers
have been obtained from these compounds using potas-
sium acetate.® No reason for the lack of trimerization
of n-butyl isocyanate is apparent, although the tri-
merization of alkyl isocyanates has been reported.

Utilization of catalyst in the reduction of the nitro
group!! in p-nitrophenyl isocvanate may account for
the color change noted when this isocyanate was treated
with sodium borohydride. No trimer was obtained
and the unchanged isocyanate was converted to urea.

Trimer formation catalyzed by complex metal hy-
hydrides may follow the path outlined in equation 1.

- 2ArNCO
ArN=C=0 + MH,~ —> ArN’gH —_—
O.MH,
(6] C
- g |
ArN—C—NAr —-MH- O
| — VN
MH3-O=C|—N——C=O Arll\I IT'Ar
(1
H Ar 0=C C=0
N/
l
Ar

In refluxing diglyme (b.p. 162°) the reaction of
phenyl isocyanate and excess sodium borohydride takes

(8) 8. L. Shapiro, V. Bandurco, and L. Freedman, 26, J. Org. Chem.,
3710 (1961).

9 I. C. Kogon, J. Am. Chem. Soc., 78, 4911 (1956).

(10) J. H. Saunders and R, J. Slocombe, Chem. Rev., 43, 203 (1948).

(11) C. E, Weill and G, S, Panson, J. Org. Chem., 21, 803 (1956).

¢ Minimum yield.

an entirely different course. After addition of dilute
acetic acid to the cooled reaction mixture, aniline, N-
methylaniline, and tris(¥N-methylanilino)borine were
identified as reaction products, with yields of 4.8, 26,
and 409, respectively. No attempt was made to sep-
arate the small quantity of aniline from N-methyl-
aniline and diglyme, but it was possible to analyze the
mixture by gas chromatography on a silicone column.
Reaction of the mixture with tosyl chloride and alkali
afforded the p-toluenesulfonamides of the two amines.
These derivatives were identified by mixture melting
points and infrared spectra. In addition, the gas
chromatogram of the amine mixture indicated the
presence of a peak with the same retention time as
formanilide. The yield of formanilide calculated by
this analysis was 3.39%,. This and the other values for
formanilide reported in Table I probably represent only
minimum yields of this product since its isolation from
the reaction mixtures was not attempted in view of its
high water solubility and because of the complex nature
of the mixtures.

The identity of the aminoborine was established by
mixture melting point with an authentic specimen and
by comparison of infrared curves of the two samples.

In addition to phenyl isocyanate, several related com-
pounds were subjected to the same reaction conditions
with sodium borohydride, one mole of the hydride being
used for each equivalent of compound. The same prod-
ucts were obtained from phenyl isocyanate dimer, tri-
mer, and N-formyl-N,N’-diphenylurea as from phenyl
isocyanate, except that no formanilide was detected in
the amine fraction obtained from the dimer (although
this was no doubt a product of the reaction). These
derivatives of phenyl isocyanate probably function as
phenyl isocyanate generators under the influence of
heat and/or the catalytic activity of sodium boro-
hydride. In addition to the isocyanate, thermal dis-
sociation of the urea derivative yields formanilide.
Formanilide gave the two amines and the aminoborine
upon treatment with sodium borohydride in refluxing
diglyme. Some formanilide was unchanged (Table I).

In contrast to the formation of trimer from phenyl
isocyanate and excess sodium borohydride, at 15°
phenyl isothiocyanate gave reasonable yields of thio-
formanilide, the primary reduction product expected
from the isothiocyanate. The presence of aniline and
N-methylaniline in the reaction mixture was not in-
vestigated. However, at 90° no thioformanilide was
isolated, but the main product was N-methylaniline
(749;), accompanied by aniline (6%), and a small
amount of a solid, m.p. >200°, which was probably tris-
{(N-methylanilino)borine. At still higher temperatures
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(162°) the reaction gave predominantly N-methyl-
aniline and a trace of the aminoborine, but no aniline
(Table I).

No attempt was made to determine the actual hy-
dride balance in the various reactions, but in all cases
an excess of hydride was employed, as indicated by the
gas evolution upon acidification of the reaction mix-
tures.

Several likely pathways can be considered for the
formation of the observed products in the various
reactions in refluxing diglyme. Initial attack by the
hydride on phenyl isocyanate probably occurs at the
carbon—oxygen bond since the form Ic makes the
largest contribution to I. In the case of phenyl iso-

PhN—(=Y <—> PhN=C=Y <> PhN=C—Y
a b c

I 0
II. S

([l

Y
Y
thiocyanate, initial attack is more likely at the car-
bon—-nitrogen bond since ITa would be expected to make
the greatest contribution to II, in view of the greater
electronegativity of nitrogen relative to sulfur. The
sequences of equations 2 and 3 represent the proposed
course of the reactions.

ELLzeYy aND Mack
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The intermediate VI may result from formanilide
through reduction and salt formation.

An alternate route to aniline may involve hydrolysis
via the route VI — VII.

It was determined that tris(N-methylanilino)borine
was not appreciably hydrolyzed under the weakly acidic
conditions used in working up the various reaction
mixtures (85-969, recovery). Reaction of IX and
sodium borohydride (1:3.5 molar ratio) in refluxing
diglyme for one hour gave a 449, yield of XI and re-
covered IX (129;). The sequence VI — VIII — IX
+ XI cannot be the sole route by which N-methyl-
aniline is formed since, in practice, the amount of the
amine formed relative to the amount of the amino-
borine isolated is much greater than that predicted by
the above sequence. For these reasons it is likely that
intermediates such as IX and X are precursors for most
of the N-methylaniline.

The higher yield of the aminoborine from phenyl iso-
cyanate compared to its sulfur analog would seem to in-
dicate the formation in the former case of an inter-
mediate VI in which many of the boron atoms are
bound to three or four nitrogen atoms, while in the
latter case most of the boron atoms are probably bound
more or less equally to nitrogen and sulfur.

PhNCY
1LY=0
ILY=S
NaBH,
PhNIl{CHzo A" [PhN=CHOBH;Ng EhII\ICst:‘ HY PhNHCH=S
+
H
PhNH. 111 BH.Na
v
%4 2
PhN—
PhNCH,YBH;Na
111 or CH:; BH:Na | BNa
BH;Na v §|{_\
4
v VI
. __J u
[PhNCH:Na]  +  (PhNCHg B  + [(PhNCHy)BNa] N¥%)  [PhNHCH,YH]
X X VIII VII
lH+ |NaBH, Ht lH+
PRNHCH, X1 IX + XI PhNH,
XI
PhNHCH=0  NeBH:  [PhNHCH,OBH;Na] NeBH. —  XII - @)
| XII
PhNH,

Hydrolysis of the intermediate III leads to form-
anilide (via its tautomeric form), which in turn is partly
hydrolyzed to aniline (actually, aniline was found in
about 109, yield when formanilide was subjected to the
acidie conditions used in working up the various reac-
tions). Further reduction by the hydride of III and
IV would eventually lead to the (possibly polymeric)
intermediate VI. Random distribution of nitrogen and
oxygen (or sulfur) on boron in VI would be expected to
furnish, following hydrogenolysis of carbon—oxygen (or
carbon-sulfur) bonds by more hydride, intermediates
such as VIII and X and tris(N-methylanilino)borine
(IX). Acid hydrolysis of VIII and X leads to N-
methylaniline (XI) and IX.

The formation of tris(N-methylanilino)borine by
reaction of sodium borohydride and phenyl isocyanate,
its generators, formanilide, and phenyl isothiocyanate is
apparently the first case of the formation of a com-
pound containing a stable boron-nitrogen bond from
sodium borohydride and a compound containing a
carbon-nitrogen double bond,!? although the analogous
formation of boron—oxygen'® or boron-carbon'* bonds

(12) W. Gerrard, “The Organic Chemistry of Boron,” Academic Press,
Inc., New York, N, Y., 1961.

(13) N. G. Gaylord, “Reduction with Complex Metal Hydrides,” Inter-
science Publighers, Inc., New York, N. Y., 1956, p. 121.

(14) H. C. Brown, ‘‘Organometallic Chemistry,”” H. Zeiss, Ed., Reinhold
Publishing Corp., New York, N. Y., 1960, p. 154.
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from compounds containing carbon—oxygen or carbon-
carbon double bonds, respectively, are known.

Reduction of amides by sodium borohydride ap-
parently has not been reported previously.'®

Experimental®

Infrared spectra were recorded on a Perkin-Elmer Model 21
spectrophotometer using potassium bromide disks. Gas chroma-
tographic analyses were made on the Aerograph Model A-700
gas chromatograph using acid-washed Chromosorb P coated with
silicone high vacuum grease.?

Reagents and Solvents.—Liquid isocyanates were redistilled
and p-pitrophenyl isocyanate was recrystallized before use.
Sodium borohydride was purified according to Brown.'8 Diglyme
was refluxed over sodium borohydride and redistilled. Dioxane
was purified according to Fieser.!?

Solution Trimerization of Phenyl Isocyanate.—A solution of
6.00 g. (0.05 mole) of phenyl isocyanate in 20 ml. of dioxane,
protected with a calcium chloride drying tube, was cooled to 3°
in an ice bath and 1 ml. (0.5 mmole) of sodium borohydride
solution in diglyme (0.38 g. in 20 ml.) was added as the solution
wag stirred by a magnetie stirrer. Within 2 min. the temperature
rose to 15° as a solid precipitated. After 15 min. in the ice bath,
50 ml. of ether was added to the mixture and the filtered solid
was washed with ether. The weight of triphenyl isocyanurate,
m.p. 279-280°, was 5.03 g. (849%). Recrystallization from a
methylene chloride~petroleum ether (b.p. 30-60°) mixture gave
white needles, m.p. 280-281° (lit.? m.p. 280-281°), m.m.p.
with an authentic sample 278-279°. The infrared spectrum was
identical with that of an authentic sample.

In a similar manner tris(p-methoxyphenyl) isocyanurate, m.p.
263-264° (lit.® m.p. 259-260°), and tris(p-tolyl) isocyanurate,
m.p. 268~269° (lit.® m.p. 264-265°), were obtained in yields of
86 and 919, respectively, from the corresponding isocyanates
with catalytic amounts of sodium borohydride in dioxane.
Identification of the isocyanurates was made by mixture melting
points and comparison of infrared curves with authentic samples.

A pheny! isocyanate to catalyst molar ratio of 1:0.001 re-
quired heating for 45 min. at 70° in dioxane to obtain the trimer
(93% yield).

Addition of sodium borohydride (0.05 mole) in diglyme to a
solution of phenyl isocyanate (0.1 mole) in diglyme at room
temperature caused of phenyl isocyanate (0.1 mole) in diglyme
at room temperature caused the solution to heat up to 60°.
After pouring the mixture into water and acidifying with 209
acetic acid, the trimer was recrystallized from 959 ethanol,
m.p. 277-278° (699). When the order of addition was re-
versed a much lower yield of trimer was obtained.

Unsuccessful attempts were made to trimerize o-chlorophenyl,
(1 hr. at 70°), o-tolyl (1.5 hr. at 70°), p-nitrophenyl (0.5 hr. at
80°), and n-butyl (1 hr. at 70°) isocyanates in dioxane with
catalytic amounts of sodium borohydride. In these cases the
corresponding ureas were isolated and ideantified by mixture melt-
ing points and infrared data after the unchanged isocyanates were
treated with water and acetone.

Trimerization of pbenyl isocyanate by lithium aluminum hy-
dride (0.01 mole per mole of isocyanate) in ether at room tem-
perature was achieved in at least 609 yield (the odor of the reac-
tion mixture indicated the presence of some unchanged iso-
cyanate) within 5 min.

Bulk Trimerization of Phenyl Isocyanate.—Triphenyl iso-
cyanurate was obtained by bulk polymerization of the isocyanate
using a ratio of 1 mole of isocyanate to 0.01 mole of the following
hydrides (9% yields): lithium aluminum hydride (789), lithium

(15) Ref. 13, p. 592,

(16) Melting points are uncorrected.

(17) Mention of trade names and firms does not imply their endorsement
by the Department of Agriculture over similar products or irms not men-
tioned.

(18) H. C, Brown, . J. Mead, and B, C. Subba Rao, J. Am, Chem. Soc.,
77, 6209 (1955).

(19) L. F. Fieser, "“Experiments in Organiec Chemistry,” 3rd Ed., D. C.
Heath and Co., Boston, Mass., 1955, p. 284.
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tri-t-butoxyaluminohydride (899,), potassium borohydride
(74%), and sodium borohydride (749,). Trimerization with the
first two hydrides was very exothermic while the latter two
required heating to 70-80° to initiate reaction.

Bulk polymerization of o-tolyl and o-chlorophenyl isocyanates
was unsuccessful when attempted at 80° for 2 hr.

Reaction of Phenyl Isocyanate with Excess Sodium Boro-
hydride at High Temperature.—To & slurry of 3.78 g. (0.1 mole)
of sodium borohydride in 50 ml. of diglyme at reflux was added
over 15 min. with stirring a solution of 11.92 g. (0.1 mole) of
phenyl isocyanate in 30 ml. of diglyme. The reaction mixture
was protected by a caleium chloride tube. During the exothermie
reaction most of the sodium borohydride dissolved. Stirring
and refluxing was continued for 1 hr. after the addition was com-
pleted, and the yellow solution was cooled and poured into 750
ml. of ice and water. After carefully acidifying with 100 ml.
of 209 acetic acid to decompose excess hydride, the mixture was
left in a refrigerator overnight. Tris(N-methylanilino)borine
was filtered and washed well with water, 4.42 g. (409;), m.p. 206-
211°. The infrared spectrum of an ether-washed sample showed
weak bands near 3 and 6 u, indicating the presence of traces of
sym-diphenylurea. Upon hydrolysis of the crude aminoborine
with refluxing concentrated hydrochloric acid, 39, (based on the
weight of crude sample) sym-diphenylurea was obtained in
addition to 899 of the theoretical amount of N-methylaniline
and a trace of aniline (probably from hydrolysis of the urea).
The aminoborine was stable to hydrolysis by acetic acid of the
concentration used in the work-up of the reaction mixture.
Sublimation of the crude aminoborine at 185° (ca. 0.001 mm.)
gave the pure product, m.p. 209-213° (lit.2 m.p. 210°) and
m.m.p. with an authentic sample 212-215°. Its infrared
spectrum was identical with the infrared spectrum of an authentic
sample.

Anal. Caled. for CyHyBN;: C, 76.60; H, 7.35; N, 12.76.
Found: C,76.81; H,7.41; N, 12.73.

The boron-containing, water-soluble sublimation residue gave
infrared peaksnear 3 and 6 u.

After filtration of the aminoborine, the acidic filtrate of the
original reaction mixture was treated with concentrated hydro-
chloric acid and ether extracted. The water layer was made
alkaline with sodium hydroxide and extracted with ether after
saturating wth salt. After washing the extract with salt solu-
tion and drying over sodium sulfate, the ether was evaporated
and the residue analyzed by gas chromatography. In addition
to traces of ether and a large amount of diglyme, the residue
contained 0.45 g. (4.8% vyield) of aniline and 2.76 g. (26%
yield) of N-methylaniline. Treatment of the mixture with tosyl
chloride and sodium hydroxide allowed the isolation, after the
usual work-up, of the p-toluenesulfonamides of aniline and N-
methylaniline, m.p. 103-104° and 94-95°, respectively. In
addition to the two amines the gas chromatogram indicated the
presence of 0.40 g. (3.3% yield) of formanilide.

Phenyl isocyanate dimer, trimer, formanilide, N-formyl-
N,N’-diphenylurea, and phenyl isothiocyanate were treated with
sodium borohydride in the same way except that the solid com-
pounds were mixed with the hydride prior to refluxing. One mole
of borohydride was used for each mole of phenyl isocyanate
equivalent. The yields of the various products are compared
with those from phenyl isocyanate in Table I.

Thioformanilide.—To a suspension of 0.95 g. (0.025 mole)
of sodium borohydride in 15 ml. of diglyme was added dropwise
with stirring over 15 min. 6.75 g. (0.05 mole) of phenyl isothio-
cyanate while keeping the temperature near 10-15° with an ice
bath. The yellow reaction mixture (odor of hydrogen sulfide)
was then stirred another 1.5 hr. in the ice bath, poured into 250
ml. of ice-water, and acidified with 8 ml. of 6 N hydrochloric
acid, heated to 70°, and then cooled in an ice bath. The yield
of crude thioformanilide, m.p. 137°, was 4.80 g. (70%). Re-
crystallization from hot water gave white needles, m.p. and
m.m.p. with an authentic sample 139-140° (lit.** m.p.
138°), 3.4 g. The product gave an infrared curve identical
with that of an authentic sample. The presence of aniline and
N-methylaniline in the reaction mixture was not investigated.

(20) A. Dornow and H. H. Gehrt, Angeuw. Chem., 68, 619 (1956).
(21) A. Reissert, Ber., 37, 3708 (1904).
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A reaction time of 1 hr. at 25° (1:1 molar ratio of reactants)
decreased the yield of thioformanilide to 499 ; reaction for 1 hr.
at 90° (1:1 molar ratio of reactants) gave only aniline (69%),
N-methylaniline (749%), and a solid melting above 200° which
was probably tris(N-methylanilino)borine (99) but was not
further investigated.

BAUER AND SUREsH
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S-[w-(Aminooxy)alkyllisothiuronium Salts, w,o’-Bis(aminooxy)alkanes and Related
Compounds!
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The reaqtion of N-hydroxyphthalimide with «,w’-dibromoalkanes yields w-(phthalimidoéxy )alkyl bromides, Ia,
and w,w.’-bls(phthalimidoéxy)alkanes, Ib. Reaction of Ia with thiourea, followed by hydrolysis, leads to a facile
synthesis of S-[w-(aminotxy)alkyl]isothiuronium salts, ITe. Hydrolysis of Ib makes available w,w’-bis(amino-
oxy)alkanes which were characterized by their salts, amide and sulfonamide derivatives.

To continue our studies? on the synthesis of potential
prophylactic agents capable of protecting animals from
otherwise lethal doses of ionizing radiation, we turned
our attention to the synthesis of S-{w-(aminodxy)alkyl]-
isothiuronium salts, IIe. Such molecules are analogs
and homologs of the active 2-aminoethanethiol and the

+
corresponding isothiuronium salt, H;N—-(CH,),—S-C-
(-NH,)=NH,* 2X~. Structure Ilc meets the criteria
seemingly essential for protective activity: a basic
group, in this instance the aminodxy moiety, in close
vicinity of a thiol or potential thiol group, viz., the
isothiuronium group.

In designing these molecules, the aminoéxy function
was to be liberated last by the acid hydrolysis of the
corresponding phthalimidoéxy derivative.? The key in-
termediates in the synthesis of IIe were the w-(phthali-
midodxy)alkyl bromides, Ia, which became readily avail-
able from the reaction of N-hydroxyphthalimide and
w,w’-dibromoalkanes.

co
\
@[  N—0—(CHz)y—Z H;N—0—~(CHz)p~Z Br~
co II
I

where the substituent Z is, in

- SOa_ Na*

(a) Br )
O—NH;* Br~
SH

co
/
(b) O-N\ \/©

co
(¢) 8—~C(—NH:)=NH:* Br-

(1) This project was sponsored by the office of the Surgeon General
U. 8. Army Medical Research and Development Command, whose
generous support through a research contract (DA-49-193-MD-2047) is
gratefully acknowledged.

(2) Our previous paper, L. Bauer and T. L. Welsh, J, Org. Chem., 27,4382
(1962), summarizes the background in this field.

(3) The introduction of the aminoéxy group into a molecule via the phthal-
imidodxy derivative was first described by A. F, McKay, et al., Can. J. Chem.,
38, 343 (1960), and presents certain advantages. The alkylation of N-
hydroxyphthalimide is rapid and usually affords a erystalline derivative which
is hydrolyzed with great ease by hydrobromic acid (3-5 min.). Other
methods are available for the preparation of aminodxyalkyl compounds via
suitable derivatives of hydroxylamine. Recently, E. L. Schulmann, et al.,
J. Med. Pharm. Chem., 5, 464 (1962), used acetoxime and benzohydroxamic
acid to prepare a series of aminoéxy acids; R. M. Khomutov, J. Gen. Chem.,
USSR (Eng. Transl.), 81, 1863 (1961), used ethyl N-hydroxyacetimidate,
CHs—C(=NOH)OC:H;, for the initial alkylation. The three references
quoted here summarize thia field.

Displacement of the bromo group in Ia with thiourea
furnished the 8-[w-(phthalimidosxy)alkyl]isothiuro~
nium bromide, I¢, which was hydrolyzed readily by hy-
drobromic acid to the aminooxy isothiuronium salt,
ITe. This sequence of reactions was used to prepare
five homologs of Ile (n = 2 to 6).

The formation of the w-(phthalimidodxy)alkyl bro-
mide Ia, was invariably accompanied by some w,w’-
bis(phthalimidoéxy)alkane, Ib  The mixture was sep-
arated either by fractional crystallization or column
chromatography. Hydrolysis with hydrobromic acid
of Ib afforded the corresponding w,w’-bis(aminotxy)-
alkane dihydrobromides, Ile. The free bases were char-
acterized by solid amide or sulfonamide derivatives.

These series of reactions are described somewhat in
detail for one member of the series, ¢iz., when n = 2.
N-Hydroxyphthalimide was treated with 1,2-dibromo-
ethane in the presence of triethylamine at room temper-
ature and gave a mixture of Ia and Ib (n = 2). The
reaction of Ia with thiourea afforded the erystalline
salt, Ie from which the phthaloyl moiety was readily
cleaved off with hydrobromic acid to produce Ilc (n =
2). A similar reaction of Ia with N-methylthiourea
furnished the crystalline N-methyl analog of Ic (n =

+

2) but hydrolysis led to an oily salt, H;N-O—(CHj)s—S~
C(-NH,)=NHCH;*2Br~, which was characterized
as a crystalline dipicrate. When Ib (n = 2) was hy-
drolyzed with hydrobromic acid, 1,2-bis(aminotxy)-
ethane was isolated as the crystalline dihydrobromide.
The free base was characterized as its benzamide (Ce-
H,CONHOCH-),, its p-toluenesulfonamide, (p-CHs—
CeH.SO.NHOCH?-),, and its p-acetamidobenzenesul-
fonamide. The last one of these was hydrolyzed fur-
ther to the sulfanilamide analog, (p-HaN-CsH,SO.-
NHOCH,-),. ‘

Tt was also possible to remove the protective phthal-
oyl group from Ia (n = 2) with hydrobromic acid to
give @-(aminotxy)ethyl bromide hydrobromide (IIa.
n = 2).

Benzoylation of this compound produced the crystal-
line derivative CeH;CONHO(CH,),Br which reacted
further with thiourea to give the isothiuronium salt,
CsH5CONHO(CHz)zSO(”NH2)=NH2+BI'_. An at-
tempt to prepare 2-(aminodxy)ethanethiol, IIf (n =
2), from Ia (n = 2) by the following approach was un-



