Bis(1,1 - dihydropentadecafiuorodctyl) -1- naphthylphenyl-
vrea (1V). A mixture of 0.163 grams (3.0 mmole) phenyl-
1-naphthylamine and 2.77 grams (3.2 mmole) bis(1,1-di-
hydropentadecafluorodctyl)carbamoyl chloride (XVIII)
was heated in an evacuated sealed glass tube at 320° for
two hours. The contents of the tube were dissolved in
ether (15 ml.) and filtered. Dry hydrogen chloride was
passed into the ether. The ether solution was filtered
to remove hydrochloride salt and washed twice with
water, then dried over sodium sulfate. The ether was
evaporated, giving 2.2 grams of viscous oil.

The oil was dissolved in hexane and placed on a
chromatographic column (diameter = 30 mm.) containing
90 grams of alumina. The column was eluted with 175
ml. of cyclohexane:benzene (1:1). This effluent contained
starting materials. Another 200 ml. of mixed solvent
eluted 1.40 grams viscous oil (A\2™ = 5.92 ;). The oil was
crystallized thrice from cold absolute ethanol, m.p. 83-90°.
Anal: Caled. for CaoH19N20F15 (720) C, 517, H, 266,
N, 3.89. Found: C, 52.3; H, 3.43; N, 4.30.

N-(1,1 - dihydropentadecafluoroéctyl) -N- (1 - naphthyl)-di-
phenylurea V. A mixture of 0.46 grams (2.0 mmoles) of
diphenylcarbamoyl chloride and 1.3 grams (2.5 mmoles) of
1,1 - dihydropentadecafluoroctyl -1- naphthylamine X VII
was heated at 230° for 17 hours in a sealed tube. The tube
was cooled, and the contents were dissolved in ether; the
solution was filtered and concentrated to 1.6 grams of a
dark oil.

A solution of this oil in five ml. of cyclohexane was
placed on a column of seven grams of alumina. Elution
with 100 ml. of cyclohexane gave 1.06 grams of a yellow
oil which was discarded. Subsequent elution with 50 ml. of
benzene gave 0.61 grams of a yellow oil which showed about
5% impurity on gas chromatography. This material was
evaporatively distilled, and a fraction collected at 200°/0.1
mm. of Hg was crystallized from pentane at —10° to yield
0.54 gram of a chromatographically pure sample m.p.
71-74°, 28" 598 4. Anal: Caled. for CyHisN,OF 5 (720.5):
C,51.7; H, 2.66; N, 3.89. Found: C, 52.3; H, 3.42; H, 4.30.

Bis(1,1 - dihydropentadecafluorodetyl) - bis(2 - naphthyl)-
vrea (V1). A mixture of 1.25 grams of bis(1,1-dihydropenta-
decafluorooctyl)carbamoyl chloride (XVIII) (1.5 mmole)
and 0.40 grams of di-2-naphthylamine (1.5 mmole) was
treated at 355° for one hour in an evacuated sealed tube.
Trituration of the tube contents with ether gave 0.43 grams
of black insoluble material. The ether solution was con-

centrated to 1.1 grams of viscous oil. Trituration of the
oil with cold benzene gave 0.45 grams insolubles (A2 = 6.0
u, wk.) and 0.55 grams solubles (A &2 5.92 ).

The benzene soluble fraction was dissolved in 10 ml.
warm cyclohexane and chromatographed on 15 grams
alumina (column diameter = 13 mm.) using cyclohexane:
benzene (1:1). The first 30 ml. of effluent was discarded,
and the product appeared in the next 60 ml. (wt. 0.16
grams). This was crystallized from cold ethanol; the
crystals melted upon warming to room temperature.
Anal: Caled. for C#HisN.OF5 (1077): C, 41.2; H, 1.69;
N, 2.61. Found: C, 41.3; H, 1.63; N, 2.29.

EVALUATION

Thermal stability tests were carried out on tetrakis (1,1-
dihydropentadecafluorodctyl)urea (I) and on tris(1,1-dihy-
dropentadecafluorodctyl) phenylurea (II) by placing small
samples (50-100mg.) of purified materials in evacuated,
sealed tubes. The tubes were placed in an aluminum block
furnace for specified periods of time at constant temperature
(£5°). After the heating period, each sample was evapora-
tively distilled to the other end of the tube; the recovered
urea was weighed and its infrared spectrum taken. In the
case of tetrakis(1,1-dihydropentadecafluorodctyl)urea (I),
melting points of the recovered samples were also noted.
Tables I and I summarize the results.

Oxidative stability tests were carried out to obtain
preliminary information by heating the urea samples in
sealed glass tubes in excess oxygen at temperatures which
led to significant changes in the materials. Celanese high
temperature lubricant Cellutherm 2505-B (a trimethyl-
olpropane ester) was used as a standard for comparison.
Results are summarized in Table II1.

Comparative volatility data were obtained by measuring
weight loss with time at a fixed temperature in a static
oven test. Again, Cellutherm 2505-B was used as a
standard. Results are summarized in Table IV.
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Boiling Points and Boiling Point Numbers

of Trivalent Organoarsenic Compounds

HERBERT H. ANDERSON
Drexel Institute of Technology, Philadelphia, Pa.

Application of the Kinney equation, b.p. in °C. = 230.14 (total boiling point num-
ber)® —543, furnishes satisfactory results in calculations of normal boiling points
of 50 trivalent organoarsenic compounds; the average error is 2.5°. This involves use
of typical Kinney values such as carbon, 0.80, hydrogen, 1.00, and side chain methyl,
3.05. Of the 50 trivalent organoarsenic compounds 11 have only alkyl or alkyl and
aryl groups attached to arsenic, 8 have hydrogen attached to arsenic, and 31 have
halogen attached to arsenic. Ten new boiling point numbers for arsenic, halogen and

the phenyl group serve in these calculations.

ACCEP’I‘ABLE RESULTS occur in application of the
Kinney equation (14):

b.p.in° C. = 230.14 (total boiling point number)'’® -~ 543 (1)

in calculations of the normal boiling points of hydrocarbons
(14), silanes and organosilicon compounds (17), germanes
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and alkylgermanium compounds (2), boranes and alkyl-
boron compounds (2), alkyl derivatives of bivalent sulfur,
selenium and tellurium (2), and also alkyl derivatives of
trivalent organophosphorus compounds (2).

Attempted derivation of the boiling point numbers
(b.p.n.s) for sulfur and hydrogen from the b.p.n.s. of H.S
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As 6.18 + 0.11*  7.69 = 0.29
All Configurations of Phenyl®
CeH; 19.81 4+ 0.51
°C, 0.80; H, 1.00; side chain methyl, 3.05; double bond in

CH.=CHCH,As(CH;);, 1.50. *Root mean square errors. ‘The
normal boiling point of only one compound of this type is available.

Table I. Boiling Point Numbers of Atoms and Groups®

Configurations of Arsenic
R.As— RAs=
7.50 = 0.15

As=
6.55

Halogen
(oid)

F
Cl
Br
1
CN

NCO

Configurations of Halogen or Halogenoid

RzASx

4.07°

7.08 + 0.18
9.60 = 0.05
12.04 + 0.62

13.39°

RASX2

3.83 = 0.27
6.65 = 0.26
9.88 + 0.07

AsX;

3.90
6.16
10.01

10.16

¢In methyl group(s) attached to phenyl use 0.80 for each carbon
and 1.00 for each hydrogen. For chlorine on phenyl use 6.04 as

in CH,=CHCL

Table Il. Calculations of Boiling Points of Organoarsenic Compounds

Compound

(CHy):As
(C:H:)(CH;).As
(C;H:):(CHy) As
(CH;=CHCH_.)(CHs).As
(Csz)aAS
(CH;)2(CeHs)As
4-CHaceH4AS(CH3) 2
(C:H;).(CeHs)As
4-CH,C:H.As(C:H:),"
(CH3) (CeH:)2As
(C:Hs)(CsHs)oAs
(CH:),AsH
(C.H;)(CHs:)AsH
(CHS) (n-CaH'{)ASH
(Csz) zASH
(CHa)zABCI

(Csz) zASCl

(Csz) (n~CaH7)ASCl
(CH,)(CH;)AsCI
(C.H:) (CeH:) AsCl
(iSO-CsH11)2ASCl
(CsHs) zASCl
(4‘CHSCGH4) (CeHs)AsCI“
(CHs).AsBr
(CH;)(C.H;s)AsBr
(CH@(CsHs)ASBr
(CHs)oF°

(CHjs),Asl
(CZH;’,)QA.SI
(CH;),AsCN*
CHaASHz

CszASHg
n-C5HuASH2
2-CIC:H,AsH,*
CHaASClz

CszASClz
n-C3H7AsCIz
iso-CsH-AsCl,
n-C4H9AsClz

sec-C HAsCl,
n-C5H1xASCI2
CsH;AsCl,
4-CH3CGH4ASC12“
3-CHacsH4ASC12°
2-CH,CeH.AsCl®
2,4- (C Ha)zCeHaAsclza
2,5-(CH3) zCsHsASClzﬂ
CH;:AsBr;
C.H:AsBr;
CeH:AsBr:

CH3ASF2

CszASFz

B.P.N. B.P,°C.
Calcd. Found Caled. Found Error
17.58 17.38 55.4 53.1 2.3
20.38 20.41 85.6 86 -0.4
23.18 23.16 113.2 113 0.2
22.68 22.74 108.4 109 -0.6
25.98 26.11 138.6 139.8 -1.2
33.59 33.65 199.6 200 -0.4
36.39 36.44 219.7 220 -0.3
39.19 39.38 238.7 240 -1.3
41,99 4091 256.9 250 6.9
49,60 50.20 302.6 306 -3.4
52.40 52.73 318.2 320 -1.8
16.29 15.95 40.4 36.3 4.1
19.09 18.95 72.1 70.6 1.5
21.89 21.94 100.8 101.3 -0.5
21.89 22.32 100.8 105 -4.2
22.37 22.50 105.5 106.7 -1.2
27.97 28.16 .155.6 157.2 -1.6
30.77 30.68 178.1 177.5 0.6
38.38 37.97 233.3 230.5 2.8
41.18 40.76 251.7 249 2.7
43.27 43.02 265.0 263.4 1.6
54.39 55.14 329.0 333 -4.0
57.39 57.83 343.7 347 -3.3
24.89 24.84 129.0 128.5 0.5
27.69 27.75 153.3 153.5 -0.2
40.90 40.91 249.9 250 -0.1
19.36 75
27.33 27.96 150.3 154.5 -4.2
32.93 32.31 194.6 190 4.6
. 28.68 . 161.5 .
13.30 13.29 2.3 2.2 0.1
16.10 15.92 38.1 36 2.1
24.50 24.69 125.4 127.2 -1.8
34.35 34.47 205.1 206 -0.9
24,60 25.29 126.3 132.5 -6.2
27.40 27.94 150.8 155.3 -4.5
30.20 30.40 173.7 175.3 -1.6
29.45 29.56 167.7 168.6 -0.9
33.00 32.85 195.2 194.1 1.1
32.25 31.24 189.5 181.8 7.7
35.80 35.43 215.5 212.9 2.6
40.61 41.44 248.1 253.5 -5.4
43.41 43.60 265.8 267 -1.2
43.41 44,08 265.8 270 -4.2
43.41 43.11 265.8 264 1.8
46,21 45.40 282.9 278 4.9
46.21 46.57 282.9 285 -2.1
31.06 31.22 180.4 181.7 -1.3
33.86 33.72 201.5 200.5 1.0
47.07 46.57 288.0 285 3.0
18.96 19.50 70.7 76.5 -5.8
21.76 21.23 99.5 94.3 5.2

¢The connection of arsenic is to carbon atom number one.
* Approximate boiling point.
The only example of this configuration.

(10)
(15)
@n
@21
@n
(21)
@n
@1
(20)
(15)
(19)
(19)
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and H.S, is unsuccessful (2); attempted derivation of the
b.p.n.s for phosphorus and hydrogen from the b.p.n.s of
PH; and P.H. also is unsuccessful (2). However, with
bivalent sulfur, selenium, and tellurium and with trivalent
phosphorus, the use of typical Kinney values such as
C,0.80, H, 1.00, and side chain methyl, 3.05, allows deriva-
tion of 11 values of the b.p.n. of sulfur, 6 values of b.p.n.
for selenium, 2 values of b.p.n. for tellurium (2) and 3 values
of b.p.n. for phosphorus (2).

Satisfactory results occur through the following method
of calculations on trivalent organoarsenic compounds. First,
a separation is made according to the number of alkyl
groups present, to obtain the configurations RAs=, R:As—
and RsAs; later separation according to the number of
different halogen (or hydrogen) atoms attached to arsenic
furnishes the configurations R;AsX and RAsX,. Second,
there is manual derivation of the b.p.n. for arsenic in
RAsH;, R,AsH, and R:As, using the Kinney b.p.n.s C, 0.80,
H, 1.00, side chain methyl, 3.05, and double bond in
CH,=CHCH,As(CH3)», 1.50 (14). This derivation excludes
cyclic compounds. For example, an observed b.p. of 101.3°
(actually 101°/754 mm. of Hg) (29) for CH;(n-C;H:)AsH
yields the total b.p.n. 21.94; subtraction of 11.00 for
hydrogen and 3.20 for carbon furnishes the b.p.n. 7.74 for
arsenic present as R.As—.

Data for acyclic compounds and the already derived
b.p.n.s for arsenic present at RAs= and R.As— allow
calculations of the b.p.n.s for fluorine, chlorine and bromine,
and—in R,AsX only—for iodine and cyanide. After
assumption of the Kinney values C, 0.80, and H, 1.00, for
methyl(s) attached to phenyl, then the phenyl equals
19.81 + 0.51 in seventeen compounds—excluding 2-C1C¢H.,-
AsH; because of uncertainty about chlorine and 4-CH;CeH.-
(C¢H;)AsCl because of an approximate b.p. Phenyl thus
has practically the same value attached to arsenic as in
RP= (2).

In Table I there are b.p.n.s for arsenic present as RsAs,
R:As—, RAs= and As=; the b.p.n. for As= involves
subtraction of 3.00 for 3 hydrogen atoms from the total
b.p.n. of 9.55 for AsH;, of b.p. —=54.8°. In Table I there also
are 7 hew b.p.n.s for halogen, one for cyanide and a new
b.p.n. for the phenyl group attached to arsenic. Respective
b.p.s of 63°, 130.2°, 221° and 224° (1) furnish the b.p.n.s of
fluorine, chlorine, bromine, and isocyanate in AsXa.

All calculations are manual rather than by the computer,
which requires the preliminary subtraction, still impossible,
of the portion of the total b.p.n. due to arsenic before the
computer can begin the calculations.

LIMITATION

Some selection of data is necessary. A normal b.p. of 148°
(23) for CsH;AsH, does not appear in Table 11, since data
in Table I allow calculation of a total b.p.n. of 29.21 of
a b.p. of 166.6°, and since related CcH:PH. has a normal
b.p. of 160° (21). Measurement of the b.p. of (C¢H;s).AsBr
on a small amount of material (15) seems adequate reason
for rejection. Consideration of related observed b.p.s in
Table II leads to rejection of the low b.p. of 245° (30) for
CsHs(CQHs) (n-CaH7)AS.

There is no satisfaction in attempts to fit b.p.n.s to 24
compounds containing —HC=CHAs=, —CH,0As=,
CF;:As= or (CFs).As—. Typical examples are (CH,;=CH)s
As, b.p. 129.8° (20), CICH=CHASsCI, (18), CH;0As(CH;).
(4), (CH30):As (11) and (CF3).AsCl (9). A previous publi-
cation on (C;H:0),Si and related compounds {31) uses the
b.p.n.s Si, 4.20, 0, 1.1, C, 0.8 and H, 0.7 successfully.
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DISCUSSION OF RESULTS

In Table II the calculated normal boiling points of 50
selected trivalent organoarsenic compounds have an average
error of 2.5° and a maximum error of 7.7°; errors exceed
5.0° for only six compounds.

Use of the Kinney equation (I4) with typical Kinney
values and the new b.p.n.s in Table I allows calculation of
boiling points still unknown: a random example is
n-C.H:AsH,, b.p. 98.9°, from total b.p.n. 21.70.

A comparison is now possible for corresponding halides of
boron, silicon, germanium, phosphorus, and arsenic. The
b.p.n. of a given halogen in an organoarsenic halide always
exceeds that in the halide of boron (2), silicon (I17),
germanium (2) or phosphorus (2).

Phenyl attached to either phosphorus (2) or arsenic has
a higher b.p.n. than phenyl in phenylhalosilanes (I17) or
in benzene.

To date, the system of b.p.n.s covers planar (CH:);B (28),
tetrahedral (28) CH,, SiCl; and GeCl., and pyramidal (28)
PCl; and AsH;, with related organometallic compounds. It
still appears unlikely that one system of calculations can
give better coverage in simpler fashion than b.p.n.s do.
There is too much variation in the structures of the mole-
cules and in electronegativities to permit use of a single
unified system of b.p.n.s.
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