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Application of the Kinney equation to normal boiling points of boron containing com- 
pounds, furnishes the new boiling point numbers for boron and for a hydrogen atom 
attached to boron. New boiling point numbers of 37 configurations of alkyl groups, 
alkoxy groups or halogens have been obtained, and the calculated and observed 
boiling points of 5 boron hydrides and 51 organoboron compounds show an average 
error of 2.3". 

APPLICATION of the Kinney equation (2 ,17 ,20 )  

B.p. in C. = 230.14 (total boiling point number ) '  - 543 (1) 

to the normal boiling points of BzH6, B4HI0, B5Hg, B5H1, and 
BloHI4 furnishes the new boiling point number (b.p.n.) 3.40 
for boron and the new b.p.n. 0.104 for a hydrogen atom 
attached to boron. 

Calculations following standard procedures furnish values 
of b.p.n. for the various configurations of alkyl groups, 
alkoxy groups or halogens; this involves a least squares 
fit to a standard linear regression model with the use of 
an IBM 1620 computer. Programming for the computer 
requires preliminary adjustment through substraction of 
the portion of the total b.p.n. due to boron and due to 
any hydrogen attached to boron. I t  is necessary to assume 
simultaneous variation of the individual b.p.n. for the alkyl 
groups, alkoxy groups and halogen atoms in the compounds. 
The computer then obtains the best fit between the 19 
configurations and the 38 adjusted total b.p.n. for the com- 
pounds. This procedure does not include 3 compounds of 
the R,R'B type or 7 compounds with the vinyl group 
attached to  boron. Although some compounds of the type 
are available, this method of calculation does not fit com- 
pounds such as B2C14 or (CH3O),B2. Extrapolated normal 
boiling points of 82.2" (13) and 108" (9) for B6H, are in 
poor agreement both with each other and with the cal- 
culated b.p. of 96.4O; thus this boron hydride does not 
appear in Table 11. 

A previous method for (C,H50),Si and related compounds 
(36) uses the b.p.n. of 1.1 per oxygen atom, 0.7 per 
hydrogen atom, 0.8 per carbon atom and 4.2 per silicon 
atom; this method appears inapplicable to organoboron 
compounds. 

Table I lists 37 configurations of alkyl group, alkoxy 
group or halogen. B.p.n. for alkyl, alkoxy or halogen not 
requiring use of the computer are available in 13 unsub- 
stituted compounds with the following normal boiling points 
in C: (CH3)3B, -21.8 (19), (C?H3)3B, 85.7 (14) ,  (C?H5)3B, 
95.0 (26), (n-C3H;)?B, 159.6 (26 ) ,  (ko-CaH-)gB, 150 (3 ) ,  
(n-CIHg)$B, 210 ( 6 ) ,  ( ~ s o - C ~ H ~ ) ~ B ,  189 (16 ) ,  (CH30)3B, 
68.7 (35), (C*Hj0)3B, 117.4 (35), BF3, -99, BCla, 12.5, 
BBr3, 91.2 and B13, 209.5 ( 1 ) .  

In  Table I1 there is information on 56 boron compounds, 
including total b.p.n. calculated and found, normal boiling 
points calculated and found, the errors in calculation of 
boiling point (calcd. b.p. - observed b.p.), and the 
references. Only the compound n-CIH9(C2H50)BC1 pre- 
sents complications in configurations. This compound 
apparently contains one n-C4H9 group of the R B  = type; 
the best further assignment is of one C?H50 group of the 
(R0)2B- type and of one chlorine atom of the -BX2 type, 
for a calculated total b.p.n. of 25.94. The alternate assign- 

ment of the ROB= and the =BC1 types furnishes a total 
b.p.n. of 27.05-too high-and a calculated b.p. of 
147.9"-too high. 

DISCUSSION OF RESULTS 

Calculated boiling points of 56 compounds in Table I1 
involve an average error of 2.3", with the greatest average 
error, 4.0", in the 13 methylboron compounds. There is 
difficulty in obtaining accurate boiling points for the 
organoboron compounds, since 19 of the compounds in 
Table I1 have boiling points obtained by extrapolation to 
760 mm. pressure. Errors of more than 5.7" in calculations 
of normal b.p. occur only with 4 compounds: (CH3)?BH- 
BH?CH3, a t  -8.3", CHqBF?, a t  -11.2", CH3BCl2, a t  7.5', 
and (C?HJ2BF, a t  7.3". 

In  the boron hydrides the numerical contribution of the 
individual boron atom, b.p.n. 3.40, is relatively dominant 
over that of the b.p.n. of the hydrogen atom, b.p.n. 0.104. 
Only in the germanium hydrides-b.p.n. (2 )  of Ge, 7.413 
and b.p.n. of H,  0.085-does the numerical contribution of 
the hydrogen have less relative importance. In  the hydro- 
carbons (17)  -b.p.n of C, 0.8, and b.p.n. of H ,  1.0- 
hydrogen reaches its greatest relative importance. In  the 

Table I .  Boilin Point Numbers of Atoms and Groups 
rB, 3.40; H (to B), 0.104] 

Configurations of Alkyl Groups 
Group R3B' R?B- RB= 
CH, 2.74 2.90 3.11 
C,HS 5.97 5.91 5.85 
n-CSH- 8.35 8.47 8.25 
k-CaH- 7.97 . . .  7.69 
n-C4H9 10.54 10.95 10.93 
iso-CIH9 9.56 10.09* 10.08b 
CHz=CH 5.66 5.45" 5.23O 

Configurations of Alkoxy Groups 
Group (R0)3Bn (R0)ZB- ROB= 

CHSO 5.13 5.65 5.95 
C2Hj0 6.74 7.60 8.22* 

Configurations of Halogen 
BX," -BX, = B X  Halogen 

F 1.26 0.99 1.22 
c1 3.55 4.01 4.50 
Br 5.84 5.97 6.36 
I 10.52 . . .  9.74 

"Values obtained without any use of the computer. 
*Three configurations of alkyl or alkoxy occur only once each in 
these compounds and do not require direct use of the computer. 
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Table 11. Calculations of Boiling Point 

Total B.p.n. B.p., O C. 

CZHjBClz 
C?H5BBr9 

Calcd 
7.42 

14.64 
17.94 
18.14 
35.46 
18.61 
13.02 
16.02 
10.42 
13.70 
15.56 
18.94 
15.15 
13.44 
8.49 

14.53 
18.45 
17.81 
18.94 
16.44 
19.72 
21.58 
11.23 
17.27 
21.19 
24.45 
24.84 
26.70 
30.08 
13.63 
19.67 
23.59 
19.11 
23.03 
29.80 
31.66 
16.31 
22.35 
25.94 
28.08 
21.50 
14.80 
19.20 
17.37 
23.10 
19.64 
14.95 
18.08 
17.23 
10.61 
16.65 
15.52 
18.80 
17.46 
14.54 
16.25 

Found 
7.50 

14.48 
17.99 
18.26 
35.45 
18.77 
12.95 
16.72 
10.30 
13.49 
15.54 
18.79 
14.72 
13.49 
9.11 

13.96 
17.99 
17.41 
18.63 
16.56 
19.69 
21.91 
11.38 
17.16 
21.16 
24.45 
24.67 
26.72 
30.24 
13.21 
19.73 
23.96 
19.03 
23.11 
30.11 
31.33 
15.99 
22.62 
26.02 
28.08 
21.50 
15.10 
19.33 
17.81 
23.08 
19.64 
14.80 
17.81 
17.19 
10.50 
16.67 
14.94 
l9,OO 
17.25 
14.41 
16.20 

Calcd. 
-93.9 

20.0 
59.4 
61.7 

213.1 
66.9 

37.2 
-40.4 

7.7 
31.6 
70.5 
26.5 
4.2 

-73.5 
18.6 
65.1 
58.0 
70.5 
42.2 
78.8 
97.7 

-27.6 
51.9 
93.9 

125.0 
128.5 
144.9 
172.8 

6.8 
78.3 

117.1 
72.3 

111.8 
170.5 
185.1 
40.6 

105.3 
138.3 
156.5 
97.0 
22.0 
73.3 
53.0 

112.5 
77.9 
24.0 
61 .O 
51.4 

-37.3 
44.7 
31.1 
69.@ 
54.0 
18.7 
39.9 

-1.6 

Found 

18 
60.0 
63 

213" 
68.6 
-2.6 
45.5 

-42.2 
4.9" 

31.3" 
68.8" 
21" 
4.9" 

-62.3 
11.1" 
60" 
53.5 
67.1" 
43.6" 
78.5" 

-92.5 

101 
-25.4" 

50.6 
93.6 

125 
127 
145 
174 

1.1 
78.9 

120.5 
71.4 

112.5 
173 
182.5" 
36.8 

107.9 
139 
156.5 
97.0 
25.9 
74.7 
58 

112.3 
77.9 
22 
58 
51 

46.0 
23.8" 
71.1" 
51.7" 
17.1" 
39.3" 

-39.1" 

Error, C. 
-1.4 

2.0 
-0.6 
-1.3 

0.1 
-1.7 

1.0 
-8.3 

1.8 
2.8 
0.3 
1.7 
5.5 

-0.7 
-11.2 

7.5 
5.1 
4.5 
3.4 

-1.4 
0.3 

-3.3 
-2.2 

1.3 
0.3 
0.0 
1.5 

-0.1 
-1.2 

5.7 
-0.6 
-3.4 

0.9 
-0.7 
-2.5 

2.6 
3.8 

-2.6 
-0.7 

O.Ob 
O.Ob 

-3.9 
-1.4 
-5.0 

0.2 
O.Ob 
2.0 
3.0 
0.4 
1.8 

-1.3 
7.3 

-2.1 
2.3 
1.6 
0.6 

"Extrapolated normal boiling point. 'Three configurations of alkyl or alkoxy occur only once each in these compounds 
and do not require direct use of the computer. 

silanes the silicon a t  b.p.n. 4.20 is dominant over the 
hydrogen a t  0.6 for the b.p.n. (20). 

The absence of molecular association in liquid organo- 
boron compounds is necessary or the Kinney equation 
(Equation 1) will not be valid. Neither dimeric CH30BFn,  
b.p. 85.2", (15) nor partially associated (CH30)2BF, b.p. 
52.7", appear in Table 11. 

An earlier publication gives a sample calculation of b.p. 
( 2 )  and the method of assignment of configuration of alkyl 
groups. This paper also shows the attempted use of equa- 
tions other than the Kinney equation (Equation l). 
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Condensation of Aromatic Nitro Compounds 

with Arylacetonitriles 

V. Some Reactions of Arylcyanomethylenequinone Oximes 

RALPH B. DAVIS and JOSEPH D. BENIGN1 
Department of Chemistry, University of Notre Dame, Notre Dame, Ind. 

Mild chemical and catalytic reduction convert the arylcyanomethylenequinone oximes 
to p-aminoarylarylacetonitriles. The amino-nitrile compounds are readily hydrolyzed 
to the corresponding amino-acids. More vigorous catalytic reduction converts the 
arylcyanomethylenequinone oximes to p-aminoarylarylethylamines. There is described 
the preparation and characterization of many new amino-compounds which would 
be difficult to prepare by other methods. 

THIS REPORT concerns a continuation of the system- 
atic investigation of the chemical behavior of six repre- 
sentative arylcyanomethylenequinone oximes ( 4 ) ,  which are 
more properly named, 4-oxo-a-aryl-2,5-cyclohexadiene-~ ‘lo- 

acetonitrile oximes. The  arylcyanomethylenequinone 
oximes are reduced to the corresponding p-aminoarylaryl- 
acetonitriles in good yield using zinc and acetic acid in 
methanol and some water, or hydrogen and Raney nickel 
in methanol. The mild reduction of the arylcyanomethyl- 
enequinone oximes, which apparently involves an initial 
1,6-addition of hydrogen to  the p-quinoid system, similar 
to the reduction of fuchsone ( 3 ) ,  can be represented by 
the following general equation in which Q signifies a 
p-quinoid structure and Ar2 signifies a p-bivalent aromatic 
radical having the same chemical formula and arrangement 
of substituents as Q. 

Ar-C = Q =  NOH mild Ar-CH-Ar ‘-NH2 
I reduction 

CN 
I 
CN 

As part of the proof of structure of the p-aminoarylaryl- 
acetonitriles, p-aminophenylphenylacetonitrile and p-ami- 
nophenyl-p-chlorophenylacetonitrile were independently 

synthesized by the mild reduction of the corresponding 
nitro compounds. In  addition, the infrared spectra of the 
mild reduction products possessed characteristic amino 
group absorption peaks in the 2.8 to 3 . 0 ~  region (2) and 
characteristic non-conjugated nitrile group absorption 
peaks in the 4.47~ region ( 5 ) .  The p-aminoarylaryl- 
acetonitriles were converted to their hydrochloride salts 
and also to the corresponding amino-acids ( I )  by conven- 
tional procedures. 

More vigorous reducing conditions using hydrogen and 
Raney nickel m methanol, converts the arylcyanomethyl- 
enequinone oximes to the corresponding p-aminoarylaryl- 
ethylamines. 

Ar-C = Q= NOH Ar-CH-Ar ‘-NH? 
I reduction 

CH,-KH? 
I 

CN 

As suggested by other workers (6, 7), ammonia may be 
used in these reactions in order to keep secondary amine 
formation to a minimum. However, the ammonia must be 
introduced only after the initial stages of reduction have 
taken place, otherwise the expected diamines are not pro- 
duced in good yield. 
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