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vibrational frequencies associated with each of the 
MH3 moieties, considered as free molecules with CSV 
symmetry, and three arising as a consequence of the 
P-B bond; a fourth skeletal frequency, the P-B tor- 
sional motion of a2 symmetry, is inactive. The Raman 
effect for this model should also display the same 11 
fundamentals. 

Two possible alternatives for the structure of the 
solid are: (1) [PHd] [ H Z P ( B H ~ ) ~ ] ,  as originally proposed 
by Gamble and Gi1mont;I (2) [H2B(PH3)2] [BHI], 
analogous to the structure of the “diammoniate of di- 
borane.” The infrared and Raman spectra of both of 
these structures should diff er significantly from those 
of the CaV monomer. If the BH3 groups in (1) and the 
PH3 groups in (2) are considered as point masses 
and all angles are assumed to be tetrahedrat, each 
molecule contains ions of T d  acd Czv symmetry on the 
basis of which skeletal frequencies can be predicted. 
The T d  moieties should display two infrared-active 
motions and four fundamentals in the Ranian effect. 
Likewise, the Cav moieties mould be expected to give rise 
to eight infrared frequencies and nine Raman. Inter- 
nal motions of the MH3 groups would increase the com- 
plexity of the observed spectrum in the regions of hy- 

drogen frequencies. Thus, it is apparent that, if 
either (1) or (2) is the correct structure of the solid, the 
spectrum observed in the infrared should diff er sig- 
nificantly from that in the Raman effect. In particular, 
the spectra should display complexity in areas char- 
acteristic of P-B and MH3 motions. 

We have found the infrared and Raman spectra of 
the solid to be similar, relatively simple and easily 
related to the C3v model. Accordingly, we believe the 
evidence strongly indicates that solid “diborane di- 
phosphine” is monomeric as is the liquid. The ob- 
served infrared and Raman frequencies are listed in 
Table I. 30 evidence for [pH,+] or [BHd-] is ob- 
tained upon comparison of these spectra. Only one 
P-B motion could be assigned, and the spectra are rela- 
tively simple. 
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Boron- and nitrogen-substituted 1,3,2-diazaboracycloalkanes have been prepared by a transamination between bis(dimethy1- 
amino)boranes and 0,w-diamines. Partial substitution of the nitrogen of the diamine does not appear to inhibit this rc- 
action; five-, six-, and seven-membered heterocyclic systems are readily obtained by the described procedure. However, the 
low yields of product obtained in those reactions involving an olefinic apdiamine  indicate that steric factors may play an 
important role. The mechanism of the formation of the boron-nitrogen-carbon heterocycles is discussed, and some spec- 

In  the 

troscopic data are briefly evaluated. 

decade since the discovery of the 1,3,2-diaza- 
horacycloalkanes system (I) by Goubeau and Zappe13 
several preparative routes have been explored to pro- 
vide access to this type of c o m p o ~ n d . ~  However, 
with the exception of six compounds, only those deriva- 
tives of I in which R’ = R” = H have been described. 
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Moreover, the six cited exceptions5-* are all 1,3,2-diaza- 
boracyclopentanes (;.e., I, n = 2)  in which R‘ = R”. 

The present study reports on a simple synthesis of a 
variety of 1,3,2-diazaboracycloalkanes of differing 
ring size which are substituted a t  both the boron and 
the nitrogen sites in the molecule. These compounds 
are readily produced through a transamination reac- 
tion as illustrated in eq 1. Pertinent data are listed in 
Table I. 

N(CHj)2 HR’N, 

+ (&I:), - I + 2(CHdzxH (1) 
/ 

RB 

‘K( CH8): HR”X1 
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TABLE I 
1,3,2-DIAZABORACYCLOALKANES (I) 

R' R" 

CzH6 CZHG 
H CH3 
CHI CH3 

CzHs C2Hs 
H CH3 

H C2H5 

H CZH5 
CH3 CH3 
H CZH5 
H CH3 
CH3 CHI 
H CzH6 
H CHa 
CH3 CH3 

CH3 CHI 

CH3 CHa 

CHa CH3 
CZHS CzH6 

H CZH5 

CZH5 CZH5 

GHt, CZH5 

Yield, 
BP, ' C  (mm) % 
33-34 (2) 44 
33-35 (2) 54 

45-47 (2) 44 

31-33 (2) 66 
40-43 (2) 56 

66-68 (2) 64 
70-72 (2) 62 
30-31 (2) 41 
39-41 (1.5) 30 
44-46 (2) 77 
48-51 (2) 72 
48-50 (2) 72 
74-76 (2) 49 
71-74 (2) 68 
81-83 (2) 66 
34-35(2) 36 
43-45(2) 30 
52-54 (2) 54 
65-68 (2) 53 
85-86 (2) 67 

112-114 (3) 55 

Preliminary experiments have shown that 

--Boron--- -----Nitrogen- ---Carbon-- 
Calcd 

7.73 
7.73 
7.02 
7.02 
5.99 
6.76 
6.22 
8.59 
8.59 
7.02 
6.44 
6.44 
6.22 
5.75 
5.75 
7.73 
6.44 
5.94 
5.15 
5.35 
4.70 

1,3,2- 
diazaboracycloalkanes can be dehydrogenated to  yield 
derivatives containing carbon-carbon double bonds. 
Similar products have also been found to result from a 
transamination between a bis(amino) borane and an 
unsaturated apdiamine in analogy to eq 1. For ex- 
ample, utilizing N.N'-dimethyl-1,4-diaminobutene-2 
in this reaction, heterocycle I1 is obtained. However, 
whereas reaction according to eq 1 produces compounds 
of type I in good yield, the utilization of the olefinic 
diamine in an analogous reaction yields intractable 

H,C=C,H 
H2C CH2 

I I 
CHaN, ,NCH3 

? 
k 
I1 

material (probably polymeric in nature) as the major 
product along with small amounts of the desired 1,3,2- 
diazaboracycloal kene. 

Experimental Sectiong' lo 

Starting Materials.-Bis( dimethylamino)phenylborane, CGHG- 
B [N( CH3)2] 2,  and bis( dimethylamino)-n-butylborane, n-C4HYB- 
[ N( CH3)2] %, were prepared by the dimethylaminolysis of the 
corresponding organodichloroboranes. Bis( dimethylamino)- 
chloroborane, C1B [N(CH3)2]2, was obtained from a dispropor- 
tionation between tris(dimethylamino)borane, B [N( C H ~ ) L ] ~ ,  
and trichloroborane, and was subsequently allowed to react with 
methylmagnesium iodide to yield bis(dimethy1amino)methyl- 
borane, C H ~ B [ ~ ~ ' ( C H J ) ~ ] Z  All diamines were obtained from the 
Ames Laboratories, Milford, Conn.; they were dried over potas- 
sium hydroxide and were used without additional purification. 

2-%-Butyl- 1,3-dimethyl-l,3,2-diazaboracyclohexane (Typical 
Experiment).-A solution of 10.3 g (0.1 mole) of N,N'-dimethyl- 
1,3-diaminopropane in 50 ml of dry hexane was added to a solu- 

(9) Analyses were furnished by the Schwarzkopf Microanalytical Labora- 

(10) Infrared spectra of the materials were recorded on a Perkin-Elmer 
tory, Woodside 77, N. Y. 

Model 21 double-heam spectrophotometer using sodium chloride optics. 

Found 

7.51 
7.62 
6.96 
7.17 
6.07 
6.73 
5.94 
8.30 
8 .31  
7.33 
6.31 
6.49 
5.96 
5.94 
5.83 
7.49 
6.16 
5.94 
5.10 
5.19 
4.99 

Calcd 

20.01 
20.01 
18.18 
18.18 
15.38 
17.51 
16.10 
22.23 
22.23 
18.18 
16.67 
16.67 
16.10 
14.90 
14.90 
20.01 
16.67 
15.38 
13.33 
13.86 
12.17 

Found 

20.00 
20.23 
18.26 
18.50 
15.35 
17.42 
15.91 
22.41 
22.09 
18.41 
16.88 
16.64 
16.25 
14.86 
14.79 
19.96 
16.79 
15.30 
13.21 
14.35 
12.25 

Calcd 

60.03 
60.03 
62.36 
62.36 
65.95 
67.54 
69.00 
57.18 
57.18 
62.36 
64.30 
64.30 
69.00 
70.24 
70.24 
60.03 
64.30 
65.95 
68.57 
71.37 
73.05 

Found 

59 I95 
60.05 
62.13 
62.16 
66.10 
67.50 
69.11 
57.23 
57.29 
62.39 
64.23 
64.17 
69.19 
70,04 
70.09 
59.83 
64.46 
66.16 
68.26 
70.99 
73.24 

--Hydrogen- 
Calcd Found 

12.24 12.37 
12.24 12.12 
12.43 12.27 
12.43 12.00 
12.73 12.81 
8.19 8.43 
8.69 8.74 

12.00 12.05 
12.00 11.92 
12.43 12.34 
12.59 12.78 
12.59 12.77 
8.69 8.82 
9.11 9.17 
9.11 9.22 

12.24 12.24 
12.59 12.79 
12.73 12.73 
12.95 13.19 
9.48 9.58 

10.07 10.26 

tion of 15.6 g (0.1 mole) of bis(dimethy1amino)-n-butylborane in 
100 ml of dry hexane in an inert atmosphere. On refluxing the 
reaction mixture, dimethylamine was evolved; the reaction was 
complete within approximately 2 hr. The solvent was stripped 
off, and the residue was distilled under reduced pressure to yield 
12 g (72%) of the desired compound, bp 48-50' (2 mm). The 
analytical data are compiled in Table I. 
In an analogous procedure, the compounds listed in Table I 

were prepared by the reaction of 0.1-mole portions of variously 
B-substituted bis(dimethy1amino)boranes with the appropriate 
a,w-diamine in equimolar quantity. The yields cited represent 
only one experiment in each case, and no attempt has been made 
to improve the yields. 
2-n-Butyl-l,3-dimethyl-1,3,2-diazaboracycloheptene-5.-A so- 

lution of 11.4 g (0.1 mole) of N,Nf-dimethyl-l,4-diamino- 
butene-2 in 50 ml of dry hexane was added to a solution of 15.6 
g (0.1 mole) of bis(dimethy1amino)-n-butylborane in 100 ml of 
dry hexane in a nitrogen atmosphere. The mixture was re- 
fluxed for 2 hr, and the solvent was stripped off. On heating the 
semiliquid residue under high vacuum in an oil bath a t  about 
200", a small amount of a slightly yellow distillate was obtained. 
I t  was rectified under vacuum to yield 0.5 g (3%) of the desired 
compound, bp 59-81' (2 mm). Anal. Calcd for CloHzIBNL: 
C, 66.68; H, 11.75; B, 6.01; N, 15.56; mol wt, 180.10. Found: 
C, 67.10; H,  11.94; B, 5.90; N, 15.91; mol wt (cryoscopic in 
benzene), 186. 
In an analogous procedure 1,3,2-trimethyldiazaboracyclohep- 

tene-5, bp 43-44' (2  mm), was prepared by the reaction of bis- 
(dimethy1amino)methylborarie with N,IG'-dimethyl-1,4-diamino- 
butene-2 in 3% yield. 

Both of the compounds described above have rather complex 
infrared spectra, and no attempt has been made to assign specific 
vibrations, However, the presence of a CC double bond in these 
heterocycles is clearly indicated by strong absorption near 1650 
cm-1. 

Discussion 
Presumably cyclic derivatives containing the boron- 

nitrogen linkage are particularly suited as models to  
use in elucidating the nature of that bondll and conse- 
quently the vibrational spectra of some 1,3,2-diaza- 
boracycloalkanes where R' = R" = H have been 

(11) J. Goubeau and H.  Schneider, A N %  Chem., 675, 1 (1964). 
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studied in some detail.’$ 38 l 2  However, previous ob- 
servations on simple monoaminoborane systems, R2N- 
BR2, have shown that the effect of a nitrogen substitu- 
ent upon the character of the boron-nitrogen bond is 
more pronounced than that produced by substituting 
on the boron.13-15 Accordingly, the newly synthe- 
sized materials may be useful for further studies on the 
nature of the BN bonding in 1,3,2-diazaboracyclo- 
alkanes. A qualitative examination of the infrared 
spectra of the compounds listed in Table I provides the 
following information. 

All compounds exhibit a strong absorption near 1500 
i 15 cm-I, which is assigned to the antisymmetric 
BN2 stretching mode. No significant shift of this band 
is observed when the ring size of I is changed by varying 
n from 2 to 3 or 4. This observation indicates that the 
BN bond nature in I apparently is not influenced to any 
substantial degree by the ring size; this conclusion is in 
agreement with previous findings.’ In  addition, on 
changing either one or both of the substituents R’ and 
R” from H to CH3 or C2Hj, no appreciable shift of 
vasBNz could be observed. In the case of R’ or R” = H, 
an NH stretching vibration is observed in the 3400- 
cm-I region. This relatively low value for vNH may be 
accounted for by assuming a minor association of the 
molecules. Indeed, molecular weight determinations 
of I by the cryoscopic method in 0.05 m benzene solu- 
tion indicated the existence of up to lOy0 association. 

In agreement with previous work,l a CC valence 
vibration which has the character of a ring pulsation is 
observed for 1 : n  = 2 near 870 =t 20 cm-l, for n = 3 
near 760 cm-I, and in the case of n = 4 in the (700 * 
25) -cm-l region. These spectroscopic fin dings sug- 
gest that substitution a t  either or all of the 1, 2, and 3 
ring atoms of compounds of type I by “neutral” or- 
ganic groups does not exhibit any pronounced influence 
on the nature of the bonding within the ring. 

The preparation of heterocyclic boron-nitrogen com- 
pounds as possible carcinostatic agents appears to be a 
worthwhile undertaking if their hydrolytic instability 
can be reduced.16 Qualitative data indicate that 1,3- 
dimethyl-l,3,2-diazaboracycloalkanes may be more 
stable to hydrolysis by a factor of about 10 than their 
unsubstituted or unsymmetrically substituted ( i e . ,  
R’ = H, R” = CH,) counterparts. Furthermore, i t  
has been demonstrated that 1,3,2-diazaboracyclo- 
alkanes are useful precursors for the synthesis of novel 

(12) J. W. Dawson, P. Fri tz ,  and K. Niedenzu, J .  Oismzometal. Chem. 

(13) H. J .  Becher, Z .  Anovg. Ailgem. Cizem., 289, 262 (1957). 
(14) G. M. Wyrnan, K. Niedenzu, and J. W. Dawson, 1. Chem. Soc., 

(15) H. T. Baechle and H. J. Becher, Spectmchinz .  Acta, 21, 579 (1965). 
(16) A. H. Soloway in “Progress in Boron Chemistry,” Vol. I, Pergamon 

Press Inc., New York, N. Y. ,  1964, p 203. 
(17) P. Fritz, K. NTiedenzu, and J. W. Dawson, Inorg. Chem., 4,  886 

(1865). 
(18) K. Niedenzu and P. Fritz, Z. A m r g .  Allgem.  Chem., in press. 
(19) H. Ndth and G. Abeler, A w e w .  Chem., 77, 506 (1966). 

(Amsterdam), in pi-ess. 

1000 (1961). 

types of heterocycles containing boron and nitro- 
gen,I7-l9 and thus the synthesis of the N-substituted 
derivatives as described in this work may offer addi- 
tional and interesting preparative possibilities. 

On considering the present research in conjunction 
with previous work,’* it now appears possible to formu- 
late a mechanism for the reaction depicted in eq 1. It 
is likely that in the first step of the reaction only one 
dimethylamino group is separated from the bis (di- 
methylamino) borane as illustrared in eq 2. The 
RB [S( CH3)2]2 + HR’S-( CHz)n-NR”H --+ 

(CHa)zN-BR-NR’-( CHg),-NR”H + (CH3)zNH ( 2 )  
TTT 
111 

postulated mechanism is supported by the fact that in 
general about G0-80Yo of the dimethylamine expected 
according to eq 2 can be pumped off after mixing the 
reactants a t  room temperature. At this point, spec- 
troscopic investigation of the reaction mixture fails to 
provide any evidence of the existence of cyclic u-bonded 
structures. All attempts to isolate pure compounds of 
type 111, however, have been unsuccessful. It is 
likely that I11 exists as a coordinated cyclic structure 
IV, and attempts t o  prepare adducts of I11 have failed. 

I V  

Isolation of I11 (or IV. respectively) by distillation 
could not be achieved, since, in the second step of the 
over-all reaction depicted in eq 1, the all-u-bonded sys- 
tem I is formed by intramolecular condensation of I11 or 
IV, respectively, a t  elevated temperatures. The tem- 
perature of condensation is, however, much lower than 
the boiling point anticipated for a material of either 
type I11 or IV. It should be noted that aminoboranes 
of the type R2B-P\’R’-(CH2),-NR”H (R, R’, R” = 

alkyl) are known and have been reported to exist as 
coordinated  heterocycle^.^ 

That the second step of the reaction may be in- 
fluenced by steric factors is illustrated by the following. 
An examination of molecular models reveals that in the 
case of 111, n = 2 ,  3, or 4, the NHR” group may be 
located contiguous to the B-N(CH& part of the mole- 
cule. This circumstance is not as probable, however, 
if the carbon chain of I11 contains a double bond which 
reduces the free rotation within the molecule. Conse- 
quently, in the latter case linear polymerization of I11 
through elimination of dimethylamine may compete 
strongly with the cyclization and thus account for the 
low yield of 11. Since hydrolysis of the residual mate- 
rial results in almost quantitative recovery of the initial 
olefinic diamine, polymerization of the CC double bonds 
is highly improbable. 


