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INTRODUCTION

Borazene, a six-membered ring of alternate boron and

nitrogen atoms, each bonded externally to a hydrogen, was

discovered in 1926 by Stock and Pohland (23), They correct-

ly assigned the ring structure to it on the basis of its

chemical properties. This has been verified by electron

diffraction studies which show that the compound is planar

with bond angles of 120° (1, k)

•

Because of the difficulty of its synthesis only slow

progress has been made, until recently, in the study of its

chemical behavior and in the preparation of different types

of compounds containing the borazene ring. Originally the

synthesis involved the pyrolysis of the addition product of

ammonia and diborane (23), so that the synthesis of large

quantities of borazene was not practical. Synthesis of N-

alkyl substituted borazenes could be effected by starting

with amines rather than ammonia (26). B-alkyl-borazenes

have been synthesized by using boron trialkyla (2^), alkyl

boron dichloride (21), or by treating borazene with boron

trimethyl (26), The synthesis of borazene has been facil-

itated by the use of lithiujn borohydride in place of dibo-

rane (23). Sodium borohydride has also been found to be

practical for the synthesis (8), Jones and Kinney (11)

found that N-aryl-B-haloborazenes could be synthesized from

the reaction of boron trihalides and aromatic amines in an
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aromatic solvent. This synthesis has been extended to In-

clude the reaction of ammonluin chloride (3, 2k.) and alkyl

amine hydrochlorides with boron trlhalldes. An alternate

synthesis for borazene uses the reduction of B-trlchloro-

borazene with lithium borohydrlde (2I4.), or sodium boro-

hydrlde (8).

Because boron may act as an electron pair acceptor

and nitrogen may act as an electron pair donor, there Is the

possibility of internal pi bonds being formed. In addition

to the usual slgma bonds. In accordance with this, some

bond shortening Is Indicated In the ring (20), and borazene

shows absorption In the ultraviolet region of the spectrum

corresponding to mobile electrons (9, I8, 20), Because of

this, some authors have assigned a double bond resonance

structure to borazene (16). The Internal coordination would

have the result of placing a partial negative charge on the

boron and a partial positive charge on the nitrogen. Because

of this, the hydrogen on the boron Is somewhat hydrldlc and

the hydrogen on the nitrogen is somewhat acidic.

It is found that borazene s add hydrogen chloride,

hydrogen bromide, water, methanol, ammonia, and diethyl ether.

Some of these addition products decompose to give substi-

tuted borazenes, P'or example, the addition of hydrogen bro-

mide to borazene ultimately results in the formation of

B- trIbromoborazene

:

B^H-N-Ho + 3HBr—> B-H,Br^N^H^ >B^Br-N^H^ + 3H2



Some cases of substitution reactions have been ob-

served, Borazene will react with boron trlmethyl to give

B-triraethylborazene (26), and with boron trichloride and

boron trlbromide to give B-raono-, di-, or trlchloroborazene

and B-mono-, di-, or tribromoborazene, respectively (23).

It can be seen that the types of borazenes which

have been prepai-ed are few. In preparing derivatives of

borazene it has been cojnrtion to custom-build the borazene

by use of the appropriate starting materials, rather than

by working with the borazene group itself. The object of

this research was to attempt to expand the field of borazene

chemistry by finding general synthetic methods applicable to

the preparation of borazene derivatives in good yields, and

of different functional types. In the field of organic

chemistry the use of organo-raetallic compounds has been of

tremendous value in the preparation of organic compounds of

different classes. In particular the Grignard reagent, pre-

pared from an organic halide and magnesium, has been inval-

uable. Since B-haloborazenes are easily prepared in quantity

from readily obtainable starting materials, it was decided

to attempt to prepare borazene analogs of Grignard reagents

and to use these in the general preparations of other substi-

tuted borazenes.



EXPERIMENTAL PROCEDURES

Preparation of the B-trihaloborazenes

Since none of the B-trihaloborazenes used were com-

mercially available, it was necessary to prepare them. The

B-trihaloborazenes may be prepared by the halogenation of

the appropriate borazene or by an adaptation of the method

of Jones and Kinney (11), and Laubengayer and Drown (3)>

which involves the reaction of a boron trihalide with ammo-

nium halide, or the appropriate amine hydrohalide^in an

inert organic solvent. Since the latter method uses readily

available chemicals and gives good yields of the B-trihalo-

borazenes, it vias the method chosen. The reaction may be

written in several steps as:

BK^ + (RNH«)X > H}C.:NH2R + HX

BX^:NH^R > (BX^NHR) + HX32 fc n

(BX^NHK)^ > BJC N R + HX

where R is either an organic radical or hydrogen.

Preparation of N-trimethyl-3-trlchloroborazene

One neck of a two-liter, three-necked flask was fit-

ted with a water condenser topped with a dry-ice condenser,

which was connected to a dry-ice trap to catch any boron

trichloride escaping the dry-ice condenser. The dry-ice

trap was in series with a mineral oil bubbler to indicate

hydrogen chloride evolution. The gas was passed to the
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outside tlrirough the hood. The other side neck was fitted

with a dry-Ice condenser connected to a trap containing a

weighed quantity of boron trichloride. The center neck was

fitted with a stirrer if large quantities of reactants were

used, A quantity of boron trichloride, not exceeding 600

grams, was condensed into a previously weighed trap, and the

weight of boron trichloride taken, Prora this weight, the

equivalent quantity of methylamine hydrochloride, based

upon the above equations, was calculated and 9f? per cent

of this quantity was added to the flask along with 800-900

ml, of chlorobenzene. The mixture was heated to reflux with

a Qlas-col heating mantle and then the boron trichloride was

added slowly at such a rate that the boron trichloride fell

dropwise from the exit dry-Ice condenser. Allowing the trap

containing boron trichloride to stand at room temperature

usually gave a satisfactory rate of boron trichloride addi-

tion. Otherwise the trap was wsu?raed or cooled as necessary.

Addition of the boron trichloride took from four to eight

hours, depending upon the quantities used. If any boron

trichloride escaped into the dry-ice trap, it was re-added.

Excess boron trichloride was kept In the reaction system

for six hours after its addition was completed, by keeping

the exit dry-ice condenser filled. After this time the ex-

cess boron trichloride was allowed to escape into the dry-

ice trap. As shown by the equations, hydrogen chloride is



produced during the reaction, and the rate of reaction may

be followed by the rate of evolution of hydrogen chloride

at the exit mineral oil bubbler. Reaction was continued

at the reflux temperature of chlorobenzene until the evo-

lution of hydrogen chloride ceased almost entirely. This

required from thirty-six to lorty-eight hours. After this

time had elapsed, the mixture was transferred to another

flask and the solvent removed. It was found most conven-

ient to remove about three-fourths of the solvent by dis-

tillation at atmospheric pressure suid the remainder by

gentle warming with an oil bath with the flask at about

1 mm. Eg, Pinal removal of the solvent was effected by

heating the flask in an oil bath at 80° C, for one to two

hours, at 1 ram, Hg, Temperatures above this caused an ex-

cessive loss of product due to sublimation* After the

removal of the solvent was completed, the flask and its

contents were transferred to a vacuum sublimation appara-

tus and the product was sublimed. At about 1 mm. Hg, a

bath temperature of 110-120° C, was required to give a

reasonable rate of sublimation. The product consisted of

white needles melting at 152- l^i^.® C, The yields, based

upon the quantity of methylamine hydrochloride used, were

quantitative. The product was stable, when stored in a

dry box, for several months.



5te



In some of the preparations. Chlorobenzene Is apparently

more Inert than xylene and gives better yields and a

cleaner-appearing system at the completion of the reac-

tion, A pure white product Is more readily obtained when

chlorobenzene is used. The commercial chlorobenzene, which

was used without further purification, showed a wide vari-

ation from lot to lot in the quantity of dark, tarry mate-

rial produced,

Matheson technical grade boron trichloride was used

as condensed from a lecture bottle. A small amount of non-

volatile material usually remained in the trap after addi-

tion of boron trichloride was completed.

The methylamine hydrochloride used was obtained from

Eastman, Fisher and Matheson, and Coleman and Bell, It was

dried over calcium sulfate In a desiccator before use.

Preparation of B-trlchloroborazene

The apparatus was similar to that described above,

but in this case stirring is essential. Ground glass, used

by other authors as a dispersant for the ammonium chloride

(23), was omitted with only a slight loss of yield. The

same general procedure as outlined above for the prepara-

tion of N-trlmethyl-B-trichloroborazene was followed, but

with smaller quantities of reactants. The maximum quanti-

ties of reactants used were 292 grams {2,1^9 moles) of boron

trichloride, 128 grams (2,i|. moles) of ammonium chloride.



and 700 ml, of chlorobenzene. Complete addition of boron

trichloride required slightly more time than during the pre-

vious preparation. However, the reaction was usually fin-

ished, as judged from the cessation of hydrogen chloride

evolution, within an hour after the addition of boron tri-

chloride was completed.

After the reaction was completed the contents of the

flask were transferred to another flask, and about half of

the solvent was removed by distillation at atmospheric pres-

sure. The remainder of the solvent was removed under re-

duced pressure (,5 mm, Hg) with the flask at room tempera-

ture. It was necessary to keep the flask cool, in contrast

to the previous preparation, because of the greater vola-

tility of B-trichloroborazene as compared with N-triraethyl-

B-trichloroborazene, After the solvent had been removed

the B-trichloroborazene was sublimed as white crystals. The

yield varied from 55 to 60 per cent.

Analysis showed: jfe ^N-H 5^01

Pound 17.63 2ij..l|2 58.15

Calculated for B^Cl^N^H^ 17.65 2i|.,5l 57.86

If more than a month had elapsed since purification, it was

necessary to resublime the material before use.

No attempt was made to improve the yield reported

above. The lower yield of B-trichloroborazene, as compared

to N-trimethyl-B-trichloroborazene, could be attributed to
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the thermal Instability of the former. This compound is

known to be unstable (3) at the temperatures used during

its preparation. Thus, during the course of the reaction,

a time will be reached at which B-trichloroborazene is de-

composing more rapidly than it is being produced by the

reaction. Therefore the yields could not be improved by

increasing the reaction time as was done in the preparation

of N-trimethyl-B-trichloroborazene

.

A solid residue, probably a boron nitride, is al-

ways found in the reaction flask. This solid residue was

separated from the liquid only by decantation, so some of

the solid was transferred to the sublimation flask, but

this caused no apparent harm. Other authors {2^.) have cen-

trifuged the mixture to remove the solid.

Preparation of N-trimethyl-B»ohloro-B-bromoborazene ^

Since boron tribromide is less volatile than boron

trichloride, techniques somewhat different from those nec-

essary for handling the previous preparations were used.

The center neck of a two-necked flask was fitted with a

reflux condenser connected to a mineral oil bubbler to in-

dicate hydrogen halide evolution. After addition of chlo-

robenzene and methylamlne hydrochloride to the reaction

flask, a 5 per cent excess of boron tribromide was quickly

measured with a pipet and added to the flask contents. The

mixture was refluxed for forty hours. Throughout this time
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liydrogen halide was slowly evolved. Insoluble material

was rormed daring the first hour oi' reaction and remained

throughout the reaction period. After the reaction mix-

ture was cooled, the supernatant liquid was decanted from

the s olid. The solvent was removed under reduced pressure

and the iii-trimethyl-B-chloro-i3-bromoborazene sublimed at

an oil bath temperature of 120 to 135° C, and 1 ram. Hg,

The yield, which is based upon the average molecular weight

of 301* calculated from the analysis given below, was I4.2

per cent, Wo additional product was i«c overed by adding

fresh solvent to the flask residue and further refluxing.

Analysis showed: %B %}X'Cn^ iCl ^Br

Po\ind 10.85 29.16 I6,0i4. k3»9k

Calculated for

B^Cl-j^^CCH^)^ lij..36 38.54 47.10 0,00

Calculated for

^3^3^3^^^3^3 ^'^^ ^'^^ °*^° ^^•''^

The product prepared from this reaction is apparent-

ly a mixture of N-trimethyl-B-trlchloroborazene, N-trl-

raethyl-B-dichloro-B-bromoborazene, N-trimethyl-B-chloro-

B»dibroraoborazene, and N-trlmethyl-B-tribroraoborazene,

This preparation will be discussed more fully in another

section of this dissertation.

Preparation of 3-tribromoborazene

The apparatus and procedure wore similar to those
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given above for K-trlraethyl-E-chloro-B-broraoborazene, How-

ever, the average tiae of reaction was twelve hours. Stir-

ring seemed to have the unexpected result of decreasing the

rate of hydrogen bromide evolution, and consequently was

not used. In a typical reaction 1^5 grams (1,5B moles) of

ammonium bromide, k^ grams (1#67 moles) of boron tribro-

nide, and 300 ml, of chlorobenzene were used. The average

yield was about 100 grams (,31^ moles) of purified product.

The average yield was 60 per cent, but was as high as 3o

per cent when smaller quantities of starting material were

used.

Melting point, found 12^-127° C,

Melting point, literature {2k) 126-128° C,

Analysis showed: %B '^N ^Br

Pound 10.18 12,97 7i^-.56

Calculated for B3Br3N3H3 10,23 13, 2^ 75.^7

If storage time exceeded one month, the B-tribromoborazene

was resublimed before use.

Reaction of B*trihaloborazenes with Hagnesivim

Reaction of N-trimethyl-B-trichloroborazene with magnesium

Ethyl ether, 15 grams (.066 moles) of N-trimethyl-

B-trichloroborazene, 5 grams (,206 moles) of magnesium, and

a small crystal of iodine were added to a round-bottomed
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flask fitted with a reflux condenser vented to the atmos-

phere through a drierite column. No spontaneous reaction

occurred with gentle warming. The mixture was refluxed

for several hours with no apparent effect. After refluxing

was stopped, the solvent was distilled at reduced pressure

and the unreacted N-trimethyl»B«trichloroborazene recovered

by sublimation at reduced pressure, Tn addition to the N»

trimethyl-«-trichloroborazene a small amount of gummy ma-

terial was found,

Tetrahydrofuran Is a more powerful solvent for Grig-

nard reactions than ethyl ether. Consequently, tetrahydro-

furan, dried with sodium and calcium hydride, was tried as

a solvent. The same quantities of reactants as described

above xvere used. The iodine color completely disappeared

in about ten minutes, but no spontaneous reaction started.

The mixture was refluxed for several hours. During this

time the magnesium dsu?kened and etched considerably and the

solution turned a reddish color. The solution was decanted

from unreacted magnesium and the solvent distilled under

reduced pressure. No N-trimethyl-B-trlchloroborazene could

be recovered from the mixture at the normal sublimation

temperature, A light brown solid remained.

Analysis of the solid showed:

foB in ^Mg iCl

10,3 13.7 6.03 28.3



li^

This analysis gives an empirical formula corresponding to

b^N^Clp |,6^g 75(0^^30), if the remainder Is assumed to con-

sist of only tetrahydrofuran. This result can be explained

by assuming a mixture such as B-jN'j(CH-j)2Cl2MgCl and

B3N3(CH2)3Cl2-Mg-B2N2(CH2)3Cl2 .

Reaction of N-trimethyl-B-chloro-B-bromoborazene with mag-

nesium

An attempt was made to react N-trimethyl-B-chloro-

B-bromoborazene with magnesium in refluxing ethyl ether

with iodine as a catalyst. No reaction was observed.

Reaction of B-trichloroborazene with magnesium

This compound also failed to react with magnesium in

refluxing ethyl ether with iodine as a catalyst.

Reaction of B-tribromoborazene with magnesium

In contrast to the above compounds, B-tribromobora-

zene showed a very vigorous, spontaneous reaction with mag-

nesium in the presence of ethyl ether, even without a cata-

lyst. It was found that 1..^ moles of magnesium were con-

sumed for each mole of B-tribromoborazene present in the

reaction mixture. Two liquid layers were formed as the

spontaneous reaction neared completion. The top layer was

colorless, clear, and ether soluble. The bottom layer was

gray, cloudy, viscous, and immiscible with ethyl ether.

Neither layer showed further reaction with magnesium. Also,
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neither layer reacted with methyl iodide. Neither layer

showed any tendency to c oaple with N-trimethyl-B-trichloro-

borazene, \{hen magnesium was added slowly to a solution of

B-tribromoborazene in ethyl ether a precipitate was formed.

As more magnesium was added, the precipitate went into solu-

tion, or suspension, giving a two-layer mixture similar to

that observed above at the coinpletion of the reaction.

No reaction was observed between B-tribromoborazene

and magnesium in refluxing benzene, even with iodine added

as a catalyst.

Removal of the solvent from the above layers at room

temperature and 1 mm* Hg gave white solids.

Analysis showed: 'iB jN '^Br ^Mg Remainder

Top-layer residue 9.85 13. ^^9 23.9 7.33 39,^3

Bottom-layer residue 3»kl k*S2 SO.kl 8.31 33.29

If the remainder is arbitrarily assigned to ethyl

ether, which may be present as a complex, an etherate, or may

be trapped in the solid, we get atom ratios of

BoN-jMgBrCEtgO)]^^^ for the solid from the top layer, and

B2NoMg3Br£,(Et20)L (^ for the solid from the bottom layer.

Upon pyrolysis at 100 to 2^0° C. and 1 mm. Hg, the

solids from both layers gave s mall amounts of a colorless

liquid. The liquids from both layers had identical infrared

spectra and gave the same analysis for boron and nitrogen,

so it was concluded that both layers gave the same pyrolysis
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product. The liquid distilled at 65 to 66° C, { .4 im. Hg),

Analysis showed: ^B 5^N

Top-layer pyrolysis product 16, 11+ 20.i4.0

Bottom-layer pyrolysis product 16.2? 20,30

Analysis of the combined liquids showed:

Found
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The last part of the high boiling fraction was less

volatile than would bo expected for a product monoraeric in

borazene rings, so it is possible that the liquid contained

coupled borazene rings,

A reaction betvieen magnesium and B-tribromoborazene

was carried out in the presence of N-triraethyl-B-trichloro-

borazene. A solution of 30«1 grams (.133 moles) of N-tri-

methyl-B-trichloroborazene in 1^0 ml, of ethyl ether, and

2.3 grams (.09 moles) of magnesium was placed in a 300 ml.

two-necked flask. Then a solution of 10 grams (.032 moles)

of B-tribromoborazene in ethyl ether was added slowly. The

reaction was slow and lasted for about an hour, after which

the mixture was refluxed gently. A white precipitate formed

slowly during the course of the reaction. Only one layer

was present in this reaction, indicating that only relative-

ly small amounts of magnesium bromide were formed. The

white precipitate was filtered through a fritted disc Buch-

ner funnel, washed with ethyl ether, and then kept at about

1 mm, Hg at room temperature overnight to remove excess

ethyl ether. The precipitate was soluble in hot water. The

precipitate was weighed and analyzed for boron, nitrogen,

halogens, and miagnesium,
'i

Analysis showed: iB i^ id iBr ing Remainder

. .23 .35 10.80 ii.7.32 10.73 30,57

Therefore the precipitate consisted primarily of magne3i\im
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hallde solvated by ethyl ether.

Reaction of B-trlhaloborazenes with Grlgnard Reagents

Reaction of N-trlmethyl-B-trlchloroborazene with ethyl mag*

nealum bromide

Into a two-necked flask were placed 25 grams (1.11

molea) of N-trimethyl-B-trlchloroborazene, 75 ml, of ethyl

ether, a crystal of iodine, a magnetic stirring bar, and

9 grams (,37 moles) of magnesium. The center neck was fit-

ted with an efficient water condenser topped by a dxy-lce

condenser vented to the air through a drlerite tube, A

dropping funnel containing l\.0 grams (,365 moles) of ethyl

bromide was placed in the side neck. One ml, of ethyl bro-

mide was added, and if the reaction did not start sponta-

neously the flask was warmed gently to start the reaction.

After the reaction was started, ethyl bromide was added

slowly from a dropping funnel, with stirring, at a rate

that produced a moderate reflux of the ethyl ether, A

white precipitate of magnesium hallde formed almost immedi-

ately and continued to form throughout the course of the

reaction. Addition of ethyl bromide required about two

hours. After the addition of ethyl bromide was complete

the mixture was refluxed for three or four more hours to

complete the reaction. The mixture was filtered through a

fritted disc Buchner funnel. The precipitate was washed
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several times with ethyl ether, the washings being corabined

with the filtrate. The combined filtrate and washings were

transferred to a flask and the solvent removed at reduced

pressure. The flask was then placed in a fractionation ap-

paratus and the product, which was a colorless liquid, was

distilled at reduced pressure. The yield of purified N-tri-

methyl-B-triethylborazene was about 65 per cent.

Analysis showed: ih ^N !^1

Pound 15.86 19. kr^ 0.6

Calculated for B^{C^^) ^E^iCE^) ^ 15.70 20,33 0.00

The boiling point was 82° C, (,65 mm, Hg) and 98® C,

(1,8 ram, Hg), The melting point was 1 to 2° C, The re-

fractive index at 22,5° C was 1,1^.791,

Reaction of N-trimethyl-3-trlchloroborazene with n-butyl

magnesiam bromide

The saiae procedure as outlined above for the pre-

paration of N-trimethyl-B-triethylborazene was used for this

reaction. In the reaction 22,3 grams (,093? moles) of N-

trimethyl-B-trichloroborazene, 7.2 grams (,30 moles) of mag-

nesium, and 40.6 grams (,296 moles) of n-butyl bromide were

used. After fractionation at reduced pressure 21,2 grams

of a colorless liquid were obtained. This was a yield of

714. per cent.



20

Analysis showed: ^B iV ici

Pound 10.92 13.73 0.00

Calculated for B (C. H^) N (CH ) 11.16 II4..I4.5 0.00

The boiling point was li|.0° C. (1.1 mm. Hg), and the

freezing point was -l8° to -17°. The refractive index at

22,$° C. was 1.1|759.

Reaction of N-trimethyl-B«trichloroborazene with leas than

the theoretical qaantities of Grignard reagent

Less than three moles of Grignard reagent for each

mole of N-trlmethyl-B-trichloroborazene was used for this

reaction. A solution of n-butyl magnesium bromide In ethyl

ether was prepared by the reaction of magnesium with i^O

grams (.29 moles) of n-butyl bromide. A solution of N-tri-

raethyl-B-trichloroborazene in benzene was placed in a tv;o-

necked flask equipped with a water condenser topped with a

dry-ice condenser vented to the atmosphere with a drierite

column, A dropping funnel containing the n-butyl magnesium

bromide was placed in the side neck. With the stirring of

the flask contents the n-butyl magnesium bromide was added

slowly to the flask. The flask became hot, because the re-

action is exothermic. The rate of addition was set so that

the n-butyl magnesium bromide was uniformly dispersed in the

mixture, and required about a half hour. After addition of

n-butyl magnesium bromide was completed , the mixture was
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refluxad for about four hours to insure complete reaction.

The flask's contents were filtered through a Buchner frit-

ted disc funnel, and washed with ethyl ether as before.

The solvent was removed at reduced pressure and the liquid

residue placed in a vacuum fractionation apparatus. The

liquid was fractionated to give k^ per cent N-trimethyl-B-

tri-(n-butyl)-borazene, 35 per cent N-trlmethyl-B-di-

(n-butyl)-B-chloroborazene, and 20 per cent N-trimethyl-

B-(n-butyl)-B-dichloroborazene, The overall yield of bora-

zene derivatives was approximately 75 P«r cent.

The boiling point of N-trimethyl-B-dl-(n-butyl)-

B-chloroborazene was 122° C, (1.13 "wi» Hg), and its refrac-

tive index at 22,5° C. was l.ij.807.

Analysis showed: iB ^N %C1

Found 12.19 15.22 12.73

Calculated for

B3(Ci^H9)2ClN3(CH3)3 12.05 15. 61 13.17

The boiling point of N- trimethyl-B-(n-butyl )-B-di-

chloroborazene was 101° C. (1.1 mm. Hg), its freezing point

was 'k to -6° C, and its refractive index at 22.5° C. was

1.14.876.

Analysis showed: %B ifi 'i^Cl

Pound 13.014. 16.53 27.61

Calculated for

B3C|^li«5Cl2N3(CH3)3 13.11 16.91 23.05
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Attempts w«re made to prepare N-trlmethyl-B-dlethyl-

B-chloroborazene and N-trlmethyl-B-ethyl-B-dlchloroborazene

in the same manner as described above. After sublimation of

unreacted N-trimethyl-B-trichloroborazene the remaining li-

quid was fractionated in an efficient column. In no case

was it possible to isolate a fraction that corresponded to

a definite composition. On prolonged refluxing or repeated

fractionation, N-trimethyl-B-trichloroborazene was obtained.

Elemental analysis of the distillate was consistent with

mixtures of partially alkylated derivatives. For example, a

sample which distilled at 83.5° C. (I.I4.2 ram. Hg) was analyzed

for boron and chlorine.

Analysis showed: %B 5^1

Found 14.93 28.31+

Calculated for 3^02^^^!2^3^^^3^

3

lij-.79 32.30

Calculated for B^(C2H^)2C1N (CH^) 15.23 16. 63

Similarly, a sample distilling at 8^° C, {l»k^ vm, Hg) gave

2^,l\. per cent chlorine. These analyses indicate that the

samples were a mixture of the desired products.

Reaction of N-trimethyl-B-trichloroborazene with allyl mag-

nesium bromide.

The presence of N-trimethyl-B-trichloroborazene ap-

parently made it impossible to start the formation of allyl

magnesium bromide. The formation of Grignard reagent from
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allyl bromide and magnesium was not successful in the pre-

sence of N-trlmethyl-B-trlchloroborazene, It was necessary

first to form the Grlgnard reagent from magnesium and allyl

bromide in ethyl ether and to add it slowly to a solution

of N-triraethyl-B-trichloroborazene in ethyl ether, Allyl

magnesium bromide was prepared from the reaction of 60 grains

(•50 moles) of allyl bromide and ll4.,6 grams (,58 moles) of

magnesium in ethyl ether, A solution of 30 grams (.133

moles) of N-trimethyl-B-trichloroborazene in ethyl ether

was placed in a two-necked flask fitted with a reflux con-

denser topped with a dry-ice condenser vented to the atmos-

phere through a drierite column. The allyl magnesium bro-

mide was added slowly from a dropping funnel fitted into the

second neck. The mixture was then handled as in previous

cases. The N-trlmethyl-B-triallylborazene was distilled at

reduced pressure as a colorless liquid in about 50 per cent

yield. Its boiling point was 110 to 112° C. (1,3 mm. Hg),

its freezing point was -37 to -39° C,, and its refractive

index at 22.5° C, was l.^Oii.?.

Analysis showed: 5^ ^N iCl

Pound 13.32 16,66 0,00

Calculated for B3(C3H^)^N^(CH^)^ 13-37 17.31 0.00

Reaction of N-trimethyl-B-di-(n-butyl)-B-chloroborazene with

lyij.-Qichlorobutane and magnesium

Into a 100 ml, flask were placed 5.6 grams (.021
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moles) of K-trlraethyl-B-di-(n-butyl)-B-chloroborazene, 1,1^.

grams (.011 moles) of l,I|.-cllchlorobutane and ,62 grams

(.02^5 moles) of magnesium, and 50 ml. of ethyl ether. The

reaction did not start spontaneously, nor was it induced by

a crystal of iodine, A few drops of n-butyl bromide was

added, and a reaction started immediately but soon ceased.

External heating over a period of several hours caused the

formation of a white precipitate. The mixture was then fil-

tered and the precipitate washed with ethyl ether. The sol-

vent was removed from the combined filtrate and washings at

reduced pressure, A small amount of liquid distilled at a

bath temperature of 170 to 200° C. This corresponded to

either unreacted starting material or N-trimethyl-B-trl-

(n-butyl)-borazene. At a bath temperature of 2l+.0° C,, li-

quid again started to distill. No attempt was made to dis-

till this fraction, but the flask was removed from the bath

and cooled. The contents of the flask were dissolved in a

few ml, of ethyl ether and filtered. Brownish amorphous ma-

terial remained on the filter, the filtrate being light yel-

low. The ethyl ether was removed at reduced pressure, leaving

a white crystalline solid melting from 6^ to 8^° C. This li-

quid distilled at a bath temperature of 275 to 300° C, at

.2 mm, Hg, Cryoscopic measurements made with a platinum re-

sistance thermometer, and using cyclohexane dried with cal-

cium hydride as the s olvent, gave a molecular weight of 1|.89.
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The calculated value for l,U-<il»(**-trliaethyl-IS*di-n-butyl-

bor&zene) butane la $23.74*

Analysis showed: 5te ItS

Pound 12.28 1^.51

Calculated for B^H^Cg^H^^ 12.39 16.05

Reaction of N«'trlmethyl*i>'trlchloroborazene with l.i^-dl-;

chlorobutane and taa^neaiara In ethyl ether

For each mole of N-trlmethyl-'i-trlchloroboraeene,

1.5 aoles of magneeiua and l,i^*dlchlorobutane were used.

This should presumably lead to cirosslinklng of the bor*

asene rings with tetramethylene groups. To 16 grains (.071

aoles) of N-trlraethyl-B-trlchlox^borazene in a 250 ml.

flask were added 125 ml. of ethyl ether and 5.1 grans (.21

moles) of magnesium. Then 13 grams (.102 moles) of It^-

diehlorobutsme were added slowly from a dropping funnel.

A slow reaction started. By external heating the reixture

was refluxed for eight hours. Upon standing overnight,

some oX the precipitate turned to a resinous solid. This

solid was not decomposed by standing in water and was only

slightly ai'fected by standing for one hour in 50 per cent

sulfuric acid at room te^nperature. Very little of the solid

material was soluble in ethyl ether, and only a very small

ataount of this was volatile even at 250^ C. and .75 nm. Hg.

^ome of the hax*d resinous material was extracted by benzene

In a Soxhlet extractor. Analysis for boron and chlorine
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showed that th« extrao tabic solid had about 1,^ moles of

olilorlds for saoh borasens ring. This Indleatsrl that about

onoohalf of tho boron sites are used for ohaJn formation*

This Is the ease If the average ohaln length Is four, Tf

we have a ohaln of n borasene rings we will have 3n boron

atoms and (n * 2) chlorine atoms. Therefore 3n/n <- 2 is

equal to the experimental ratio of boron equivalents to

chlorine equivalents. Since sn experimental ratio of two

borons to one chlorine was found « substitution In the fonm-

la above gives us an average value of four.

In one instance N-trlmethyloiVtrlehloroborazene was

reacted with l^^'^^i^z'Oi^^^^onzene end magnesium In the pre*

sence of ethyl ether. A soft powdery solid* easily decom-

posed by water, was obtained. This solid dissolved exother-

mleally in dlmethylfox^namlde.

Reaction of >trlbromoborazene with ethyl maprnesium bromide

ilnee r-trlbromoboraeene reacts spontaneously with

aiagneslum, the Qrlgnard reagent could not be prepared in situ

as was done previously. The Qrlgnard reagent was prepared by

reacting 22.9 grams (.206 moles) of ethyl bromide with 9«1

grams (.210 moles) of magnesium in $0 ml. of ethyl ether.

The ethyl magnesium bromide thus prepared was added slowly

from a dropping funnel to a solution of 20 grams (.063 moles)

of B»tribronoborazene in ethyl ether in a two-necked 2^0 ml.
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flask fitted with a water condenser topped with a dry-ice

condenser vented to the atmosphere through a drierite col-

umn, A slightly exothermic reaction occurred. Two layers

separated during the course of the reaction, indicating that

the etherate of magnesium bromide had been formed (27). The

top layer was colorless and clear, and the bottom layer was

gray and cloudy. The two layers were separated in a sepa-

ratory funnel and the solvent removed from each layer under

reduced pressure. About ,07 mole of ethyl bromide was re-

covered from the solvent. It was identified by formation of

the Grignard reagent, addition of dry-ice, and then acidifi-

cation to liberate the free acid which was titrated with

standard sodium hydroxide. The residue from the top layer

gave a small amount of liquid condensing at 1 mm, Hg at room

temperature. Analysis showed that the liquid contained 9.73

per cent boron and 10.i|.9 per cent nitrogen. The sample was

redistilled at atmospheric pressure. Some ethyl ether was

recovered at 3^° C, The bulk of the liquid boiled at 110 to

116 C, at atmospheric pressure. Upon analysis this sample

showed 10,02 per cent boron and 10.81^ per cent nitrogen.

The infrared spectrum was very similar to the infrared spec-

trum of the compound produced from the reaction of B-trichlo-

roborazene with ethyl magnesium bromide. The bottom layer

upon pyrolysls gave a s mall amount of liquid whose infrared

spectrum corresponded to the infrared spectra of the pyroly-

sls products previously mentioned in the reaction of mag-
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neslum with B-trlbroiooborazene in ethyl ether.

Reaction of B^trlbromoborazene with n-butyl magnesium bro-

mide

Leas than three moles of Grignard reagent per mole

of B-trlbromoborazene were used in an attempt to prepare

unsymmetrically-substituted B-(n-butyl)-B-broraoborazene. A

solution of n-butyl magnesium bromide was prepared from the

reaction of l5.5 grams (.113 moles) of n-butyl bromide with

2.7 grams (.111 moles) of raiagnesium in ethyl ether. The

n-butyl magnesium bromide was added slowly from a dropping

funnel to a solution of l8 grams (.057 moles) of B-tribro-

moborazene in ethyl ether in a 2^0 ml, two-necked flask

fitted with a reflux condenser vented to the atmosphere

through a drierite column, A slightly exothermic reaction

occurred with the formation of two layers. The layers were

separated and the solvent removed from the top layer at re-

duced pressure. There remained a liquid which distilled at

91 to 93 C, (.33 "ira. Hg), The yield was 3.5 grams. Assum-

ing that the product was B-tri- (n-butyl )-borazene, this was

a yield of 37 P©r cent based upon the quantity of Grignard

reagent used, and 24 per cent based upon the quantity of

B-tribromoborazene used.



29

Analysis showed: %B 'i'S

Pound 13.^ 17.50

Calculated for B3(C[j^H9)3N3H3 13.0i4. 16,89

The analyses for both both boron and nitrogen are

high. The temperature used for the distillation was suf-

ficiently high to cause cleava'i'e of ethyl ether, if any

were present. Cleavage of ethyl ether could place ethyl or

ethoxy groups on the boron in the borazene ring. This would

lower the molecular weight of the compound torme6 and raise

the b oron and nitrogen content.

Reaction of B«trichloroborazene with Sodium Ethylate

At one time B-triethoxyborazene was considered to be

a possible compound formed from the pyrolysis of the product

formed from the reaction of magnesium with B-tribromobor-

azene in ethyl ether. To prepare B-triethoxyborazene the

reaction of sodium ethylate w ith a solution of B-trlchloro-

borazene was used (2).

Sodium ethylate was prepared by slowly adding abso-

lute ethanol to metallic sodium. In order to obtain complete

reaction it was necessary to add sufficient ethanol to dis-

solve completely the s odium ethylate formed. After the re-

action was complete, the excess ethanol was removed at re-

duced pressure. To remove the excess ethanol, the flask was

heated in an oil bath for two hours at 8o° C. at reduced
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pressure. Analysis showed that the solid obtained had

.01/4.52 equivalents / gram of base, as compared to a cal-

culated value of .OII4.69 equivalents / gram.

To a two-necked 2^0 ml. flask were added 12^ ml. of

dry benzene and 21.03 grams (.lli|. moles) of B-trichlorobor-

azena. The other neck was fitted with a solids additjon

tube containing 23«ii- grams (.314 tnoles) of sodium ethylate.

The sodium ethylate was added slowly, by rotation of the

addition tube, over a period of two hours with the mixture

stirred by a magnetic stirrer. The mixture was refluxed

for ten hours after addition of sodium ethylate was com-

plete. The reaction mixture was filtered and the precipi-

tate washed with ethyl ether. The solvent was removed from

the combined filtrate and washings at reduced pressure.

The remaining liquid was distilled through a small column.

Tho product solidified in the receivers. The distillation

temperature was 78*^ C, (.1 mm. Hg).

Analysis showed: j^q %h %q ^h ^0

Fo^nd 1^.17 19.69 33.85 8.U3 22.86

Calculated for
B3(OC2H^)3N3H3 15.26 19.76 33.98 8.53 22.57

(the oxygen content was found by difference)

Attempted Syntheses for B-monobromoborazenes

To further elucidate the c ourse of the reaction be-

tween B-tribromoborazene and magnesium, the preparation of
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3-monobromoborazenes was attempted. One possible course of

this reaction is a lifurtz-type coupling of borazene rings.

Since B-tribromoborazene is trlfunctional, this could lead

to a complex polymer. If a monofunctional B-monobromobor-

azene were used in the reaction the end product would be a

dimer, which could easily be evaluated. Since reactions of

the Grignard reagent with B-tribromoborazene gave low yields

and no partially-substituted borazenes, it was not felt that

this reaction would be a feasible one for the preparation.

One approach used an attempted bromination of B-

chloroborazene or B-alkylborazene linkages with boron tri-

bromide. It was hoped that reactions represented by the

following equations would occur:

3B3R2C1K^H^ + BBr^ ^ 3B RgBrN H + BCl

3B.R N H + BBr > 3B3R BrN H + 3RBr

The reaction of B-trichloroborazene with less than

three moles of ethyl magnesium bromide for each mole of

B-trichloroborazene was used to prepare a mixture of B-chlo-

ro-B-ethylborazenes and B-triethylborazene, No attempt was

made to separate this mixture. The mixture of borazenes was

then heated with boron tribromide dissolved in benzene at

slightly less than the reflux temperature of the mixture,

for eight hours. There was extensive decomposition and no

products were isolated, Appsurently the borazenes present

are unstable under these conditions.
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The next attempt was based upon the tendency, re-

ported elsewhere in this paper, of borazene compounds to

disproportionate. A mixture of B-tribromoborazene and B-tri-

©thylborazene, prepared from the reaction of ethyl magnesium

bromide with B-trlchloroborazene, was heated in an oil bath

at 100® C. for an eight-hour period in the hope of producing

by disproportionatlon a mixture of the unsymmetrical com-

pounds. The desired reaction was:

^"'2"5'3"3"3 * ^"5 "3"3 "

S"'2«S'2='"''3«3
* ^3°2V2"3''3

However, at the end of this period only B-trlethylborazene

was Isolated, and no B-trlbromoborazene or B-bromo-E-ethyl-

borazene could be recovered.

The next procedure tried was the partial reduction of

B-tribromoborazene with lithium borohydride (Slj.) according to

the equation:

2LiBH, + B;,Br,N.H-, > B-H, + 2LiBr + B.BrH-N.H.
4 3 J J 3 2 b 3233

A solution of 38 grams (.120 moles) of 8-trlbromcbor-

azene in ethyl ether was prepared in a 2^0 ml. two-necked

flask. The center neck was fitted with a reflux condenser,

and a solids addition tube containing l\.,^ grams (,206 moles)

of lithium borohydride was placed in the side neck after the

system was flushed thoroughly with dry nitrogen. Then lith-

ium borohydride was added slowly to the system, A very



33

vigorous reaction took place. Addition of the lithium bor-

ohydride required ten hours. After the reaction was complete

the ether was distilled at atmospheric pressure. The bor-

azene derivatives were then removed at reduced pressure.

The distillate contained no halogen, so partially substi-

tuted B-bromoborazenes were not produced,

A reduction using lithium aluminum hydride (2l4.) was

tried according to the equation:

Za-^^T-^^-^Ey + LiAlH, »LiBr + AlBr. + 2B BrH2N H,

Into a 2^0 ml. two-necked flask were placed 26 grams

(.082 moles) of B-tribromoborazene and 1,30 grams (,03i|i4.

moles) of lithium alurainvim hydride. The center neck of the

flask was fitted with a r eflux condenser vented to the at-

mosphere through a drierlte column. The side neck was fit-

ted with a dropping funnel containing 125 ml. of ethyl eth-

er. After the system was flushed with nitrogen, ethyl eth-

er was added, A vigorous reaction took place. The reaction

was continued for fifteen hours. Then the ethyl ether was

removed by distillation at atmospheric pressure. After re-

moval of solvent was complete the flask was evacuated, but

no borazenes were recovered, even by heating the flask to

100° C. in an oil bath.
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Reaction of B-trlbromoborazene with Tetrahydrofuran

An attempt to react B-tribromoborazene with magne-

sium in the presence of tetrahydrofuran, dried with calcium

hydride, failed because of an exothermic reaction between

tetrahydrofuran and B-tribromoborazene, This reaction took

place with pure tetrahydrofuran, with tetrahydrofuran dis-

solved in benzene, and with tetrahydrofuran dissolved in

ethyl ether, A solution of 13, 9U grams {,Olik moles) of

B-tribromoborazene was prepared in dry ethyl ether. Then

tetrahydrofuran was added slowly from a dropping funnel.

After the reaction seemed complete a 5 ml, excess was add-

ed. The solvent and excess tetrahydrofuran were removed by

keeping the flask at .1 mm, Hg at room temperature until it

had reached a constant weight. This required about twenty

hours. It was fuand that 9.36 grams (.130 moles) of tetra-

hydrofuran had been taken up. This gives a ratio of 1 mole

of B-tribromoborazene to 2.9^ moles of tetrahydrofuran.

Since a small amount of material was lost during r emoval of

solvent, it is probable that the true ratio is one to three.

The product of the above reaction was a white s olid which

was soluble in excess tetrahydrofuran.

The product of the above reaction could be decomposed

upon heating to 2^0° C, at 1 ram, Hg to give a liquid with a

boiling point range from 65 to 160° C, {,k mm, Hg). It

seems probable that this liquid product consists of B-sub-
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stitated borazenes formed from ether c leavage resulting

from the pyrolyaia of the addition product between B-trl-

bromoborazene and tetrahydrofuran.

General Techniques

The samples were analyzed by hydrolysis to boric

acid, ammonia or the amine, and halogen ion, if present.

The acid-base titrations were made using a Beckraann Model

G pH meter.

Hydrolysis of the B«haloborazenes was effectively

accomplished by addition of water and refluxlng for a

short period, A water trap was placed at the condenser

outlet to prevent the loss of hydrogen halide, amine, or

ammonia. Hydrolysis of the B-haloborazenes gives a very

slightly acidic solution.

Hydrolysis of the B-alkylborazenes or the B-allyl-

borazenes was effected by boiling in 20 per cent sulfuric

acid for a half hour, then adding 30 per cent hydrogen

peroxide and refluxlng for another two hours to oxidize to

boric acid the alkyl boronlc acid (29) produced, A water

trap was placed at the condenser outlet as before. Basic

hydrolysis was not used because of the danger of contam-

inating the solution with boron from the glassware.

Mixtures containing magnesium were hydrolyzed as

described above for B-alkylborazenes,
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Boric acid was determined by first titrating the

solution with standard sodium hydroxide to the first strong

break in the titration curve, usually occurring at a pH of

5 to 6, then adding mannitol in large excess and titrating

to the first break. The difference in voliimes between the

two endpoints represented the boric acid content of the

sample, the mannitol complex of boric acid being monobasic.

This procedure wps satisfactory in the presence of methyl-

amlne, or ammonia. The sharpness of the endpolnt is re-

duced slightly in the presence of methylamine and is re-

duced considerably in the presence of ammonia.

Ammonia or methylamine was d etermined by distilla-

tion from a basic solution into boric acid. The boric

acid solution of ammonia or methylamine may then be titra-

ted directly with standard hydrochloric acid. Since ex-

cess boric acid buffers the solution and reduces the sharp-

ness of the endpolnt, a minimum quantity of boric acid was

used.

Halogen was determined by the Volhard method. To

the acidified sample was added a slight excess of standard

silver nitrate, as judged by coagulation of the precipi-

tate at the endpolnt. Then 1 ml, of ferric ammonium sul-

fate solution was added as an indicator, and if chloride

was to be determined, l\. to S ml, of nitrobenzene were used.

The mixture was then titrated to the ferric thlocyanate
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endpoint with standard potassium thiocyanate solution. The

difference between the titers is equivalent to the halogen

content of the sample. Mixtures of bromide and chloride

ions were determined by potent iometrie titration using a

glass electrode as the reference electrode and a silver

electrode for the indicator electrode, and the Beckmann

Model G pH meter as the potentiometer.

Magnesium was determined gravimetric ally by preci-

pitation with 8-hydroxyquinollne and weighing of the dlhy-

drate dried at 10^° C.

In general, all transfers, filtrations, and other

operations which would have Involved the exposure of the

borazene compounds to atmospheric moisture were carried

out in a dry box. In a few cases, such as the determina-

tion of the refractive Indices, transfers were made by

flushing the immediate area with nitrogen which was dried

by passing cylinder nitrogen through sulfuric acid and then

magnesium perchlorate. Determination of the infrared spec-

tra was made on solutions that had been prepared and placed

in a hypodermic syringe in the dry box. The hypodermic

syringe was quickly transferred to the infrared cell in the

instiniraent room where the relative humidity was low. In

the case of B-tribromoborazene and B-trichloroborazene the

infrared cell was filled in the dry box. It was necessary

to clean the syringes immediately after use to prevent them
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from becoming frozen.

The refractive indices were determined with an Abbe

refractometer.

Carbon tetrachloride, used as a solvent for the sam-

ples in obtaining the infrared spectra, was dried with cal-

cium hydride. Immediately before use, the carbon tetrachlo-

ride was filtered from the calcium hydride in the dry box.

All the othyl ether used in this research was Mall-

inckrodt anhydrous grade and was used as supplied. The

ethyl ether cans were opened in the dry box. After being

opened the ethyl ether was stored in the dry box.

Commercial chlorobenzene from Dow Chemical Company,

reagent grade from Merck, and Pisher Certified grade wore

all used equally successfully with no further treatment for

the preparation of the haloborazenes.

Laboratory grade benzene was stored over calcium hy-

dride and filtered immediately before being used.

The tetrahydrofureui was refluxed with calcium hy-

dride, then distilled and stored over calcium hydride and

filtered when needed.

Standard Grignard grade magnesium turnings were used

for the Grignard reactions.

The alkyl halides were used as s upplied by Columbia

Organic Chemicals Company.

The allyl bromide was distilled from calcium sulfate
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before use,

riatheson technical grade boron trichloride was used

for the preparation of the B-trichloroborazene and N-tri-

methyl-B-trichloroborazene

.

Technical boron tribromide, as supplied by American

Potash and Chemical Corporation, was used for the prepara-

tion of B-tribromoborazene and N-trimethyl-B-chloro-B-bro-

moborazene.



INFRARED SPECTRA

The infrared spectra were obtained from solutions of

the borazene In carbon tetrachloride. Several spectra were

measured in potassium bromide pellets. These spectra were

generally not satisfactory because the absorption bands

were usually very broad and diffuse. The bands also ap-

peared to be shifted somewhat from their location when de-

termined in carbon tetrachloride solution. The infrared

spectra were recorded on a Perkin-Elmer Model 21 double

beam spectrophotometer. The spectra shown in the figures

were recorded with the solvent in a ,209 nim, cell compared

to a ,206 mm, cell used for the sample, except for the spec«

tra of B-trichloroborazene and B-tribromoborazene for which

a ,209 mm, cell was used for the solvent and a ,215 fnm«

cell was used for the sample. The speed of the instrument

was controlled manually and set at in the regions of ab-

sorption maxima.

The figures at the end of this chapter are labeled

with the name of the compound. The first figure shows a

comparison of the six to eight micron region of N-trlmethyl-

B-trichloroborazene, N-trimethyl-B-dichloro-B-(n-butyl)-

borazene, N-trimethyl-B-chloro-B-dl-(n-butyl)-borazene,

N-trimethyl-B-tri-(n-butyl) -borazene, N-trimethyl-B-tri-

ethylborazene, and N-trimethyl-B-triallylborazene. Fig-

ure 2 shows the spectra of B-trichloroborazene and B-tri-

ko
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bromoborazene. Figure 3 shows the spectra of N-trimethyl-

B-dichloro-B-(n-butyl)-bora2ene and N-trimethyl-B-chloro-

B-di-(n-batyl)-bora2ene while Figure h- containes the spectra

of N-trlniethyl-B-trichloroborazene and l,l4.-di-(N-trlTnethyl-

B-chloro-B-di-(n-butyl)-borazene)-butane, Figure 5 has the

spectra of N-trlmethyl-B-tri-(n-butyl)-borazene and N-tri-

methy1-B-triethyIborazene. Figure 6 contains the spectra of

N-trimethyl-B-triallylborazene and B-triethoxyborazene,

In Table 1 there is listed the absorption maxima

found for borazenes containing hydrogen on the nitrogen,

while Table 2 contains the spectra of the N-trimethylbor-

azenes. The abbreviations used are: vs, very strong; s,

strong; ms, medium strong; m, medium; mw, medium weak; and

w, weak. The tables list the absorption bands in microns.

The 2,9 micron band found in all the compounds in

Table 1 represents a nitrogen-hydrogen stretching frequency.

The frequencies at 3«36 and 3»35 microns are carbon-hydro-

gen stretching bands. The 6,97 and 6,92 micron peaks found

for B-tribromoborazene and B-trichloroborazene, respective-

ly, may be assigned to ring vibration. The absorption max-

ima at 8,73 microns found for B-triethoxyborazene and for

B-diethoxy-B-ethyIborazene is the carbon-oxygen band.
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TABLE 1

INFRARED ABSORPTION BANDS FOR B-SUBSTTTUTED BORAZENES

B^N^H^Br- B N H Cl^ B2N2H2(0C2H^)^ B^li^E^C^ll^iOC^E^)

^

2,92 m 2.39 m 2.87 m 2.8? m
3.36 s 3.3^ s

6.97 va 6.92 vs 6,67 vs 6.67 vs
6.3o V3 6.78 vs

7.2I4. s 7.27 3 7.19 vs 7.19 vs
7.33 ms 7.3i+ m

7.51 m 7.50 m 7.51 w
7.75 ns
8.07 m «

8.I4.2 s 8.42 vs
3,73 3 3.73 ms

8.95 m 3.914. m 9.03 ni 9.03 m
9.I4-2 m

9.7U vs 9.69 vs 9.55 vs 9.55 m
a10.5 w

li4..20 vs 1^4-. 23 vs 14.10 vs 14. 10-. 20 s

114.. 30 vs II4..3I-.O2 vs

14.95 vs 14.40-. 50 s^

^Shoulder

The very strong band found at 14.20 microns for B-

tribromoborazeno, and at 14.23 microns for B-trichlorobor-

azene may be assigned to nitrogen-hydrogen in plane bending

following the assignitients of other workers (19). The other

compounds listed above also undoubtedly show this mode, but

because of the closeness of other vibrations an assignment

may not be made. Similarly, it is difficult to assign the

7 micron vibration in these compounds because of the strong

carbon to hydrogen bands occurring in the same region. For
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the compound N-trliriethylborazene, modes occurring at 6,68

and 7.22 microns have been assigned to CHp and CH- defor-

mations, respectively (19). On the basis of this, one

could assign the ring vibration to 6,80 and 6,78 microns

for B-triethoxyborazene and j3-ethyl-B-dlethoxyborazene,

respectively. However, this is a somewhat higher frequency

than Is usually assigned to the ring vibration. The ab-

sorption band found at 8,1^2 microns in B-triethoxyborazene

and 3-diethoxy-B-ethylborazene is assigned as the boron to

oxygen stretching frequency.

The data in Table 2 are for N-trimethyl-B-alkyl,

allyl, or chloroborazene. They were furnished through the

courtesy of George Ryschkewltsch. The table heading refers

to the boron substituent.

The absorption bands found in the 3.^4- micron region

are the carbon-hydrogen stretching modes. The 6.11 micron

band found in the spectra of N-trimethyl-B-triallylborazene

is associated with the carbon-carbon double bond. The very

strong band found at about 7.1 microns is assigned to the

ring vibration. It is seen from Figure 1 that this band

splits when the borazene is unsymmetrlcal. This is similar

to the results found when other ring compounds are unsym-

metrically substituted. This peak in N-trimethyl-B-tri-

ethylborazene has a small peak at 7.283 microns which gives

it the appearance of splitting. However, this sample con-
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TABLE 2

Ilfii'RARiJ) ABSORPTION BAUDS FOR N-TRIMJ^THYL
B-SJBSTX'iTJTIi.D BORAZENES

B3{C2H^)3 B3(C3H^)3
(V9^2^3^'^^2V3^V9^2

3.283 m
3.14-09 va 3.U43 s 3.45

3.514-2 3

6.815 V8
6.110 s

6.86 va
6.880 vs 6.893 va
7.121^. V3 7.139 va 7.142 va
7.283 w

7.570 m 7.579 ra

6.172 ma 8.295 ma 8.27 m

8.493 ma 8.50 m
9.09l|. s 9.096 vs 9.10 ra

9.483 -

9.657 s 9.493 w 9.52 ra

9.908 va 9.980 a

10.063 m
10.262 w
10.761 w

11.125 va

Note: Theae data were furniahed through the courteay of
Dr. George E. Ryschkewltach.

"•Shoulder
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talned a small amount of chlorine, so the splitting. If

real, may be due to the same factor as the splitting for

the unsymraetrical B-chloro-B-(n-butyl)-borazene8, An ab-

sorption band at 10,2? microns Is apparently associated

with the chlorine atom. The tables show that its intensity

varies from strong in N-trinethyl-B-trlohloroborazene, to

medium strong for N-trimethyl-B-dlchloro-B-(n-butyl)bor-

azene, to medium for N-trlmethyl-B-chloro-«B-di-(n-butyl)-

borazene. This peak is non-existent in the B-trialkyl-

borazenes, except for N-triraethyl-B-triethylborazene. The

presence of this band in this compound may be ascribed to

the presence of a small amount of chlorine in It, This

band falls at a somewhat shorter wave length than is usual-

ly associated with the carbon-chlorine stretching frequency,

but the boron-chlorine bond in this compound contains some

double bond character which could Increase the force con-

stant, thus increasing the frequency of vibration and caus-

ing this shift. On the same basis the very strong 9.69

micron band found in B-trlchloroborazene could be assigned

to the same vibration. It can be argued that the double

bond character should be greater for B-trlchloroborazene

than for N-trlmethyl-B-trichloroborazene because N-raethyl

substitution has been found to Increase ring resonance, and

that therefore the stretching frequency should Increase for

B-trlchloroborazane, However, this would necessitate as-
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signing the absorption inaxlma at 9,7if microns found in

B-tribromoborazene to the boron-bromine bond, and it is

somewhat difficult to rationalize the appearance of this

bond at such a short wave-length.

An absorption band found at approximately 9,2^ mi-

crons shovis a regular change in intensity from strong to

weak as one proceeds thi»ough the series from IT-trimethyl-

B-trichloroborazene to K-trimethyl-B-tri-(n-butyl)-bor-

azene, A spectral peak is found close to 9.1 microns in

all the compounds containing two or more boron-carbon

bonds. On this basis this vibration mode is assigned to

oLc boron-carbon bond, A spectral band is found at about

li^.75 microns for N-trlmethyl-B-trlchloroborazene and

N-trlmethyl-B-dlchloro-B-(n-butyl)-borazene, but In no

other case. This band is then associated with the boron-

chlorine bond.
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100 I-

6

Microns
Fig. 3 - Spectra of N-trimethyl-B-dlchloro-B-(n-butyl).

borazene and N-trlmethyl-B-chloro-B-dl-(n-butyl)-borazene
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100

100

Microns
Fig. I4. - Spectra of N-trlmethyl-B-trlchloroborazene and

l,i|.-dl-(N-trlmethyl-E-cll-(n-butyl)-borazene) butane
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Microns
Fig, 5 - Spectra of N-trlmethyl-B-trl-(n-butyl)-borazene

and N-trlmethyl-B-trlethylborazene
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DISCUSSION

The original purpose of this research, as stated in

the Introduction, was the preparation of analogs of organo-

metalllc compounds in the borazene system. Because only

B-haloborazenes had been prepared, it was necessary to use

borazenes in which the boron atoms were substituted with

halogen. Using magnesium, a reaction of the following type

was sought:

ByC^N^R^ + 3Mg > B^Mg^X^N^R^

Because Grignard reagents react with compounds con-

taining active hydrogen (12), and the hydrogen on the nitro-

gen in the borazene ring presumably is active, it was de-

oS^'ed to use borazenes in which the hydrogens on the nitro-

gen had been replaced by methyl groups. No usual Grignard

reagent formation was established for N-trimethyl-B-trichlo-

roborazene, the first compound tried, when ethyl ether was

the solvent for the reaction. It is known that bromobenzene

forms Grignard reagents readily, whereas chlorobenzene forms

Grignard reagents with greater difficulty. Proceeding on the

analogy with borazene and the benzene system, the next com-

pound tried was N-trimethyl-B-bromo-B-chloroborazene. This

compound also failed to show a reaction with magnesium. In

a similar manner it was found that B-trichloroborazene

failed to form borazene analogs of the Grignard reagent

using ethyl ether as the solvent.
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100 I—

100 I—

2 Ij. 6

Microns

Pig. 6 - Spectra of N-trimethyl-B-trlallyl-borazen© and
B-trlethoxyborazene
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The next compound tried, B-tribromoborazene, showed

a very vigorous reaction with magnesium in ethyl ether.

With present data this reaction is somewhat difficult to

interpret unequivocally, though several possibilities, none

of which are free from objections, can be discussed.

No simple compounds could be isolated from the re-

action mixture after removal of the solvent, or by attem-

pted extraction with benzene. As stated in the experimen-

tal section, two layers with strikingly different proper-

ties were formed during the reaction. Magnesium bromide is

known to form a two-layer system with ethyl ether above

22.8° C. (27). The bottom layer consists of a small quan-

tity of ethyl ether dissolved in magnesium bromide dieth-

erata. The top layer is ethyl ether containing a small

quantity of magnesium bromide. It was consistently found

that only about one-and-one-half moles of magnesium were

consumed for each mole of B-tribromoborazene, whereas if

there were complete reaction to give a B-tribromomagnesium

borazene, there should be three moles of magnesium consumed

per mole of borazene.

Elementary analysis showed that the approximate ratio

of elements in the vacuum-dried residue from the top layer

was B -N -.MgBr ( EtpO ) , ,- , For the residue from the bottom

layer, a ratio of B_N_Mg_Br, (Et„0), ^ was found.
j> J J o tL ij-.i)
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Neither layer seemed to show appreciable reactiv-

ity toward methyl iodide, or toward N-trimethyl-B-trichlo-

roborazene. The top layer showed some reactivity toward

n-butyl magnesium bromide, probably to give B-n-butyl sub-

stitution. This product was not completely evaluated, but

the volatility of a fraction of the liquid obtained was

considerably less than found for B-tri- (n-butyl )-borazene,

indicating a molecular weight considerably in excess of

that of B-tri- ( n-butyl )-borazene. The solid residue ob-

tained from each of the layers, when pyrolyzed at reduced

pressure, gave the same product, B-ethyl-B-diethoxybor-

azene. If b-tribromoborazene is reacted with magnesium in

the presence of an excess of N-trimethyl-B-trlchlorobor-

azene, a precipitate of magnesium halide containing a sig-

nificant amount of chlorine is formed. The mixture ob-

tained from the reaction of magnesium and B-tribromobor-

azene showed some reactivity toward acetone, to give a

liquid product, and toward dry-ice, to give a solid product.

The infrared spectra of the ethyl ether solution of the two

layers showed no evidence of boron to hydrogen bonds, which

usually have high absorption Intensities, but showed a ni-

trogen to hydrogen stretching band, A similar result was

obtained from spectra of the solids in potassium bromide

pellets.

A possible path for the reaction of B-tribromobor-



azene with magnealura Is the reaction of a Grignard-type re-

agent with active hydrogen on the borazene nitrogen. Com-

pounds containing active hydrogen, such as pyrrole, react

with Grignard reagents with the active hydrogen adding to

the organic group to give a hydrocarbon, and the magnesium

halide radical linking with the compound originally con-

taining the reactive hydrogen to give a Grignard reagent of

the compound (12), For example, methyl magnesium iodide

reacts with pyrrole according to the equation:

(CHCH)2NK + CH>MgI . > (CECH)2NMgI + CH,

The hydrogen on the nitrogen in borazenes presuma-

bly is active, as explained in the Introduction, There-

fore we could have the first step in the reaction being

the reaction of magnesium with a boron to bromine bond to

form a boron to magnesium to bromine bond.

/ B-Br + Mg > / S- rigBr

This compound would then react with the active hydrogen on

the nitrogen to form a nitrogen to magnesium to bromine

bond, and a boron to hydrogen bond.

N-H ^ l^/N-
H

MgBr

This reaction sequence has been discounted almost complete-

ly for a number of reasons. The infrared spectra showed no

evidence of any boron to hydrogen stretching frequencies.
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but did show the characteristic nitrogen to hydrogen stretch-

ing frequency. This reaction sequence also does not satis-

factorily explain the reaction of only one-and-one-half

moles of magnesium per mole of b-tribromoborazene, except

by postulating an equilibrium mixture in which not all of

the boron to b:^mine bonds are reactive toward magnesium.

Because substitution at one site seems to have little effect

on the reactivity of other sites In borazenes, except for

cases involving steric strain which is not applicable here,

this postulate does not seem to be reasonable. This hypo-

thesis does not explain the formation of magnesium bromide

during the reaction and the analysis found for the layers

obtained.

Another possible course of the reaction would be the

formation of a tetravalent boron complex, Trialkyl or tri-

arylboron will react with organo-metallic compounds to

yield tetracovalent boron complexes (13). For example, tri-

(n-butyl) -boron will react with phenyl magnesium bromide

according to the following equation (10):

B(C h^) »• C^HJ^Br > (MgBr)+(C^H^B(C^Hg)^)-

The first step in this reaction sequence would be the same

as previously outlined. The borazene Grignard reagent

would then react with another borazene molecule to give a

tetravalent boron complex.
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B-Br^N^H^ + / B-MgBr (5-
Br

-O '^gBr"*"

This reaction satisfactorily explains the consumption of

one-and-one-half moles of magnesium for each mole of B-tri-

bromoborazene. However, since the above reaction does not

Involve the formation of magnesium bromide, it can not be

the final step of the reaction. It is very possible, how-

ever, that it is an intermediate in the hypothesis discus-

sed below«

The next mechanism considered is a Wurtz-type coup-

ling of the borazene rings to give polymeric species.

Since the boron to halogen bond has been shown to react

with Grignard reagents to give condensation products and

magnesium halide, it is conceivable that a Grignard reagent

is first formed, and then immediately couples with boron to

bromine bonds present in the reaction mixture. This would

give rise to a polymeric species of borazene rings linked

together with boron to boron bonds between the rings.

Since B-trlbromoborazene is trifunctional, complete reac-

tion would form a two-dimensional network of borazene

rings, A tetracovalent boron complex discussed above could

be the intermediate in the reaction. The reaction may be

written as:
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n B Br N H + ^Ig

p-Q H-o
{J
V + 1.5n MgBr,

This reaction coarse reasonably satisfactorily ex-

plains the use of only one-and-one-half moles of magnesium

for each mole of B-trlbromoborazene, From the analytical

data the top-layer compound ceui be postulated as consisting

of borazene chains, linked together by boron to boron

bonds, with the third boron site on each ring occupied by

a magnesium bromide unit* Alternatively, an equilibrium

mixture of magnesium bromide and borazene chains linked

with magnesium attached to the boron on the borazene ring

may be assumed. These possibilities are represented by

structures I and II below, respectively.

MgBr HgBr

( B~B )

B-\

MgBr

$—/ >—^B

\

/—

B

C>^ B

Mg Mg

*B

Mg

B

>

MgBr;

I II

Because magnesium bromide is somewhat soluble in ethyl
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•ther, it la possible that ths borassns rings in the top

layer eontaln no attached broaine. It is elear from the

lack of reactivity of the top layer towards tsagnealum that

any bromine attached to the ring must be attached indirect-

ly through a magnesium atora. This consideration rules out

an equilibrium sdxture of the typet

Br

hv Br

For clarity in the following discussion we will as*

suote that &*trlbro»Ooaafinesiaat>bora£ene Is produced and

reacts with an approximately equal nuraber of molecules of

B*tribro"^boraKene to give compounds corresponding to the

analyses of the two layers. The hypothetical reaetion may

be written:

^^3^3«3^fi3^^6 * 7B3N3K2MgBr

(Thla equation la not eicactly balanced, but it must be re*

membered that the atom ratios are approxioate.) Each mole

of boratene in the top*layer chain leada to the formation

of one mole of magnesiun bromide which Is found in the bot-

tOBi*layer ethorate. Subtracting seven noles of magneslun

bromide from the bottom layer leaves us with
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4 B-^NoHoMg]^^25^^2 ^ • Complete cross-linking of the bor-

azene units would lead to a ratio of B-N-H-Mg ^Bi'n •

Prom present data, therefore, we can conclude that the

borazene in the bottom layer is in substantially the same

form as the borazene present in the top layer. This is

in accord with the similarity of the infrared spectra ob-

tained from the potassium bromide pellets of the solids

from both layers. Formation of identical pyrolysis pro-

ducts by both layers also indicates a similarity in the

borazene present in each of the layers.

A possible objection to the above hypothesis lies

in the assumption of boron to magnesium to bromine bonds,

because these units should have coupled with other boron

to bromine bonds during the course of the reaction. How-

ever, unless we make the postulation that the coupling

reaction is vei^r much faster than the Grignard reagent

formation reaction, there should be formation of an excess

of Grignard reagent linkages over unreacted boron to bro-

mine bonds. These linkages can not, of course, couple to

form boron to boron bonds, though they can react to form

boron to magnesium to boron bonds, and magnesium bromide,

in an equilibrium mixture. This reaction sequence will, of

course, require the consumption of somewhat more than one-

and-one-half moles of magnesium for each mole of B-tribro-

moborazene, as was written in the hypothetical equation
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above. This could be true within experimental error. M'

ternatively, the assumption could be made that some of the

boron to bromine bonds are buried in the polymer and become

unavailable for reaction.

The reaction of magnesium with B-tribromoborazene in

the presence of N-trimethyl-B-^ichloroborazene seems to

furnish indirect evidence for the formation of a boron to

magnesium to bromine bond. The formation of a precipitate

containing chlorine was observed. Since N-trimethyl-B-

trlchloroborazene does not react viith magnesium under these

conditions, the N-trimethyl-B-trichloroborazene must have

reacted with one of the products of the reaction between

magnesium and B-tribromoborazene, Since N-trimethyl-B-trl-

chloroborazene couples with Grignard reagents, it could

react with a Grignard reagent formed from magnesium and

B-tribromoborazene to give magnesium bromide chloride, and

borazene molecules linked between boron atoms according to

the equation:

B-Cl^N^CCH,)^ + B^Bv^Jif^li^ + Mg >

MgClBr + N H,B,B^2-B.Cl2N^(CH>)-

An alternate hypothesis would be an exchange of chlo-

rine for bromine between magnesium bromide and N-trimethyl-

B-trichloroborazene, The former possibility seems to be the

more likely one. The ratio of bromine to chlorine in the
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precipitate indicates that the Grignard reagent, if formed,

reacts with B-tribromoborazene at a greater rate than it

reacts with N-trimethyl-B-trlchloroborazene.

There is little evidence concerning the chain length

of the hypothetical polymer. Since the top layer is not

viscous, the molecular weight must be relatively low. The

Insolubility of the solid obtained from the top layer in

benzene furnishes evidence of boron to magnesium bonds, be-

cause normally the borazenes are as soluble in benzene as

in ethers. The bottom layer was very viscous, but this in

Itself can not be used as an indication of a high molecu-

lar weight unit, since the bottom layer c ontalns a large

amount of the dletherate of magnesium bromide (27).

Another possibility is the elimination of hydrogen

with condensation of the rings into a boron nitride struc-

ture. The reaction sequence could take the form of elimi-

nation of hydrogen bromide followed by condensation of the

rings through boron to nitrogen bonds. The hydrogen bro-

mide eliminated reacts with magnesium to form magnesium

bromide. The presence of a nitrogen to hydrogen stretching

frequency in the Infrared spectrum would seem to preclude

the existence of this type of structure as the major com-

ponent of the system. In addition, such a structure would

almost certainly be insoluble. The present evidence can

not exclude the presence of small amounts of this type of
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structure.

tb« ftolld product from both th« top and bottom lay-

•ra gava prinwirlly iJ-athyl-B-dlethoxyboraaena upon pyroly-

aia at raduead praaaura at ta^sparaturaa from 100 to 250^ C»

tha roraatloc of thla product indleatas that thara haa baan

elaavaga or athyl ather undar tha axparimental eonditiona*

It la knovrn that Orl guard raa^anta will elaava ethara to

fofm ttagnaaium hallda alkoxida» and to plaea an aXkyl radl*

caX on tha oreanic groap (12). Thla awana that Grlgnard

raaganta on tha borasana* in oleaving an ath«r» should fora

&»alkyl graupa according to tha equation:

^B^Mg-Br {C^n^)^Ci > /3-C^2% ^BrCOCgH^)

Sthar cleavage haa baan reported by boron tribal! das

to fona alkyl halldea and boron trlalkoxlda ($)• If wa

asauraa that tha boron to bromine bond in a borasena can

elaava ethyl ether, £»ethoxy sra^pa will be formed aa shown

by tha equation:

>B«Br i^^^)z^ > ^B^OCgHtj CgH^Br

If tha eourae of tha reaction between inagnaalua and

B-tribrO'^ioborasena la the forsnatlon of boron to boron

linked polyaera of boraaena, aa postulated above, tha boron

to boron bond s»iat cleave ethyl eth«r with a al!^iltaneoua

cleavage of the boron to boron bond In order to form tha

S^rolyaia product. The aquation for tha poatulatad reao*
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tlon may be written as:

B—B + ^^2^S^2°
" ^ ^"^2% * /-^°2^5

As seen from the above equation, this type of cleavage

should produce equal numbers of B-ethyl and B-ethoxy

groups

,

From the foregoing considerations, a polymer of

borazene rings with the third boron site occupied by a mag-

nesium bromide group should produce B-dlethyl-B-ethoxybor-

azene when cleaving ethyl ether, whereas the predominant

product was b-ethyl-B-dlethoxyborazene, However, the dis-

cussion above was based on the average composition of the

mixture and not upon the composition of specific units in

the mixture. In addition, the pyrolysis product is formed

in relatively small yields (10 to 15 per cent), indicating

that only a fraction of the bonds in the mixture are rup-

tured.

Solvents other than ethyl ether may be used for the

preparation of the Grignard reagent (12). It has been

found that some Grignard reagents which form only with

great difficulty in ethyl ether form readily in tetrahy-

drofuran. An attempt to use tetrahydrofuran as a solvent

for the reaction of B-tribromoborazene with magnesium failed

because of the vigorous reaction between tetrahydrofuran and

B-tribromoborazene, This reaction will be discussed more

fully later in this section.
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The use of tetrahydrofuran as a solvent for N-tri-

methyl-3-trlchloroborazene, in the presence of magnesium

and Iodine, led to a slow reaction between magnesium and

N-trimethyl-B-trichloroborazene, Analysis of the reaction

product was consistent with a borazene containing boron to

magnesium to chlorine bonds. This reaction needs to be

studied more fully.

In an attempt to prepare the Grignard reagent of

N-trimethyl-B-trichloroborazeno by an exchange reaction

with previously prepared ethyl magnesium bromide, it was

discovered that N-trimethyl-B-trichloroborazene undergoes

a rapid, exothermic coupling with Grignard reagents to form

B-alkyl substituted borazenes. This has been established

as a practical synthesis for the preparation of B-alkyl and

B-allylborazenes in good yield. The reaction appears to be

stepwise according to the equations:

N (CH^)3B3C1^ + RMgX > li^(CE^)^B^Cl2R + MgClX

N^(CH-)^B^Cl2R + RMgX. > 1H^{CE^)^B.C1R2^ + MgClX

N-(CH-) E OIH^ + RligX * li^(CYi^)^B^'R^ + MgClX

For the case where R is Ci Hq the intermediates could be

isolated. For the case where R is ^2^^^ i or -CH2-CHSCH2 $

only mixtures of the intermediates could be isolated. The

fact that both mono- and di-(n-butyl) derivatives can be

obtained in reasonable yields from the same reaction mix-
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ture seems to Indicate that alkyl substitution on one boron

atom does not profoundly affect the rate for the next re-

action step. A comparison of calculated product ratios

expected from a series of consecutive reactions with the

same reagent, with the yields obtained for the n-butyl de-

rivatives, further suggests that the relative specific

rates of the individual steps are mainly determined by the

statistical distribution of the halogen on the borazene

rings, and possible changes in activation energies would be

slight. However, more extensive work is necessary before

this can be established definitely.

Addition of the W-trimethyl-B-trichloroborazene to

the Grignard reagent gave a poor yield of product. In

general, it was necessary to add the Grignard reagent to an

excess of the borazene to give satisfactory results.

The reaction of the Grignard reagent with B-trichlo-

roborazene gives poorer yields than in the case of N-methyl

substitution. Similarly the reaction of Grignard reagent

with B-trlbromoborazene gives poor yields of B-trialkylbor-

azenes. If less than three moles of Grignard reagent la

used for each mole of B-trlbromoborazene, no partially sub-

stituted B-alkyl-B-bromoborazenes can be recovered. There

are several ways in which the yield can be decreased. The

Grignard reagent could react with the active hydrogen on
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the nitrogen to form Grignard salts on the nitrogen. Also,

the Grignard reagent might exchange functional groups with

the B-trlbromoborazene to form a Grignard reagent on the

borazene. This could then polymerize as it presumably did

when magnesium was reacted with B«tribromoborazene.

The path of the reaction between Grignard reagents

and B-haloborazenes may be postulated as proceeding through

a tetracovalent boron complex (I3) that has been mentioned

in a preceding part of the discussion according to the

equation:

^B-Cl + RMgX.-^ ( ^Bi:;^^-'- )-MgX+ —» "iMgXCl + )b-r

There has been evidence in this research for dis-

proportionation of B-unsymmetrical borazenes. In attempts

to prepare unsymmetrical N-triraethyl-B-chloro-B-ethylbor-

azene only mixtures of the possible unsymmetrical products

were distilled. During attempted fractionation N-trimethyl-

B-trichloroborazene was formed. When the pyrolysis product

from the reaction of magnesium with B-tribromoborazene was

allowed to stand for three months at room temperature, it

was found that a liquid with a boiling point range of 56

to 76° C, (.35 fnm, Hg) was formed. Originally the liquid

had a boiling point of 66° C, (.ii. mm. Hg). Apparently the

original liquid, B-ethyl-B-dlethoxyborazene, had dispropor-

tionated to the other possible products.

The inability to Isolate pure derivatives containing
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both B-etiayl and B-chloro substitution on the borazene ring

may be attributed to a redistribution equilibrium that is

disturbed during the separation. On the other hand, the

n-butyl derivatives were sufficiently resistant to redis-

tribution to permit the separation of the unsymmetrical

compounds of the mixture, A bridged dimer transition state

(14, l5) may be proposed according to the following equa-

tion:

B-Cl + B-R-* B;* .3 —> B-R + B-Cl
/ / /^R"' \ / /

For this type of transition state it is reasonable to sup-

pose that an ethyl group will form an alkyl bridge more

readily than a n-butyl group, considering the decrease of

stability of aluminum trialkyl dimers with increase in the

length of the alkyl group (17). Since 6-ethyl-B-diethoxy-

borazene did not disproportionate upon distillation, it

would appear that the B-ethoxy group is less prone to form

the bridged transition state than is the B-chloro group,

Borazene and its compounds may possibly form addi-

tion products of the Lewis acid-base type. In principle,

borazene and its derivatives should be able to function

either as Lewis acids, because o^ empty orbitalc present on

the boron atoms, or as Lewis bases because of electron

pairs on the nitrogen atoms which are not used in bonding.

For example, it has been found that borazene and diethyl

ether form an addition compound, making separation diffi-
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cult {2)4.), Because nitrogen is bonded to boron in the

ring, there can be internal dative bonds formed to give a

resonance structure similar to the one proposed for ben-

zene by Kekule. The extent of internal double bonding has

not been determined, but will, of course, depend upon the

substltuents present on the ring. Donor atoms present on

the boron will reduce the donor-acceptor bonding present

in the ring.

In the present research, it has been shown that

tetrahydrofuran and B-tribromoborazene react exothermical-

ly in benzene, ethyl ether, or without solvent to produce

a white or light-colored precipitate from which B-tribro-

raoborazene may not be recovered. Heating this product at

reduced pressure results in the formation of a liquid with

a wide boiling point range. The stoichiometry of the solid

addition compound has been established as one mole of B-trl-

bromoborazene to three moles of tetrahydrofuran, so appar-

ently the tetrahydrofuran has added to the three boron po-

sitions on the ring. It is probable that at higher temper-

atures tetrahydrofuran may be cleaved, resulting in B-alk-

oxy or B-alkyl substitution on the borazene ring, and it is

these substitution products which form the liquid found

upon heating, Tetrahydrofuran should have less steric hin-

drance than ethyl ether for the formation of addition com-

pounds, which could explain why no stable addition compounds
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are formed from ethyl ether and B-trlbromoborazene»

The reaction of boron trlbromlde with methylamine

hydrochloride gave an unexpectedly low yield of a N-tri-

methyl-B-trihaloborazene containing considerable amounts

of chlorine. The results can be discussed from several

points of view. The product could be unstable and, there-

fore, could have decomposed during the reaction period.

This argument was used to rationalize the low yields of

B-trichloroborazene suid B-tribromoborazene. However, there

is no reason to expect a marked difference in stability

between N-trimethyl-B-trichloroborazene and K-trimethyl-

B-tribromoborazene, The product formed seemed as stable

when stored as was N-trimethyl-B-trichloroborazene, It

seems, therefore, as if the low yield is due to a lack of

formation of the N-trimethyl-B-tribroraoborazene, This can

be ascribed to several different factors, which are dis-

cussed in the following paragraphs,

Lapine Models of the possible intermediates in the

reaction show that a certain amount of strain would be

present in the intermediates. This could increase the ac-

tivation energy for the reaction, thereby decreasing the

reaction rate, Steric strain can not rule out the forma-

tion of the intermediate containing only bromine, since it

is known that N-trimethylborazene will add three moles of

bromine (22), The third mole is added very slowly, probab-
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ly because of sterio strain. This addition product would

be more strained than any intermediate in the formation of

N-trimethyl-B-tribromoborazene, Therefore steric strain

may decrease the rate of reaction, but it should not pre-

vent the reaction from occurring.

The ratio of chlorine to bromine found in the pro-

duct was approximately one to one, whereas the ratio in

the reactants was one to three. This indicates that the

rate of formation of the B-chloro product is at least three

times the rate of formation of the B-bromo product. Since

hydrogen chloride and boron trichloride are more volatile

than hydrogen bromide or boron tribromide, the chloro com-

pounds would be preferentially lost by the system. This

would have the effect of increasing the ratio of rates

above the minimum value of three to one. If the frequency

factor In the Arrhenlus equation is assumed to be the same

for both reactions, we obtain, by taking the ratio of the

rate equations:

, ^-4E/RT

1

Assuming T to be 130° C, we findAE is equal to 876 calo-

ries per mole. This is a minimum value for the differences

of overall activation energies for the two reactions.

The presence of B-chloro groups necessitates an ex-

change of bromine for chlorine at one or several places in

the reaction. Boron tribromide could exchange with the
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chlorine atom in methylamine hydrochloride, boron tribro-

mide could exchange with hydrogen chloride released from

the reaction of boron tribromlde with methylamine hydro-

chloride, or exchange could occur at other points in the

reaction sequence. Because of the volatility of hydrogen

chloride, exchsuige must occur during the first part of the

reaction. To calculate the feasibility of extensive ex-

change in the system, the free energy change for the reac-

tion between hydrogen chloride and boron trlbromide will

be calculated according to the equation:

3HC1 + BBr- ^ 3HBr + BCl^

The value for A P^poA ^°^ ^^^ above compounds are:

3Br Z-51 kcal./mole, BCl^ a -93.5 kcal./mole, HCl z

-22,7k. kcal./mole, and HBr 2-12.51^- kcal./mole (6).

Using these values, we find that Z^ P for the reaction with

all components gaseous and in their standard states is

-12.9 kcal. for the reaction as written above. From this

the equilibrium constant is calculated to be 6,3 x 10^.

Assuming that there is no miajor change in the free energy

differences to a temperature of J+00° C, we see that the

equilibrium for the exchange reactions discussed above

should be far to the right. Since the bridged dimer tran-

sition state mentioned earlier provides a ready kinetic

path for the exchange, equilibrium should be achieved read-

ily.
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It can be seen from the foregoing discussion that

chlorine substitution on the borazene ring is the result of

the overall chemistry of the system rather than exclusively

steric effects. The fact that the reaction tiiies for the

formation of B-trichloroborazene and B-tribromoborazene are

the same, despite the presence of boron tribromide in much

larger concentration, supports the conclusion that steric

effects alone can not be used to explain the low yield of

K-trimethyl-B-tribromoborazene, It seems probable that a

major extension of the reaction time, or temperature,

should raise the yield in the reaction.
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It has been demonstrated that Grlgnard reagents

react with B-haloborazenes to form B-alkylborazenes. Bet-

ter yields are obtained if there is N-trlmethyl substitu-

tion of the borazone. This work has been confirmed by re-

sults of other laboratories after the inception of this

research (7), It has been shown that this reaction is

applicable to the formation of condensation polymers of

borazene rings.

It has beeja^eotablished that B-haloborazenes will

react with aetal a under the proper conditions. More work

is necessary to clarify the course of this reaction. The

hypothesis set forth for the reaction between magnesium

and Lj-tribromoborazene could be placed on a firmer basis

by the preparation of B-monobromoborazene followed by its

reaction with magnesium, A dimer which could be easily

evaluated should bo formed. The reactivity of the product

of the reaction should be established. The present work

has indicated reactivity toward acetone, dry-ice, and

Grignard reagents. These reactions need further study.

This research has shown that B-trihaloborazenes will

cleave aliphatic and cyclic ethers. This cleavage has pre-

viously been reported for boron trihalides (5)» Further

study of this reaction should be fruitful.

The reactivity of B-haloborazenes toward other met-

76
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als should be found. A small scale experiment in these

laboratories indicates that sodium reacts with N-trlmethyl«

B-trichloroborazene

•
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