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ABSTRACT 

7-Azaindole and l-methyl-7-azindole have been reduced 

to their 2,3-dihydro derivatives. Their N-borane adducts 

have been isolated and characterized. 7-Methyl-7-azindole, 

7-methyl-lH-pyrrolo[2,3-b]pyridinium iodide, and 1,7-ethano-

lH-pyrrolo[2,3-b]pyridinium bromide yield little reduced 

material and appear to decompose. 1,7-Dimethyl-7-azindolinium 

iodide does not react under the conditions used. 1,8-Naph-

thyridine has been reduced to its tetrahydro derivative. 

1-Methyl-l,8-naphthyridinium iodide has been reduced to 2,3,4-

trihydro-l-methyl-1,8-naphthyridine. A new compound, 

1,2,3,5,6-pentahydroimidazo[1,2,3-ij][1,8]naphthyridinium 

triiodide, has been obtained by the reductive hydroboration 

of 5,6-dihydroimidazo[1,2,3-ij][l,8]naphthyridinedi-ium 

dibromide. 

viii 



INTRODUCTION 

The hydroboration reaction is a well known and often 

used method for the reduction of double bonds. However, 

diborane and borane derivatives do not normally react with 

aromatic systems. A limited number of systems involving the 

reduction of nitrogen-containing aromatic heterocycles has 

been observed. 

The simplest system is pyrrole (I), of which little 

is known. There is no reported borane adduct of pyrrole. It 

gives unidentifiable polymeric product when treated with 

diborane.* 

Various pyrrole ketones are reduced by diborane in 

THF with no effect on the pyrrole ring. 2-Formylpyrrole and 

2 N-methyl-2-formylpyrrole yield polymers. 

Pyridine (II) and its derivatives are known to form 

stable adducts with borane and various borane derivatives. 

Pyridine-borane is a common hydroborating agent. The pyridine 

ring does not undergo hydroboration at room temperature. 

Quinoline (III) and isoquinoline (IV) form stable 

borane adducts when treated with dimethylsulfide-borane. 

When treated with dimethylsulfide-borane in excess of that 

needed for adduct formation, high melting mixtures are 

1 



obtained. These are believed to result from hydroboration of 

4 the heterocyclic ring. 

Q " O 111 ^ IV 
N N 

H 

Reaction of quinoline and isoquinoline with excess 

THF'BHj, followed by protonolysis, yields the 1,2,3,4-tetra-

hydro derivatives. The N-methyl iminium salts react in the 

same fashion but proceed at a slower rate. The reactions of 

2-, 3-, and 4-haloquinolines have also been examined. In all 

cases reduction of the heterocyclic ring with loss of halogen 

occurred. 

The proposed reaction sequence is shown for quinoline: 

QO 00 0?"̂  -00""" 
I | | 
^ BH3 BH2 

The BH2 groups are capable of further hydroborations, 

leading to complex cross-linked species before protonolysis.^ 

Nose and Kudo^ reacted quinoline, quinaldine (V), 

lepidine (VI), isoquinoline, and 3-methylisoquinoline with 

diborane in THF. The BH^ to substrate ratio was 2:1. The 

resulting mixtures were treated with aqueous hydrochloric 

acid. Quinoline and isoquinoline were reduced to the 

1,2,3,4-tetrahydro derivatives, quinaldine gave a trace of 
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1,2,3,4-tetrahydroquinaldine, and lepidine and 3-methyliso-

quinoline were not reduced. 

VI 
N CHi 

The proposed mechanism (for quinoline) is: 

ZO%HC 

BH2-H 
20% HCI 

H2O-BH2 _H20—BH-H 
H«0, H 

OQ^OQ^OQ 
H2O—BH2 H9O-BH-H H H2O-BH-H 

Indole (VII) reacts with THF-BH^ at room temperature 

with rapid evolution of hydrogen gas to yield (VIII). If 

excess hydride is destroyed by the addition of acetone to the 

solution, indole is recovered. If the reaction mixture is 

treated with methanol/sodium methoxide reduction to indoline 

occurs. The 2- and 3-methyl derivatives, the 2,3-dimethyl 

derivative, and tetrahydrocarbazole (IX) behave similarly. 

7 N-methyl indoles are not reduced. 

CQ CO „ CtO V I I  

H  BH. N  
i 
H  
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7 
Monti and Schmidt propose the following mechanism 

for the reduction of indole. The amine-borane complex (A) is 

formed first, followed by the rapid loss of one equivalent of 

hydrogen to give the aminoborane (B). The driving force for 

this is the regeneration of the aromatic ring. Since no 

reduction has taken place, the starting indole may be recov

ered. 

Net reduction occurs upon treatment with methanol/ 

methoxide. Methoxide adds to the boron atom of the aminoborane (B) 

to give intermediate (C). The lone pair of electrons on the 

nitrogen is now available to assist electrophilic addition 

at Cj. Intermediate (C) undergoes Cj protonation in the 

presence of MeOH to yield the iminium species (D). The final 

step is the reduction of (D) by some residual hydride species 

yielding, after hydrolysis, indoline. 

BH 

OCH OCH 

Quinoline, isoquinoline, and indole undergo reduction 

of the heterocyclic ring. Pyridine, pyrrole, and their deriva

tives do not. Even phenyl pyridines and bipyridyls do not 

appreciably hydroborate. The question arises as to how benzo 

fusion activates the heterocyclic ring to hydroboration. The 
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next step would be to explore bicyclic five- and six-membered 

ring systems with heteroatoms in both rings. 

and 7-azaindole (XI) with excess diborane is considered. 

Various questions are considered. Do one or both rings hydro-

borate, and if only one, which one? If one of the nitrogens 

is blocked, does hydroboration occur and in which ring? If 

both ring nitrogens are blocked will hydroboration still 

occur? Another consideration is how the five-membered ring 

system differs from the six. 

In this paper the treatment of 1,8-naphthyridine (X) 

X XI 

H 

Both of these molecules are capable of forming borane 

adducts. Are these adducts stable and what role do they play 

in the hydroboration reaction? 



RESULTS AND DISCUSSION 

7-Azaindole 

Treatment of 7-azaindole (XI) with one equivalent of 

BHj yields the N-borane adduct (XII) within thirty minutes in 

85% yield. If the adduct is hydrolysed, 7-azaindole is 

recovered in 82% yield. 

If the adduct is returned to solution and excess di-

borane added, the adduct undergoes hydroboration. Within one 

week a white precipitate appears, and one equivalent of hydro

gen is evolved. On the basis of IR spectra taken of the solid 

isolated at this point the species (XIII), (XIV), or more 

complex cross linked species is possible. Workup yields 

2,3-dihydro-7-azaindole in 30% yield. 

bh2 bh2 

» GO » 06 » 06 
I H I I I u 1 /BH* 
BH2 H2B^h'BH2 H3B H2B^H 

1-Methyl-7-azaindole 

Treatment of l-methyl-7-azaindole (XV) with one equiv

alent of BH3 yields the N-borane adduct (XVI) within thirty 

minutes in 82% yield. If the adduct is run through the workup 

6 
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l-methyl-7-azaindole is recovered in 25% yield. No reduced 

material can be isolated. 

If the adduct is returned to solution and excess 

diborane added, the adduct undergoes hydroboration. An IR 

spectrum taken of the solid recovered after six days shows 

BH and aliphatic CH bands. The simplest possibility is 

(XVII). Other more complex cross linked species are likely. 

Workup yields 2,3-dihydro-l-methyl-7-azaindole in 35% yield. 

7-Methyl-7-azaindole 

Treatment of 7-methyl-7-azaindole (XVIII) with excess 

diborane does not proceed cleanly. If 7-methyl-7-azaindole 

is treated with excess diborane in monoglyme for fifteen 

hours followed by standard workup, a very small amount of 

starting material and an unidentified reduced species 

obtained. If the reaction is allowed to sit with diborane 

for longer periods, nothing identifiable is obtained. 

"^B NMR spectra show a quartet immediately upon the 

addition of diborane. This quartet indicates a monoborane 

adduct (XIX), but stoichiometric experiments and other *^B 

spectra indicate that it is short lived. 
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1,7-Ethano-lH-pyrrolo[2,3-blpyridinium Bromide 

The treatment of l,7-ethano-lH-pyrrolo[2,3-b]pyridinium 

bromide (XX) with excess diborane followed by standard workup 

appears to result in the complete breakup of the molecule as 

neither starting material nor any identifiable product could 

be recovered. 

dure with the diborane omitted. The product of this reaction 

was 1-(2-bromo)ethyl-7-azaindole (XXI) in 14% yield. It 

appears that the workup procedure may be too rigorous for this 

molecule. 

As would be expected since both nitrogens are blocked, 

there is no evidence of adduct formation. 

A sample of (XX) was run through the reaction proce-

XX 

I-

XXI 

7-Methyl-lH-pyrrolo[2 t3-b]pyridinium Iodide 

The treatment of 7-methyl-lH-pyrrolo[2,3-b]pyridinium 

iodide (XXII) with excess diborane, followed by standard 
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workup yields a viscous oil in very small yield. On the 

basis of the NMR spectrum compound (XXIII) seems possible but 

the mass spectrum indicates that more than one compound is 

present. 

There is no borane adduct formed. One equivalent of 

hydrogen would be expected but three and four equivalents of 

noncondensibles were observed. 

xx" QQ 
I- {*, H 

1,7-Dimethyl-7-azaindolinium Iodide 

l,7-Dimethyl-7-azaindolinium iodide (XXIV) does not 

react with diborane under the conditions used. 63% of the 

starting material is recovered. 

IR spectra taken after one-half hour, after five days, 

following methanolysis, and after reflux with aqueous acetic 

acid agree with the spectrum of the starting material. 

Some BHj is absorbed in the reaction but this is prob

ably due to iodide promoted ether cleavage. 

1,8-Naphthyridine 

Immediately upon the addition of diborane to 1,8-

naphthyridine (X) the N-borane adduct (XXV) forms. Stoichio

metric determinations do not show a simple one-to-one adduct 
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and the IR spectrum of the solid isolated after one equiva

lent of BHj has been absorbed shows aliphatic CH as well as 

BH bands. 

If the solid is returned to solution and excess di-

borane added, the adduct undergoes further hydroboration. 

The IR spectrum of the solid isolated at this point indicates 

(XXVI) as a possible structure. Workup yields 1,2,3,4-

tetrahydro-1,8-naphthyridine in 41% yield. 

'BH, 

xxv J xxvi r 11 T CO' 
• \ 

HoB BH2 

If one equivalent of BH^ is added to 1,8-naphthyridine 
V 

a solid may be isolated. This solid slowly undergoes oxida

tion of the BH bonds when exposed to air. If this oxidized 

solid is treated with methanol and then with acetic acid, a 

20% (by weight) mixture of 1,8-naphthyridine and reduced 

1,8-naphthyridine is obtained. 

This indicates that the hydroboration proceeds rapidly 

following adduct formation. The isolated solid is probably a 

mixture of adduct and further hydroborated species. 
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1-Methyl-l,8-naphthyridinium Iodide 

There is no apparent adduct formation upon the 

addition of diborane to 1-methyl-l,8-naphthyridinium iodide 

(XXVII), although one equivalent of BH^ will add within one-

half hour. Since the starting material is insoluble in the 

monoglyme no adduct would appear in the NMR. An IR spec

trum taken of the solid isolated at this point shows a weak 

BH stretch. Within two and one-half hours a broad peak and 

a doublet are seen in the **B spectrum indicating hydrobora-

tion is taking place. The reaction is complete within four 

hours with the absorption of two and one-half equivalents of 

BHj. Workup yields 2,3,4-trihydro-l-methyl-l,8-naphthyridine 

in 451 yield. 

If the reaction is allowed to continue for several 

weeks, as many as six equivalents of BH^ are absorbed, and a 

mixture of products is obtained. The **B spectrum taken after 

four weeks shows a large number of broad background peaks. 

XXVII XXVIII 

2Br" 

5,6-Dihvdroimidazo[1,2 ,3-ij][1,8]-
naphtnyridinedi-ium Dibromide 

When 5,6-dihydroimidazo[1,2,3-ij][1,8]naphthyridinedi-

ium dibromide (XXVIII) is treated with the excess diborane 



12 

followed by workup in methanol and aqueous acetic acid, and 

then precipitated using Nal, 1,2,3,5,6-pentahydroimidazo-

[1,2,3-ij][1,8]naphthyridinium triiodide is obtained in 11% 

yield. 

Neither the NMR spectrum nor the stoichiometric 

determinations indicate the formation of an adduct, which is 

reasonable since both nitrogens are blocked. The reaction 

proceeds at a fairly fast rate, with one and one-half equiva

lents of BHj absorbed in an hour. A doublet and a broad band 

appear within four hours in the ^B NMR spectrum. 

The spectrum gives the structure (XXIX) for the pro

duct. However, elemental analysis gives either or 

^10H14H2 an<* a we*2ht for the counter ion of about 380. 



CONCLUSION 

7-Azaindole and l-methyl-7-azaindole yield isolable 

adducts which undergo hydroboration when exposed to excess 

diborane. The five-membered ring is reduced in preference to 

the six, and the ring which forms the adduct is not the ring 

which is reduced. When the nitrogen in the six-membered ring 

is methylated to make 7-methyl-7-azaindole the system is 

changed so that nothing can be identified as a product or 

starting material. When both nitrogens are blocked hydrobor

ation does not occur. 

The hydroboration proceeds faster in the 1,8-naphthy-

ridine system. The N-borane adduct of 1,8-naphthyridine can

not be isolated. If 1-methyl-l,8-naphthyridinium iodide is 

exposed to diborane for extended periods of time, mixtures 

result. Blocking both nitrogens does not stop hydroboration 

from taking place. 

It is not meaningful to compare reaction rates within 

the 1,8-naphthyridine system since 1-methyl-l,8-naphthyridinium 

iodide and 5,6-dihydroimidazo[l,2,3-ij][l,8]naphthyridininedi-

ium dibromide are salts and insoluble in the monoglyme. 

Solubility is the controlling effect. For the same reason it 

is difficult to identify a N-borane adduct for 1-methyl-l,8-

naphthyridinium iodide. 

13 
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The N-methylated ring of 1-methyl-l,8-naphthyridinium 

iodide is reduced preferentially. 



EXPERIMENTAL 

Equipment 

The nuclear magnetic resonance (NMR) spectra were 

recorded on Varian T-60, EM-360L, or Bruker 250 MHz FT spec

trometers. Chemical shifts are reported in parts per million 

(ppm) downfield from tetramethylsilane (TMS) as an external 

standard for the Varian instruments. TMS was used as an 

internal standard for the spectra taken on the Bruker instru-

13 
ment. The C spectra were recorded on the Bruker 250 MHz FT 

spectrometer and the chemical shifts reported as ppm down-

field from TMS as an internal standard. The ^B spectra were 

recorded on the Bruker instrument and the chemical shifts 

were reported as ppm downfield from borontrifluoride etherate 

using trimethoxy-borane as the standard. Infrared spectra 

were recorded on a Perkin-Elmer 398 spectrometer. UV-VIS 

spectra were recorded on a Perkin-Elmer 592 spectrometer. 

Mass spectra were taken on a Varian MAT 311A with a Varian 

SS200 data system. 

Chemicals 

Reagent grade chemicals were used throughout with the 

exception of practical grade polyphosphoric acid. Spectral 

grade chemicals were used for the NMR and IR. Monoglyme was 

15 
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predried over KOH or Cal^ and distilled onto LiAlH^ for final 

drying and storage. Methanol was dried and stored over 

sodium. Toluene and xylene were dried and stored over LiAlH^. 

Pyridine was dried by refluxing over CaH2 and distilled onto 

freshly ground Caf^ for storage. All solvents were vacuum 

distilled into the reaction flasks as needed. 

Diborane was prepared by heating NaBH^ pellets with 

polyphosphoric acid with stirring under vacuum. It was passed 

through two dry ice-acetone traps to remove any water and 

trapped in a liquid nitrogen trap. 

7-Azaindole was obtained from Aldrich and used without 

further purification. 7-Methyl-7-azaindole, 7-methyl-lH-

pyrrolo[2,3-b]pyridinium iodide, and 1,7-dimethyl-7-azaindo-

linium iodide were prepared as described by Robison and 
g 

Robison. 1,8-Naphthyridine was prepared using the method of 
Q 

Paudler and Kress and was sublimed several times until a 

melting point of 95-97° was reached. 1-Methyl-l,8-naphthyri-

dinium iodide was prepared according to the method of Paudler 

and Kress*® and recrystallized to a melting point of 177-179°. 

5,6-Dihydroimidazotl,2,3-ij1tl,8lnaphthyridinedi-ium dibro-

mide was prepared as described by Summer et al.** but was not 

recrystallized. 
O 

The procedures given by Robison and Robison for the 

preparation of l,7-ethano-lH-pyrrolo[2,3-b]pyridinium bromide 

and l-methyl-7-azaindole were found to be unsatisfactory. 
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The former was prepared by adding 1 g of well ground 7-

azaindole to 17 ml of 1,2-dibromoethane, and refluxing the 

solution for one-half hour. The resulting two-phase mixture 

of a light brown solution and a dark brown oil was cooled and 

extracted with three 10-mL portions of water. The green 

aqueous phase was brought to a pH of 11 with NaOH and satur

ated with ̂ COj. A yellow oil that appeared in the solution 

was extracted with ether until all of the yellow color was 

gone from the aqueous phase (about seven 10-mL portions) . The 

ether was evaporated and the resulting oil triturated with acetone. 

The light brown solid obtained was recrystallized from 1:4 

EtOH/CCl^. Melting point was 151-152°. The yield was about 141. 

l-Methyl-7-azaindole was prepared by placing 1 g of 

7-azaindole into a clean, 500-mL round bottom flask. 1.4 g 

of 56% NaH in mineral oil was added, and the flask was evacu

ated. About 20 mL of dry monoglyme was condensed in at -196°. 

When the flask had come to room temperature with stirring, 

bubbling was observed in the solution. After an hour the 

flask was heated to 40° until all bubbling stopped. The 

flask was heated to 70° for an hour. The solution was pale 

yellow. 2.4 g of CH^I was condensed in at -196°, and the 

solution was allowed to return to room temperature. The 

solution was orange when cold, but became yellow upon warming. 

After it was stirred for two hours it had a few drops of 

ethanol added, but no bubbling occurred. The monoglyme was 
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removed by rotary evaporation and the remaining oil was 

dissolved in CHClj. A white solid, Nal, did not dissolve. 

The CHClj was extracted with ten 10-mL portions of 2 M HC1. 

The aqueous layer was made basic and saturated with ^CO^. 

This was extracted with six 15-mL portions of ether. The 

ether layer was dried over l^COj, decanted, and the ether 

was evaporated. The resulting oil was vacuum distilled. A 

761 yield of l-methyl-7-azaindole was obtained. 

Reactions in Flasks with Break Seals 
and Teflon Valves 

Because of concern about air leaks due to the dissol

ving of stopcock grease by monoglyme over long sitting times, 

a reaction of 7-azaindole and diborane was put together in a 

flask equipped with a break seal (Figure 1). The procedure 

for this reaction was the same as the standard procedure 

except that the flask was sealed under vacuum following the 

reintroduction of diborane and monoglyme to the flask. After 

sitting, the contents of the flask were frozen at -196°, the 

break seal was broken, and the amount of noncondensibles 

determined. The rest proceeded as usual. 

Air leaks could also be prevented by using a flask 

equipped with a teflon valve (Figure 2). At least one reac

tion with each heterocycle was done in one of these flasks 

(see Table 1). 
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Figure 1. Flask with break 
seal. 

Figure 2. Flask with 
teflon valve. 



Table 1. Chemical shifts (ppm) for the starting materials. -- Varian T60, 
TMS as an external standard. 

7-Azaindole (CDClj) 

12.47 (bs,lj) 8.82(~d,l) 8.43(~d,l) 7.85(d,l) 7.53(dd,l) 6.97(d,l) 

1-Methyl-7-azaindole (CDCI3) 

8. 78 (~d, 1) 8.33(~d,1) 7.60(d,l) 7.52(dd,l) 6.88(d,l) 4.33(s,3) 

7-Methyl-lH-pyrrolo[2,3-b]pyridinium iodide (CF^COOH) 

8.68(d,l) 8.42(d,l) 7.68(m,2) 7.0(dd,l) 4.67(s,3) 

7-Methyl-7-azaindole (CDCl^) 

8.60(d,1) 8.40(d,l) 8.05(d,l) 7.38(d,l) 7.18(d,l) 4.82(s,3) 

1,7-Ethano-lH-pyrrolo[2,3-b]pyridinium bromide (CF^COOH) 

8.32(m,2) 7.48 (m,2) 6.80(d,l) 5.68(~t,2) 4.98(~t,2) 

1.7-Dimethyl-7-azaindolinium iodide (CF^COOH) 

8.50(d,1) 8.13(d,l) 7.40(m,2) 6.82(d,l) 4.77(s,3) 4.33(s,3) 

1.8-Naphthyridine (CDCl^) 

9.65(dd,2) 8.73(~d,2) 8.00(dd,2) 

1-Methyl-1,8-naphthyridinium iodide (I^O) 

9.90(d,l) 9.72(dd,1) 9.58(d,l) 9.25(~d,l) 8.52(m,2) 5.12(s,3) 

5,6-Dihydroimidazo[1,2,3-ij][1,8]naphthyridinedi-ium dibromide (CF^COOH) 

9.87(m,2) 9.47(d,2) 8.55(dd,2) 5.98(s,4) 



Reaction of 7-Azaindole with Excess Diborane 

The 7-azaindole was placed in a dry 500-mL flask 

which was evacuated. About 20 ml of dry monoglyme was dis

tilled in. The desired quantity of diborane was condensed 

into the flask at -196°. The solution was allowed to come to 

room temperature (about one-half hour) with stirring. The 

diborane and monoglyme were removed and passed through dry 

ice - acetone and toluene slush traps to remove the monoglyme ; 

the diborane was trapped in one of two liquid nitrogen traps. 

The amount of diborane was determined. An IR was taken 

(prepared in a glove box). 

The diborane and monoglyme were then returned to the 

flask, and the reaction was allowed to sit for six days to 

several weeks. The flask was frozen at -196° and the amount 

of noncondensibles determined using the Toepler pump. The 

flask was allowed to warm, and the diborane and monoglyme 

were removed as before. The amount of unreacted diborane 

was determined. An IR was taken (prepared in a glove box). 

Dry methanol was distilled in, and the flask was 

again allowed to sit for about a week. The flask was frozen, 

and another IR taken. 

Either 50% aqueous acetic acid or methanol/HCl was 

added, and the solution was refluxed under nitrogen for at 

least 24 hours. Any volatiles were removed, and concentrated 

KOH was added to bring the pH to 10. This solution was 



extracted with chloroform or dichloromethane. The chloroform 

was evaporated and the product was sublimed. The melting 

point was 76-80°. 

The IR of the solid after several weeks in solution 

with diborane has the following bands: 3400 m, 2900 s, 2400 s, 

1900 m, cm 

The NMR of the product, 2,3-dihydro-7-azaindole has 

the following peaks: (CDClj) ppm, 8.33(~d,l), 7.73(~d,l), 

6.98(dd,1), 5.53(bs,1) , 4.13(~t,2), 3.53(~t,2). The ten 

largest peaks on the mass spectrum are: m/e, M=120, B=118, 

93, 92, 91, 65, 64, 63, 39. The UV-VIS has the following 

bands: 211, 243, 294 nm (see Table 2). 

Reaction of l-Methyl-7-azaindole 
with Excess Diborane 

The reaction of l-methyl-7-azaindole with excess di

borane was the same as that of 7-azaindole except that 2,3-

dihydro-l-methyl-7-azaindole was purified by vacuum distil

lation using a Kugelrohr oven. IR after one-half hour: (KBr) 

3080 w, 2910 w, 2400(split) s, cm 1. IR after six days: 

(KBr) 2940 m, 2500 m, 2440 m, 2340 m, cm . 

2,3-Dihydro-l-methyl-7-azaindole. NMR: (CDCl^) ppm, 

8.35(d,1), 7.60(~d ,1), 6.85(dd,l), 4.37-3.10 (a multiplet 

overlapping a singlet at 3.10,7). Mass spectrum: M=B=134, 

133, 132, 131, 118, 92, 79, 66, 65 (see Table 3). 
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Table 2. 7-Azaindole (7AI), summary of reactions. 

Weight 7AI (g) 0 .48 0.61 0.59 0.23 0.23a 

Moles BHj/moles 7AI 2 .50 2.92 4.62b 7.48 7.32 

Equivalents BH_ 
absorbed in 30 min. 0 .91 0.97 0.96 0.93 0.85 

Time the reaction was 
allowed to sit (days) 3 15 _c 60 30 

Equivalents ̂  evolved 0 .75 3.13d 1.15 4.68d 1.30a 

Total equivalents BH_ 
evolved 1 .98 2.79 4.57 4.65 4.82 

Product weight (mg) _e 17.0 lost 18.0 65.3 

Percent yield - 2.7 - 7.7 28.0 

a. A sealed flask with a break seal was used. 

b. The BH3 was added in two batches, 1.96 eq. before 
adduct determination, 4.62 eq. total. 

c. The time was not recorded. 

d. An air leak is suspected. 

e. The weight of the product was not determined. 
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Table 3. l-Methyl-7-azaindole (1M7AI), summary of 
reactions. 

Weight 1M7AI (g) 0.40a 0.50a 

Moles BHj/moles 1M7AI 7.11 6.34 

Equivalents BH^ absorbed in 30 min 0.83 1.03 

Time of reaction (days) 18 6 

Total BHj absorbed 2.98 1.80 

Product weight (mg) lost 186.5 

Percent yield - 36.7 

 . A flask equipped with a teflon valve was used. 

Reaction of 7-Methyl-7-azaindole 
with Excess Diborane 

7-Methyl-7-azaindole was treated similarly, except 

that since it is hygroscopic the solid was transferred in a 

glove box. No identifiable species was recovered from the 

reaction mixture except in the experiment where the reaction 

time was limited to fifteen hours. In that experiment a 

mixture of starting material and an unidentified reduced 

species was obtained. 

NMR (CDC13) 250 MHz FT: ppm, 7.23(d,l), 6.92(d,l), 

 .19(dd,l), 6.02(d,l) overlaps, 3.65(s,3). These peaks 

correspond to the starting material (see Figure 3, Table 4). 
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Figure 3. NMR spectra of 7-methyl-7-azaindole and reduced specie, 
Bruker 250 MHz FT NMR. -- TMS as external standard. 
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Table 4. 7-Methyl-7-azaindole (7M7AI), summary of 
reactions. 
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Weight 7M7AI (g) 0.10 0.11 0.06 ,0.26a 

Moles BHj/moles 7M7AI 2.00 3.18 7.10b 7.98 

Equivalents BH, absorbed 
in 30 min. 0.21 0.44 3.09 3.68 

Time of reaction (days) 49 11 42 15 hrs 

Total BH, absorbed 0.65 2.68 6.23 2.18 

No product was obtained or starting material recovered. 

a. A flask equipped with a teflon valve was used. 

b. The diborane was added in two batches. 

Reaction of 7-Methyl-7-azaindole 
with Pyridine Borane 

About 25 mL of dry toluene was condensed into a 

clean dry 500-mL flask. 0.40 g of 7-methyl-7-azaindole and 

1.85 g of pyridine borane were added in a glove box. The 

flask was evacuated and allowed to sit for two weeks. 

The flask was frozen, and the amount of nonconden-

sibles was determined. 16.8 mmoles was found, and it seems 

probable that it was the result of an air leak. The flask 

was evacuated, and all volatiles were removed. 

At this point, standard workup procedure was resumed. 

The yellow product was sublimed, and 0.038 g of solid was 

recovered. NMR showed this to be starting material, about a 

9.5% recovery. 
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7-Methyl-7-azaindole--Reaction 
Procedure without Diborane 

0.26 g of 7-methyl-7-azaindole was allowed to sit in 

monoglyme for eight days followed by standard workup. 60% 

of the 7-methyl-7-azaindole was recovered. 

Reaction of 7-Methyl-lH-pyrrolo[2,3-b ]-
pyridinium Iodide with Excess Diborane 

The standard reaction procedure was used. About 1-1/2% 

by weight of a reduced product was obtained. The IR spectrum 

after 40 to 60 minutes was the same as that of the starting 

material. IR after one week: (KBr) 2900 s, 2500-2300 s, 2040-

1860 m, cm 1. Product NMR: (CDCl^) ppm, 4.72(m,2), 4.25(m,2), 

2.97(s,l), 2.60 (s ,3) (see Figure 4). Mass spectrum: m/e 

M=134, 133, 132, 117, 79, B=75, 73, 55, 52, 51 (see Figure 5, 

Table 5). 

Reaction of 1,7-Dimethyl-7-azaindolinium 
Iodide with Excess Diborane 

Standard reaction procedure was followed through the 

acetic acid reflux and the removal of the acetic acid and 

water. The remaining solid was removed from the flask and 

washed with dichloromethane. It was then recrystallized from 

absolute ethanol. The melting point obtained was 234-235°. 

The IR and NMR spectra agree with that of the starting material 

and indicate some impurities. 
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Figure 4. NMR of reduced product of 7-methyl-lH-pyrrolo[2,3-b]pyridinium 
iodide reaction. -- Varian T60 NMR, TMS as external standard. 
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Table 5. 7-Methyl-lH-pyrrolo[2,3-b]pyridinium iodide 
(7M1HPP), summary of reactions. 

Weight 7M1HPP (g) 1.00a 0.50a 

Moles BHj/moles 7M1HPP 6.19 6.34 

Equivalents BH^ absorbed in 40/60 min. -0.41 0.05 

Reaction time (days) 6 7 

Equivalents noncondensibles evolved 4.04 3.06 

Total BHj absorbed 5.60 5.33 

Product weight (mg) 15.5 0.00 

Percent yield 3.0 0.0 

a. A flask equipped with a teflon valve was used. 

Some of the solid was dissolved in water and Nal was 

added. The water was then removed, and the solid was recrys 

tallized from absolute ethanol. The melting point was 230-

231°. 

Reaction of 1,7-Ethano-lH-pyrrolo[2,3-b]-
pyridinium Bromide with Excess Diborane 

The standard procedure was used through the acetic 

acid reflux and the removal of the acetic acid and water. 

Various separation and isolation steps were carried out at 

this point and NMR spectra taken of all fractions. No ident 

fiable specie was found (see Table 6). 



31 

Table 6. 1,7-Ethano-lH-pyrrolo[2,3-b]pyridinium bromide 
(17EPP), summary of reactions. 

Weight 17EPP (mg) 43 .6 91.0 297.4 

Moles BH^/moles 17EPP 8. 72 6 .44 6. 01 

Equivalents BHj absorbed after 45 min. 0 .  25 -0 .20 - 0 .  51 

Reaction time (days) 60 21 6 

Total BH3 absorbed 4. 94 3 .14 2. 71 

a. A flask equipped with a teflon valve was used. 

1t7-Ethano-lH-pyrrolo[2,3-b]pyridinium Bromide, 
Reaction Procedure Without the Diborane 

0.14065 g of l,7-ethano-lH-pyrrolo[2,3-b]pyridinium 

bromide was allowed to sit in 15 mL monoglyme for twelve 

days. Standard workup followed. A .13% yield of l-(2-bromo-

ethyl)-7-azaindole was obtained. NMR: (CDCl^) ppm, 8.80(~d,l), 

8.08(~d,1), 7.78(d,1), 7.57(dd,l), 6.97(d,l), 5.22(~t,2), 

4.28(t,2) . 

Preparation of 7-Azaindole Borane 

0.51991 g of 7-azaindole was placed in a clean, dry 

500-mL flask. About 15 mL of dry monoglyme was condensed in. 

2.4518 mmoles of diborane was condensed in, and the flask 

was allowed to come to room temperature. After one-half hour, 

the monoglyme and any excess diborane were removed. 0.4642 g 

of white solid was obtained, corresponding to an 85% yield. 
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The solid was purified by sublimation. The melting point was 

98-99°. IR: (KBr) 3340 s, 3090 w, 2300 s, cm"1. NMR: 

(CDClj) ppm, 10.15(bs , 1), 8.72(d,l), 8.50(d,l), 7.82(m,l), 

7.53(dd,l), 7.00(m,l). Mass spectrum: m/e M=B=131, 130, 129, 

128, 118, 102, 91, 75, 64, 51. 

The adduct was allowed to sit in solution for a week. 

Standard workup followed. 7-Azaindole was recovered in 821 

yield. 

Preparation of l-Methyl-7-azaindole Borane 

0.19833 g of l-methyl-7-azaindole was placed in a 

clean, dry 500-mL flask. About 15 mL of dry monoglyme and 

0.7674 mmole of diborane were condensed in. The flask was 

allowed to come to room temperature with stirring. After one 

hour, the monoglyme and any unreacted diborane were removed. 

0.17922 g of the adduct was obtained. The white solid was 

purified by sublimation. The melting point was 115-116°. 

IR: (KBr) 3400 w, 2940 m, 2360 s, cm"1. NMR: (CDC13) ppm, 

8.78(d,l), 8.15(~d,l), 7.48(m,2) , 6.97(d,l), 4.97(s,3). Mass 

spectrum: m/e M=146, 145, 144, B=143, 142, 132, 131, 116, 

104, 71. 

The adduct was allowed to sit in monoglyme for a week 

followed by workup. A 26% yield of l-methyl-7-azaindole was 

obtained. No reduced species were observed. 
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Reaction of 1,8-Naphthyridine 
with Excess Diborane 

The standard reaction procedure was followed. The 

product was purified by sublimation. The melting point was 

72-74°. IR after one-half hour: (KBr) 3400 s, 2900 s, 2400 

s, 1950 w, cm IR after four weeks: (KBr) 3350 m, 2900 s, 

2400 s, 2000 m, 1900 m. Product NMR: (CDCl^) ppm, 8.33(~d,l), 

7.62(~d,1), 6.93 (dd,l), 5.58(bs,l), 3.90(~t,2), 3.22(t,2), 

2.40(p,2) (see Table 7). 

Table 7. 1,8-Naphthyridine (18N), summary of reactions. 

Weight 18N (g) 0.52 0.25 0.52 0.39 0.15 

Moles BHj/moles 18N 1.56 17.21 8.15 7.90 7.15 

Equivalents BH_ absorbed 
in 45 min. 

_b 
1.52 1.01 0.96 -0.07 

Reaction time (days) 3 35 21 35 28 

Total BH3 absorbed 1.47 5.66 3.17 2.39 3.05 

Product weight (g) _d lost 0.15 0.14 0.06 

Percent yield - - 28 36 41 

a. A flask with a teflon valve was used. 

b. This was not determined. 

c. There were some noncondensibles in the line. 

d. This was a mixture of product and starting material. 

Reaction of 1-Methyl-l,8-naphthyridinium 
Iodide with Excess Diborane 

The standard reaction procedure was followed. The 



product was purified by vacuum distillation. IR after one-

half hour: (KBr) 2940 s, 2380 m, cm *. IR after five hours: 

(KBr) 2850 m, 2300 m, cm *. IR after five weeks: (KBr) 2900 

s, 2520 s, 2460 s, 2340 m, 1950 m, cm 1. Product NMR: (CDCl^) 

ppm, 8 .43 (~d,l), 7.55(~d, 1) , 6.90(dd,l)> 3.87(t,2), 3.62(s,3), 

3.23(t,2), 2.43(~p,2). Mass spectrum: M=B=148, 147, 133, 

131, 120, 119, 118, 106, 93, 92 (see Table 8). 

Table 8. 1-Methyl-1,8-naphthyridinium iodide (1M18N), 
summary of reactions-

Weight, 1M18N (g) 0.50 0.82 0.51a 0.55 0.83b 0.82a 

Moles BH3/moles 1M18N 6.52 6.51 6.23 6.92 5.35 5.27 

Equivalents BH c 65t 2<03d d _e _e 
absorbed in 30/60 mm. 

f f 
Time of reaction (days) 14 28 6 4 15 4 

Total BH3 absorbed 5.53 6.19 5.09 4.71 3.07 2.26 

Product weight (mg) 226 lost 68.7 138 198 

Percent yield - -*1 lost -*1 31 45 

a. A flask equipped with a teflon valve was used. 

b. The 1M18N was of lower purity. 

c. 30 min. 

d. 60 min. 

e. Not determined. 

f. Hours. 

g. The product was not weighed. 

h. These were mixtures. 
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Reaction of S^-Dihydroimidazotl^.S-ij ]-
[1»8]naphthyridinedi-ium Dibromide 

with Excess Diborane 

The standard reaction procedure was followed through 

the acetic acid reflux. The product was isolated by taking 

the solid remaining after the removal of the acetic acid and 

water and dissolving it in ethanol with a trace of HBr. 

Sodium iodide was added, and the ethanol was evaporated. The 

water-insoluble brown solid was collected by filtration. The 

melting point was 128-129°. IR after one hour: (KBr) 2410 s, 

cm IR after six days: (KBr) 2900 s, 2390 s, 1950 w, cm"1. 

Product NMR: (d^ acetone, TMS as internal standard) 

250 MHz FT, ppm, 8.03(d, J=6.5, 1, A or C), 7.73(~d, J=7.1, 1, 

A or C), 6.87(t, J=6.85, 1, B), 4.90(t, J=9.1, G or H), 4.23 

(t, J-9.1, 2, G or H), 3.63(t, J-5.7, 2, F), 2.89(t, J=6.3, 

2, D), 2.15(quintet, J=3.1, 2, E) (Figure 6). 13C NMR: 

(d6 acetone) 250 MHz FT, 142.3, 139.5, 136.5(A, C, J), 115.2, 

112.4(B, K), 51.2, 49.7, 44.7(F, G, H) , 24.1, 20.9(D, E). 

Elemental analysis: calculated for ^10^13^2' C, 74.5; H, 8.13, 

N, 17.37. Calculated for C1QH14N2: C, 74.04; H, 8.70, N, 

17.26. Found: C, 74.09; H, 8.43; N, 17.48 (see Table 9). 

Preparation of 1,8-Naphthyridine Borane 

0.26465 g of 1,8-naphthyridine was placed in a clean, 

dry 500-mL flask, and about 15 mL of dry monoglyme was con

densed in. 2.0364 mmoles of diborane was condensed in, and 
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Figure 6. NMR of XXIX. -- Bruker 250 MHz FT, TMS as internal standard. 
CaI 
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Table 9. 5,6-Dihydroimidazo[l,2,3-ij][l,8]naphthyridinedi-
ium dibromide (56D18N), summary of reactions. 

Weight 56D18N (g) 0.44 0 .32 0.32a 0.39a 0.29 

Moles BH3/moles 56D18N 7.27 5 .96 6.24 6.88 8.48 

Equivalents BH, absorbed 
in 1 hour 1.12 1 .35 0.99 1.47 0.77 

Reaction time (days) 90 28 6 6 7 

Total BHj absorbed 6.76 4 .58 2.44 3.34 3.57 

Product weight (mg) _b _b 2.5 14.6 57.6 

Percent yield based on 
C10H13H2I3 

- - 0.4 2.1 10.9 

a. A flask with a teflon valve was used. 

b. The weight was not determined. 

the flask was allowed to come to room temperature. After one-

half hour, the monoglyme and unreacted diborane (0.96 mole) 

were removed. 0.25 g of yellow solid was obtained. IR: (KBr) 

2350 s, cm 1. 

The sample was unfortunately exposed to air, and the 

BH bonds were hydrolysed. IR: (KBr) no BH bands. This solid 

was worked up, and 11 mg of a mixture of 1,8-naphthyridine and 

its tetrahydro derivative was obtained. 

nB NMR 

*"*B NMR and 1H-decoupled spectra were taken of solu

tions 2% by weight in monoglyme of all compounds except 
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1,7-dimethyl-7-azaindolinium iodide and 7-methyl-lH-pyrrolo-

[2,3-b]-pyridinium iodide. Ratios of 2:1 and -5:1 BH^ to 

substrate were examined. 

The weighed solid was placed in a pyrex tube, and 2 

mL of monoglyme was condensed in. Diborane was condensed in. 

The tubes were sealed off under vacuum and stored at -196° 

until the spectra were run. Spectra were taken immediately 

after the tubes came to room temperature, two to four hours 

later, six to nine days later, and four weeks later. 

An impurity in the monoglyme generated a quartet at 

-2 ppm in the spectra. 

In the following table (Table 10), s = singlet, 

d = doublet, q = quartet, sep = septet, m = multiple, imp = 

the impurity referred to above, bs = broad singlet, and 

broad = a band that because of the background noise could 

not be distinguished as either a broad singlet or a multiplet. 
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Table 10. Observations and chemical shifts (ppm) of the 
llB NMR spectra. 

7-Azaindole (7AI) 

• 7A1/B2H6 =1:1 

Initial (clear solution): 17.1(sep,B?Hfi) , 2.0(q,imp), 

-16.4(q,BH3). ^"H decoupled: 17.1(s), 2.0(s), -16.2(s). 

4 hours (clear solution): 16.2(m,B2Hg) , 9(bs), 1.9(q,imp), 

-17.6(skewed quarted) . decoupled: 17.0(s), 9(bs), 1.9(s), 

-5(bs), -15.8(s) , -17.05(bs). 

9 days (white ppt) : -2.3(broad), -16.1(~q,BHj). decoupled: 

4.9(broad), 2.5(~s), -2.3(m), -16.1(s). 

• 7AI/B2H6 = 1:2.4 

Initial (clear solution): 17.2(sep, 1.9(q,imp), 

-16.2(q,BH3). 

2-1/2 hours (clear solution): 17.3(sep,B2Hg) , 8(broad), 

2.2(q,imp), -3(m), -16.7(q,BH3). 1H decoupled: 17.3(s) , 2.2(s), 

-2.9(bs), -16.2(s) , -17.3(bs). 

6 days (white ppt): 17.3(sep,B2Hg), 2.2(q,imp), broad peak 

from 10 to -20 ppm. decoupled: 17.3(s), 2.2(s). 

3 weeks (white ppt): 17. 2 (sep, 62^) , 2.3 (q, imp), -12.7(d), 

-24(broad), -28(broad). decoupled: 17.3(s), 2.2(s). 

-13.9(~s), -24(broad), -28(broad). 



40 

Table 10. -- Continued 

1-Methyl-7-azaindole 

• l-Methyl^-azaindole/I^Hg = 1:1 

Initial (clear solution): 17.1 (111,82^) , 2.0(q,imp), 

-12.4 (q,BHj) . "*"H decoupled: 17(s), 2(s), -12(s). 

2 hours (clear solution): 17(m,B2Hg), 8(broad), 1.9(q,imp), 

-8(broad), -12.5(skewed quartet, BH^) . "'"H decoupled: 17(s), 

8(broad), 1.9(s), -12.5(s), -13.5(shoulder). 

9 days (white ppt): 17(m, 62^), 8(broad), 2(q,imp), 

-8(broad), -12(m). decoupled: 17.4(s), 8.4(bs), 2.4(s), 

-8(bs), -12.1(s), -13.2 (s). 

• l-Methyl-7-azaindole/B2Hg = 1:2.5 

Initial (clear solution): 17.1(sep, B2H^), 2.0(q,imp), 

-12.5(q,BH3). 1H decoupled: 17.1(s), 2.0(s), -12.5(s). 

4 hours (clear solution): 17.0(sep, B2H^), 8(broad), 

2(q,imp), -8(broad), -12(m). *H decoupled: 17 (s) , 8(bs), 

2 (s) -12(s) , -13(s) . 

7-Methyl-7-azaindole 

• 7-Methyl-7-azaindole/B2Hg = 1:1 

Initial (yellow solution): 17(m,B2H^), 1.8(q,imp), 

-16.8(q,BH3), XH decoupled: 17 (s), 2(s), -16.3(s). 

4 hours (yellow solution): 2(~q,imp), -10(-d), -17(~q). 

decoupled: 1.8(s), -10(bs), -16.9(s), -18(s). 



41 

Table 10. -- Continued 

9 days (yellow ppt): broad peak from 0 to -30, -9.7(broad), 

-16.5(~d). "'"H decoupled: 2.6(bs), -16.5(s). 

• 7-Methyl-7-azaindole/B2Hg = 1:3.5 

Initial (yellow solution): 17.3(sep,B2Hg), 2.1(q,imp), 

-16.6(q,BH3). 

6 days (yellow solution): 29(broad), 17.3(sep,B2H6), 

11(broad), 2.2(q,imp), -12.7(m), -17(broad). decoupled: 

17 .3 (s) , 9. 8 (bs) , 2 . 2 (s) , -13.7(m), -17.8(bs). 

27 days (pale yellow ppt): 27(~d), 17.2(sep,B2H^), I0(bs), 

2.1(~q,imp), -7.7(bs), -13(~s), -16.8(~d), -20.2(bs). 

1H decoupled: 27.3(s), 17.2(s), 10(bs), 2.2(s), -13.9(~s), 

-17.4 (bs). 

l,7-Ethano-lH-pyrrolo[2,3-b]pyridinium bromide (17EPP) 

• 17EPP/B2H6 =1:1 

Initial (off white solid): 17.2(sep,B2H^), 2.1(q,imp). 

*H decoupled: 17.2(s), 2.1(s). 

4 hours (less solid): 17.1(sep,B2H6), 2.0(q,imp), 

*H decoupled: 17.1(s), 2.0(s). 

9 days (white ppt): 35(bs), 28(~d), 18(m), 2(m), -10(broad). 

"'"H decoupled: 35.5(bs), 27.6(s), 18.2(bs), 2.3(s), -6.8(~s), 

-8.3(bs). 

• 17EPP/B2H6 =1:3 

Initial (off white solid): 17.2(sep,B2Hg), 2.0(q,imp), 
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2-1/2 hours (off white solid):17.3(sep,B2Hg), 2.1(q,imp), 

XH decoupled: 1.7.3 (s), 2.1(s), -5.4(bs). 

6 days (white ppt): 35.1(bs), 28(~d), 17.3(sep,B2H6), 

2.2(q,imp), -8.6(bs), -14(~d). "^H decoupled: 35.4(bs), 

27.4 (bs) , 17. 3 (s) , 2.2(s), -3.1(bs), -8.4(bs), -13.7(m). 

27 days (white ppt): 35 (bs), 28(~d), 17.2 (sep,B2H6), 

2.2(q,imp), -7.9(bs), -14(d). decoupled: 35(bs), 27.4(s), 

17.2(s) , 2 .1 (s) , -8.4 (bs), -14.0(s). 

1,8-Naphthyridine 

• 1,8-Naphthyr idine/B^g = 1:1 

Initial (yellow solution): -12.5(q,BHj). 1H decoupled: 

-12.6(s) . 

4 hours (yellow solution): -12.5(q,BHj) , -18(bs). 

decoupled: -12.5(s), -18(s). 

9 days (slight ppt): 28.2(bs), -2.3(broad), -17.7(~d). 

decoupled: 28.0(bs), -2.5(bs), -3.6(bs), -17.8(s). 

• 1,8-Naphthyridine/B2Hg = 1:3 

Initial (yellow solution): 17.0(sep,B2H^), 1.8(q,imp), 

-12.6(q,BH3). 1H decoupled: 17.1(s), 1.9(s), -12.5(s). 

4 hours (yellow solution): 17.4(sep,B2H^), 10(broad), 

2.3(q,imp), -7.8(pentet), -24(bs). 1H decoupled: 27.4(bs), 

17 . 3 (s) , 11.4 (bs) , 8. 8 (bs) , 2.3(s), -6.7(s), -8.4(s), -23.8(bs). 
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1-Methyl-l,8-naphthyrdinium iodide (1M18N) 

• 1M18N/B2H6 =1:1 

Initial (yellow solid): 17.1(sep,B2H^), 2.0(q,imp). 

decoupled: 17.1(s), 2.0(s). 

3 hours (yellow solid): 27(d), 17.1(sep,B2Hg), 2.0(q,imp), 

-12(broad). 1H decoupled: 27(bs), 17.1(s), 2.0(s), -12(bs). 

9 days (clear solution): 33.6(bs), 28.4(d), 27.5(d), 

23.1(s), 18.0(s), lO(broad), -12 .6 (broad), -20(broad). 

decoupled: 33.5(bs), 28.4(s), 27.6(d), 23.1(s), 18.2(s), 

10.1(bs), -9.8(s), -12.0(s), -20.0(bs). 

• 1M18N/B2H6 =1:3 

Initial (yellow solid): 17.1(sep,B2H^), 1.9(q,imp). 

2-1/2 hours (yellow solid): 27.5(d), 17.3(sep,B2H^), 

2.2(q,imp), -12.7(bs). 

6 days (clear solution): 27.4(d), 17.3(sep,B2H^), 

2. 2 (q, imp), -12.8(m), -18. 0 (broad) . "'"H decoupled: 27.4 (s), 

17.3(s), 2.2(s), -9.7(bs), -11.9(bs), -13.6(m), -18.1(broad). 

27 days (clear solution): 32(~d), 27.3(d), 17.8(m), 

2.2(q,imp), -9(s), -12.8(m), -18(broad). decoupled: 

32(broad), 27.3(s), 17.2(s), 2.2(s), -9(s), -11.8(s), -13.9(s), 

-20.4(broad). 
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5,6-Dihydroimidazo[l,2,3-ij][1,8]naphthyrdinedi-ium dibromide 

• 57D18N/B2H6 =1:1 

Initial (brown solid): 17 .1 (sep jB^g) , 2.0(q,imp). 

^"H decoupled: 17.1(s), 4.0(s), 2.0(s). 

4 hours (brown solid): 27.3(d), 17.1(sep,B2H^), 2.7(q), 

-9(bs). decoupled: 27.3(s), 17.1(s), 4(s), 2.0(s). 

9 days (green brown solid): 27.4(d), 18.2(s), 2.3(q), 

-7.5(bs). decoupled: 27.6(s), 18.2(s), 2.3(s), -7.5(bs). 

• 56D18N/B2H6 -1:3 

Initial (brown solid): 17.2(sep,B2Hg), 2.0(q,imp). 

6 days (green brown solid): 27.4(d), 17 .3(sep,B2H^), 

2.2(q,imp), -8.1(bs). "'"H decoupled: 27.4(s), 17.3(s), 2.2(s), 

-7.8(bs). 

27 days (green brown solid): 27.3(d), 17.9(s), 2.1(q), 

-8.4(bs), -14(~d), -21.7(~s), -26.7(~s). decoupled: 

27.3(s) , 17.9(s) , 17 .3(s), 2.1(s), -7.9(bs), -14.2(bs), 

-21.5(s), -26.6(s), -30(s). 
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