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Cyanogen bromide was treated in a 1:l ratio with a variety of tertiary amines (e.g., N-methylpiperidine, N -  
methyl-trans-decahydroquinoline) to give N-cyanoammonium bromides (l), which have been trapped a t  tem- 
peratures of -50 to -10" for the first time, in crystalline form, and analyzed. Spontaneous decomposition of the 
bromides (1) led to methyl bromide and a secondary cyanamide (2). A low-temperature nmr kinetic study of 
step I + 2 in a variety of solvents yielded first-order rate constants. This two-step, low-temperature technique 
gave see-cyanamides and, in turn, amines in yields superior to previous ones. In addition, no protection of hy- 
droxyl groups is needed. Replacement of bromide by nonnucleophilic anions gave a number of stable cyanoam- 
monium salts. N diastereoisomers (92:8) of N;cyano-N-methyl-trans-decahydroquinolinium fluoroborate (3b and 
4b) have been separated and their configurations determined by combined pmr, I3C nmr, and X-ray crystallo- 
graphic studies, whereby equatorial preference of N-cyanation was established. These stable cyanoammonium 
salts were then reconverted into the epimeric bromides (3a and 4a), and relative reaction rates of axial cyano 
us. equatorial cyano epimers in the step 1 -+ 2 were determined. Furthermore, the decomposition of the chiral 
intermediate, (S)-( +)-N-cyano-N-sec-butyl-4-methylpiperidinium bromide (15a), gave (R)-(  -)-see-butyl bro- 
mide (16) with inversion. Some synthetic aspects of the cyanoammonium salt intermediates are outlined. 

The von Braun cyanogen bromide reaction1 (illustrated 
in Scheme I) has been extensively applied2 over the 
past 70 years, but no mechanistic study has been under- 
taken, except some early unsuccessful approaches based 
on analogies with triphenylphosphine-cyanogen bromide3 
or with arsines.4 The first circumstantial evidence for the 
mechanism was presented by Harper, e t  a1.,5 and Casy, et 
al., respectively. Methadone, a tertiary amine containing 
a carbonyl group, gave with cyanogen bromide no incorpo- 
ration of bromide ion, but  an unexpected cyclic, nitrogen- 
free compound: a tetrahydrofuran derivative. Therefore, 
an N-cyanoammonium salt structure was suggested for 
the first time as a possible intermediate, which underwent 
cleavage by carbonyl oxygen as an internal nucleophile. 
Along similar lines Albright and Goldman' recently suc- 
ceeded in converting different alkaloids into cyclic ethoxy 
cyanamides with cyanogen bromide, using ethanol as a 
protic solvent. The incorporation of ethoxide instead of 
bromide occurred, and the overall steric course was one of 
inversion. This is further circumstantial evidence for the 
same type of intermediate, with no carbon-bromide bond; 
displacement by alkoxide ion should have otherwise re- 
sulted in a double inversion, equaling overall retention. 

Preparation of Ai-Cyanoammonium Salts. We have 
undertaken a different studya,b with the aim of finding 
direct evidence by trapping the postulated cyanoammon- 
ium salts for the first time. The present paper gives a full 
account of the experiments we have done in this field dur- 
ing the last 3 years. As a preliminary approach a stable 
cyanoammonium salt was sought, because any nucleophil- 
ic ion would very easily result in the breaking of the rath- 
er weakened N-methyl or other N-alkyl carbon bond. 

Scheme I 

F&==N-CN T~ R,=N-CN 
t 

Br- CH& 2 
1 

a, R, = -(CHJ4- 
b, Rz= -(CHAO(CH&- 
C, -(CHJ&H(CHJ,- 

I 
CHB 

There was no reagent known that would contain a cyan- 
ium cation compensated by any of the known nonnucleo- 
philic anions, such as fluoroborate. However, a complex 
salt of cyanogen chloride and antimony pentachloride, de- 
scribed by Woolfg in the 1950's, gave cyanogen a t  the 
cathode upon electrolysis. It thus seemed an appropriate 
cyanium cation donor. In the meantime I3C nrnr studies 
were undertakenlO on this complex salt, which showed 
that it is certainly not a cyanium hexachloroantimonate, 
but has the antimony coordinated with the nitrogen, not 
the chlorine, of cyanogen chloride. Nonetheless, the crys- 
talline complex salt still held the promise of being a po- 
tential CN cation donor. 

Therefore, we treated CNCl SSbC14 with triethylamine 
in nitromethane; the ir spectrum of the product showed a 
strong C=N stretch around 2200 cm-l. The nmr spec- 
trum indicated a strong downfield shift (by 0.8 ppm) of 
the methylene protons adjacent to nitrogen, indicative of 
the conversion of the amine nitrogen into a quaternary 
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Scheme I1 

*&E7 NC X- H3C X- 

3 4 

; 5 a  G Z C N  
+I CH3Br 6 
CHs X- 
5 

I P 3  

N C - N t P z  
U 

Br- 
7 

4 X=Br- 
b, X = BF,- 
C, X = O3SCH3- 
d, X = 0$3-C,H,CH,-p- 
e, X = SbC16- 
a, Z = C O  
b, Z = CH(0H) ax 
c, Z = CH(0H)eq 

ammonium ion. Similarly, the chemical shift of the N- 
methyl signal of N-methylpiperidine, in its addition com- 
pound with the CNCl-SbClC complex, moved downfield 
by 0.82 ppm. Those shifts were of the same order of mag- 
nitude as those in the general quaternization of tertiary 
nitrogen into an ammonium ion center.l& Thus, we have 
indeed isolated N-cyanoammonium salts, e.g., 5e (Scheme 
11). 

Although a variety of cyanoammonium hexachloroanti- 
monates have now been prepared and analyzed (Tables I 
and II), these stabilized salts were not suitable for further 
study on any nucleophilic displacements of cyanoammon- 
ium salts because of solubility reasons. Therefore, as the 
next step, we intended to isolate the actual intermediates 
of the cyanogen bromide reaction. In ethereal solution a t  
temperatures ranging from -10 to -50" we succeeded in 
isolating a white precipitatea3b which could be filtered 
and dried. These cyanoammonium bromides were white, 
crystalline solids that have been kept for several days 
under vacuum a t  -16". However, depending on their alkyl 
group, they decomposed between -10 and 10" and gave 
the cyanamides in very high yields. Thus, they proved to 
be the real intermediates in the von Braun reaction. They 
were immediately analyzed. Elemental analyses gave car- 
bon, hydrogen, and nitrogen values close to the calculated 
ones for these unstable cyanoammonium bromides (Table 
I). On the other hand, N-cyano-N-methylpiperidinium 
bromide (5a)- gave only the final displacement products, 
N-cyanopiperidine (6) and methyl bromide, the latter of 
which was trapped and quantitatively analyzed as N- 
ethylpiperidine methobromide. The cyanoammonium bro- 

w - C N  
6 

#-CN 7 
+I CH,Br 
CH3 Br- 

5 

mides, although sensitive, could be converted a t  -20" into 
"stabilized" salts, by ion exchange with silver methane- 
sulfonate, p-toluenesulfonate, hexafluoroantimonate, or 

fluoroborate. Shortly after these experiments& a different 
and independent approach was published in a communi- 
cation by Paukstelis and Kim,ll  who converted the reac- 
tion mixtures of a few tertiary amines with cyanogen bro- 
mide into N-cyanoammonium fluoroborates with triethyl- 
oxonium fluoroborate, i .e. ,  the Meerwein salt. 

The cyanoammonium bromides, e.g. ,  la-c, 3a, 4a, Sa, 
7a-c, etc., we have prepared were derived from N-methyl- 
and N- ethylpiperidine, 4-hydroxy-N- me t hylpiperidine, 
N-methylmorpholine, tropine, pseudotropine, tropinone, 
lupinine, N-methyl-trans-decahydroquinoline, 1,4-diazabi- 
cyclo[2.2.2]octane, and quinine. Most of these bromides 
were converted into the stable salts uia ion exchange. 

Table I indicates most physical and analytical proper- 
ties of a number of both unstable and stabilized cyanoam- 
monium salts. Table I1 contains the spectral data. In- 
frared spectra are consistent with their structure, the 
C%N bond appearing as a sharp, medium-intensity band 
between 2200 and 2280 cm- I. 

Structure  and Stereochemistry. Our technique of low- 
temperature precipitation of the cyanoammonium bro- 
mide with subsequent conversion into the stabilized cy- 
anoammonium salt gave near-quantitative yields of the 
latter. With these stable salts we were in the position to 
determine the preferred steric course of cyanation. The 
model we have used was (i)-N-methyl-trans-decahydro- 
quinoline because of its configurational and conformation- 
al rigidity. Cyanation thereof by cyanogen bromide (addi- 
tion of cyanide ion is now known as cyanylationl3) was 
immeasurably fast and nearly quantitative. No traces of 
the tertiary amine could be detected by spectral methods, 
a t  as low as -65", in a variety of solvents (after adding 1 
mol of cyanogen bromide per mole of the tertiary amine). 
Cyanation may be regarded as a special case of quaterni- 
zations of nitrogen. N-Methyl-trans-decahydroquinoline in 
ethereal solution gave a very high yield of a crystalline 
product, which, based upon integration of the two pmr 
methyl signals (at 6 3.63 and 3.74 ppm; see Table I1 and 
Scheme 111), consisted of the two N-epimeric bromides 3a 
and 4a in a ratio of 92%. Those were separated by frac- 
tional crystallization after conversion into the fluorobo- 
rates 3b and 4b (Scheme III) . 

The crude product melted a t  127-130" after recrystalli- 
zation. The purified major product had mp 156". The cT 
diagram of mixtures of the pure isomers showed a eutectic 
point a t  100" and 50% composition; thus they gave a def i -  
nite mixture melting point depression. 

These cyanoammonium fluoroborates could also be pre- 
pared in situ if the reactions were done in acetonitrile 
with subsequent addition of silver fluoroborate; removal of 
silver bromide and freeze drying (or vacuum evaporation 
a t  low temperature) afforded the mixture of the stereoiso- 
meric fluoroborates 3b and 4b. The Meerwein salt tech- 
nique did not allow isolation of the minor isomer. The in- 
dividual isomers, as well as their mixture, gave correct el- 
emental analysis data (Table I). Both have been subjected 
to detailed spectroscopic study. Moreover, the major ste- 
reoisomer was analyzed by X-ray crystallography.lm 

Nuclear Magnetic Resonance Studies. Extensive pmr 
measurements a t  250 ,and 100 MHz enabled unequivocal 
determination of relative configurations about the chiral 
nitrogen atom. Only the most important and pertinent 
data are given in Table I1 and Scheme 111. The major ste- 
reoisomer (3b) showed three deshielded protons at  6 4.13, 
4.25, and 4.34 ppm. The minor isomer (4b) contained the 
equivalent protons at  6 3.87, 3.96, and 4.36 ppm, respec- 
tively. The difference is striking regarding the first two 
chemical shifts. Therefore, the 6 4.13 and 4.25 ppm signals 
were assigned to H-9 and to H-2 axial, these protons being 
deshielded by an adjacent electronegative (i .e. ,  CN) group 
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Scheme I11 
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in the major product. The signals a t  6 3.87 and 3.96 ppm 
were assigned to H-9 and H-2 axial in the minor stereoiso- 
mer, these being shielded by the adjacent equatorial N- 
methyl group. The two low-field signals a t  6 4.34 and 4.36 
ppm, in practically the same position in the two epimers, 
were attributed to the less affected equatorial protons at 
C-2. This by itself is evidence that the cyano group is 
equatorial in the major product, hence it must be axial in 
the minor product. In addition a long-range W coupling (J  
= 0.4 Hz) between N-methyl and H-2 axial of the major 
isomer could be decoupled by double irradiation of either 
signal a t  6 3.63 or 4.25 ppm. There was no appreciable 
coupling between NCH3 and H-9 protons. 

In addition, methoxycarbonylmethylation of the same 
amine resulted in a 4:l ratio of two N stereoisomers (8a 
and 9a). The fluoroborate of the major and the minor 

products, 8b and 9b, respectively, indicated two di- 
astereotopic methylene signals of the methoxycarbonyl- 
methyl group a t  6 4.29 and 4.09 ppm (J  = 16.5 Hz) and a t  
6 4.24 and 3.87 ppm (J  = 16.5 Hz), respectively. Also in 
the minor product the protons a t  C-3 have been located 
a t  approximately 6 1.75 ppm, by decoupling of the H-2 
signals a t  6 4.10 and 3.15 ppm. Furthermore, 14N decou- 
pling resulted in significant change in signal shape about 
6 1.75 ppm, in agreement with results that p protons are 
more strongly coupled14 to 14N than are other protons. Ir- 
radiation a t  6 1.75 ppm resulted in a 10% nuclear Ov- 
erhauser effect (NOE) in the 6 3.87 ppm signal, which we 
assigned as H, . Therefore, the methoxycarbonylmethyl 
group is axial in the minor product. The two C-2 proton 
assignments were made on the basis of their splitting pat- 
terns. It should be noted that, in accordance with the con- 
figuration derived from the NOE, W-type couplings were 
observed on the one hand between H, and H-2 axial, and 
on the other between H, and N-methyl. The two cou- 
plings show that rotation of the axial methoxycarbonyl- 
methyl group is restricted in 9. 

A further reference compound, N,N-dimethyl-trans- 
decahydroquinolinium fluoroborate (lob), showed a differ- 
ence in chemical shift between the two methyl signals of 6 
2.85 and 3.01 ppm, respectively, and there was a consider- 
able difference in half-height peak width (1.85 and 1.55 
Hz). The greater half-height width is due to the W cou- 
pling of the higher field protons with H-2 axial and H-9 
axial, which can only be the case if that methyl group was 
itself axial. The chemical shifts of the axial methyl group 
and methylene protons appeared a t  higher field than 
those of their equatorial counterparts in a number of other 
trans-decahydroquinoline derivatives.l% 

In conclusion, evidence based on pmr spectra point to 
the fact that  cyanation of N-methyl-trans-decahydroquin- 
oline took place preferentially in the equatorial position. 
In addition an extensive I3C nmr spectroscopic study of 
compounds 3b, 4b, 8b, 9b, and 10b was also undertaken. 
Details of that work will be p~b1 i shed . l~  Wenkert, e t  al . I5  
have shown that the N-methyl carbon atom of the major 
product of cyanation of the same base resonated at 8.7 
ppm higher field than the one in the minor product. Fur- 
thermore, the C-3 and C-10 signals appeared a t  3.4 and 
4.1 ppm higher field than in the minor product, respec- 
tively. The conformational effect, in particular the 1,3- 
diaxial interaction of the two protons at  C-10 and C-3 
with axial N-methyl, would result in considerable 
shielding of carbons 10 and 3, while the axial cyano group 
in the major epimer does not as greatly affect those 13C 
nmr shifts (similar to related cyclohexane derivativeP).  

X-Ray Crystallography. X-Ray measurements were 
made a t  room temperature using a Picker four-circle dif- 
fractometer with Cu Ka radiation, proving structure 3b 
for the major product of cyanation. Details of that X-ray 
crystallographic study will be published elsewhere.17 

Thus, the combined pmr, 13C nmr, and X-ray crystallo- 
graphic studies1% have confirmed the complete geometry 
of the N-epimeric N-cyano-N-methyl-trans-decahydro- 
quinolinium fluoroborates, and are in complete agreement 
with other quaternization studies carried out with the 
same type of compound. 

Reactions of N-Cyanoammonium Salts. Interionic 
Reaction. The reaction we studied most extensively is nu- 
cleophilic displacement of one of the alkyl groups from 
the chiral (or pseudo-chiral) nitrogen of the N-cyanoam- 
monium salts. Two models in particular have been studied: 
N-methyl-N-cyanopiperidinium bromide (5a) and N- 
cyano-N-methyl-trans-decahydroquinolinium bromide (3a 
and 4a). In addition, preliminary studies have been un- 
dertaken with N-cyano-N-methylpyrrolidinium bromide 
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Scheme IV Scheme V 

I - Br(CH,),N-CN 
12 H 

CH, Br- 
lla 

( l l a ) .  For solubility reasons most of our kinetic studies 
were carried out with 3a and 4a. All N-cyanoammonium 
bromides we have isolated or prepared in situ are sponta- 
neously decomposed at temperatures 20". None were sta- 
ble above 25" (see Kinetic Studies). 

The bromides were attacked by other nucleophiles as 
well, such as alcohols or pyridine. The stable cyanoam- 
monium methanesulfonates, p-toluenesulfonates, fluo- 
roborates, or hexafluoroantimonates were decomposed in 
solution upon the addition of lithium bromide, whereby 
the bromide ion displaced the N-methyl group in most 
cases. With N-ethyl-N-cyanopiperidinium salts, however, 
ring cleavage occurred to a considerable extent concomi- 
tantly with ethylation. Similarly, N-methyl-N-cyanomor- 
pholinium bromide (lb) also underwent ring cleavage. In 
the case of N-cyano-N-methylpyrrolidinium bromide 
( l la ) ,  the fluoroborate l l b  could be isolated. However, 
the major pathway was that of ring cleavage of the bro- 
mide 1 la (Scheme IV) into 4-(N-cyano-N-methylbutyl) 
bromide (12).18 Most likely, in the cyanoammonium ion 
that forms in the course of the reaction, the strongly ec- 
lipsed C-2 and C-5 hydrogens interfered with the cis-posi- 
tioned cyano or methyl groups attached to the ring nitro- 
gen. Therefore, these additional nonbonded interactions 
may considerably weaken a ring C-N bond, ultimately re- 
sulting in ring cleavage. In addition, steric factors in the 
transition state may have a definite effect on the course of 
this reaction, but a t  present we are unable to assess their 
relative importance. N-Cyano-N-sec-butyl-4-methylpiper- 
idinium bromide (13a) (Scheme V) prepared in situ was 
decomposed by mild heating into the expected cyanamide 
(6) and sec-butyl bromide (14). A mixture of 1- and 2-bu- 
tenes and some N-sec-butyl-4-methylpiperidinium bro- 
mide were also isolated, as identified by their nmr spec- 
tra. The possible mechanism for olefin and amine salt for- 
mation could involve removal of a proton from the sec- 
butyl group of the cyanoammonium ion by the unchanged 
tertiary amine, i .e . ,  a Hofmann-type elimination instead 
of a nucleophilic attack of bromide upon the secondary 
butyl carbon atom. 

Reactions with Other Nucleophiles. When the cy- 
anoammonium bromide from either N-methylpiperidine 
or N-methyl-trans-decahydroquinoline was dissolved in 
acetone and sodium iodide was added, an instant colora- 
tion appeared, which upon titration showed that about 
30% iodine had formed, by oxidation. Since the cyanoam- 
monium cation cannot be an oxidizing agent, while cyano- 
gen bromide is known to be, one reason19 for this reaction 
was the dissociation of the cyanoammonium bromide into 
the tertiary amine and cyanogen bromide. The latter 
would then oxidize the iodide. One may object that there 
is no spectral evidence for any free base in the presence of 
cyanogen bromide. However, even if present in infinitesi- 
mally small amounts, rapid oxidation of iodide by cyano- 
gen bromide could result in a shift of the equilibrium, in 
addition to the "normal" interionic reaction leading to the 
cyanamide and methyl bromide. 

Reduction of the cyanoammonium salt 3b with sodium 
borohydride (in methanol) a t  0" leads to an 80% yield of 
N-methyl-trans-decahydroquinoline. No other product 

H"z-Y 
.. 

I 

Br 
m 

I T  

15 

(R)- 15a 

could be isolated. Solvolysis of  a 9223 mixture of 3b and 
4b with methanol-& a t  26.5 and 28.5", respectively, re- 
sulted in the formation of N-methyl-trans-decahydroquin- 
oline, characterized by its nmr spectrum. I t  showed no 
infrared stretch in the 2 2 0 0 - ~ m - ~  region. That reaction 
was also monitored by pmr kinetics. 

Action of sodium methoxide [6(CH3) 3.2 ppm] upon the 
salt 3b gave a product with a N-methyl signal a t  rather 
high field (6 2.15, s) which can be assigned to N-methyl- 
trans-decahydroquinoline. However, no signal indicating 
the presence of dimethyl ether was detected. It is appar- 
ent that  reduction of the cyanoammonium salt competed 
with alkylation. In spite of this, N-cyanotrialkylam- 
monium salts can be used in synthesis as potential alkyl 
cation donors. 

Reactions with Electrophiles. N-Cyano-N-methylpip- 
eridinium fluoroborate reacts with trifluoroacetic acid. As 
shown by its pmr spectrum the ".-methyl signal a t  6 3.3 
ppm slowly disappeared, giving rise to a new doublet of 
increasing intensity a t  6 2.95 ppm. This product was iden- 
tified as the trifluoroacetate of N-methylpiperidine. The 
fate of the CN group remains unclear. However, in the 
light of recently published experiments,20 trifluoroacetic 
acid may react with the cyanoammonium salts to  form 
CF3COO+N and/or (CF3CO)ZO. The cyano group is 
thus removed, and the resulting tertiary base can subse- 
quently form the salt with additional trifluoroacetic acid, 
A similar experiment with trifluoroacetic acid was carried 
out in acetonitrile-&. The major methyl signal appeared 
at 6 3.8 ppm. Upon addition of a drop of DzO a doublet 
appeared in the 6 2.72 ppm region. The intensity of that  
signal increased while the one of the Nt-methyl signal 
decreased. At the end of addition of D20 that signal 
became predominant. The doublet was again typical of 
the trifluoroacetate of the tertiary base. I t  is not easy to 
interpret that reaction; however, the product indicates an 
acidolytic or hydrolytic removal of the cyano group. Such 
a reaction would not be unexpected in the case of a cy- 
anoammonium bromide, because dissociation thereof 
should lead to cyanogen bromide and the tertiary amine, 
the latter being protonated; hence the equilibrium slowly 
shifted, However, an analogous reaction with the fluorobo- 
rate leading to cyanium tetrafluoroborate was unlikely. 
The latter was not accessible from cyanogen bromide and 
silver fluoroborate. 

Kinetic Studies. Kinetic data were obtained by mea- 
suring the decrease in intensity of the N-methyl signal in 
the pmr spectrum of the various cyanoammonium com- 
pounds under the appropriate reaction conditions. N- 
Cyano-N-methyl-trans-decahydroquinolinium bromide (3a 
+ 4a) was found to be reasonably soluble in chloro- 
form-d, acetonitrile-&, and nitromethane-d3, and, in ad- 
dition, the trans-decahydroquinoline skeleton is conforma- 
tionally more rigid than that of piperidine. Thus, the 
greater part of the kinetic measurements were carried out 
in the trans-decahydroquinoline series.lZa,b 

The kinetic studies were essentially in three parts: (A) 
on mixed axial and equatorial N stereoisomers (3a + 4a) 
in the above three solvents (Figures 1 and 2); (B) on the 
separated N stereoisomers (3b or 4b) in the same three sol- 
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Figure 1. First-order plots for the decomposition of 3a + 4a in 
CDC13 at various temperatures. 

vents; and (C) on the separated N stereoisomers (3b or 
4b) in CH30D. No difference was observed in the kinetic 
behavior whether the cyanation was carried out in one of 
these solvents or whether the cyanoammonium bromide 
(3a + 4a) was precipitated a t  -40 to -50" from ethereal 
solution and subsequently dissolved in the precooled reac- 
tion solvent. In addition to the molecularity of the reac- 
tion, these kinetic studies have allowed supporting conclu- 
sions to be drawn regarding the preferred steric course of 
the first step of cyanation, and of the configurational ef- 
fect of substituents about the quaternary nitrogen upon 
the rate of decomposition of the cyanoammonium inter- 
mediate. 

The decomposition rate of N-cyano-N-methyl-trans- 
decahydroquinolinium bromide (3a + 4a) is ten times 
greater in chloroform-d than in acetonitrile-d3 but only 
2.5 times greater than in nitromethane-d3. The decrease 
in rate tends to follow the order of increasing basicity and 
increasing 2 valuez1 (chloroform < nitromethane < aceto- 
nitrile) rather than an increase in the dipole moment 
(chloroform < acetonitrile < nitromethane) .2z The ener- 
gies of activation are calculated to be 19 kcal mol-1 in 
chloroform and 22 kcal mol-1 in acetonitrile. Increase in 
the overall concentration of the salt or of the original cy- 
anogen bromide did not affect the reaction rates. Added 
common ion (e .g . ,  from lithium bromide) to the acetoni- 
trile solution only resulted in "salting out" the crystalline 
cyanoammonium bromide. However, the addition of 0.3 
mol of lithium perchlorate per mole of cyanoammonium 
salt produced a considerable (ca. fivefold) rate attenua- 
tion, indicating a negative kinetic salt effect. These re- 
sults can be explained by assuming a less polar transition 
state in the step 1 - 2, and that  the reactant ions are sol- 
vated to a greater degree in acetonitrile. 

The entropy of activation in chloroform-d was calculat- 
ed to be +1.5 f 3.0 eu, and in acetonitrile-& it was +9.5 
f 3.0 eu (see Table 111, Figures 1 and 2). The posi- 
tive value in both of the above-mentioned cases is con- 
sistent with the above assumption of a transition state 
which is less polar (less strongly solvated) than the reac- 
tant ions in the step 1 - 2. In addition, the small positive 
AS* in chloroform and the relatively larger value in aceto- 
nitrile suggests an intimate ion pair for the cyanoammon- 
ium bromide in chloroform, while in acetonitrile the more 

u 
0) 
0 
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0 
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-2 0' 

2 00' 
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Figure 2. First-order plots for the decomposition of 3a + 4a in 
CD&N at various temperatures. 

strongly solvated individual ions may give it a more "nor- 
mal" salt structure. This conclusion is reached on the 
basis that an  ion pair requires less reorganization of the 
solvent shell and loss of fewer solvent molecules in going 
from reactant to transition state than does a salt which is 
solvated as free, individual ions. 

Conductance measurements taken a t  room temperature 
and at  -42" in these solvents clearly show that there are a 
greater number of conducting species in the acetonitrile 
solution, there being a 1000-fold difference in conductivity 
between the two solvents; the conductivity is almost neg- 
ligible in chloroform (Table IV). 

We have followed Ross's analysisz3 in fitting the raw 
kinetic data to various rate laws. This analysis shows that, 
if the reacting salt is present in solution as all ion pairs, 
first-order kinetics will be observed; if free ions are pres- 
ent, second-order kinetics will be expected; if triple ions 
are present two-thirds-order kinetics will follow; and if 
quadruples are the predominant aggregates, one-half-order 
kinetics will be obtained. Intermediate reaction orders 
may indicate mixtures of species. 

Our preliminary kinetic studies indicate that, in chloro- 
form and in nitromethane a t  all temperatures investi- 
gated, first-order kinetics were followed. In acetonitrile a t  
the relatively higher temperatures first-order kinetics were 
also observed, but both first-order and second-order plots 
became nonlinear below -20". Taken together all of these 
physical data indicate that there is extensive ion pairing 
under the experimental conditions which we have used. 
However, the deviation from linearity below -20" in ace- 
tonitrile indicates that neither first- nor second-order ki- 
netics are valid. Therefore, we interpret this as indicating 
in acetonitrile at these lower temperatures that the react- 
ing species are most probably higher aggregates, i. e . ,  tri- 
ple ions. We would suggest that the ion pair in chloroform 
is a tight ion pair and that in nitromethane and in aceto- 
nitrile it could be considered a solvent-separated ion 
pair.24 The exact nature of the solvent cage about the ion 
aggregates is expected to  be different in  nitromethane and 
acetonitrile. 

The influence of configuration about the ammonium ni- 
trogen atom on reaction rates can be seen in the following 
data. The rate constant for the axial methyl derivative of 
N-cyano-N-methyl-trans-decahydroquinolinium fluorobo- 
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Table I11 
First-Order R a t e  Constantsa of t h e  Decomposition of 3b and 4b into 

N-Cyano-trans-decahydroquinoline and Methyl Bromide at Different Tempera tures  
Solvent - 30' - 220 - 200 - 17' - 15' 

C hloroform-d 3.0 x 10-4 1.1 x 10-3 1 . 2  x 10-3 2.0  x 10-3 3 .0  x 10-3 
Acetonitrile-de 3 . 0  X 1.0 x 10-4 1.4  x 10-4 2 .0  x 10-4 3 . 3  x 10-4 
Nitromethane-d3 6 . 5  x 10-4 1 . 2  x 10-3 

Calculated Activation Pa rame te r s  
Solvent E,, kcal mol-' AG* kcal mol-' AHWb kcal mol-' AS*, ev 

C hloroform-d 19 
Acetonitrile-de 22 

18.1 
19.2 

18 .5  
21.5 

+ 1 . 5  
$9 .5  

a In  reciprocal seconds. AH* calculated at -30 and -15'. For CDC13: 18.52 kcal mol-1 at -30°, 18.49 kcal mol-' at 
- 'a t  -15'. -15'. ForCD3CN: 21.52 kcalmol-l at  -30°, 21.49 kcal mol 

Table  IV 
Equivalent Conductance of Various 

N-Cyano-trans-decahydroquinoline Salts 
in Three  Solvents 

Q x- 
H3C' ' R 

R 

CN 
CN 
CN 
CN 
CN 

CN 
CZH5. 

(n-Pr) 4 +NBr - 

x Solvent 

BFd CHsCN 
BF4 CH3CN 

BF4 CHeNO2 
BF, CHCle 

Br CH,CN 

Br CHCI, 
Br CHCle 

b CHCla 

22.8 
-41.9 
-42.0 

22.7 
22.7 

-42.0 
22.7 

22.6 

A, Mho/cm 

131.1 
61.32 
23.80 
78.17 
2.712 X 

10 - 2  

"0" 
14.07 X 

10 - 2  

28.42 X 
10 - 2  

a Registry no., 51075-63-9. * Registry no., 1941-30-6. 

rate (reacts as the bromide) is 2.1 x sec-l, while 
that of the minor product, the equatorial N-methyl iso- 
mer, is 2.9 x sec-I; thus keq/kax = 1.38. This may 
be interpreted by assuming that the axial methyl group is 
somewhat hindered, or a t  least the equatorial methyl 
group is more easily attacked by the bromide ion. 

Steric Course of the Decomposition of a Chiral Cy- 
anoammonium Salt. Further insight into the mechanism 
of the interionic reaction was gained from the synthesis 
and decomposition of a cyanoammonium salt with a chiral 
N-alkyl group. 4-Methylpiperidine was butylated with 
( S ) - (  +)-2-butyl p-tol~enesulfonate2~ of 59% optical purity 
to form (R)-(-)-N-sec-butyl-4-methylpiperidine, [o1I2O4359 

-26.97' (neat). This is similar to the preparation of (R) -  
(+)-N-~ec-butylpiperidine.~~ The optical purity of this 
product could only be estimated a t  27% [comparison with 
optically pure (R) - (  +)-N-sec-butylpiperidine, [aIz54859 

+99" (neat)], since we have not yet completely resolved 
4-methyl-N-sec-butylpiperidine. Reaction of the latter 
with cyanogen bromide led to isolation of the cyanoam- 
monium bromide 13a, which was characterized as the flu- 
oroborate 13b. Upon decomposition the chiral bromide 
13a gave rise to (S)-(+)-sec-butyl bromide (14), [o1I2O4359 
+7.3" (ether); optically pure ( S ) - (  +)-butyl b r ~ m i d e ~ ~ , ~ ~  
shows [0(]~~4360 +70.5" (neat). On the other hand ( S ) - ( + ) -  
sec-butyl tosylate of 80% optical purity gave (R) - (  -)-sa- 
butyl bromide, [01]~043~9 -58.2' (ether). That value was 
corrected to an optically pure bromide, [a1204359 -72.7". 
Therefore, the optical purity of the bromide from 13a was 
only 10%. The steric course of the N-debutylation, how- 
ever, corresponds to 36% inversion, if the low optical pu- 

rity of our N-sec-butyl-4-methylpiperidine is taken into 
account. This warrants the statement that  the interionic 
dealkylation step leading to sec-butyl bromide occurred 
with inversion, which thus implies an S~2- type  displace- 
ment of the nitrogen from the sec-butyl carbon 2. 

The product of this reaction was the expected N-cyano- 
4-methylpiperidine (15) in high yield. In addition a mix- 
ture of 1- and 2-butenes, probably formed by the action of 
unchanged N-butylpiperidine upon the cyanoammonium 
bromide, i e . ,  by Hofmann elimination, was detected. 
Furthermore, a 10% yield of N-sec-butyl-4-methylpiperi- 
dine hydrobromide (16) was isolated, in agreement with 
the elimination mechanism. Compound 16, or rather its 
bromide ion, was responsible for considerable racemiza- 
tion of the (S)-(+)-sec-butyl bromide formed in the reac- 
tion 13a - 14 + 15. This was proven by distilling added 
optically pure sec-butyl bromide from the same salt in a 
control experiment, which resulted in complete racemiza- 
tion thereof. That undesirable process was somewhat min- 
imized by precipitating the hydrobromide with ether im- 
mediately following the von Braun reaction of 13a carried 
out a t  lo", and subsequently distilling the (SI-(+)-sec- 
butyl bromide, now practically free of bromide ions. 

Experimental Section 
General. Nmr spectra were recorded on a Varian HA-60, HA- 

100, or T-60 spectrometer unless otherwise specified; chemical 
shifts are given in parts per million ( 6 )  downfield from TMS as 
internal reference. Ir spectra were recorded on a Beckman IR-8 
spectrophotometer. Melting points were taken on an Electrother- 
mal Model 1A 6304 apparatus. Optical rotations were measured 
at 25" with a Perkin-Elmer Model 141 M electric polarimeter. El- 
emental analyses were partly carried out on F & M Model 185 C, 
H, N Analyser by Mr. R. Dulude, and partly by Galbraith Labo- 
ratories, Knoxville, Tenn. 

All solvents employed in the preparation of N-cyanoammonium 
salts were carefully purified before use. Acetonitrile was dried 
over phosphorus pentoxide overnight and then distilled. Commer- 
cial anhydrous ether was refluxed with lithium aluminum hy- 
dride for 2 hr and then distilled directly into the reaction flask. 
Cyanogen bromide was distilled from calcium carbonate-magne- 
sium oxide (1:l). Other liquid reagents were distilled and solid 
reagents were recrystallized to ensure purity. 

General Procedure for the Preparation of Quaternary N- 
Cyanoammonium Bromides (for Details See Tables I and 11). 
A solution of 1.9 g (0.018 mol) of cyanogen bromide in 15 ml of 
anhydrous ether was cooled to -50", and 0.016 mol of the tertiary 
amine in 20 ml of anhydrous ether was added dropwise over a pe- 
riod of 30 min with efficient stirring. The reaction mixture was 
stirred for an additional 3 min, and the temperature was main- 
tained between -50 and -60". At the end of this period the volu- 
minous precipitate was transferred as rapidly as possible to a sin- 
tered glass funnel equipped with an evacuated cooling jacket and 
suction filtered, first at the water aspirator and then with an oil 
pump. The yield of the dry solid was in the range of 95-98%. At- 
tempts to dissolve either N-cyano-N-methylpiperidinium bromide 
(5a) or N-cyanotropinonium bromide (7a) in available nmr sol- 
vents at temperatures below -40" were unsuccessful. N-Cyano- 
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N-met'hyl-trans-decahydroquinolinium bromide (3a + 4a), on the 
other hand, dissolved readily in chloroform-d, acetonitrile-d3, or 
nitromethane-d3. For physical and spectral data see Tables I and 
11. 

General Procedure for the Thermal Decomposition of N- 
Cyanoammonium Bromides. All experiments were carried out 
under strictly anhydrous conditions. For example, 6.15 g (0.03 
mol) of N-cyano-N-methylpiperidinium bromide, which had been 
kept a t  -80", was placed in a 100-ml round-bottom flask being 
immersed in a Dry Ice-acetone bath. The flask was connected to 
a short-path distillation unit equipped with a cold finger con- 
denser; the receiver was cooled in a Dry Ice-acetone bath. Upon 
warming gradually to room temperature, the solid mass began to 
appear deliquescent on the surface. When gentle heating was ap- 
plied with a hot air gun, the solid disintegrated completely, yield- 
ing a gas, which was condensed into the cold receiver, and a liq- 
uid. The gas was identified as methyl bromide (2.47 g, 88%), a 
sample of which had superimposable nmr and ir spectra and 
identical chemical properties with authentic material. The liquid 
was distilled, yielding 3 g (92%) of N-cyanopiperidine: bp 104" (10 
mm) [lit.28 bp 102-104" (10 mm)]; ir 2200 cm-1 (s, (3...N); nmr 
spectrum was identical with that of an authentic sample. Ther- 
mal decomposition of N-cyanotropinonium bromide (7a) by the 
same method gave 85 and 86% yield of methyl bromide and N -  
cyanotropinone, respectively. Similarly N-cyano-N-methyl-trans- 
decahydroquinolinium bromide (3a + 4a) was thermally decom- 
posed to give methyl bromide (91%) and N-cyano-trans-decahy- 
droquinoline (98%). The latter cyanamide boiled a t  102-103" (0.09 
mm) and showed no difference from the compound obtained by 
direct N-cyanation of trans-decahydroquinoline with cyanogen 
bromide. 

General Procedure for the Preparation of Stabilized N-Cy- 
anoammonium Salts. The N-cyanoammonium bromide was pre- 
pared by the method described above. To a very well stirred sus- 
pension of that salt in ether a t  -50" a solution of an equivalent 
amount of silver tetrafluoroborate (or silver p-toluenesulfonate) 
was slowly added in acetonitrile. The mixture was stirred at  -50" 
for another 1 hr and then allowed to warm to room temperature. 
The solvents were evaporated a t  reduced pressure and room tem- 
perature; the remaining solid was then thoroughly triturated with 
acetonitrile. The silver bromide was removed by filtration, leav- 
ing behind a clear solution of the stable N-cyanoammonium salt. 
Reduced-pressure evaporation of the solvent a t  10-20" affored the 
crude product, which was analyzed by nmr. Recrystallization, 
usually from acetonitrile-ether, gave the pure N-cyanoammonium 
tetrafluoroborate (or p-toluenesulfonate). The yields and melting 
points of some products were as follows: N-cyano-N-methylpiperi- 
dinium methanesulfonate, 75%, mp 78-80"; N-cyano-N-ethylpip- 
eridinium methanesulfonate, 64%, mp 75-75"; N-cyanopseudotro- 
pinium tetrafluoroborate, 95%, mp 142"; N-cyanotropinonium 
tetrafluoroborate, 9070, mp 158-159"; N-cyanolupininium tetraflu- 
oroborate, 88%, mp 162-163". 
N-Cyano-N-methylpiperidinium Hexachloroantimonate (5e) .  

The cyanogen chloride-antimony pentachloride complex salt was 
prepared according to the method of W00lf.~ The pure crystalline 
material was obtained as colorless prisms by sublimation (10- 
mm) at room temperature: mp 124-125" dec; ir 2220 cm-l 
( e N ) ;  A,,, (CH3CN) 268 m,u. A solution of N-methylpiperi- 
dine (0.74 g, 7.5 mmol) in 5 ml of dry nitromethane was added 
dropwise to a cold, stirred solution (-10") of the fresh sublimed 
complex salt (2.7 g, 7.5 mmol) in 10 ml of dry nitromethane. 
Freeze-drying of the reaction mixture left a solid product (3 g, 
94%), mp 79-80". 
N-Methyl-trans-decahydroquinoline. The Eschweiler proce- 

dure was used as modified by Clarke, Gillespie, and W e i s s h a u ~ . ~ ~  
trans-Decahydroquinoline (25 g, 0.18 mol) was heated30a to 95- 
100" with 45 ml of 91% formic acid and 45 ml of 37% aqueous 
formaldehyde for 10 hr. The cooled reaction solution was evapo- 
rated to dryness after addition of 100 ml of 4 N hydrochloric acid, 
and the tertiary amine was liberated by subsequent addition of a 
20% potassium hydroxide solution. The crude product was puri- 
fied by vacuum distillation. The yield of N-methyl-trans-decahy- 
droquinoline was 21.4 g (78%): bp 73" (3 mm) [lit.30b bp 204" (721 
mm)]; ir 2750 cm- l; nmr (CDC13) d 2.01 (NCH3, 3 H, s). 

Preparation and Separation of N Stereoisomers 3b and 4b, 
N-Cyano-N-methyl-trans-decahydroquinolinium Tetrafluoro- 
borate. The crude cyanoammonium salt was obtained in 95% 
yield from the reaction of N-methyl-trans-decahydroquinoline 
with cyanogen bromide at  -30" in ether or acetonitrile (see gener- 
al procedure). Subsequent treatment of the resulting intermedi- 
ates with silver tetrafluoroborate and integration of the + NCH3 

nmr signals of the stabilized salt indicated a mixture consisting of 
95% major product (3b) and 5% minor product (4b). The epimers 
were separated by fractional crystallization. Anhydrous ether was 
added gradually to a solution of 11 g of the crude product (3b and 
4b) in 150 ml of acetonitrile until the solution became faintly tur- 
bid and kept a t  0-5" for a few hours. The CN-equatorial epimer 
(3b) had crystallized out as colorless needles (2.3 g, 21%), mp 
135". 

Repeated recrystallization by the same procedure afforded two 
more crops of pure major compound 3b from the mother liquor, 
yielding a total of 3.9 g (35.4%) of monoclinic crystals. The inter- 
mediate fractions contained mixtures (50:50 mixture, mp 100") 
while the final two fractions contained a total of 0.2 g (1.8%) of 
the pure CN-axial epimer (4b). The latter melted a t  156". 

Reaction of an N-Cyanoammonium Tetrafluoroborate with 
Lithium Bromide. Anhydrous lithium bromide (1.15 g, 0.013 
mol) was dissolved in 25 ml of acetonitrile, and a solution of 2.44 
g (0,0091 mol) of N-cyano-N-methyl-trans-decahydroquinolinium 
tetrafluoroborate (3b) in 10 ml of acetonitrile was added. A white 
precipitate formed immediately, the mixture was diluted with 
ether, and the precipitate was filtered and washed with ether. 
The filtrate and the ethereal solution were combined. Removal of 
the solvents followed by vacuum distillation yielded 1.33 g (89%) 
of N-cyano-trans-decahydroquinoline which was spectrally identi- 
cal with an authentic specimen. 

Optically Active 2-Butyl p-Toluenesulfonate. ( S ) - (  +)-2-Bu- 
tanol), [aI254359 +16.15", was supplied by Professor J. L. Wolfha- 
gen of the University of Maine. However, later a product of higher 
optical purity, [0(]~~4369 +22.08", was obtained from Norse Labo- 
ratories and used for most of our experiments. By a method re- 
ported elsewhere25 the latter alcohol (15.33 g, 0.27 mol) was treat- 
ed with p-toluenesulfonyl chloride (89.5 g, 0.4 mol) in 300 ml of 
pyridine a t  0" to give 27.3 g (73%) of see-butyl p-toluenesulfonate, 
[0(]2~4359 +10.35" (neat). The (S)-(+)-2-butanol of lower rotation 
gave a tosyl ester: [a]254359 +7.76" (neat); bp 80" (0.01 mm) [lit.25 
bp 95" (0.1 mm)]; ir 668, 820, 910, 1190, 1360, 1605, 3000, 3050 
cm-1, Kenyon, Phillips, and P i t t ~ n a n ~ ~  reported [0(]~~4359 +12.98" 
(neat). 

Optically Active N-sec-Butyl-4-methylpiperidine. A mixture 
of 33.66 g (0.34 mol) of freshly distilled 4-methylpiperidine and of 
(S)-(+)-see-butyl p-toluenesulfonate, [c~]~~435g +7.76", was stirred 
at  85" overnight. As the reaction proceeded, the clear solution 
separated gradually into two layers. At the end of the reaction, 
the bottom layer solidified upon cooling. The solid, 4-methylpip- 
eridine hydrobromide, was separated by filtration, washed thor- 
oughly with several portions of ether, dissolved in water, and fi- 
nally treated with 20% aqueous KOH solution, and dried 
(K2C03). The ether was evaporated on a rotary evaporator, and 
the residual oil was fractionally distilled to yield 20.2 g (77%) of 
(R)- (  -)-N-sec-butyl-4-methylpiperidine, bp 82" (22 mm), 
[~~01]~~4359 -26.96" (neat). This was approximately 27% optically 
pure; ir and nmr spectra of this material matched perfectly those 
of the corresponding optically inactive compound which had been 
previously prepared. For analytical data see Table I. 

Cyanogen Bromide Reaction of Optically Active N-sec- 
Butyl-4-methylpiperidine. A solution of 7.75 g (0.05 mol) of ( S ) -  
(+)-N-sec-butyl-4-methylpiperidine in 10 ml of anhydrous ether 
was added with constant stirring to a precooled solution (-60") of 
6.36 g (0.06 mol) of cyanogen bromide in 10 ml of anhydrous 
ether, similar to the general preparation of quaternary N-cy- 
anoammonium bromides. After the NCH3 signal in the pmr spec- 
trum of the free tertiary amine had completely disappeared the 
reaction mixture was kept a t  -60" for 2 hr. The solution of 13a 
was then allowed to warm to room temperature. After 30 min, 20 
ml of dry ether was added to precipitate N-sec-butyl-4-methylpip- 
eridine hydrobromide, mp 211" (4.7 g, 50.6%). Also isolated was 
0.85 g (14.55%) of (S)-(+)-sec-butyl bromide (16), bp 90-92", 
[0(Iz54359 f7.3" (ether, c 0.85). The optical purity of the latter 
compound was 10% relative to the optically pure (S)-(+)-sec- 
butyl bromide, [aIz54359 f7.05" (neat27), +72.9" (ether). A part of 
the butyl residue was detected by pmr as a mixture of 1- and 2- 
butene. The residue afforded 2.9 g (48%) of N-cyano-4-methylpip- 
eridine (151, bp 75-76" (0.5 mm) [lit.31 bp 78" (1 mm)]. The above 
experiment, when repeated with 15.5 g (0.1 mol) of (R)- ( - ) -N-  
sec-butyl-4-methylpiperidine and 10.6 g (0.1 mol) of cyanogen 
bromide in bromobenzene, gave 1.1 g (8%) of sec-butyl bromide, 
[C~]'~4369 +1.22" (neat), corresponding to 1.74% optical purity, 
and about 6.4% inversion. The considerable loss of optical purity 
is due to secondary racemization by bromide ion as shown by the 
following control experiment. 

Racemization of (E)-(-)-see-Butyl Bromide by Bromide 
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Ion. Optically active (R)-(-)-sec-butyl bromide (1.37 g, 0.01 
mol), [ ( ~ ] ~ ~ 4 3 ~ 9  -56" (neat), preparedz5 from (S)-(+)-sec-butyl 
tosylate, and 2.35 (0.01 mol) of racemic N-sec-butyl-4-methylpip- 
eridine were dissolved in 30 ml of bromobenzene and then dis- 
tilled to give 1 g (73%) of sec-butyl bromide, bp 90-91", [o1Iz54359 
0", completely racemized. 

Kinetic Measurements. Decomposition of N-Cyano-N- 
methyl-trans-decahydroquinolinium Bromide. All of the solu- 
tions for low-temperature nmr studies were 2 M concentration of 
the sample in chloroform-d, acetonitriled3, or nitromethaned3. 
Sample temperatures were maintained by a Varian V-4340 low- 
temperature probe and were calibrated by recording the tempera- 
ture as a function of the difference in chemical shifts of the hy- 
droxyl proton and methyl protons of methanol. The rates of de- 
composition of the N-cyanoammonium bromide were measured at  
-30, -22, -20, -17, and -15 * 0.05" by following changes in in- 
tensity of the +NCH3 signal at  6 4.0 ppm in chloroform-d (6 3.67 
ppm in acetonitrile-d3, 6 3.86 ppm in nitromethane-d3). In a typi- 
cal run, solutions of N-methyl-trans-decahydroquinoline (0.122 g, 
0.8 mmol) in 0.4 ml of the deuterated solvent and cyanogen bro- 
mide (0.085 g, 0.8 mmol) in 0.4 ml of the same solvent, in sepa- 
rate vials, were thermally equilibrated and then mixed in a ther- 
mally equilibrated nmr tube. The tube was then sealed with a 
torch. The mixture was analyzed by integration (mean of three 
runs) of the nmr signals in the +NCH3 region of the spectrum. 
The extent of reaction was normally followed to 90% completion. 

Rate constants were obtained by standard procedures from the 
slopes of logarithmic plots. Activation parameters were also de- 
termined. All analyses were performed in duplicate and the data 
were reproducible within the limit of experimental error. 

N Stereoisomers (3b and 4b) of N-Cyano-N-methyl-trans- 
decahydroquinolinium Tetrafluoroborate. The pure N stereo- 
isomer (either the major or the minor product) of N-cyano-N- 
methyl-trans-decahydroquinolinium tetrafluoroborate (0.093 g, 
0.35 mmol) in 0.5 ml of CD3CN a t  -9" was converted in situ into 
N-cyano-N-methyl-trans-decahydroquinolinium bromide (3a or 
4a) upon mixing, in a thermally equilibrated nmr tube, with an 
equivalent quantity of N,N-dimethyl-trans-decahydroquinoli- 
nium bromide in 0.5 ml of chloroform-d at  -9". The rate of de- 
composition of the isomeric N-cyanoammonium bromide at  that 
temperature (-9") was followed spectroscopically by nmr and the 
rate constant was computed as before. In cases of both the major 
and the minor isomer there was observed a good linear relation- 
ship between the logarithms of concentrations of the N-cyanoam- 
monium bromide and the reaction times. 
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