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Abstract-The isolation of the o-bromobenziminium hexafluoroantimonate 6, the first intermediate in 
the amide degradation with carbonyl bromide, was previously announced. Present studies reveal that 
using either COBr, or PBr5, the very first intermediate is the iminium tribromide (7). Reaction of the 
crystalline tribromide with cyclohexene gave the monobromide 8 nearly quantitatively and in crystal- 
line form. Heating of the cyclic iminium monobromide 8 to 120” generates in high yield the (~,a- 
dihalogenoalkane (type 13) and benzonitrile, while heating to 100” in bromobenzene allows isolation of 
the o-bromoalkyl benzimidoyl bromide (9 or 10). An independent synthesis of this and other imidoyl 
bromides is elaborated. The equilibrium of imidoyl bromides with N-alkyl nitrilium bromides (11) can 
be shifted toward the nitrilium salt by dissolving in liquid sulfur dioxide or reacting with methyl 
fluorosulfate. All these steps have been monitored by NMR. The o-bromoalkyl imidoyl bromide at 
120” undergoes fragmentation uin the nitrilium ion to an ar,o-dibromoalkane and benzonitrile. In 
addition to gaining mechanistic information (1) we achieved isolation of crystalline N-alkylene-o- 
bromoiminium bromides, and their smooth thermal decomposition, which makes the von 
Pechmann-von Braun type of degradation competitive to the Hofmann methylation; (2) a new proce- 
dure was found for preparing ammonium tribromides and iododibromides using carbonyl bromide; (3) 
a number of the heretofore unknown imidovl bromides have been prepared and characterized, and 
their thermolysis and mass spectra studied.- 

INTRODUCTION 
The conversion of N-monosubstituted amides into 
a nitrile and an alkyl chloride upon heating with 
pl[losphorus pentachtoride and other reagents is 
well known.‘-” N,N-Disubstimted benzamides 
under harsher conditions5 were &so de&yMed 
am& tie cy&ic species” canue*e& into an *ccr- 
dichloroalkane. Replacing phosphorus penta- 
cktloride by pentahromide%” (or by a mixturexO of 
phosphorus trichloride and bromine) in the degra- 
dation of N-benzoylated piperidines allowed the 
use of somewhat lower temperatures. This one-step 
removA 05 nj’frogen ?rorn a heterocytie, IDXX-VD as 

the von Braun reaction: has found only limited 
applicaLiuns,‘“-‘2 mostly because of still drastic con- 
ditions, low yields and tarry by-products. 

While the mechanism of the degradation of N- 
monoalkyl benzamides, via imidoyl chlorides,‘.4 
has been extensively studied,‘l-” that of N,N- 
dialkyl and cyclic species was discussed only in one 
paper.” The authors elegantly proved that N-sec- 
butylbenzamide upon the action of phosphorus 
pentabromide give see-butyl bromide with inver- 
sion of configuration, hence suggesting an SN2 type 

“PRF Fellow, 1970-72, 
*Senior author to whom correspondence should be di- 

rected. 
“Postdoctoral Fellow, 1971-72. 
‘Postdoctoral Fellow, 1969. 

displacement of the set-butyl group. They also sup- 
posed a simultaneous attack of PBr: and Br- upon 
N-benzoyl piperidine (1) leading to S-bromoamyl- 
o-setrebromopho$~oryl benzimidoy1 bxW%Ie (2) 
and subsequent fragmentation yielding benzonik- 
rile, phosphoyl bromide and I$-dibromopentane, 
3a &e s&x. XL!? a more G&& sa&sn ZY to -n&o- 
gen Leonard postdated that the O-S&a- 
bromophosphorylamide (type 2) co&l be c&M?- 
verted to the benzonitrilium salt (3), which then dis- 
sociates into an alkyl cation and benzonitrile. The 
fate of that cation would then depend on its envi- 
JD_‘LLWZ’t,), &‘k’J? rjse b &ik’Ze LW D~&‘B DJ 20 A&$ 

bromide. 
This concept is in harmony with results on N- 

monosubstituted benzamides and benzimidoyl 
chlorides.‘~” It also indicates, though not spelled 
out, that the von Braun reaction is a reversal of the 
Ritter reaction.” 

RESULTS AND DISCUSSION 

Our attention was focused on the von Braun 
reaction when the absolute configurations of the al- 
kaloid sedridine” was correlated with S(+)Z- 
octanol and that of (+)conhydrine’* with R(-)3- 
octanol. The reaction of phosphorus pentabromide 
formed in situ with amides at 40-50“ led to the iso- 
lation of phosphoryl bromide without any lndica- 
tion in the IR spectrum of benzonitrile formation.20” 
This fact was inconsistent with an all concerted 

3309 



3310 G. FOLKIR et al. 

Br 

2 

\ _ 
PhCN + R+ * Ph-C=I+-R 

SCHEME 1 
3 

mechanism. Therefore, the explanation was 
offeredmb that an cY-bromobenziminium bromide (6) 
should be the first intermediate in the reaction. This 
was confirmed by reacting”’ the less complex 
model N-benzoylconiine (4) with carbonyl 
bromide? a novel reagent that leads to volatile 
by-products. Indeed, the crude N,N-l-pro- 
pylpentamethylene-a-bromobenziminium bromide 
could be converted into the crystalline hexa- 
fluoroantimonate 6b and the latter, after ion- 
exchange with bromide gave the expected von 
Braun products upon heating, i.e. benzonitrile and 
l,S-dibromooctane.“” Furthermore, race&c 1,5- 
dibromooctane was obtained from optically active 
4, which indicated that, as with N- 
benzylacetamides, a carbonium ion might be in- 
volved in subsequent steps. One cannot preclude, 
however, that optically active 1,Sdibromooctane is 
racemized under the reaction conditions, e.g. by ex- 
cess bromide ions. 

Reaction of labeled benzoyl coniine (4; 60 atom % 
oxygen-18) with carbonyl bromide and subsequent 
analysis of the gaseous products in the mass spec- 
trometer showed that carbon dioxide was produced 
with peaks at m/e 46 (55%) and m/e 44 (45%). This 
indicates that in the transition state 5 the carbonyl 
bromide carbon was attached to the amide oxygen 
in the form of an 0-bromocarbonyl amide. It rules 
out any other transition states than 1: 1 ratio of the 
reactants while not proving the 4-membered cyclic 
transition state versus attack by an external 
bromide ion as the next step. 

Hydrolysis of the cu-bromobenziminium bro- 

mide 6 with oxygen-18 labeled water gave 
benzoylconiine-oxygen-18 (4), thus iminium salt 
formation proved effectively reversible. 

The next problem was to isolate the actual (Y- 
bromoiminium bromide in pure form and then de- 
lineate the intermediates between it and the von 
Braun products. An interionic reaction forming an 
o-bromoalkylimidoyl bromide seemed likely 
which, in turn, would dissociate into a nitrilium salt 
to give von Braun products. In order to study im- 
idoyl bromide formation we abandoned benzoyl- 
coniine because of the predictable complexity of a 
mixture of geometricalz’b and optical isomers. 
Therefore, our next studies were performed with 
N-benzoylpiperidine and its symmetrically 2,6- 
disubstituted derivatives. Furthermore, carbonyl 
bromide, (b.p. 65°)22 was used both as a solvent (in- 
stead of benzene) and as a reagent. Upon reaction 
of carbonyl bromide with N-benzoylpiperidine, 
N,N-pentamethylene CY -bromobenziminium tri - 
bromide (7 was isolated as orange colored crystals 
in quantitative yield. Treatment of the tribromide in 
acetonitrile with cyclohexene resulted in quanti- 
tative precipitatior? of N,N-pentamethylene-a - 
bromobenziminium bromide (8) for the first time in 
crystalline form. 

The formation of tribromide from monobromide 
salts with carbonyl bromide proved to be a general 
technique. A number of ammonium tribromides 
have been previously prepared” from the mono- 
bromides and bromine water. Near quantitative 
yields of a variety of quaternary ammonium tri- 
bromides and an iododibromide from quaternary 

H’“0 
I 

C,H,-CH-C,HsBr 

r 

X = Br (a) 
ShF, (h) 

SCHEME 2 
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ammonium monobromides and iodides using car- 
bony1 tsomide with liberation of carbon monoxide 
have now been achieved.“.25 This reaction deserves 
special attention, fur phusgene does not undergo a 
similar process. The iminium tribromides that have 
been prepared from amides with carbonyl bromide 
are listed in Table 1. In carrying out the amide deg- 
radation tribromides need nof be isolated if the 
reaction of the N,N-disubstituted amides with car- 
bony1 bromide is carried out in cyclohexene as sol- 
vent. In this case the tribromide is converted in situ 
to the monobromide. Iminium tribromides and 
monobromides are characterized by the strong 
C=%l band between W’8 and 1655 cm”. More im- 
portant the cu,cw’-unsubstituted derivative shows in 
the NMR spectrum a pair of broad triplets between 
6 3.83 and 4.54, separated by @2-O-4ppm. The 
1OWU +&*A Y&!&: ‘6G.W W&W& *LX. <k Wl&Z$ZZ~ 
protons which, upon inspection of Catalin scale 
models, were close to bromine while the other two 
protons shielded by phenyl were at higher field. 
Similarly, the cr-methine protons in a-substituted 
derivatives adjacent to bromine or to phenyl have 
diikTeP& &wG& s+.i& <+x WZ.&&Z~ &&. 9-c 
Table 1 and for spectral data Table 2). 

The bromoiminium bromide smoothly reacts 
with aniline to give N,N-pentamethylene-a- 
phenylbcnzamidinium bromide. NMR showed no 
considerable shift of the ar-CH, protons and IR 

gave no indication of an =AH band, therefore, 
structure 8 (NHPh instead of Br) was postulated. 

Monobromide 8 was easily converted in high 
vacuum at 120-130” into the von Braun produtis in 
92Y? yi&&. This me&&n was mQni&& by NW&in 
bromobenzene solution at 120” (Fig 1). The reaction 
is complete in 11 hr, (curves 1 and 3). The low field 
triplets of salt 8 disappear and a triplet integrating 
for the four protons of the CHzBr in 1,5- 
dibromopentane appears, centered at S 3.2 (neat 
s 3-X+}. T!W kG7kE? s& fXxEJ W!XZQ~~~-2,5- 
dimethyl piperidine gave the von Braun products 
with 63% yield. This is three times greater’* than in 
the classical procedure. It was thus revealed that 
the crucial point in obtaining high yields in the 
amide degradation with carbonyl bromide was the 
controlled preparation of the iminium bromide in 
pure form before decomposition. It is obvious that 
previously reported poor yields”-” in the von Braun 
reaction, when using a 1: 1 molar ratio of phos- 
phW~spenta’ororri~he1o an+&, were CauSehby tit 
formation of a mixture of iminium tribromide and 
monobromide, which gave upon thermal decom- 
posicio?l impure, mtb w=s~&omkakd p&&s. 
To overcome this, we used two moles of the phos- 
ph@rospen~a~~om~be’ro one mde of tbeben2tibe 

to achieve complete tribromide formation, e.g. as 
obses& in the case of W&XX@ 2,& 
dimethylpiperidine. Subsequently, the crude tri- 
bromide was converted by cyclohexene into the 
colorless pure monobromide. Also, in this way the 

, I I I 

5J8 46 -3% 2% ‘I 6 B 

Fig, 1. Thermolysis of iminium bromide 8, followed by 
NMR. (1) N-Pentamethylenebenziminium bromide (8) in 
PhBr, before heating. (2) After heating lOO”, 14 hr; integra- 
tion shows 85% imidoyl bromide 9 and 15% 1,5- 
dibromopentane (13). (3) After heating iminium bromide 8 
to 120” for 11 hr in PhBr; mostly pure 13 and benzonitrile. 

convergence between amide degradations with car- 
bony1 bromide and phosphorus pentabromide was 
;arouen, 

Decomposition of N,N-pentamethylene-c- 
bromobenziminium bromide (8) to the imidoyl 
bromide 9 was carried out by heating 8 in 
bromobenzene at lOO”, again monitored by NMR 
(Fig 1, curves 1 and 2). The methylene signals of the 
L&&km k&W?&& W SE&& t#?& X&k@ $ti it9 
expected in the neutral imidoyl bromide, with close 
chemical shifts for -CH,-N= and -CH2Br. 
methylbenziminium bromide26 (16) at 98” in 
dibromomethane gave N-methylbenzimidoyl 
bromide (I4, 75% yield) that could be purified by 
vacuum distillation. Here the chemical shift for the 
remaining NCR protons is at 15 3.40, in contrast 
with the methyl shifts S 3.97 and 4.21 in the salt 16 
Attempted distillation of 9 at 10-l mm/Hg, however, 
kb ZD cDmp>eZe conver~~on~o vonBraun_pTDktiX. 
The ‘crude N-5-bromopentylbenzimidoyl bromide 
(9) obtained from 8 was shown to be identical with 
an iwt<y syn?h&zed sampk. A Gaki+& 
type synthesis was employed with 1,5-di- 
bromopentie anb potassium ph!Gtibe &kg a 
good yield of N-5-bromopentylphthalide. Hy- 
&&sis with h-@(rob~~mk &d gave 5-k-n- 
tylamine which was benzoylated under 
Schotten-Baumann conditions to N-S-bromopen- 
tylbenzamide. Treatment of the latter with phos- 
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phorus pentabromide gave the amorphous tribrom- 
ide which upon addition of cyclohexene gave the 
crystalline hydrobromide, which upon mild heating 
in benzene, lost hydrogen bromide to give imidoyl 
bromide 9. 

No simple imidoyl bromides have been hereto- 
fore described while a large number of chlorides3.27 
and fluorides3.4 as well as some hydrazidoyl and 
amidinoyl bromides’ are known. The new tech- 
nique, via the imidoyl bromide hydrobromide with- 
out isolating the tribromides proved applicable to a 
number of compounds (Tables 3 and 4). 

Benzimidoyl bromides (Type 10) play an impor- 
tant role in our scheme* (Scheme 3) as labile inter- 
mediates which dissociate to alkyl nitrilium salts 
(11) followed by fragmentation upon heating to 12 
and 13. Heating of imidoyl bromide 9 to 120” neat or @O 7.0 eo 5.0 4.0 3.0 20 I.0 

in bromobenzene for 1.5 hr was also monitored by 
NMR. As seen in Fig 2, after 3 hr the lower field 
signal 6 3.63 in curve 1 (=N-CHJ disappears in 

Fig 2. Thermolysis of imidoyl bromide 9 and 10, moni- 

curve 2 while the triplet for CKBr at 8 3.34 of 9 
tored by NMR. (1) Imidoyl bromide, neat, before heating. 
(2) After heating to 125”, 30 mitt, neat. (3) After heating for 

now integrates for four protons, as expected for l-5 hr, (neat). Practically pure 1,5dibromopentane plus 
1.5dibromooctane 13. benzonitrile. 

Br,- 

cyclohexene 

6 

COBr, 

Br- 

PhCN + Br(CH,),Br A 

12 13 

X= Br(a) 
SO,P (b) 
SbP, (c) 

BCJ-b 
‘&C’ 

Br 

‘Ph 

BrC,H,~-lkC-Ph 
X- 

11 

IT 

BG%, . lPh r;r=c, 
Br 

10 

SCHEMES 

No indication for the existence of geometrical 
isomers at the C-N bond was found in the NMR 
spectrum of N-methylbenzimidoyl bromide (14) at 
-85”, in toluene-&. This may be due to preferential 

*Circumstantial evidence for their formation as by- 
products, besides 4,8-dibrqmo-2-octylbenzoate, was men- 
tioned in the von Braun reaction of N,O- 
dibenzoylsedridine,” for the higher boiling fraction gave 
8-benzamido4bromo-2-octylbenzoate upon hydrolysis. 
Similarly, with N,O-dibenzoylconhydrine, 8-bromo4 
benzamido-3-octylbenzoate was obtained.” Based on OUT 
recent experience these products had to be formed during 
thermolysis of the cu-bromobenziminium bromides from 
the intermediate imidoyl bromides by the action of mois- 
ture. Thus these facts also fit well in with the present 
mechanistic picture. 

formation of one of the isomers, a rapid syn-anti in- 
terconversion, or coincidental overlap of the chem- 
ical shifts of both isomers. Interestingly, syn-anti 
isomers of imidoyl fluorides, but not of chlorides, 
have been isolated.4 However, Olah et ~1~~ have 
shown by NMR that the N-methyl singlet in N- 
methylbenzimidoyl chloride became a doublet at 
-50” in SOZ, which is indicative of stereomutation, 
probably uia equilibration with the nitrilium salt. 
Since stereomutation around a C-N bond requires 
usually about 20 kcal/mole energy of activation for 
N-alkyl derivatives,” and also considering Olah’s 
results, one reasonable explanation is a rapid dis- 
sociation of one of the geometrically isomeric im- 
idoyl bromides 9 into the nitrilium bromides (Type 
11) and recombination of the ions into either the syn 
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Van Braun amide degradations with carbonyl bromide 3317 

or anti configurations (9 or 10). This has been inves- 
tigated by low temperature NMR, but unfortu- 
nately with no success. However, we found that 
N-methylbenzimidoyl bromide (14) dissolved in li- 
quid SO* gave the same NMR spectrum as N- 
methyl benzonitrilium fluorosulfate (15; X = 
OSO#), which shows that complete dissociation of 
the imidoyl bromide 14 took place (Fig 3). In 
acetonitrile-dp 14 and 15 show very different chemi- 
cal shifts (Fig 4). 

Another approach, using bromine-82, to the prob- 
lem of determining the rate of the exchange of 
bromide in the imidoyl bromide with external 
bromide is in progress. A high rate of exchange 
would indicate either rapid dissociation and associ- 
ation, or alternatively a very rapid addition and 
elimination of bromine on the C=N bond; the first 
explanation is more in line with kinetics observed in 
the hydrolysis” of imidoyl chlorides. There is a 
further observation concerning facile conversion of 
imidoyl bromides into nitrilium salts which cor- 
roborates the former view. N-Methylbenzimidoyl 
bromide (14), when treated with methyl fluorsulfate 
(“magic methyl”):’ gave rise to only 20% N- 

* ’ I t t 1 I t I t 

8.0 7.0 6.0 50 4-O 3.0 20 IO 0 

ppm (8) 

Fig 3. NMR spectrum of N-methylbenzimidoyl bromide 
and of N-methylbenzonitrilium fluorosulfate in liquid SO2 

at - 29”. 

13.0 7.0 60 5.0 4 0 ' 3.0 2.0 I.0 6 

ppm (8) 

Fig 4. NMR spectrum of N-methylbenzimidoyl bromide 
and of N-methyl benzonitrilium fluorosulfate in 

acetonitrile-d, at 25”. 

methylbenzonitrilium fluorosulfate (15; X = OSO$) 
and an equivalent amount of methyl bromide. Simi- 
larly N-5-bromopentylbenzimidoyl bromide (9 or 
10) with magic methyl gave quan.itatively N-S- 
bromopentylbenzonitrilium fluorosulfate (11, X = 
FSO;) as shown by NMR spectra taken before, 
5 min, and 15 min after addition of magic methyl 
(Fig 5 and Table 5). 

This novel reaction, i.e. methylation of bromide 
in preference to N-methylation, can be explained 
by assuming that the imidoyl bromide is in equilib- 
rium with the alkylnitrilium bromide; the bromide 
ion is rapidly methylated and the equilibrium 
shifted toward the nitrilium ion (Pathway A). Alter- 
natively, direct methylation by magic methyl of the 
bromine atom in the imidoyl bromide cannot be 
ruled out. The dialkyl bromoiminium ion type tran- 
sition state (17) would then break down to give 

H,,C-fi=C’ 
Br 98",CH,Br, H&Z,+ gr 

‘Ph 
CH,OSO,F ' 

N=C' 

H,C’ ‘Ph 

14 16 

H,C-t&C-Ph B 
(A) H,C-&C-Ph]x- + CH,Br (80%) 

x- (20%) 

15 

I (B) 

Br- --, CH,-OSO,F 

15 

KC,.. 
N=C’ 

Br--+CH,---0S02F 

‘Ph 

17 

SCHEMES 
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bromide 9 and magic methyl, regenerated the im- 
idoyl bromide in a few minutes when lithium 
bromide was added. 

+r-- t I I I 
7.0 4.0 3.0 2.0 I.0 

Fig 5. NMR measurements on the reaction of imidwl 
bromide 9 with Magic Methyl in acetonitrile-d,. 

(1) S-Bromopentylbenzimidoyl bromide 9. 
(2) Spectrum 5 min after Magic Methyl was added. 
(3) Methylene protons a to nitrogen 15 min after addition 
of Magic Methyl. 

methyl bromide and the nitrilium fluorosulfate 
(Pathway B). Dialkylbromonium hexalluoroantimo- 
nates have recently been synthesized32 but the 
fluorosulfates have not. 

N-Methylbenzonitrilium fluorosulfate was 
reconverted by lithium bromide into the imidoyl 
bromide showing that the dissociation process is 
reversible. Similarly, N-5bromopentylbenzoni- 
trilium fluorosulfate, prepared from the imidoyl 

CH,. 

This indicates that nucleophiles react primarily 
on the nitrilium carbon and not on the aliphatic car- 
bon alpha to nitrogen. Therefore, the last step of 
the fragmentation at the nitrilium bromide into von 
Braun products very likely proceeds via dissocia- 
tion into an alkyl cation and benzonitrile and not by 
way of a concerted nucleophilic attack of bromide 
upon the aliphatic a-carbon. 

An insight into the fragmentation pattern of imin- 
ium and of imidoyl bromides was supplied by a 
mass spectral study by two of us with Smith.” 
Heating of non-volatile salts in the inlet of a mass 
spectrometer first leads to the formation of neutral 
species which are then vaporized and give rise to 
the observed spectrum.J4 Thus, thermal neut- 
ralization of N,N-dimethyl-a-bromobenziminium 
bromide (18) at 140” in the mass spectrometer OC- 
curs in two ways (Scheme 5), one of which might be 
identical with the simple chemical fragmentation 
process. Nucleophilic dealkylation, a commonly 
observed phenomenon in the mass spectra of am- 
monium salts,34 leads to methyl bromide and N- 
methylbenzimidoyl bromide (14) which does not 
give rise to a molecular ion. However, “synthetic” 
N-methylbenzimidoyl bromide generates ions iden- 
tical to those found in the spectrum of the 
bromoiminium bromide 18, the major process being 
loss of a bromine atom giving the N-methyl nit- 
rilium ion 15, which is only stable in the mass spec- 
trometer. Alternatively, attack by bromide on the 
sp’ carbon bonded to nitrogen may generate N- 
(a,a-dibromo)benzyldimethylamine (19) (Scheme 
5). Volatilization of 19 is followed by ionization and 
loss of a bromine atom to give the ion 18 at m/e 
212. This ion then loses methyl bromide, as indi- 

+ CH,Br 

cH~,+,cH/ph~~Br~ 
3 

PhC=&CH, 

Ph 

Br- 
m/e 118 

15 

\ T 
-CH,Br 

CH,, ,CH, CH 

r 

3\ +,CHI 
(1)-e- 

Br-C-Br O-Br 1 

Ph ’ ‘Br 
Ph 

m/e212 
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cated by the appropriate metastable peaks (obsd. 
65.5 broad, calcd. 65.0 and 65.7), to contribute to 
the intensity of N-methylbenzonitrilium ion (15). 

N,N-Pentamethylene-cw-bromobenziminium bro- 
mide (8) similarly may generate either 5- 
bromopentylbenzimidoyl bromide (9) or N-(a+ 
dibromo)benzylpiperidine (20) when heated to 300” 
in the mass spectrometer. The ionization and subse- 
quent loss of a bromine atom from 20 would give an 
ion at m/e 252, probably 8, indistinguishable from 
the N-Sbromopentylnitrilium ion 11. 

Our present scheme on the mechanism assumes 
two sequential displacement reactions. The first is 
the nucleophilic dealkylation of a a-bromo- 
benziminium bromide (Type 8) forming the ben- 
zimidoyl bromide (Type 9, lo), while the second in- 
volves the fragmentation of the alkylnitrilium 
bromide (Type 13) into von Braun products. The 
stereochemistry of this second step has been well 
studied by Leonard.18 He showed that with 
set-butylamide, as we now would interpret, there 
was an inversion” of configuration at the 
N-set-butylbenzimidoyl bromide %S N-sec-butyl- 
benzonitrilium bromide stage. Mohan” on the other 
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*Assuming that in the thermal interionic reactiot? of 
(-) N,N-I-propylpentamethylene cu-bromobenziminium 
bromide (6a) there was preference of bromide attack on 
the primary rather than on the chiral C-2 carbon, the 
major product should be nonracemic N-(l-bromo- 
5-octyl)- benzimidoyl bromide (Type 10) involving no 
major stereochemical change. Since the final product of 
its thermal decomposition was racemic l,S-dibromo- 
octane, most probably racemization occurred during frag- 
mentation of N(l-bromo-5-octyl)-benzonitrilium bromide. 
The complicating factor is that racemization of the sec- 
alkyl bromide under thermal conditions by excess 
bromide ion cannot be ruled out. 

hand showed that some benzylic type amides with 
carbonium ion stabilization at the fragmentation 
stage showed racemization. The steric course of the 
first dealkylation step, that of N,N-disubstituted 
iminium salts, however, so far lacks direct 
support.* 

EXPERIMENTAL 
General. All b.p’s and m.p’s are uncorrected; m.p’s were 

taken with the Electrothermal Model 1A 6304 apparatus. 
Elemental analyses were performed by Galbraith 
Laboratories, Inc., Knoxville, Tennessee, by Chemaly- 
tics, Inc., Tempe, Arizona, and some by Dr. F. Pascher, 
Bonn, Germany. 

IR spectra were recorded on a Beckmann IR-4, IR-8 or 
a Perkin-Elmer Model 137 Spectrophotometer, mostly in 
KBr, some in Nujol or Fluorocarbon mull. The abbrevia- 
tions used to describe the intensities of the IR peaks are as 
follows: vs = very stong, s = strong, m = medium, and w = 
weak. NMR spectra were obtained from a Varian Model 
HA-60, A-60 or T-60 Spectrometer using lo-15% (w/v) 
solns with TMS as an internal standard. The multiplicities 
of the NMR signals are abbreviated in the text as follows: 
s = singlet, d = doublet, t = triplet, q = quartet, and m = 
multiplet. Most of the mass spectra were recorded on a 
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(2) - Br’ PhC&CH&Br 
m/e 252 
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Nuclide 12-90-G instrument, operated at 70eV ionizing 
energy, some with a Varian M-66 model. A heated direct- 
inlet was used for the bromoiminium salts. Carbon 
dioxide-oxygen’* was analyzed at the Research Center of 
the Canadian Army in Valcartier, Quebec. 

Gas chromatography was carried out on a Model 6500 
Carle Thermal Conductivity Basic Chromatograph. 

Most of the preparations and reactions of iminium and 
imidoyl bromides were carried out in a Hydrovoid At- 
mosphere Control System. 

Most of the reagents and starting materials were com- 
mercial samples. ‘“O-Benzoyl chloride was supplied by 
the National Research Council of Canada, by Dr. L. 
Leitch. 
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Preparations 
Carbonyl bromide. A 5OOml 2-necked flask, equipped 

with a dropping funnel and condenser, was heated in an 
oil bath to 125-130”. Finely ground CBr, (100 g, 0.30 mol) 
was added quickly and, upon melting, was vigorously stir- 
red. The dropwise addition of cone H,SO, (90 ml, 166 g, 
1.68 mol) was immediately started. Preheating the flask 
and grinding the CBr, prevents considerable sublimation 
of CBr, before complete melting and the start of H.SOI 
addition. The addition of H2S01 takes ca 2.5 br, however, 
after 15 min, a dark brown liquid (mixture of carbonyl 
bromide and bromine) distilled at 60-70” and was col- 
lected in a receiver at 0” at avoid loss of carbonyl bromide. 
The reaction was complete after 3.5-4 hr and 47.9 g of 
crude distillate was collected. 

The distillate was transferred to a 100 ml 3-necked flask 
equipped with a nitrogen inlet bubbler and an outlet that 
passed through a reflux condenser. Ethylene was then 
bubbled slowly (ca. 20 ml/min) through the mixture with 
simultaneous stirring. The flask was cooled with ice and 
the reflux condenser prevented the ethylene from carrying 
away any carbonyl bromide. The absorption of BrZ by 
ethylene takes ca 3 hr and results in a colorless mixture of 
carbonyl bromide and 1,Zdibromoethane (b.p. 131”). Dis- 
tillation of this mixture gave 38.5g @%)-of carbonyl 
bromide. b.D. 65-67“: von Bartal renortsz2 b.p. 64-65’. 
Again the receiver m&t be cooled to-prevent bss of the 
volatile product. 

Since carbonyl bromide is extremely poisonous and 
also sensitive to light, this preparation was carried out in a 
good hood with the reaction vessels used, whenever pos- 
sible, being protected from light with black tape. Also the 
doors of the hood were covered with aluminum foil and 
kept closed whenever possible. Carbonyl bromide was 
never handled outside of the hood and was stored in a 
tightly sealed container at - 10’ in the freezing compart- 
ment of a refrigerator. Upon standing, this reagent dar- 
kens to a deep red due to formation of molecular Br2. Also 
upon long standing considerable pressure will build up in 
the sealed container due to the photochemical decomposi- 
tion of carbonyl bromide to Bn and CO, and it is advisible 
to release this pressure at least every week. It was found 
that carbonyl bromide could be conveniently purified im- 
mediately before use by shaking with metallic mercury” 
and either decanting or distilling the colorless supernatant 
liquid. 

IR: NaCl (neat) 1805 (vs, C=O), 775 (s), 780 (s) 720 (vs, 
C-Br) cm-‘. 

General procedure for the preparation of N-benzoylated 
amines. A Schotten-Baumann procedure was employed 
for the synthesis of the amides used in this work. To 
1 .O mole of amine and 1.3 mole of NaOH in 400 ml water. 
1 .O mole benzoyl chloride was added over 1.5 hr. The mix: 
ture was maintained at 35-40” and stirred vigorously. 
After a reaction time of 2-2-5 hr the resulting organic 
layer was separated and washed twice with 25 ml of’ 10% 
NaOH and then 4 times with 25 ml of water. The organic 
layer was dissolved in benzene and dried over Na*SO.. 
Evaporation of the solvent gave the N-benzoylated 
amine. 

Physical and spectra data of the amides prepared are 
summarized in Table 6. 

Preparation of a-bromobenziminium tribromides with 
carbonyl bromide. N-Benzoylpiperidine (1.9 g. 0.01 mol) 
was placed in a 50ml 3-necked flask equipped with a 
septum and a N1 inlet with the outlet passing through a 
reffux condenser and then through a Ba(OH)* aq. The sys- 

tern was flushed with dry N, for 0.5 hr before use. Car- 
bony1 bromide (5.6 g, O-03 mol) was added slowly by 
syringe in three equal portions while the flask was cooled 
with ice. The soln immediately became deep red with vig- 
orous evolution of CO,. A small positive pressure of NZ 
was maintained throughout the reaction and the CO, liber- 
ated was trapped quantitatively as BaCOp in the 
Ba(OH)* aq. The reflux condenser prevented any loss of 
the volatile carbonyl bromide. The reaction mixture was 
stirred until no further gas was evolved, approximately 
3 min. The addition of dry ether (10 ml) caused the quan- 
titative precipitation (4.9g) of the analytically pure 
orange-red colored 7, m.p. 94-97” (sealed tube). A similar 
technique was used for the other bromoiminium salts. 

The analytical data and physical properties of N,N- 
pentamethylene-a-bromobenziminium tribromide and 
other tribromides that were prepared by a similar proce- 
dure are found in Table 1. IR and NMR data are given in 
Table 2. 

Preparation of a-bromobenziminium tribromides with 
phosphorus pentabromide. 2,6-Dimethyl-N-benzoyl- 
piperidine (3.0 g, 0.014 mol) was placed in a 50 ml 
3-necked flask equipped with a septum and a N2 inlet that 
was connected to a pressure release through a gas bub- 
bler. Benzene (20ml) was introduced and the system 
flused with N2 for 30 min. PBr, (4*6g, 0.017 mol) was 
added by syringe followed by 4.5 g (0.028 mol) of Br2. The 
mixture was stirred for 1 hr during which time a red oil 
precipitated. The supernatant was removed and the oil 
washed first with 1Oml benzene and then with dry ether 
(15 ml). Washing caused the red oil to solidify and the 
orange-red colored N,N-1,5-dimethylpentamethylene-cy- 
bromobenziminium tribromide (7.0 g, 97.6%) was col- 
lected in the dry box. Recrystallization from chloroform 
gave 6.3 g (88%) of the tribromide, m.p. 124-127” (sealed 
tube). 

The IR and NMR spectra were identical to those of 
N,N-1,5-dimethylpentamethylene-c~-bromobenziminium 
tribromide prepared with cargbonyl bromide. 

General procedure for the reaction of carbonyl bromide 
with ammonium halides. The ammonium halide 
(0.008 mol) was treated slowly with carbonyl bromide 
(0.25 mol) under N,. Immediately the mixture turned deep 
red and a vigorous evolution of CO began. The mixture 
was stirred until no further gas evolved (ca 1 hr). The ad- 
dition of dry ether (15 ml) and stirring caused the red vis- 
cous mixture to solidify. The orange to red colored tri- 
bromides were filtered and stored in a desiccator. These 
compounds were only slightly hygroscopic. However, 
they lost bromine on standing in air. The compounds pre- 
pared by this technique are described in Table 7. 

Detection of carbon monoxide. The CO liberated by the 
reaction of carbonyl bromide with amides or ammonium 
halides was detected by the method of Kast and Selle.“’ 
As described above, the amide (or ammonium halide) was 
placed.in a 50 ml 3-necked flask that was equipped with a 
septum, N2 inlet and outlet. The outlet was connected to a 
trap at - 100” that was, in turn, attached to a bubbler im- 
mersed in an ammoniacal AgNO, aq. This is darkened by 
CO, due to the precipitation of Ag. 

A suitable soln was prepared by dissolving 1.7 g of 
AgNO, in water, to which was added 36 ml of 10% am- 
monium hydroxide and 200 ml of 8% NaOH aq and the 
volume made up to one liter with water. This soln was 
stored in a brown bottle in the dark. 

After flushing with N2 for 30 min carbonyl bromide was 
added by way of the septum and the gases liberated were 
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Table 7. Pertinent data of ammonium trihalides prepared using carbonyl bromide 

Trihalide Color Yield, % MP’ lit. Mp” 

Trimethylphenylammonium Tribromide bright orange 96.2 115-116 112 
N,N-Dimethylpiperidinium Tribromide” red 100 69-72 
Tetramethylammonium Tribromide orange 100 1195-1205 118u* 
Pyridine Hydrobromide Perbromide red 91.5 132-134 132-134” 
Tetrapropylammonium Tribromideb glistening orange 100 124-126 
Trimethylphenylammonium Dibromoiodide’ glistening orange 98 121-124 12V’ 

“Anal. Calcd. for C,HlsBr,N: C, 23.88; H, 4.56. Found: C, 23.88; H, 4.54. 
“Anal. Calcd. for CZHZ8Br3N: C, 33.82; H, 6.62. Found: C, 33.81; H, 6.37. 
‘Recrystallized from nitromethane/ether. 

carried with N2 through the - 100” trap (freezing out CO, 
and COBr,) and bubbled into the AgNO,aq. An im- 
mediate darkening of the soln was observed indicating the 
liberation of CO. A reference ammoniacal Ag soln 
showed no darkening over a comparable amount of time. 

General procedure for the reduction of a- 
bromobenziminium tribromides to the monobromides. 
Three different procedures for the reduction of tribromide 
salts (prepared from carbonyl bromide or PBr,) to mono- 
bromides have been employed in this work. The methods 
are summarized below as A, B, and C, and are further il- 
lustrated specifically by the preparations that follow. 

Method A. With this method the entire procedure was 
carried out in the anhyd atmosphere of the dry box. The 
tribromide was dissolved in the minimum amount of dry 
acetonitrile and a 2-3 molar excess of cyclohexene was 
introduced slowly. The originally red soln immediately be- 
came colorless and the addition of dry ether precipitated 
the white crystalline monobromide. Occasionally an oil 
was formed at this stage, however, it could easily be sol- 
idified by washing several times with dry ether. The 
monobromides were filtered and dried under vacuum 
(10-l mm) for 12 hr. These salts can be stored for long 
periods of time in a desiccator (containing P,O,) that is 
kept in the dry box. 

Method B. In order to eliminate the laborious isolation 
of the tribromides when the monobromides were actually 
desired, this method allows an in situ reduction of the 
tribromide. After the reaction of carbonyl bromide (or 
phosphorus pentabromide) with the amide was complete, 
2-3 molar equivalents of cyclohexene were introduced 
into the mixture causing immediate discoloration. The ad- 
dition of dry ether (or light petroleum 30-60’) then pre- 
cipitated the monobromide. The supernatant was re- 
moved and the solid was washed several times with dry 
ether to remove impurities (PBr,, POBa, 1,2- 
dibromocyclohexane). Until this point the procedure 
could be carried out in an anhyd atmosphere outside the 
dry box, making all additions and extractions by syringe 
through a septum. However, the isolation of the mono- 
bromide by filtration must be done in the dry box as was 
described under Method A. 

Method C. This procedure allows the direct preparation 
of a-bromoiminium monobromides without having free 
bromine present in the mixture. This was accomplished by 
addition of cyclohexene to the solvent (or using cyclohex- 
ene as solvent) before the reaction of carbonyl bromide 
with the amide. The amide was dissolved in methylene 
chloride that contained 3-4 molar equivalents of cyc- 
lohexene and carbonyl bromide (3-4 molar equivs) was in- 
troduced slowly. As the tribromide is formed it is im- 
mediately reduced to the monobromide, which partially 

precipitates. Addition of dry ether completely precipitates 
the monobromide and it was collected in the dry box as 
previously described. This method is useful for the prep- 
aration of a-bromoiminium bromides which contain an 
aromatic nucleus that could be easily brominated, or other 
functionalities that are sensitive to free Br2. It cannot, 
however, be used with PBt, since this reagent equilib- 
rates with PBo and free bromine. Carbonyl bromide does 
not react with cyclohexene. 

These methods will be illustrated by one example each. 
Reduction of N,N-pentamethylene-a-bromobenzimin- 

ium tribromide (7) to the monobromide (8) with cyc- 
lohexene (Method A). Comuound 7 (0.9111, 0@018 mol) 
was dissoived in 12 ml dry acetonitrhe. The addition of 
cyclohexene (O-82 g. O-01 mol) resulted in immediate dis- 
coloration and warming of the mixture. Dry ether (10 ml) 
was introduced and the white crystalline 8 (0*6g, 100%) 
precipitated. The solid was filtered, washed with 20 ml dry 
ether, dried (2 hr at 20” and 10-l mm/Hg) and stored in a 
desiccator in the dry box. 

Analytical and physical data for N,N-pentamethylene- 
a-bromobenziminium bromide and other iminium 
bromides prepared using Method A are summarized in 
Table 1. IR and NMR data are given in Table 2. 

Reaction of N-methylbenzamide with phosphorus pen- 
tabromide and in situ reduction of the tribromide (Method 
B). N-Methylbenzamide (4.1 g, 0.03 mol) was placed in a 
5Om.l 3-necked flask equipped with a septum and a N2 
inlet that was connected to a pressure release through a 
gas bubbler. Benzene (10 ml) was added and the system 
was flushed with N1 for 30 min. PBr, (16.2 g, 0.06 mol) was 
introduced followed by the slow addition of Brl (9*6g, 
0.06 mol) while the flask was cooled with ice. The mixture 
was stirred for 30 min (2 hr for N,N-dialkylamides) and 
8.2 g cyclohexene (0.1 mol) was added. The monobromide 
immediately precipitated, was washed with 20 ml benzene 
and transferred to the dry box. The solid was filtered, 
dried (1 hr at 20” and 10-l mm/Hg) and sublimed (60”, 
O-2 mm/Hg) to give 7.Og (83.5%) of N-methyl-a- 
bromobenziminium hydrobromide, m.n. 133-136” dec 
(sealed tube). _ 

The analytical and physical data for N-methyl-a- 
bromobenziminium hydrobromide and other mono- 
bromide salts prepared by Method B are summarized in 
Tables 1 and 3. IR and NMR data for these compounds 
are listed in Tables 2 and 4. 

Reaction of N,N-dimethylformamide with carbonyl 
bromide and simultaneous reduction of the tribtomide 
(Method C). N,N-Diiethylformamide (1.0 g, 0.014 mol) 
and 16.4 g (0.20 mol) of cyclohexene (used as solvent) 
were mixed in a 50ml 3-necked flask equipped with a 
septum and a N, inlet system. After the system was 
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flushed with Nz for 30 min 5.6g (O-03 mol) carbonyl 
bromide was introduced slowly in two equal portions. A 
white solid immediately precipitated, 1Oml of dry ether 
was added and the reaction was continued for 0.5 hr. The 
supernatant was removed and the crystalline 45,= m.p. 
162-W” dec, was collected in the dry box (2.8 g, 95%) and 
purified by vacuum sublimation (65”; IO-* mm/Hg). 

IR and NMR data for iminium bromides prepared using 
Method A are summarized in Table 2. Analytical and 
physical data are in Table 1. 

Reduction of N,N-l-methylpentamethylene-a-bromo- 
benziminium tribromides to the monobromide with 
mercury. This procedure was carried out entirely in 
the anhydrous atmosphere of the dry box. N,N-l- 
Methylenepentamethylene-a-bromobenziminium tribro- 
mide (0*5? g, 00_?1 imol) was dissolved in the mini- 
mum amount of drv CH,Cl, (8ml). The addition of 
Hg (0.50 g, 0.0025 moi) cauiedthk orange soln to become 
colorless with simultaneous precipitation of a solid. The 
solvent was decanted and dry nitromethane (15 ml) was 
added. The product dissolved and excess mercury and 
mercuric bromide were removed by filtration. Evapora- 
tion of nitromethane (40°, 25 mm/Hg) and treatment of the 
residue with CH,Cl, (6 ml) gave 0.36 g (46.5%) of a non- 
hygroscopic white solid, m.p. 161-164”. Analytical 
and spectral data indicated that N,N-l-methylbenza- 
methylene-a-bromobenziminium monobromide was coor- 
dinated with a mercuric bromide molecule. Major spectral 
data are given in Table 2. 

Conversion of N,N-pentamethylene-a-bromobenzi- 
minium bromide (8) into the tribromide (9). N,N-Penta- 
methylene-a-bromobenziminium bromide (0.60 g, 
0@018 mol) was placed in a 50 ml 3-necked flask eauiooed 
with a septum and the~N, flush system previously~d&ri- 
bed. Carbonyl bromide (0_95g, 0.005 mol) was added 
through the septum and the resulting red mixture was stir- 
red for 0.5 hr. The introduction of dry ether (10 ml) caused 
the quantitative precipitation (8.83 g) of the orange-red 
colored 7, m.p. 94-%’ (sealed tube). 

The NMR and IR spectra were identical with those of 
an authentic sample. 

8-Tetrafluoroborate. N,N-Pentamethylene-a-bromo- 
benziminium bromide (13 g, OGO39 mol) was sus- 
pended in 15 ml of dry ether. Triethyloxonium tet- 
rafluoroborate (0.75 g, OGO39 mol) dissolved in 10 ml 
CH,Cl, was added and the mixture stirred for 15 min. Ad- 
dition of 10 mol of dry ether precipitated 1.2 g (90.5%) 
crude product. Recrystallization from acetonitrilelether 
gave 0.93 g (70%) N,N-pentamethylene-a-bromobenzi- 
minium tetrafluoroborate, m.p. 1 ls120” (sealed tube). 

NMR (CD,CN) S 1.87 (m, 6, p and y-I& pip. ring), 4.06 
(t, 2, J = 5 Hz, a-C&, cis to phenyl), 4.45 (t, 2, J = 5 Hz, 
a-C&, cis to bromine), 7.70 (m, 5, GH,), IR (mull) 3080 
(w), 2948 (w), 2875 (w), 1622 (s, C=N+), 1445 (s), 1285 (s), 
1235 (s), 1185 (m), 1050 (broad vs, B-F), 870 (m), 850 (m), 
755 (s), 695 (s), 660 (m) cm-‘. (Found: C, 42.21; H, 4.50. 
Calcd. for GHIJBBrF4N; C, 42.39; H, 4.45%). 

Reaction of N,N-pentamethylene-a-bromobenziminium 
bromide (8) with aniline. N,N-Pentamethylene-a- 
bromobenziminium bromide (I.33 r~ 0.004 mol) was dis- 
solved in dry acetonitrile (15 A) and the system was kept 
under N1 throughout the reaction. Aniline (0.93g, 
0.01 mol) was introduced and a white solid immediately 
precipitated. The mixture was stirred for 15 min and the 
ppt was filtered and washed with water (10 ml) to remove 
aniline hydrobromide. Recrystallization from chloro- 
form/acetone gave 0.95 g (69%) of N,N-pentamethylene 

a-phenylbenzamidinium bromide, m.p. 261-263”. 
NMR (CDCl,) 8 1.77 (broad s, 6, fi and -y-H pip. ring), 

344 (m, 2, a-C& cis to NHPh). 7.15 (m, 5, C&Is C=N+), 
7.43 (s, 5, C&NH); IR (mull) 3050 (w), 2%5 (w), 2850 
(w), 1615 (s, C=N+), 1590 (s, aromatic C=C), 1440 (m), 
1375 (m), 1252 (w), 765 (m), 715 (m), 700 (w), 690 (w) cm-‘; 
mass spec. m/e 265 parent peak. (Found: C, 62.83; H, 
5.88; Br, 23.63. Calcd. for CIBHZ,BrN2: C, 62.61; H, 6.13; 
Br, 23.14%). 

Labeling experiments with oxygen-18 
(k) Coniine. 2-n-Propylpiperidine was prepared from 

convrine. 2-n-prouvlovridine (50.2 Z. 0.416 mol) in ala- __ _- 
cial_AcdH (li5 ml) and in HeI aq-i20 ml) eve; Adams 
platinum oxide (3.0 g) under shaking with HZ in a Parr ap- 
paratus at 30-6Opsi for 12 hr when the IR band at 
1600 cm-’ completely disappeared. The base was isolated 
in the usual manner. (?) Coniine was resolved according 
to Craig and Pinder” with mandelic acid. 

Benzoylconiine O-18. Coniine (0.82 g; 0.00645 mol) and 
dry Et3N (2.5 ml) were dissolved in dry CHCl, (5 ml). To 
this soln benzoyl chloride O-18 (0.72 ml; 0.0050 mol) (60% 
atom enriched. IR 1780 (C=‘“O). 1750 (C=‘“O). 
1720 cm-‘) in &Cl, (1 ml) was added with coiling and 
stirring. Et3N HCl precipitated in 30min. After 18 hr 
CHCl, (15 ml) was added and the whole washed with 
10 ml portions water, 4 times with 2N H,SO,, again with 
water, once with 10% K,CO, and dried (MgSo,). Evapora- 
tion of CHCI, gave benzoyl coniine O-18 (1.32g; 88% 
yield), IR, 1630cm- (C=‘“O) and 16lOcm-’ (C=‘“O); 
mass spectrum m/e 233 O-18 and 231 (M’ O-16). 

Zminium salt (6) and carbon dioxide oxygen-18 from 
benzoyl coniine O-18 and carbonyl bromide. Benzoyl con- 
iine (6 oxygen-18) (1 g; 0.0043 mol) from the above experi- 
ment in dry benzene (2.5 ml) in a 3-necked flask equipped 
with a dropping funnel and a N,-inlet-outlet. The outlet 
was equipped with a gas collecting bottle. N2 was bubbled 
through the soln and carbonyl bromide (0.65 ml; 2 equivs) 
in benzene (1 ml) was slowly added. This resulted, in a 
few minutes, in the precipitation of a red amorphous ma- 
terial. This was later identified as 6 (X= Br,). The gas 
which formed was analyzed by the CEC-104 Mass Spec- 
trometer of the Canadian Defense Research Board in Val- 
cartier, Quebec. Results: 

Peak Compound Heightmm % 

44 C’“0, 12 45 
46 c’60’*o 15 55 

i.e. the CO, contained 45% and 55% C’“O’“0. Benzene 
was also present in the sample but its cracking pattern was 
not evident in the region of interest (40-48 m/e). 

The iminium salt (6) was freed of unchanged benzoyl- 
coniine by decanting the benzene layer and triturating 
several times the amorphous material with benzene (yield, 
1.69g, 63%) evaporation of the benzene layer gave ben- 
zoyl coniine O-18 (0.185 g. 18%). The amorphous salt gave 
IR 16OOcm-’ (C=N-); UV, A max 235, 4lOnm; NMR 
(CDCI,), 8 I.0 (CH,); 1.7-2.0 (m, CH,); 4.3, 4.7 (m, H-2, 
H-6); 7.4 (s) and 7.9 (s), aromatic protons. Mass spec m/e 
295, 297. 

A part of the bromide was converted into the crystalline 
hextioroantimonate and another part decomposed by 
heating. 
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Hydrolysis of iminium suit 6 with H:“O. Iminium bromide 
6 (0.68 g) was dissolved in dry acetonitrile (5 ml) to which 
was added from a syringe oxygen-18 labeled water (62.4 
atom % O-18; 13.7 atom % enriched D; Diaprep Inc.) fol- 
lowed by Et,N (O-5 ml). After 1 hr the solvent was evapo- 
rated in-uacuo, .benzene added (10 ml), the soln filtered, 
and the Et,N.HBr collected (0.51 a: m.u. 258-264’: litera- 
ture m.p. 248-258”). This c&responded to 1.5 moles of 
HBr per mole of HBr per mole of iminium bromide. The 
above benzene soln was then completely evaporated to 
afford benzoyl coniine (0.378; 91% yield). 

The IR spectrum showed peaks at 1630cm-’ and 
1610 cm-’ in the ratio of 3 : 2, identical with that in the 
labeled starting amide. TLC also showed complete iden- 
tity. 

Hexafluoroantimonate of 6. Iminium bromide 6 (2.86 g; 
OW76 mol) was dissolved in drv nitromethane (5 ml) and 
slowly added from a dropping funnel to a soln of gilver 
hexafluoroantimonate (3.611 g; 0@075 mol) in dry nit- 
romethane (5ml). After 45 min the precipitated AgBr 
(1.26 g; 88%) was removed by filtration. The nitromethane 
soln was then evaporated to dryness under 0.1 mm pres- 
sure and the residue recrystallized from anhydrous 
chloroform/ether (1: 1). This gave 1.03 g (25% based on 
the iminium salt) of a crystalline product m.p. 85-loo”, 
with correct analytical figures (Table l), incating a mixture 
of cis-trams isomers. BY using Method B or C. for making 
the iminium monobromide, and converting. it into the 
hexafluoroantimonate in methylene chloride as solvent an 
85% yield of 6-SbFs, starting with optically active benzoyl 
coniine, was achieved. 

Thermal decomposition of iminium bromide 5. The 
non-crystalline iminium bromide (2.4 g) was dissolved in 
dry dibromoethane (20 ml) and refluxed for 3 hr. The dark 
colored soln was then washed with 9% NaHCO, aq, dried, 
and the solvent evaporated at 45”/20 mm Hg. The residue, 
containing a mixture of benzonitrile and 1,5- 
dibromooctane, was extracted with cyclohexane. 
Chromatography of 0.95 g oil on a silica gel column (20 g) 
with cyclohexane as eluent gave 1,5-dibromooctane 
(0.4 g; 20% yield). NMR (neat) 6 1 .l (t, 3.43) 1.7 (m, 10, 
C&); 3.4 (t, 2 CH,); 4.1 (broad m, 1, CH). Mass spectrum 
273, 271, 269 (M+-I). 

The yield of dibromooctane was considerably higher 
(up to 50%) when the tribromide of 6 was made, converted 
with cyclohexene, and the monobromide 6 thermally de- 
composed without a solvent on the vacuum line. No ex- 
periments were so far made with the separated geometri- 
cal isomers. 

1,5-Dibromooctane was optically inactive when starting 
with optically active benzoyl coniine ([al0 - 53”, neat) and 
following either technique. 

Liberation of imidoyl bromides from their salts 
N-Methylbenzimidoyl bromide (14) from its hydro- 

bromide. N-Methylbenzimidoyl bromide hydrobromide 
(6.0 g, O-022 mol) was suspended in 20 ml dry benzene 
contained in a 50 ml flask that was equipped with a reflux 
condenser. A glass tube NI inlet was positioned through 
the top of the reflux condenser to within 2 cm of the ben- 
zene level in the flask. The soln was refluxed and as the 
HBr was liberated it was removed from the system by the 
N2 flow. It was found that this reaction was greatly facili- 
tated by the rapid and efficient removal of HBr as it was 
liberated. After 3 hr the reaction was complete (as evi- 
denced by the disappearance of the solid) and the benzene 
was evaporated. The residue was distilled (73-74”; 

1 mm/Hg) to give 3.8 g (88.5%) of the extremely hygro- 
scopic N-methylbenzimidoyl bromide (14). 

The analytical and physical data for N- 
methylbenzimidoyl bromide and other imidoyl bromides 
prepared by a similar procedure are summarized in Table 
3. IR and NMR data are given in Table 4. 

Thermolysis of N,N-pentamethylene-c-bromobenz- 
iminium bromide (8) without a solvent. A 15 ml flask 
containing 1.8 g (0.0054 mol) on a vacuum line with a 
constant pressure of lo-’ mm/Hg. An adjacent trap cooled 
with liquid N2 was used to collect the von Braun products 
(benzonitrile and 1,5_dibromopentane). The iminium 
bromide was heated at 150” for 13 hr, after which only 
0.1 g (6%) of a black residue remained. The mixture of 
von Braun products (1.62 g, 92%) was collected in the 
trap. The IR and NMR spectra of the mixture proved to be 
identical to an authentic sample prepared by mixing molar 
amounts of benzonitrile and 1,5-dibromopentane. 

Attempts to decompose N,N-pentamethylene-c- 
bromobenziminium bromide by heating in a solvent al- 
ways led to lower yields of von Braun products. Separa- 
tion by vapor phase chromatography is better than any 
technique of distillation or other purification methods.““” 
Retention time for benzonitrile was 95.4sec for 1,5- 
dibromopentane 275 sec. (Column was 6’ X l/8” stainless 
steel. G.E. (Silicone), 8% SF-%. Column temp 150”. Flow 
rate 18.2 mUmin). 

Thermolysis of N,N-pentamethylene-o-bromobenz- 
iminium bromide (8) in solution with isolation of N-5- 
bromoDentvlbenzimidov1 bromide (9). To 0.8~ 
(0.002;1 moi) of 8 in a >5 ml flask equippkd with a reflui 
condenser was added 10 ml dry bromobenzene. A N2 inlet 
connected to a pressure release through a bubbler was at- 
tached to the top of the reflux condenser. The mixture was 
heated at 100’ for 24 hr, during which time it gradually 
turned dark. The thermolysis was followed by NMR, see 
Fia 1. The bromobenzene was removed at 35” (0.1 
m&/Hg) leaving a dark residue. Extraction of this residue 
with 15 ml of dry chloroform and subsequent evaporation 
gave 0.55 g crude N-5-bromopentylbenzimidoyl bromide. 
A black ppt (0.25g) which was insoluble in chloroform 
was not characterized. IR and NMR spectra indicated that 
the product was contaminated with benzonitrile and 1,5- 
dibromopentane. Further purification was not attempted 
since thd imidoyl bromidd decomposes upon distillation 
and is extremelv hvrrroscouic. The NMR spectrum 
indicated that the -&de -product was 85% N-5- 
bromopentylbenzimidoyl bromide, therefore, giving an 
actual yield of 56%. 

The temp used for this decomposition was very critical. 
Above 100” complete von Braun reaction occurred while 
below 100” the reaction rate was too slow to be useful. 
Even at 100” some von Braun products were formed. 

Physical and spectral data for N-5-bromo- 
pentylbenzimidoyl bromide are summarized in Tables 3 
and 4. 

Hydrolysis. Bromide 9 (0.67 g, 0.02 mol) was stirred 
with 10ml 2% NaOH for 30 min. extracted with 
chloroform (IOml) to obtain 0.35g (65%) of N-5- 
bromopentylbenzamide, m.p. 65-66”. 

The IR and NMR spectra were identical to that of a 
sample of N-5-bromopentylbenzamide prepared by an in- 
dependent synthesis. 

Synthesis of N-5-bromopentylbenzimidoyl bromide 
N-5-Bromopentylphthalimide. A mixture of potassium 

phthalimide (69 g, 0.372 mol) and 1,5-dibromopentane 
(258 g, 1.075 mol) was heated to 185’ for 2 hr. Excess 1,5- 
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dibromopentane was removed at 100” (12 mm/H& and 
75 ml of water was added. The resulting organic layer was 
taken up in 50 ml of chloroform, washed twice with 25 ml 
of water and dried with Na,SO,. Evaporation of solvent 
gave 94.5 g (83%) of crude product. Recrystallization 
from hot light petroleum (30-609 yielded 83.5 g (79.5%) . . 
of N-~&zz~x+s@&&&~&, rnp. S&5.-&~-5”. 3FMR 
(CCL) 6 1.75 (m, 6, (C&),, 3.36 (t, 2, J = 6 Hz, C&Br), 
3.65 (t, 2, J = 6 Hz, =N-CH,), 7.71 (s, 4, C&); IR (melt) 
2950 (m), 2870 (w), 1770 (m), 1715 (vs, C=6), 1467 (m), 
1435 (m). 1395 (s). 1370 (s). 1207 (w). 1188 (w). 1030 (m). . ,_ .,_ .,_ ,. ,, ,, 
790 (w), 718 (s) cm-‘. (Found:C, 52.50; H, 4.78; Br, 27.08. 
CalcQ.‘ror”L,~,~~~:~,~~~~:~~,b~~:~r.~ib~~~~. 

N-5-Brwmupentykrrrine kydr&wmi& To 83-f g 
(0.36 mol) of N-5-bromopentylphthalimide was added 
408 ml (3.63 mol HBr) of 48% HBr and 200 ml gl AcOH 
and the soln was refluxed (bath temp 125”) for 1 hr. The 
mixture was allowed to stand at room temp overnight, 
during which time phthalic acid crystallized. Phthalic acid 
was filtered off and the filtrate evaporated (So”, 25 mmlHg) 
to dryness. The resulting solid was dissolved in 100ml 
water and any remaining phthalic acid was filtered off. 
The water soln was evaporated to dryness and the residue 
recrystallized from EtOH to give 55.2~ (615%) of 5- 
bromopentylamine hydrobromide, m.p. 140-142” (lit.“’ 
m.p. 140-141O). 

The NMR and IR spectra were consistent with the 5- 
bromopentylamine hydrobromide structure. 

N-5-Bromopentylbenzamide. To 1.4 g (0.0057 mol) 5- 
bromopentylamine hydrobromide that was dissolved in 
2 ml water was added 0.75 ml (O-69 g, OW64 mol) benzoyl 

10 ml wat& was &trod;ckd. The mixture was stirred for 
2.5 hr at room temp after which no odor of benzoyl chlor- 
ide was evident. The benzene layer was washed twice 
with 10 ml 10% K,CO, aq then twice with 10 ml water. 
Drying with Na,SO, and evaporation of benzene gave 
1.53g (100%) crude product. Recrystallization from 
acetcone)wa\er yidaea 325s ~0~')~0> N-S- 
bromopentylbenzamide, m.p. 65.5~66.5”. NMR @DC],) S 
1.30-2+W (m. 6. (CH,L). 3.38 (t. 4. J = 6 Hz. NHCH, and 
CH*%lr,L. 6;ira &bad -&,.‘r,. CON&. 7.47 (m,?,. c&a meta 
and para-H), 7.80 (m, 2, Cd& ortho-H); IR (melt) 3330 (s, 
N--M), 3070 [wJ., 2945 (SJ, 287a co& 1642 [US., C=OL 1575 
(m), 1525 (vs), 1488 (m), 1440 (m), 1305 (s), 800 (w), 708 (s), 
690 (s) cm-‘. (Found: C, 53.08: H, 6.01; Br, 29.39. Calcd. 
for G&BrN 0; C, 53.34; X, 597; Br, 29.58%)). 

Tihermolvsis of S-bromonentvlbenzimidovl bromide (9). 
5-Bromop&tylbknzimidoyi bromide (0.5 ml) was heaied 
neat at 125” in a sealed NMR tube for a total of 3 hr. The 
NMK spectrum before the heating was started showed a 
triplet at 6 3.34 for the bromomethylene group, a triplet at 
S 3.63 for the methylene nlphn to nitrogen and the aroma- 
tic rmdli~dr~~s sir”&? :tm&u anir~oaru_orbron$~ anh’b.W 
(or&o protons). As the heating progressed, the aromatic 
resonance collapsed to a multiplet at 6 7.63, the triplet at 
3.63 slowly disappeared and the triplet at 3.34 shifted to 
3.45 and gradually increased in intensity to where it finally 
intemateb Eor Eour protons. Tne final NMX spectrum, 
as well as the IR spectrum, was shown to be identical 
to I mdiar e+v ni&rure of ‘nenzo&&e a& ‘?.S&- 
bronnqoefiIane. ‘Tne _nro&u& was &so andtvzeh U.&QX a 
Carle gas chromatograph Model 6500 (Carbowax column 
5’ X l/8”, column temp ca ISO”, He flow rate 20 ml/min) 
and shown to be composed of only benzonitrile (retention 
time 1.59 min) and 1,5_dibromopentane (retention time 
3.95 min). 

Degradation of 2,6-dimethyl-N-benzoybiperidine with- 
out isolation of intermediates. 2,6-Dimethyl-N-benzoyl- 
piperidine (6.5 g, 0.03 mol) was dissolved in 10 ml of 
dry CH&l,. The system was Wed with Nz for 30 tin 
before 16.3 g (0.06 mol) PBn was introduced. Bn (9.6 g, 
0.06 mol) was added slowly (system remained under N2) 
2X! S!.X sZ?&Y..sf Y&a+ S&s& fS 4.5. b SE. &GWa oESZ&& 
reaction. The introduction of 7 ml (5.7 g, 0.07 mol) cyc- 
lohexene caused the originally red soln to become color- 
less as the BrZ was absorbed. The addition of 20 ml of light 
petroleum (30-60”) resulted in the precipitation of the 
crude N,N-1,5-dimethylpentamethylene-a!-bromobenzim- 
‘uiium ‘bronjlbe. TDe suDemi&arjr was removeh anh ‘ine 
residue washed twice wjth 10 ml dry ether. The crude im- 
inium bromide was distilled at 0.4 mm/Hg to give 8.2 g of 
a mixture of benzonitrile, 2,ddibromoheptane and phos- 
phoryl bromide, b.p. 60-85”. 

The dibromide was purified according to the method of 
Johnson et al.” The distillate was poured into 10 ml of ice 
water to destroy phosphoryl bromide. The organic layer 
was taken up in 15 ml of light petroleum (30-609 and ben- 
zonitrile was extracted 7 times with cone H,SOd (3 ml for 
each 10 ml of the dibromide soln). The light soln was then 
washed twice with 10% NaOH (10 ml each time) and then 
3 times with 10 ml portions water. The soln was dried over 
Na2S0,, evaporated, and the crude residue (4.8 g) distilled 
to give 4.4 g (58%) of 2,6-dibromoheptane, b.p. 121-123”at 
25mm/Hg (Leonard and Nommensen” reported b-p. 
128-l 30” at 30 mm/Hg). 

The product had NMR and IR spectra consistent with 
the dibromide structure. 

P’nerrtid&s q”t ‘rr(~~-~im~~~~~-~lbromo~~e~~im~i~ium 
6vawi& ((6% v&k isokx<ti of Wm&&n5nz~mid0$ 
bromide (14). By a procedure similar to that previously 
described, N,N-dimethyl-u-bromobenziminium bromide 
(4.5 g, 0.0153 mol) was relluxed for 3 hr in ‘20 ml dry di- 
bromomethane. Evidence of the thermal decomposition 
was given by the gradual disappearance of the solid imin- 

to give 2.450 (81%) N-methylbenzimidoyl bromide, b.; 
65-66”. If heating was continued for a longer period of 
time, the praduct was co-e4 w&h b-We< de- 
rived from complete von Braun degradation. 

The physical and s_nectra[ properties of N-methylben- 
zimidoyl bromide have been listed in Tables 3 and 4. 

Decomposition of N-methylbenzimidoyl bromide (14). 
WMet~~ben~tiil)qy) bromjde ID.1 n$ was _&aced jn an 
NMR tube and dissolved in 0.5 ml tetrachloroethvlene. 
The tube was sealed and heated at 120” for 18 hi. The 
NMR spectrum before the heating started showed a sing- 
Iet at S 3.40 foe the N-Me group and the aromatic mu@- 
lets at 6 7.30 (meta and para protons) and 7.96 (ortho pro- 
tons). As the heating progressed, the aromatic absorptions 
cdhaoseh’ro a md@dr& ZS ‘b”G& anh’tne Sit&et &aS-‘& 

shifted to 2.53. It was demonstrated by comparison to 
authentic spectra that the multiplet at S 744 was due to 
benzonitrile and the singlet at 2.53 corresponded to MeBr. 
No other peaks were present in the spectrum indicating a 
quan~~jalive converGon. Xxso \he I’R spectrum o‘i Vne res- 
idue, after tetrachloroethylene was removed (40”; 
‘i%-‘- mr&&. Snow& ‘ine ‘wnzotiir&e &x.o*iwn tix 
%?ZJ crri’-. 

N-Methylbenzimidoyl bromide was found to be ther- 
mally stable below 100”. 

Thermolysis of N-ethylbenzimidoyl bromide. N- 
Ethylbenzimidoyl bromide (0.1 ml) was placed in an NMR 
tube and dissolved in 0.5 ml of tetrachloroethylene. The 
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tube was sealed and heated at 120” for 18 hr. The NMR 
spectrum before the heating began showed a triplet at 
8 1.30 for the Me group, a quartet at 3.66 for the 
methylene hydrogens and the aromatic multiplets at 7.30 
(mefa and paru protons) and 7.93 (ortho protons). Upon 
completion of the heating the aromatic signals had col- 
lapsed to a multiplet at 6 7.46, the triplet had shifted from 
1.30 to 1.63 and the quartet from 3.66 to 3.32. It was 
shown by comparison to authentic spectra that the multip- 
let at & 746 was due to benzonitrile and the triplet at 1.63 
and quartet at 3.32 corresponded to EtBr. Evaporation of 
tetrachloroethylene (40”; 10-l mm/Hg) gave a residue 
identified as benzonitrile by IR spectroscopy. 

N-Ethylbenzimidoyl bromide was found to be ther- 
mally stable to 110’. 

N-Methylbenzonitrilium fluorosulfate (15) from ben- 
zonitrile. Benzonitrile (6.8 g, 0.066 mol) and methyl 
fluorosulfate (7.6 g, 0.067 mol) were heated together under 
N, at 55” for 3 hr. The mixture slowly solidified and the 
ppt was washed with dry ether and filtered in the dry box 
to give 12.1 g (84%) of the crude product. Recrystalliza- 
tion from o-dicblorobenzene yielded 9.8 g (68%) pure N- 
methylbenzonitrilium fluorosulfate, m.p. 125-130” (sealed 
tube). NMR (CDXN) 6 4.06 (broad s, 3, CM,), 7.87 (m, 5, 
(Cd&); IR (mull) 3015 (w), 2375 (s, C=N-), 1725 (m), 
1590 (m), 1265 (broad vs, SO;), 1170 (m), 1055 (s), 932 (m), 
750 (m), 695 (s) cm-‘. 

N-Methylbenzonitrilium fluorosulfate was further 
characterized by hydrolysis to N-methylbenzamide in 
92% yield. 

N-Methylbenzonitn’lium puorosulfute (15) from N- 
methylbenzimidoyl bromide (14) with methylfluorosulfate. 
This reaction was carried out entirely in the dry box. 
Methyl fluorosulfate (0.57 g, O-005 mol) was added drop- 
wise to 1-O g (0.005 mol) N-methylbenzimidoyl bromide 
without the use of solvent. An immediate exothermic, vig- 
orous evolution of MeBr resulted and the mixture sol- 
idified. The solid was washed with dry ether and filtered to 
give 1.1 g of crude product. The NMR spectrum indicated 
that the product was a mixture of N-methylbenzonitrilium 
fluorosulfate and N,N-dimethyl-cr-bromobenziminium 
fluorosulfate in a ratio of 4: 1. Based on this ratio, 1.1 g 
represents total yield of 94%. Recrystallization of the pro- 
duct mixture from o-dichlorobenzene gave N- 
methylbenzonitrilium fluorosulfate, m.p. 123-128” (sealed 
tube). 

The NMR and IR spectra of the product were identical 
to an authentic sample. Further examples of the “Magic 
Methyl” reaction of imidoyl halides are given in Table 5 
and Fig 5. 

Addition of 20 mg LiBr in the NMR tube to the soln of 
N-ethylbenzonitrilium fluorosulfate results in the reap- 
pearance of the triplet of the benzimidoyl bromide at 
S 3.61. 
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