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AMrae&The Bischler-Napieralski dibydroisoquim4ine synthesis from N-arylethyl-amides a formerly “one-pot” 
process was proven to occur via the imidoyl chlorides and the correspondii nitrilitun salt. This led to the 
recogn&n of using other leaving groups better than chloride (e.g. trifhmroacetate, trifhsorom&anestdfottate) and 
electrophiks better than phosphoryl chloride-PO&- being an unfavorable counterion for the nitrilitun ion. 
Previous facts about better yields with phosphorus pcntoxide than phosphorus oxychloride were interpreted in the 
same light. The two-step process requires much milder co&ions, ZO-7U’ vs 110-205’. The “arnrmaly”, that is, the 
failure of Qdiarylcthylbenxamides to undergo cycliition as reported in literature was now rationalixed in terms 
of fragmentation of the nitrilium salts into stilbenes, with formation of the conjugated a-system beii the driving 
force for this prcductcootroUed reaction. This, in fact, was now recognixed as a reversal of tbe Ritter reaction 
which itself had been used in the synthesis of isoquinolines. The intermediate carbonhun ion, from the nibilium salt 
can, alternatively, undergo nucleophilic attack by an ionic halogen yiekiing products. expected from a von Braun 
reaction. 

Thus, corrclatioo of the formerly unrelated Ritter, von Brauo, Bischler-NapieraM. Beckmamr and the Schmidt 
reactions has been established (Scheme 18) and a few other aspects of nitrilium salt chemistry such as elaboration 
of a mod&d Vilsmeier-Haack aldehyde synthesis via nitrihum salt intermediates and an attempt to synthesixe 
compnunds with the nitrihum group in a ring are discussed. 

INTRoMcrIoN 
The present trend of organic chemistry is to integrate with neighboring areas: physical chemistry on the 
one hand and molecular biology on the other. The impact of modem concepts and methods of physical 
chemistry created a new epoch in the progress of organic chemistry and cross-fertiziling occurred with 
biological chemistry as well. 

However, physical organic chemistry is often submerged into an abstraction from chemical reality by 
theorizing on very minute and subtle details of a single type of compound or reaction and becomes 
self-serving. We believe that its real creative influence can be linked to the elucidation of the mechanism 
of organic chemical reactions which, in turn, leads to a better understanding of the chemical event and 
makes the control and improvement of synthetic processes possible. Nothing is more illustrative for that 
than the epoch-making activities of Robert B. Woodward. 

Being involved for a long time in organic synthesis this author felt that a number of well-known 
chemical reactions were worth re-investigating in the light of a more deductive than inductive concept of 
organic chemistry. We started to do just that with the Pictet4ams synthesis, continued with stereo- 
specific acyl migrations, with the elucidation of the von Braun cyanogen bromide reaction and the von 
Braun degradation. The last mentioned studies enabled us to understand the mechanisms, hence 
correlate the Bischler-Napieralski isoquinoline synthesis with the von Braun and with the Ritter reaction 
and thanks to Hassner’s and Schofield’s novel concept, with the Beckmann rearrangement, via nitritium 

salts. Furthermore, we now present a modem version of the Vilsmeier-Haack aldehyde synthesis via 
formyl nitrilium salts that represent a more strongly electrophilic “synthon” than the iminium salts 
derived from N,Ndimethyl formamide. 

We hope that the recognition of relations between reactions that were hitherto considered as being 
independent may help to build up a modem outlook for this part of organic chemistry. 

We now wish to present a detailed picture, mechanistic and synthetic, of the Bischler-Napieralski 
reaction first. 

127!J 
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MECHANISMOFANDNEWUCI’ANTSINTHEBISCHLER-N- I!aQulN~-t 

Our recent study’ on the mechanism of the von Braun amide degradation with different ‘Lewis acids 
has revealed that the reaction proceeds via imidoyl bromides and t&ilium salts. Consequently, an 
analogous initial step, i.e. conversion of a @nary amide into an imidoyl chloride by a Lewis acid, was 
assumed for the Bischler-Napieralski 3,ddihydroisoquinoline synthesis,’ and it had been lent support by 
some preliminary observation.3 Further elaboration now enables us to present the conclusions drawn 
from the continued work while experimental details shall be published elsewhere. 

The most widely used reagent in the Bischler-Napieralski reaction was phosphoryl chloride, 
however, phosphorus pentoxide and phosphorus pentachloride were also applied? 

The only early, mechanistic idea’ about the Bischler-Napieralski reaction involved the protonation of 
the amide oxygen by a trace of hydrogen chloride in phosphoryl chloride followed by cyclization to a 
1-hydroxy-tetrahydroisoquinoline and ultimate dehydration to the 3Jdihydroisoquinoline (Scheme 1). 

R 

Scheme 1. Fiit mechanistic cooccpt on the mechanism of the Bischkr-Napiaakki reaction. 

This explanation is invalidated by the facts that (i) the isoquinoliue is much more basic than the 
amide so the hydrogen chloride would be consumed by the product, (ii) in contrast, we proved that 
N-benxoyl-2-pbenethyl-amides (1) give the hydrochloride of the imidoyl chloride (2) at room tem- 
perature, i.e. under mild conditions with a variety of Lewis acids used heretofore for the Bischler- 
Napieralski reaction (PCls, POCl,, CO& SOCls) without subsequent cyclization (Scheme 4). Therfore, 
“dehydration”, i.e. loss of the carbonyl oxygen must precede ring closure. The hydrochloride of the 
weak base spontaneously loses hydrogen chloride, to 3 upon either mild heating in benzene or on the 
action of Proton SpongeS The imidoyl chlorides (3) were obtained from the amides in &%% yield 
(Table l), except for the phenacetimidoyl chloride (3f) (45% yield) possibly due to concomitant 
chlorination of the benxyl group. Some of these new compounds were crystalline. A few new amides 
were also prepared. The second step, cyclixation to the 3Jdihydroisoquinolines (5), was spontaneous in 
the case of N-[2-(3,4dimethoxyphenyl)ethyll&rzimidoyl chloride hydrochloride (2e) even on standing 
at room temperature? In chloroform solution the free base of the imidoyl chloride (3e) cyclized slowly at 
room temperature and was monitored by PMR spectra. The singlet at 6 3.82 for 6 OMe protons turned 
into a pair of singlets at S 3.&o and 4.09 upon cyclixation. The shift of the triplet for the methylene 

yRl 4 R,--C&--R, + ‘>=RHRl 
rqw 

-X R* 

X = Cl, Br; R = alkyl, W = awl 

schfme2. Equiliiofimidoylhalidesviatbcnitriliumsait. 

tExperkatd details arc availabk in S. Nagbad. PCD. IXsisscrtatioa to West Virginia Uoivmity (196). A publication of the 
samewiUbcs~~,byS.N~a~~IG.Fodor. 

SN&N’,N’-t&amcthyl-l,Lt-qhthakw. 
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protons Q- to the amide group, tirst downfield and then upfield till it reached the position of the 
methylene in the ~y~i~~o~ hy~~o~de during the cyclization, is also signScant and is 
indi&ve of a more deshiehied intermediate, such as &ilium salt (4s). The same p~nomenon though in 
a slower reaction, was observed with tbe aryl unsubstituted imidoyl chloride (3a) which did not cyclize 
unless a Lewis acid, e.g. stannic chloride, was added to it. Thereupon the triplet for the a-methylene 
group went from S 4.00 to 4.80 and moved slowly back to 6 4.20 (Fig. 1). Furthermore, the 
N-2-phenethyl-ben~o~s~~ (4a) was now identified by its IR spectrum (Fii. 2). Nitril- 
ium salts have been previously reported to be proven, by UV spectroscopy, as intermediates in a related 
reaction, i.e. the Re&mann rearrangement.2J 

A careful examina tion of references on the cyclizations to 3,~ihy~oi~~nolines shows a wide 
variety of yields: even when the same reagent was used by different authors. For example, yields of the 
l-phenyl derivative @a) with phosphoryl cNoride as the condensing agent varied from 26 to 83%, that of 
tire l-benzyl isoquinoline (9) from 0 to 84%. We repeated some of the condensations and reached for 
59 not more than 50% yield. 

a 7 6 5 b , 2 1 0 

VP (6) 

Fig, 1. Cyclization of Nghcnykmimidoyl chloride to lphenyl-3,4dibydroisoquinolii, monitored by NMR. 
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It was previously known that 2-bcnzamido_4$dinitrobipbcnyl was cyclized to 9-phcnyl-2,7dinitre 
phcnanthridine by heating to 210” in nitrobcnzene, with phosphoryl chloride with a 55% yield. This so&led 
“Morgan-Walls cyclization’” can be regarded as a special branch of the Bischler-Napicralski rc&iox~ 

Inda$ Barber d 1,’ assumed that an imidoyl chloride might be the intermaIiate which, for- 
tuitously, wan trapped by treating the amide with phosphorus pcntachloride (scheme 3). Surprisi@y, the 
imidoyl chloride did not undergo cyclization in nitrobcnzene upon &cation of heat. However, wbcn 
any of a long series of “catalysts” was added (tier uliu Fe& SnCl,,, ZnC.&, POCl3 the Lewis acid 

“1 

scheme 3. crhlyred cyclization of M imidoyi chloride into 8 p&ma* 

made the evolution of hydrogen chloride very fast and this resulted in yields between 75 and 82% 
dcpcmiing on the character of the Lewis acid. The interpretation of those facts is now obvious: the 
Lewis acid converted the imidoyl chloride into a &ilium salt which, in turn, was attacked even by the 
weakly nucleophilic carbon mdu to the nitro group. Heating of the imidoyl chloride by itself would not 
result in such a conversion. This observation is in full agreement with the fact that (N-phenethylb 
bcnzimidoyl chloride can be distilled in cucuo without any enhancement of the rate of cyclization. The 
graph (Fg. 3) shows that the rate increase upon addition of ferric chloride to the imidoyl chloride is quite 
significant. 

Furthermore, the rate determining step in the hydrolysis of imidoyl chlorides’ proved to be the 
dissociation to the &ilium salt. A rapid equilibration of geometrical isomers of imidoyl chlorides was 
also rationalized as occurring via a &ilium salt intcrmcdiat~.‘~ Fdy, imidoyl bromides proved by 
PMR spectroscopy to be diss&iatcd in liquid sulfur dioxide into nibilium bromides’ (Scheme 2). All 
these facts substantiate the role of N-alkyl bcnzonitrilium salts (4) as intermediates, next after the 
imidoyl chlorides (3) in the Bischler-Napieralski reaction. A new reaction of certain imidoyl halides with 

100 

‘CL 
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Magic Methylt was found to give nitrilium salts and methyl halide.’ Unfortunately, however, the 
N-phenethylbenximidoyl chlorides we prepared for cyclixation proved more strongly basic hence they 
gave mostly the qua&nary N-methylated benximidoyl chlorides (6) but no nitrilium salts (4) (Scheme 4). 
Thus this route to nitrilium salts had to be abandoned. 

A variety of imidoyl chlorides have been synthesized and converted by addition of Lewis acids into 
the 34dihydroisoquinolines. The yields were in most cases signiGcantly higher than in the one-step 
retlux process of amides with phosphoryl chloride at llO-14tP, in toluene and xylene# (Table 2). The 
new, two-step method has the additional advantage that most reactions were carried out at or close to 
room temperature. The general formula indicates the variety of groups in the phenethylamides. The case 
of phosphorus pentoxide can be rationalized by assuming the formation of an imidoyl phosphate instead 
of an imidoyl chloride, the phosphate group being a comparable--if not better- leaving group. This fact 
may account for higher yields that have been achieved in the literature with phosphorus pentoxide than 
with other “condensing” agents in spite of the heterogeneity of the reaction mixture and in one case, a 
100% yield was reported for the mixture of P&S and PO& It is most likely that, in this case, the two 
reactants give rise to an imidoyl pyrophosphate which has a better leaving group than chloride (Schemes 
4 and 8). Our work with polyphosphoric ester as a cyclixing agent for amides of type 1 seems to support 
this view. 

RI 

+R,CN*HX 

8' I ph or k, R' - H 01 Ph. Us - E or Ph. it“' - I! Or oe. x - cl. Sbcls *-, SbP“-. 

-ccom., -oSO&F,. (PPE-H+)-. -0PPh. 

Sckmc 4. Novel mechanistic ideas of the Biibkr-Napieralski resction. 

Wethy thWrosutfonate. 
Whis is couGst@ with Barbu d a& hvo-step syntbais’ of phew~thtidk. 
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The method did not prove useful when trying to cyclixe N-(l,2diphenylethyl)-benzimidoyl chloride 
(3b). The co~es~ndi~ amide did not give any basic product in previous experiments.z” Nitroaryl- 
amides, on the other hand, gave “~t~~~~~es”, We rationalized that faihrre by assuming that the 
reversal of the Ritter reaction had taken place leading to an olefin, i.e. stilbene (7) besides benxonitriIe. 
This was fully substantiated first by IR spectra and later by isolating both products from the reaction 
mixture. The driving force for the occurrence of what we may call “retro-Ritter reaction” ought to be the 
formation of a fully conjugated system in trans stilbene. 

When N-(l,2diphenethyl)-acetimidoyl chloride (3e) was stored in the dry box, it decomposed, even 
without the infl~nce of any Lewis acid, to yield “re&Ritter” reaction products. The decomposition 
of this imidoyl chloride was followed by NMR, the singlet absorption at 19Oppm of the Me group 
slowly disappeared while a new singlet for three protons appeared at 2.1 I ppm (of acetonitrile). The 
observed change in the intensity of the two singlet absorptions gives the rate of decomposition with 
respect to time (Fig. 4). This meant that conjugation in the nitrile to be formed is not an essential factor. 
In order to examine further the scope of the reaction we tried to synthesize N41,2diphenethyl)- 
benzamide (lb) via the classical Ritter procedure ‘**I3 by a reaction between stilbene and benzonitrile in 
acidic medium. As expected no Ritter reaction took place and unchanged stilbene was recovered. This 
suggests that the equilibrium between the nitrilium salt and the (protonated) olefin is strongly shifted 
towards the conjugate olefin, i.e. stilbene and the nitrile. 

The reaction between the amide (1) and ~uoroacetica~y~de (TFAA) or ~yla~y~de 
(TFMSA) rapidly yielded the imidoyl trifluoroacetate and imidoyl trifluoromethylsuIfonate (also regarded 
as mixed anhydride) respectively. Even though these imidoyl derivatives are not well known in the 
literature, the reaction of TFAA with amides to give nitriles is known, so is the reaction of TFMSA with 
aldoximes. Campagna et al.,” proposed a mechanism which assumed the imidoyl trifluoroacetate structure 
as an intermediate, but did not isolate. 

Prior to their publication, we already have isolated various imidoyl t~uor~e~tes and imidoyl 
~uorome~yls~onates (for physical constants see Tables 4 and 5). 

The formation of the imidoyl derivative, e.g. of N_3’,4’d~ethox~henethyl benzimidoyl 
trifluoroacetate (&), occurred instantaneously upon the addition of the reagent but the cyclization 
process is slow at room temperature. Scheme 8 slight warming (40-60”) yielded the dihydroisoquinoline 
(from 8e) in a few hours. The reaction was monitored by NMR in essentially the same way as with the 
imidoyl chloride using chloroformdr as solvent (FQs. 5 and 6). The amide shows two singlet absorptions 
at 3.73 and 3.79 ppm for the six OMe protons which became two singlet absorptions at 3.77 and 3.83 ppm in 
the imidoyl ~uoroa~~te. The triplet at 356ppm moved to 3.98 ppm in the imidoyl derivative 
(for=N-CH& At the beginning of cycfixation new singlets appeared at 4.03ppm (OMe of the dihy- 
droisoqu’jiinoline) 7.65 ppm (-C& of the cyclized product). These absorptions increase in intensity, as the 
reaction proceeds, while the singlet absorptions at 3.83 and 7.53 ppm slowly disappear. 

The reaction between triflyl anhydride and various amides was even faster; the cyclization occurred 
within 30 min or less whenever electrondonating groups were available in the phenyl ring (e.g. 9e). 

Nitrilium salts have, in fact, never been trapped or even suggested as intermediates in the 
Bischler-Napier~s~ cycliition. The understanding of the mechanism here enabled us to develop new 
condensi~ agents for this type of cyclization under much milder conditions. 

- 
w 
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Fig. 4. Decomposition of N-l&Jiphcn&hyt acetimidoyl chhide. in cidomformd follow&by NMR 
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ITI. 5’. NMR spectrum of N-Wdimethoxypheaylkthyi bcnzimidc~yl trithmmac&ite (IW). 

A review of the existing literature of the synthesis of closely related N-phenethyl~~~~i~ salts 
from nitriles and ~-p~ne~yl chlorides upon the action of Lewis acids reveals a number of interesting, 
and often times muddied explanations. The approach originally undertaken by Lora-Tamayo and 
Madronero” rests upon a previous observation by Meerwein ef &,16 who used olefins, a concentrated 
mineral acid, and a Lewis acid to give the nitrihum salt. The latter, in turn, was cyclized to a 
~y~i~u~o~rne @heme 18). In essence, the nitrile and Lewis acid complex were allowed to react 
with the @-aryl aikyl chloride, by heating, to give the 3,~ihy~ois~uinol~e in fair to good yields. For 
example, 2-p~~~yi chloride and benxonitie gave 65% yield of Sa. rnt~u~i~ alkoxy substi~ents 
into the benzene ring of the aryialkyl chloride component resulted in an increase in both rate and yield. 
This is in accord with an intermediate possessing the mesomeric eIectrou-rebasing effect of a methoxy 
or methylenedioxy group attached to a carbon in a pum position that transmits to the opposing carbon a 
negative charge and hence enhanced nucleop~i~ity. On the other hand, the same kind of group when 
present in the ary1 group of the nitrile component, e.g. 4-methoxy or 3,~~e~xy~~~~e. resulted 
in a decrease of reactivity, hence in the yield of the cycIized product. The Spanish authors erroneously 
offered the explanation that the p-methoxy and 3,~~ethoxy-~~~t~e Lewis acid complexes, 
respectively, have their positive charges on the oxygen rather than on the nitrile carbon, hence in their 
opinion reducing the reactivity of the latter. This factor seems to be irrelevant considering that the first 
step of the reaction has to occur between the etectroph~ic &carbon of the araIkyl chloride and the 
nitriIe nicks as a nucleoph~e. - 

Hp.-_) -c>- c4-sIlci; 4----b II&- 
- 

It is much more likely that the bond between the r&rile nitrogen and the metal atom of tbe Lewis acid 
is much stronger if an electron releasing group is present in the aromatic ring. Hence the compIex would 
be less in&ed to dissociate into a species with a nucl~p~c nitrogen that is needed for the reaction. One 
may also assume that the major role of the Lewis acid in the Ritter reaction is the complex formation with the 
alkyl chloride, thus enhanciug the eiectrophilicity of the latter. However, in that case, p-methoxyben- 
zonitrile would be expected to react faster with that complex than ~~o~~~on~ to experimen- 
tal finis. Therefore, this last mentions reasoning seems to be inv~idat~. 

This failure of the ~isc~er-Nap~~s~ reaction pointed to the re~ations~p between hitherto 
unrelated process: the von Braun amide degradation, the Bischier-Napieral& reaction and the Ritter 
reaction. The common intermediate is the nitrihum salt which can undergo cyclixation if a su&iently 
strong nuck~philic carbon is iu a position to attack the nitrihum C atom. Also, the r&ilium ion may 
reversibly dissociate into a carbonium ion which, in turn, can react in one of two alternative ways, either 
recombine with bromide ion to give the bromoalkane as expected in the von Braun amide devotion 
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!3ckmes S7. Mass spectra of some Nphcnethyl amides. 

The n&rilium ion peak appeared at low intensity in some cases which could be interpreted as 
evidence for dehydration of the amide taking place prior to ionization. Since the molecular ion (M+) was 
observed in all amides this argument could be ruled out. Scheme 5 shows the corresponding alkene and 
benxamide (or a&amide); the latter, in turn, would give the nitrile through dehydration. Indeed, Cotter 
reported” that the use of a heated inlet system may cause pyrolytic dehydration of benxamide prior to 
ionization and an intense peak at m/e 103 for benzonitrile would appear. Later workI has revealed that 
no pyrolysis took place if the reservoir temperature was kept at 140” or lower and only a weak peak 
appeared at de 103. The intense peak at m/e 103 for benxonitrile (or a peak at m/e 104 for the 
protonated benxonitrile) which appeared in the amide fragmentation could not be due to the dehydration 
of benxamide because the mass spectrometer used was equipped with direct insertion probe, whereby 
the sample was placed very close to the ionization region without beating and the probe temperature was 
kept below 100”. However, the benxamide, if any, formed would be in the ionization chamber and 
would not experience any prior heat& No peak for benxamide was recorded in almost all cases. Had 
the nitrile been derived from benxamide, as suggested in Scheme 5, then the peak at m/e 103 should be 
weak. Sii our observations are different, Scheme 6 seems more appealing than Scheme 5. Further 
fragmentation products can form according to Scheme 7b. 

The elucidation of the Bischler-Napieralski cyclixations gave an insight into the most important 
single step-dissociation of an imidoyl chloride into a nitrilium chloride. The fact that phosphorus 
pentoxide albeit insohrble in the hydrocarbon solvent (xylene, toluene) gave better yields, particularly if 
combined with phosphoryl chloride induced a search for better leaving groups of the imidoyl derivative. 
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Appropriate reactants were then searched for and found. Pol~hosp~~c ester (PPE), trifhroroacetic 
anhydride (TFAA) and ~~rne~yls~o~c anhydride (TFMSA) came to be used for the cycle- 
dehydration of several N-aryl (acyl)-/3-phenethyl amines to the corresponding dihydroisoquinolines in 
the course of our studies. 

Several condensing agents were available* for Bischler-type cyclixations usually requiring drastic 
conditions such as refluxing in high boiling solvents. In this paper we report that according to our 
expectations milder conditions could be used with TFAA and TFMSA in chloroform, benzene or carbon 
tetrachloride as solvents than with “~~e~~ reagents. By analogy to the ~~srn proposed3 by us 
for the Bi~Ner-N~ie~s~ reaction, the cyclization should proceed as shown in Scheme 8. 

As discussed previously, the formation of “retro-IUter*’ reaction products from l&diphenylethyl 
benzamide was inevitable either when TFAA or TFMAS or when phosphoryl, stannic or other halides 
were allowed to react with N-(1,2_diphenyl)-benide or N~l,2diphenethyl)-acetamide (Scheme 8). 

AMIDE 

R,CN * -4 

7 

Scbcw 8. Formation ad cydizathn of imidoyl tdhmoacctatcs and tri.hromcthylsulf~. 

A further possibility for “cyclodehydration” of 2-phenethylamides via hnidoyl derivatives was 
*’ offered by an observation of Appel ct al., that triphenylphosphine and carbon tetrahalides convert 

amides into imidoyl halides. We assumed that the mechanism involves an imidoyl ox~~p~~~ 
intermediate (10). Indeed, we were able to provide ~~s~~ evidence, for the amide k 
(%=R,=0Me) underwent cyclixation upon heating with ~phenyl~osp~ and carbon tetrachloride. We 
suggest Scheme 9 to account for this reaction. 

In the cases of TFAA or TFMAS retro-Bitter reaction, from 1,2diphenylethyhunides was extremely 
fast and no trace of cycliuxr product was isolated. The formation of retter reaction products was 
probably favored due to the extended conjugation in the stilbene. Fii 6 shows the reaction, in 
progress, between the N-(l,2diphenethyl)-acetamide and TFMSA. The N-(1,2diphenethyl)tamide 
shows a singlet absorption at 1.83 ppm for the three Me protons. When TFMSA was added, this singlet 
moved to 1.87 ppm. However, within 5-6 hr at room temperature, a new singlet appeared at 2.28 ppm (for 
MeCN), which later increased in intensity while the singlet absorption at 1.87 ppm decreased. 
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Scheme 9. Proposed mechanism of tk cycliitbn of phenethyl amides with triphenylphosphinc and carbon 
tetrachloride. 

In order to overcome the undesirable decomposition of the x&ilium salt, the N41,2diphenethyl)-p- 
methoxybenzamide was treated with the same two condensing agents. However, in this case only olefins 
and no bases have been isolated, as expected from the retr+Ritter reaction. Although, in the above 
cases, the &ilium ion was not trapped, the results present circumstantial evidence and its formation is 
congruent with the scheme of Bischler-Napieralski reaction. Nib-ilium ion formation was observed 
during the study of the fragmentation in the mass spectrometer. However, if acylation with acetic 
anhydride was used instead of TFAA the fragmentations did not take place. 

In all the above cases, it was dilftcult to obtain the analytically pure samples of the isoimidelmixed 
anhydride that would be sutkiently stable for days in transportation to the analytical labs. To acquire 
additional proof for the correct structure of these compounds, the synthesis of the Ndiacetylated 
derivatives was intended; unfortunately these derivatives could not be prepared under traditional 
acetylating conditions. 

.-.~....~....1....1.1..1....1....1......,....,...., 
0 7 6 5. 4 3 2 1 0 

ppm (6) 

pi 6. CycWn of N-Y%+diwtboxyphenykthy&henGnidoyl tr&mxnethanesu~o~te~ in vs, fol- 
lowed by NhlR. 



1290 G. FODOR ad S. NMUBANISI 

Thompsonp stated that low temperatures appeared to be a prerequisite to NJMiacylation and that at 
temperatures above 0’ the reaction was accompanied by dehydration to a large extent. In all the preparations 
of isoimides and mixed anhydrides and temperatures were never lowered below room temperature (usually 
around 20”). 

Even though the structures of these compounds were reasonably well confirmed by other spectral 
data, it seemed desirable to shed some light on the structures of the most stable intermediates with the 
aid of mass spectrometry, the more so since no study of the fragmentation of these compounds was 
present in previous literature. 

When trifluoroacetic anhydride was treated with #I-phenethylamides, the reaction products depended 
on competition between the N-Muoroacetylation and Wrifluoroacetylation. Prox and Schmid” have 
studied the fragmentation of several N-trifluoroacetyl amino acids and found that these compounds 
fragment by eliminating neutral molecules. In the mass spectra of the isoimides, a peak for (M- 
CF$OOH)+ was recorded (Schemes 11 and 12). This peak is least likely to arise from N- 
trifluoroacetylated compound. Similarly a peak for (M-CF&OO)’ was observed in several isoimides. If 
the N-trifluoroacetylation did take place, then the fragmentation pattern may include molecular ions 
shown in Scheme 10. 

No peak for such molecular ions was found (Schemes 11 and 12). This, of course, neither proves the 
structure nor reduces the chances for the Chapman-type rearrangement. Since the temperature of the 
probe in no case exceeded loo” it is unlikely that such rearrangements could have taken place. The mass 
spectrum of an authentic sample of N-(2-penethyl)-trifacetamide showed the fragmentation sum- 
marized in Scheme 10. 

These isoimides lost the neutral fragment, trifluoroacetic acid, as a major process which can be used 
to identify such compounds. Several other fragmentation patterns (similar to those observed in amides) 
were also recorded. The relative intensities for the “retr+Ritter” reaction products (the corresponding 
alkene and the &rile) are listed in Table 6. 

Similarly the reaction between amides and TFMSA could result in two different compounds. Again, 
O-trifioromethylsulfonation was preferred over the N-triffuoromethylsulfonation. 

These mixed anhydrides gave a peak at m/e 207 for (MXF$QH)+ molecular ion with considerable 
relative intensity (Table 7). Now it is clear that the ,“retro-Ritter” reaction does take place from these 
intermediates under electron impact conditions. This fragmentation study also gave supportive evidence 
for their correct structures. The formation of the &ilium salt is a reasonable assumption. 

OQ 0 l “z 03 0 
l I” 

m/e 120 2 f 
(3.4%) f 

@ + 

m/e 91 (100%) 

q; Y(T; 

= 

m/e 69 (62%) 

b?l 0 \ ?A/ m/e 1 217 (50%) 5 \r c 5 csg 
m/e 104 (100%) 

3 
C=iHCOCF3 

m/e 97 (13%) 

m/e 126 (62%) 

Relative lntenslty in 
Parentheses 

!3chcmc IO. 
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m/e 230 (I% = Ii) ml9 97 

R2 

RI 

- o+ 
0 

R2 

N 
// 

mle224(R,=%=H) 
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C 

&id 
m/e 300 (R, = Ph) 

(&=I+ 

1 

d 
1 . 

0 

mte 91 (I% = H) m/e 105 mle 119 

Scheme Il. 

m/e 103 m/e 104 

+~I--H + ( C,H, j 
mle 106 mle 104 

A 
H,c=ii=C-@ 

mle 117 
m/e 208 

!3chemc 12. 

!kkmes 10-12 Mass spectra of imidoyl trilboroacctata. 

Codation with the Beckmann reumngement 
The Beckmann rearrangement process was known for many years; its classification as a I,2 shift goes 

back to Kenyon et uLar The general mechanistic concept of the process was formulated as a syn- 
chronous shift of a carbanion-with the leaving of the oxime ester grouping, followed by intermolecular 
recombination of the carbonium ion and the acyl or other anion, Scheme 13. The oxime sulfonic (etc) 
ester (Type 11) was considered as the reactive intermediate.” Most frequently, as immonium inter- 
mediate (12) was mentionedn as late as 1970. In the photo-Be&mum, on the other hand, an oxazirane 
intermediate (X3) was postulated, that B into the la&am subsequently.” Circumstantial evidence 
for a &ilium salt (16) was already presented in 1%5 by Hill et uL.,= which was supposed to arise from 
the dissociation of a ketoxime (14) into a carbonium ion (15) followed by recombination to a &ilium 
salt (16) and ultimately, hydration to the amide (17). Scheme 14. 
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=p!!+ R>,NP2_ R, 
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\+fo2 

Type 11 ‘R; 6+ 

Rz\ 
&C-NH f- 

’ 'R 

R2>=N, f- ‘>=\ 
20 RI 

-02 
1 

RI 

Scheme 13. Former concept of the mechanism of the Beckmann rearrangement. 

R\C=N + 
R' 

12 13 

Scheme II. The comxpt of the Beckmann rarangcment occurring via nitrilium salts. 

More substantial experimental kinetic evidence for the intermediacy of the nitrilium ion was 
presented by Schofield ef al. recently.z They postulat ed a cyclic phenonium ion (18) as the lirst 
intermediate in the rearrangement of acetophenone oxime and the &ilium salt (19) as the next step 
(Scheme 14). 

ppm (6) 

Fw. 7. Decomposition of N-l.2diphenethylacctimidoyl triftuoromethyl-sulfonate, (9) followed by NM. 
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All this is consistent with the concept that r&ilium salts play an important role in a variety of 
processes. Although the existence was predicted by Hantzschm as early as 1931, the unequivocal synthesis 
had to wait until 1955 when Meerwein3’ and Klages” made them chemically available. Thus the source 
for the &ilium salts is not limited to alkyl bromides, olefins, and diazonium salts. They easily form 
from imidoyl halides (haloimidates) or equilibrate’V’o with them. They represent powerful alkylating 
agents of varied use in organic synthesis. 

A further piece of evidence that the Beckmann rearrangement is directly related to the Bischler- 
NapieraIski reaction was provided by reevaluation of the 1915 observations of Kaufmann and Rade- 
kovic.33 The Beckmann rearrangement of an oxime of piperonyl acetone (Zo) led upon work-up to the 
expected N-acetyl homopiperonylamine (22) and homopiperonyl methylamide (U), and a small amount 
of a fluorescent isoquinoline. These authors supposed that “das Imidchlorid”, i.e. the imidoyl chloride 
(21), a presumed intermediate in the B~CIIUM rearrangement, had cyclized to the LmethyL3,4dihydro- 
6,7-methylenedioxy isoquinoline (2S).t In light of the recently proven intermediacy of t&ilium salts in 
both the B~UMM~ and also the Bischler-Napieralski reaction3 it is much more likely that the &ilium 
chloride (24) formed from the oxime and subsequently dissociated to the imidoyl chloride, which, in 
turn, gave upon hydrolysis the amide(s). Simultaneously, the same nitrilium salt (24) cyclized to the 
isoquinoline (25) (Scheme 15). 

20 22 

24 25 

Scbcme 15. Comb&d B&mann and Bischler reactions. 

Correlation with the Schmidt reaction of ketones+ 
The close relationship of the reaction of ketones with hydrazoic acidM with the Beckmann rear- 

rangement of ketoximes was earlier recognized. Scheme 16 shows the generahy accepted views on the 
mechanism3Fn of the Schmidt reaction. Formulae 8 and 9 reflect the concept of a carbonium ion 
intermediate. However, in the light of our previous considerations Scheme 17 assuming the formation of 
a nitrilium salt as the key step seems more reasonable. The rate determining stepM in the Schmidt 
reaction proved to be the addition of hydrazoic acid to the protonated ketone which is consistent with 
either Schemes 16 or 17. Hence the Schmidt reaction can also be incorporated into the list of “reactions 
which proceed uia a &ilium salt intermediate’*. 

For a detailed review on nitriles including &ilium salts see Johnson and h4adronero.” A mod&d 
Ritter reaction,” applied to isoquinolines, involves cyanide addition to bromonium ions. 

Based on this concept summarized in Scheme 18 and by experience we predicted that the Vtismeier- 

Haack aldehyde synthesis0 also may be amplitled and its scope enlarged if a nitrilium salt derived from 
hydrogen cyanide (28) was used as a new “synthon” instead of the complex, i.e. N,Ndimethyl 
chloroiminium dichlorophosphate (Type 38) as shown by Martin et a1.4’ 

tl’his is unlikely in light of B&r d d’s Endings that imidoyl chlorides do not cyclixe by themselves. 
SThe author wish to thank Ix. H. Singh for useful information on this specific matter. 
#For experimental details see Pijarn Limpabanah M. S. Thesis to West Virginia University (1960); prclimiwry paper. ORGN 186 

at tbc Fall Meeting of American Chemical Society, (i3 September 1979) Washin@on, DC. 

~vdX.NLXl0-a 



0. Fom and S. NAO~~ANDI 

H 
b.4 k?+ 

+OH N ‘OH 

ROONHR'~ R!NHR'a ’ -1)s II 
RCR’ - RNHCR’ 

-n+ 
i RNHCOR’ 

5 

II 
RkNR ,-yi RCR’ .--T RkR’ - RN=$R” 

8 8 7 9 

Scheme 16. The Schmidt reaction of ketoms. 

Scheme 17. hi& concept on the me&nism of the Schmidt reaction. 

o^r R 

0 

A x cb 

X = Ci, OCOCF, OSCXFs, 

* &N 

X=Halogen 

+@cN * HX 

R= aryl 

a. Lewis acid 
b. wts, WCL. SO&, [CF,GO)&o, CF&LCI, PPE 
c. van Braun reaction 
d. retro-Ritter reaction 
e. Ritter reaction 
f. %eckmann reaction 
9. %isehfer-Napleralski reaction 
h. Schmidt reaction of ketones 

!WMM 18. General OV&W of the BkNer, von Brm~n, R&&r and Be&mma rea&ons, 
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Formanilide (26) was converted into the trifluoroacetate of the imidate (27) by trilkoroacetic 
anhydride yieldii a crystalline derivative, mostly the ~substi~ one. The mixed anhydride was 
treated with a Lewis acid, e.g. stank chloride or aunt chloride, and then allowed to react with a 
variety of aromatic compounds, phenol, (I- and fl-naphthols and anisole, or N,N~ethyla~~e giving 
the expected sCh8’s base (29) with the p-substituted aldehyde predominating. The !khifI bases of the 
aldehydes were characterized by their PhIR spectra and directly converted into their 2&linitrophenyl- 
hydrazone derivatives comparing them on tic with authentic compounds (Scheme 19). By substituting 
the hydrogen in the amide starting material with an alkyl group and carrying out the same sequence of 
reactions an N-pheny1-Galkyl nitrilium salt (31) could be generated. This, in turn, would serve as a more 
reactive in~~~~ in the Hoesch reactiona than the p~~~~ nitrile (32) or the imidoyl chlorides 
which have been used previously. 

We hope that our contmued mechanistic studies have helped to improve a number of hitherto known 
preparative processes by correlating them via the nitrilium salts as common intermediates. 

@-NH-CHO ‘=+ @ -N=C’ 
OCOCF, 

‘H --b bb-GJEC-H 

26 27 
1 

28 

(cHJf=c< ci At-CH=N--9 

30 -- 2R 

Alkyl--C&-# Al&l -c&l x- 
X- 

s1 32 

Scheme 19. A mod&d version of the Vilsmeicr-Hack aidehyde synthesis. 

Attempts to synthesize cyclic &ilium saltst 
The interesting chemistry of imidoyl chlorides and their equilibration with nitrilium salts led to a 

study of imidoyl chlorides related to lactams. It seemed conceivable that in analogy with cyclic 
acetylenes the g-membered ring would be the simplest stable representative that could possibly be 
isolated. Therefore, a study of the reaction with phosphors ~n~c~o~de, etc. of a series starting with 
e~~~~ up to the twelve carbon w-amino acid lactam was undertaken. For prel~~ chemical 
and mass spectral studies, caprolactam was chosen & a model, since it is easily available, although the 
expected 7-membered ring &ilium salt would escape isolation. Yet it may be quenched by a diene. 

SckmC 20. An attempt to syntbcsize cyclic nitrilium salts. 

By treating ccaprolactam with phosphorus pentachloride in benzene, surprisingly, a phosphorus 
and salt precipitated that correctly analyzed for the imidoyl chloride ~~~o~x~~sp~te 
(Scheme 20). There is no P=O bond in the 1295 cm-” region in the IR spectnun while a strong P-Cl bond 
appeared at 4SO cm-r. This is consistent with the -0-P C& ion. The base peak at r&r 96 is indicative of 

the cyclic r&km ion (or its open-chain, unsaturated equivalent). The peaks m/e 152,154,156 and 117, 
and 121, respectively are characteristic of the fragments of pbosphoryl chloride that itself bas most 
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Tabk 1. Preparative data of a few ty+nl imidoyi cMoridc (Qpc 3) 

R’ 

2% Ph H Ii A 96 

i!!? Ph Ph H H 92 

3c k Ph H H 93 (HCl) 

36 Ph H Ph H 92 

z Ph H Ii Ol4 88 

2f PhCH. H H H 45 

Table 2 Synthetic data on 1-aryL3.4dihydroisoquinolincs 

3.4-Dihpdroisoquilaolin~~ 
B 

,., 
Yield.lnr lktbod 

k Ph II ii II 97% 
xx. 

sa Ph Ph Ii II 

SC ne Ph II E 

x Ph H Ph II 952 xX 

SC Ph ii Ii CQb se%= 

?L Phi& II H El 95% xX 

za Ph KC& H E 80x= 

sr &O)rPh H E owe 75%' 

a based on the imidoyl chloride x hued on the amide (own srpstiwnta). l baaed on tidoyl PkmPhata 

a. Yields ranging from 26-86X were reported, tha highat yields v~r. achieved by us- pboaphonu pentoxide. 

Table 3. Mass s~k data of some N-2-ph+hykmidcs 

SW Iqxvtmt Prapentation in M-2-Ph-thyl bid- (Qpe lJ 

Il+ 
corrwponding bt=W=ding corrupmding 

Alkane llitrus [nitrile + a] 
Amfda m/s(Ral.Int) m/e(%l.Int) m/*(Ll.Int) ~m(Rel.Int) 

C~W&QI.~COC~H~ 225 (100%) 104 (98.85%) 103 (23.85%) 104 (98.85%) 

C*EaL~B(C~~~w=OC*ns 301 (5.55%) 180 (Sl.lOi, 103 (38.0%) 104 (64.0X) 

C.E.CB.CB(C.E.)NBCOcH~ 239 (21.172) 180 (88.23%) 41 (21X) 42 (20%) 

CsE.CEB(C&)CWWMCOC.IL 301 (100%) 180 (98.58%) 103 (38.022) 104 (36.61%) 

(~~O)&~aCE~QI~~CC'C~E~ 285 (86.66%) 164 (100%) 103 (46.66%) 104 (32.21%) 

C.EsCH,CEKW.LE,)~COGEs 315 (2.29%) 194 (5.75%) 103 (4.GlX) 1D4 (4.88%) 

C.H.CB.W(C.E.)NKOCkC~E. 315 (2.01%) 180 (9.59%) 117 (2.00%) 118 (4.54X) 

CsE~~(C~E~)Ck~COC&C~E~ 315 (63.19%) 180 WOX) 117 (2.06%) 118 (7.09%) 

C~E.~~CB(~B.C~.)~~~C~~, 329 (6.06%) 194 (22.72%) 117 (5.55%) 118 (5.04%) 

(CB,O)=C.E,CB.(B.~~,C~E. #--- 164 (loo%) I.* - 118 (5.02%) 

C~EsC&~a~CC'CE~C~Es(~s)r 299 (85%) 104 (MX) I- I--- 

C.B,~~CB(C‘E,)FIB~,C.E.(OCB.), 1- 180 (17.53%) #-- 178 (5.84%) 

(~,O),C.8,~.M.R.C.E.(~,), : - 164 (looX) #--- 178 (3.57%) 
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Table 5. Mass spectraI data of some imidoyl taoraca~ 

Sooa Impmtmc l'r~gantafion of Iaidoyl hlflwroacetitcs 

WCF.Mol+ w-mcooBl+ 
corruponding CorrtBPOnding 

Alkane Nittile 
corrcq&iia$ 
[Nitrile + El 

cQwowul a/* mal. Int) m/e mol. Iet) PIa ma. 1st) B/C m.el. Int) m/e (Bal. rot> 

(QI~O).C‘B.~,~IR-C(Ph)OCOCPI 268 (lo.bx~ 263 (48.245) 164 (100X) 103 (43.53%) 104 (25.8832) 

Cdwaac8*N=c(Ph)OCOCP, 208 (3.482) 203 (20.6%) 104 (100X) 103 (23.53X) 104 (100%) 

C~UBICWFWN-CW~)OCOCP. , __- 283 (2.372) 180 (35.34X) 103 (60.95%) 104 (23.222) 

C~~V~(C~E‘)~,~(~)~~ I- 283 (9.23X) 180 (92.312) 103 t3.69x) 104 (36.92X) 

fcNirO)~~*cEa-cuuwlcW~. #---- #- lb4 (88.89X) 133 ~b.S?X) I-- 

I Not obrnmd. *TlmH+lm,alwrmitored. 

Table 6. Physical constants of some imidoyl t&luoromethYlsulfoaates 

b(l,24iphsacthyl)- 90X 

l caiBi&yl trifluoro- 

rthylmlfonat~ 

I+(2-[3.b-dimthoxy- 90-91X 

phalyll~tkyl)-benzimi&yl 

trifluoromthyl~ulfote 

a-~2-9llanathyl)-p-wthoxy- 90-92x 

bamfmfdayl triflwrw 

rchylwlfonata 

N-(1,2-dipbmethyl)-p- 

mtboxybearmy1-tri- 

rluoromthylrulfonat. 

IWPbBECW N-(2-[S,b-dLurthary- 

p~Uet4lkaah~- 
banziaidoyl-trifluonr 

mtby1*ulroMte 

90x 

1325(3 

163wd 
1600(8) 
1580(a) 

r.oa+ 3.33+ 12.33(a) ?.43(*) 

1630(e) 

1bOSW 

1550(e) 

1515(B) 

3.90' 3.20 fr) 3.33(s) 6.93(r) 

J- 78s b.02M 7.07(s) 

(-OCR,) 3.30<#) 

1723(m)+ 0.53 (t) 3.30 (t) 3.90(a) 3.04(d) 

lbSO(r) Jo 7% J- 7Es mN*t 3.93(d) 
1610(s) 
1soaw 

7.32(e) 

l?OO(sf 

Ibm(*) 

lSb5 and 
1525(r) 

1SOo(.~ 

l&M(m) 

1620(a) 

1530(m) 

1525(91 

dscmposes very fmt' 

s.is+ 2*93w+ 3.70(e)+ b.S7(dt+ 

3.60(d)* 

ottmr (4cE.) put. +Bmnd pa&. 'APPro&tc. clticc this puk ia mperirpomd by 

C.K,ciI*cE~N-c(Ph)OSO*cF* , -_- 203 (11.11X) 104 (lb.329 9 - 104 <16.32X) 

C.R,CII,CII(CII.Ph)N~(Ph)OSO*CP~ ,_-_ # -_- 190 (4b.29X) 103 (1OXf 1Ob flO.?lX) 

(CU~O)~CIM,QI.CH.N~~C~H.~,)OSO~CP, I-- I- 164 @OX) 103 (b.SSX) 104 (3.48X) 

~C11.0lrC.u*CII*C8r~~080rCP,fCB~C.'I1~~MB~~~ 342 (19.8X) 341 (25.40X) 169 (38.571) # - 178 (11.90%) 

I ltctobmwv8d. 
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Table 8. Mass spectral data of a cyclic imidoyl chloride tehachlorooxyphosphate. 

1299 

96 100 cyclic aitrilium ion Cd’d 

36 52.5 fl "Cl 

101 35.4 C.i?."Cl N OT C.li,"Cl (loss of C,H. and ?a) 

41 30.9 W-C-ill 

131 14.5 the chloroininlum radical cation C.liroN”Cl 

133 4.0 chlaroiminim radical ion C.E,oN"Cl 

38 18.5 B"C1 

152 1.93 m"C1, 

154 1.91 PO"C1~"Cl 

156 0.74 PO"C1, 

117 4.23 m*'c1. 

119 2.82 PO"c1"c1 

121 0.92 PO"C1 radical ions * 

47 1.56 PO+ 

likely formed from the -OPCl, anion. The imidoyl chloride (by loss of POCb and HCI) appeared as a 
radical ion at m/e 131 and 133 (Table 9). By dissolving the salt and evaporating to dryness the imidoyl 
chloride hydrochloride appeared, with loss of PO& Unfortunately, all attempts to liberate the imidoyl 
chloride base or to convert it into a nitrihum salt have failed. Instead, a dimeric product formed, based 
on the appearance of a vinylic proton in the ‘H NMR spectrum at 6 6.2ppm as a triplet. The same 
product was also obtained upon heating from both the imidoyl chloride tetrachlorophosphate and the 
imidoyl chloride hydrochloride. In view of these abortive experiments this project has been postponed. 
Now by virtue of the discovery of the well-defined imidoyl t~oro~e~tes (see sub-chapter I of this 
report) and the possibility of their dissociation in liquid SOr into cyclic nitrilium ~uoroa~~tes we 
renewed our efforts towards this new group and towards other aspects of nitribum salts. 
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