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L INTRODUCMON 

1. Luming gnmps in s~~hetic chimist~ 
C$a$c syn~ctic ~KSB*IIS ym conveniently be divided into the caution of carbon skeIetons and 

&oduc&m of functronahty. Of the methods for the introduction of functionality perhaps the most 
imporumt is by nucleophific displacement. In aliphatic compounds or generaUy when dealing with 
hybrid&d C atoms, the general methods of the introduction of functionality by nucleophilic displace- 
ment have been the displacement of a halogen atom or an activated derivative of an OH group, for 
exampk a tosylate. For aromatic compounds, by contrast it has been the displacement of an amino 
group via the diazonium function that has been the most useful. 

The conversion of ahphatic amino groups into other functionality by means of a nuckophilic 
displacement on an activated derivative has been rare: displacements on trinnzthylammonioderivatives, 
&osoamide decomposition and the triaxene method all stier from poor yields, lack of generality or 
other disadvantages.* Isolated useful examples, however, have been known for a long time: examples are 
(i) the conversion of amino groups into unwon by Hoff~ e~tion reactions,2 and (ii) the 
nucleophilic dispkcements on gramine quaternary salts (e.g. 1+2).” 

2. 

of 

llte convmion of a ptimory amino into a ieaoing group 
lbuiou wk Ova the last ten years several groups have looked at the possibility of the conversion 
primary aliphatic amino into leaving groups (see Scheme 1). Good yields of n-hexyl acetate were 

(R’ l CFs, Fh. C&f,Mm) 

schentc1.-colIvaJionsofaatiaoiDto~vioggroups. 
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obtained with N(SO&H&fek or N(SOX&NO& as leaving group, provided hexamethylphosphoric 
triamide was used as solvent’ and also fair yields of n-hexyl iodide and bromide with N(SO&H.&& 
whereas saccharine was poor as leaving group.’ Si replacements of NTs, by H have been 
reportedp and also limited success for displacement reactions of N(SO&F&.’ However, in general 
cyclic groups such as scene-l,Z~isulpho~de do not appear to be pro~si~ for nu~l~ph~c 
displacement.’ 

3. Conversion of primary amino into a leaving group by pyrylium 
7’he concept. Over the last five years at the University of Past Anglia we have developed a general 

method for the conversion of primary aliphatic amino groups into other functionality via a Zstage 
sequence: (i) the reaction of the amine with a pyrylium cation to ghe a pact cation (see 3+ 4+5) 
followed by (ii) nucleophilic displacement of the N-substituent on the pyridiium cation (see S-+6). 

Prior to our work there were only two reports of reaction sequences of this type. In 1926, Ziegler and 
Fries9 showed that l-~~yl-2,4,~~phenylp~~~~ chloride thermolysed to 2,4,~~ph~yIp~~e 
and (usably) methyl chloride. More recently Susan and Balaba# mcog&ed the synthetic pas- 
sibilities of this type of transformation for converting alkyl- or benzyl-amines into their halides and 
demonstrated the expected thermal weight loss for I-methyl-2,4&riphenylpyridinium chloride and 
iodide, but this procedure has not received detailed examination. 

For the development of this reaction into a general synthetic method three sepamte investigation 
directions were needed: (i) the preparation of the reagent pyrylium salts, (ii) a study of the reaction of amines 
with pyrylium salts to determine optimum conditions for the preparation of pyridinium intermedmtes and 
(ii) a study of the nucleophilic displacements. Sections on each of these topics follow, and are then 
succeeded by a general survey of the functionality which has been introduced by this method. 

4. Prepatin ojpyrylium salts 
(i) IIre jo~afio~ of the carbon ~~~0~ Numerous methods are available for the preparation of 

pyrylium salts, and the subject has been reviewed.” In our laboratory we have found three reaction 
sequences of particular value for the preparation of a wide range of pyrylium salts in large quantities: 

(a) For symmetrical systems, in a classical reaction,‘2 two moles of a methyl or methylene ketone are 
condensed with one mole of aldehyde, often in the presence of perchloric acid or boron trifluoride 
etherate (Scheme 2). The yield is often improved by using a modification of the above sequence (see Ref. 
13), in which 1.5-2 moles of the intermediate chalcone is reacted with one further mole of ketone. In 
both versions, the chalcone also acts as a hydride abstractmg agent. 

, R’ 

9c HZ+ 

a R 

Scheme 2. Pttpatiw of a symmbical ad b sytmhcal or umymmtrical pyr@m cations 

(b) For the preparation of unsy~~~ systems, the chalcone of Scheme 2 must be derived from 
the less read&e ketone. For example, in the prepa&on of 2-t-b~l~,~pheny~~tium (IO) only the 
sequence shown (8+9+10) gives the right product. The reverse sequence (Bu’COPh and 
PhCH : CHCOPh) gives a mixture of 10 with much 2,4,&triphenylpyrylium resulting from the retro-aldol 
reaction of the chalcone into acetophenone and benzaldehyde (relevant references are given later in 
Table 7). 
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(c) When neither of the above sequences is satisfactory, it is often possible to isolate the sym- 
metrical 1Jdiketone formed from the base-catalysed reaction of the aldehyde with two molecules of 
ketone (see Ref. 14), or the ~sy~e~c~ 1,Miketone from one mole of an ~,~-~~~ ketone 
with one mole of ketone, and to dehydrogenate and ring-close these diketones in a separate step. 
Triphenylmethyl perchlorate has been used previously as hydride-ion acceptor,r5 and we have also found 
triphenylmethyl borofhroride and bromine to be useful hydride acceptors giviq yields of -8ook; of 
pyrylium salt from the diketone.” Recently we have found that chalcone (PhCH: CHCOPh) can be used 
as a hydride acceptor in pyrylium syntheses for symmetrical and unsy~~~ 1,5diketoues.” 

References to preferred methods for the preparation of some of the most useful pyrylium salts are 
collected in Table 1. 

TabIe 1. Fqsration of pytylium salts 

Cation 

2.4,6-Trimethylpyrylium 

2.4,8-Tripheny&yryllum 

2.3,5,6-Te~pha~y~~~~ 

5,6-magdro-2.4-dfph~y~ph~(l, 2-&lpyryliurn 

5.6.8, S-Tetrahydro-7-phenyldibeneoIc. +mthylium 

Ref. for preparation of 

Cl04 - 
=+I 

IL k 

c !! 
_ 54 

48 48 

48 48 

l 
A. T. Bdabm and C. D. Netiltremcu. Org. Synth. Coll. Vol. E 1106 (1973). 

b 
AT. RkhuiandA.J. Boulton. Ora Synth. ColL Vol. E, 1112 (197S). 

c 

d 
J.A. Vm AUma end G.A. Reynolds. J.Org. Chum. E, 1102 (1968). 

K. Dimroth. C. Rdchwdt JldK. Vogel, Org. Synth. COIL Vol. p 1135 (1979). 

(ii) Anion exchunge The readily available pyrylium tetra&oroborates and perchlorates are con- 
verted by weak bases into alk-2-en-1Jdiones (pseudo bases). These ~~ 1,Sdiketones react 
readily with a wide variety of acids to regenerate the pyrylium cation now associated with any required 
anion. Such reactions generally take place in high yield. salts of unstable acids (e.g. thiocyanic) can be 
made using an appropriate ammonium salt and sulphuric acid. Relevant work from our laboratory and 
from published literature is gather& in Table 2. 

lLREAf2WNOFPRl.MARYAMlNES~ FYRYUUM!4ALT!TToGIVE-- 

1. Mechanistic pathways 
(i) pnoious IN& in the lilretun. Bah&an and Susar~‘~ studied the reaction of 2,4,&triphenyl- 

pyrylium perchlorate with m&thylamine, isolated the vinylogous amide intermediate and outlined a 
probable reaction mechanism. Wilhams” studied the kinetics of the hydrolysis of pyrylium salts to 
2-ene-1Jdiones and the reverse reaction has also been examined, r9 but there were no kinetic reports of 
reactions with amines. 

(ii) pniiminary irroe.r@rtiorr~. We initially investigate@’ the reaction of 2,4,6+iphenylpyrylium 
cation with rnethoxide ion and found that the product was the 2-adduct (ll), as shown clearly by ‘% 
NMR. Comparisons with the tris-para8uorophenyl and trisparamethylphenyl analogues were parti- 
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AlllOll Methoda Yield RH. 

2,4.6-TriphMylpyryNiml 

F3=O3 
A 

==3 
A 

8-oapbtbyl-80 
3 A 

E-3 
A 

=SCCo2 
A 

Cl.pCO~ A 

No3 
A 

Cl A 

Br A 

I A 

SCN B 

F A 

S6 b 

89 b 

ws b 

a6 b 

72 0 

75 c 

70 C, 49 

87 0 

70 I 

09 19 

93 h 

88 1 

=+a B 80 C 

2,CDlphsnyl-6,6-~o~pbtho-[l,2-~]~pprylium 

=sc909 
A 95 J 

Br A as f 

SCN B 86 I 

F A 88 k 

5.6,8.9-Tetrahydro-7-pheoyldibeneo[c, h]unthyWixn __ 

Br A 85 1 

F A 80 k 

* A l pm&o-beoc, acid; B = peeodo-booe, acidic-aqueow l olutioo 

of the appropriate inorganic l alt. 

b A.M. El-Mow&y, ?&EC. Themls, Univeroity of Eaet Anglia, 1878. 

c Ref. 3s. 

d Cf. C. GaetaIdi, Gas%. dim. Ital. 9 (II). 289 (1921). 

l Ref. 33, d. T. C. Cbdwick. And. Chem. 4Ja SSS (1973) quote8 86% yield. 

’ Ref. St cf. Ref. IS! quote8 27% yield 

* Rd. 275. 
h 

Ref. 492, cf. A.T. Balabao and M. Panachtv, Rev. Rownaino Chim. 

g (11)‘ 1731 (1974). 

i A. Cbrmpxmpsi, M, SC. Theeie. Untversfty of Eaet Angtia. 1878. 

j Ref. 48. 
k 

Rwf. 68. 

cularly helpful, and demonstrated that none of tbc lladduct (12) or the open chain compound (13) was 
fomx!d. 
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By contrast the reaction of secondary amines with 2,4,MiphenyI pyrylium cation Rave the open- 
chain vinylogous amide. Siicant “C chemical shift differences suggest that the piperidine compound 
adopts ~0~~~ structure Ma, with the pyrroiidine analogue existing mainly as Mb.* 

(iii) “C NMR investi@ion of traction of n-butylamine with 2,4&i-triphenyi pyryfiwn cation. This 
reaction is more complex, and the pattern that has now been established by ‘% NMR is shown in 
Scheme 3:’ Initial reaction of n-butylamine with the pyrylium cation is rapid as is deprotonation and 
ringopening: the first product that can be detected after mixing is the vinylogous amide 19. If the 
amine: pyrylium ratio is at least 2: 1 (one mole of primary amine can be replaced by e.g. NEt3), then all 
the pyrylium salt is converted into 19. However, for lower ~e:p~~~ ratios, the diketone 17 
(pseudo-base) is also formed, presumably from traces of water present. The vinylogous amide 19 is 
converted at a measurable rate into the p~~~~ salt 29. The diietone 17, also reacts with amine to 
give 29 (probably via 19). but at a slow rate. 

scheme 3. Reaction of pyrylium salts with amines. 

We believe that in this sequence the function of the second molecule of amine is to d~~tona~ the 
intermediate 18: indeed NBts can be substituted for the 2nd mole of amine with identical results. 

(iv) Cun~io~ of 2-~kylpy~fi~m c~io~ into anifines by ~~a~ amines. 2-~e~yl~,~phenyl- 
pyrylium cation (21) reacts with cyciohexylamine to give exciusively the aniline 23 by alternative ring 
closure of interr&iate 22P BalabarP had earlier reported mixtures of the aniline and pyridinium salt in 
ratios which depended on the bulk of the amine R group, in reactions with 2,4,f&&&y]pyridinium 

21 22 23 

2. ~t~vio~ investigation of the k&tic dependence of the maction of pyrylium ~rnp~u~ wtih 
primary am&s 

(i) Mechanism of reaction. UV inves~tion~ of the mechanism of reaction confirms and extends 
the conclusions from the r3C work (Scheme 1). In dichloromethane as a solvent, provided that at least 
2 moles of amine are used per mole of pyrylium salt and up to an excess of 10 moles of amine, the rate is 
independent of the concentration of amine and is first order in pyrylium salt, indicating that the rate 
determining stage is the ring-closure step 19+#1. The reaction 19429 is subject to acid catalysis, the 
rate beii increased by - lo’ by the addition of acetic acid to the intermediates. 

(ii) ale on sulvent. Relative rates for the reaction of 2,4,~~phenylp~lium ~hio~te 
with n-butylamine in various solvents are Riven in Table 3. Clearly the reaction rate is considerably 
enhart& in non polar solvents; however, no obvious qualitative correlation was found with solvent 
characteristics. 
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T&k 3. Rektive rates for UK mction of 2.,4.drriphenylpy1yfium pmchIoratc with excess wbutykmine (at m in 
variawsdv# 

Solvent PhCl (CH2CU2 CHC$ CH2Cl2 DMSO CH3CN DiMF 

Reletive rate 22.8 15.6 14.7 13.5 1.6 1.0 0.05 

(iiii Lkpendence on nature of the anion Small but sign&ant variations in rate were found with the 
anion of the pyrylium salt utilised. Thus for the reaction of 2,4,6&iphenylpyrylium salts with n- 
butyiamine (2 moles) in dichloromethane, variations over a factor of - 2 were found (Table 4). This 
probably reflects ion pair association in the reaction. The absence of large rate efkcts of the anion is 
preparatively important. 

Tabk 4. Rcadi~ of 2~4&ripbcnylpyryli~m salts with II-BuNHz (2 moks) at 25’ in CH&: dcpmdcnu! on an@‘ 

salt F- 
BF4- 

SCN- c104- 

k. IO4 eec-1 4.9% 4.57 3.00 2.77 

(iv) S?mWz of pyryfim salt. Some rate dependence is found with pyrylium cation structure (Table 
5): jmparative aspects 8te presently being studkAN 

Pyryltum cation Relntlw rate 
eubetitution 

2.4,6-triphenyl 1 

2.3,5,8-tetrephenyl 1.4 

2-methyl-4.6-diphenyl 0.2 

B-t-but+4-phenyl- 
(2,s~h]-tetrahydronepbtbo 0.3 

2-(2,~-cpcldrexeno)-4,8-diphany~ 1.8 

Structure of 

product 

248 - 

ze 

2s 

ss 

zs 

(v) SYmtm of amine. Relevant rate data (Table 6) indicate that primary carbylamines react co. IOZ 
times faster than secondary carbylamines and that within each of these series sterk hindrance has 
significant Muence on the rates. Electronic effects are also sign&ant, as shown by a comparison of the 
rates for aniline and its p- and m-nitro derivatives. 

Tabk 6. R&t&e rates for the readion of 2,4,6_triphcny41yq%1m pmhlomte (Imok) with primary am&s 
(2 moles) at w in dkhbrawthiU# 

RofRNR2 

Et 

Mol acetic 
acid 

0.0 2.36 

RelPtive rate 

102 

n-Bu 
0.0 

i 0.065 

1.73 

7.84 3 
83 

PhCR, 0.065 6.04 64 
* 

i-Pr e .065 

4.03 

0.094% 

5.39 1 
1.00 

cw-CfjQ 4.03 3.75 0.70 

Cycle-C*Q 4.03 3.02 0.56 

PhC!R(Me) 4.03 1.13 0.21 

Ph 4.03 8.86 1.64 
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3. pteparative aspects of conuersion of amines into pyridinium salts 
(i) Ptzuious work. Numerous examples of reactions of pyrylium salts with primary amines are found 

in the literatme; generally the conditions reported are more severe than needed. Guided by the kinetic 
measurements above, and by experience we recommend the following sets of conditions. 

(iii) 2,4,~T~~~y~y~~~~s. A slight excess of the amine (say lO%-this can be replaced by 10% 
of NEQ is stirred at 20“ with the pyrylium salt in ether or dichloromethane. other solvents can also be 
used, e.g. ethanol, but do not give as good results in some cases. For slow reactions, i.e. those involving 
secondary carbylamines and arylamines, the addition of acetic (or other) acid after the initial mixing 
helps speed up the reaction to a convenient rate. Typically such reactions are left for 3-12 hours: if ether 
is used as a solvent the product separates as formed. For other solvents, ether is normally added to give 
the product. 

(iii) Uther py~~~urns. The conditions described above can be used widely for primary carbylamines 
and for benzylamines. However, for arylamines increasing steric hindrance necessitates increasingly 
vigorous conditions. 

(iv) Influence of anions. The conditions described do not depend in general on the anion: however, 
this does not apply to chlorides, fluorides, and tosylates. Many of the pyridinium salts of these anions 
are hygroscopic, and this quality makes them di&ult to cry&a&e. In such cases, use of superdry 
ethanol or azeotropic removal of water may be needed. 

(v) Suruey of pyridkium salts plcpand Table 7 surveys the salts which have been prepared, 
class&d accordii to pyridinium cation and anion, 

IIL ~C AfiPECB OF ~C~~C ~~ OF No IN ~ CATfONS 

1. Standard reuction investigated and ultruviolet technique 
Our initial kinetic experiments were carried out with l-benzyl-2,4,Wiphenylpyridinium tetrafhroro- 

borate and piperkline, and utilised the ultraviolet technique to follow the disappearance of the 
pyridinium cation and the appearance of the pyridine. Reactions are 1st order in pyridinium compound, 
and 1st order in piperidine.B For reactions with anionic nu~l~~es large salt effects occur, as expected 
for reactions between charged species,as which decrease the apparent second order rate constants 
markedly at higher concentrations. 

2. Brpendence on the solvent 
The reaction of l-benzyl-Z,4,~tripheylp~~~~ perchlorate and tetra-n-butylammonium iodide 

was studied. For each of the two classes of (a) hy~xy~c and (b) non-hy~xy~c solvents, log kr 
decreases linearly with solvent dielectric constant. The rate is greater in a non-hydroxylic solvent for 
equal dielectric constant.2s 

3. Dependence on the carbon substituents on the pyridinium n’ng 
The impor%nce of the 2- and aphenyl groups in sterically accelerating the N-C bond heterolysis is 

clear from the relative rate data in Scheme 4. The rate for the l-~~yl-2,4,~t~p~nyl derivative 24a at 
loo” with pipe&line in chlorobenxene solvent is taken as standard. Replacement of the 2-phenyl group by a 
2-methyl in 24b reduces the rate considerably; when a cyclohexeno substituent occurs in the 2&ositions 

(as in #I) instead of the 2-phenyl then the rate reduction is considerably less ; for the 2,3+~lopenteno 
substituent (in 29) the rate drops again to near that for the 2-methyl analogue 24b. In addition to the f&2 
mechanism shown by the 1~1-~4,~~p~ny~~~~ 24a, some of the other compounds show SN~ 
components which complicate precise rate comparisons. 

However, an increasing number of substituents in the pyridinium ring does not of itself increase the 
rate. Thus the 2,3J,Metraphenyl (26) and 2,3,4$,~pentaphenyl derivative (27) both react signilicantly 
more slowly than the triphenyl analogue. Introduction of alkyl groups iuto the 3-position of 
2,4,6-triphenylpyridinium also causes rate slowing down as seen in the effect of 3-methyl(25b) and 3J- 
dimethyl (25e) Susan. 

The replacement of the 2-phenyl group by a tertiary butyl group in 24e also slows the rate down, 
although by a much smaller factor than the corresponding methyl substitution Replacement of the 
2-phenyl group by thienyl(24e) or o-nitrophenyl (24d) has little effect on the rate. 

A very significant rate enhancement by a factor of about 60 occurs when one of the phenyl groups in 
the Zposition is constrained into a more nearly phtnar situation by a CH&H2 side chain in the tricyclic 
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derivative 30s. When this constraint is done for both the 2- and the 6-phenyl groups in 31, the rate 
enhancement is about 1000 (see Scheme 4). Again iu the tricyclic system 30 the presence of an additional 
substituent in the vacant position has a deleterious effect and the rates for the ?I-methyl, 3-ethy1, and 
Iphenyl compouuds @Oh, c, d) are each much less than that for the unsu~ti~t~ analogue (3Ua). 

If instead of the ethano group we use a single CH2 as a linking unit, then the rate enhancement is 
much fess, as is shown in compounds 32 and 34. 

14 
.: R=F% 

b: MC 

0: BP’ 

X6: a=x 
x0: n=1 

31: n-a : 

sa:n=1 : 

We have also investigated inductive effects on kinetic rates. One series is shown in Table 8: various 
subs&ents are placed in the dphenyt ring. The relative rates show clearly that electronic effects are 
rebtively modest. 

4-(Substituted phenyl) H E-Me g-F @zl E-Br E-Cl E-OMe _ m-NO2 

Relative rate 1.00 0.9 1.2 1.5 I. 5 1.4 0. 7 1.6 
_. -- 

4. Lhqm&nce on the N-substituent 
As seen in Table 9, aliphatic N-substituents are transferred more slowly than benzyl to piperidine. 

The rate depression is least for methyl and greater for other n-afkyi groups. 

ToMe 9. Relatin WCS for ~U&XI of N-s~b&~kd-Z,4~ylp~um tctrafhorob~~~~~ with pip&i= in 
cbba= 

N-Subrtltuent Me 

Relatiw rate 0.13 

Et aA n-C6H11 
PhCH3 

co.01 1 
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5. LApndence on displacing nucieophile 
The influence of steric hindrance is shown in Table 10. 

Table 10. Rdative rates for the reaction of lknzyl-2,4,&1iptn!aylpyridinium pcrchbratc with amine nuclcophiks 
at lap in cblorubeozm~ 

Substituted eyridines 

Nucleophtle Piperldine /n Z-Me 2,6-dih¶e’ 

Relnttve rate lo4 65 16 5 

. 

(i) lk conversion of aliphatic, aromatic and hetenoaromatic primary amines into iodides. 2,4,& 
Triphenylpyrylium iodide reacts with ahphatic, aromatic and heterocyclic amines to give pyridinium salts in 
high yields.” For the ahphatic amines, ether was found to be a useful solvent; for the less nucleophilic 
amines reaction was attained in refluxing ethanol. On heating at temperatures between 135 and 1W, for 
ahphatic and benzyf derivatives, and at 20&W for aromatic and hetero~o~tic derivatives, the 
pyridinium iodides decomposed smoothly into 2.4,Wiphenylpyridine and the iodides corresponding to the 
originaI amines. Table 11 shows the wide range of compounds to which this method is applicable together 
with the yields over the two stages. 

Table Il. Pqwation of iodides (RI) by thcmolysis of N~~~-~4~~~ylp~~ iodidd” 
, 

R n-AR@ 2.Alkyl 
c2 c4 es c4 

Ally1 (CR2)&$H 
Q,W-Di Sub& benzyl 
c4 C6 H E-Me _p-Cl 

Yield (k) a3 78 79 a3 a5 78 a5 81 58 65 52 

Useful preparative techniques for the conversion of nondiazotizable primary amines into iodides have 
previously been rare. N-Hexylamine was converted into the N,Ndi-p-nitrobenzenesuiphonyl derivative 
which gave N-hexyl iodide on nuc~~ph~ic displa~ment with KI, but this reaction was not generatised.’ A 
recent method for the conversion of pyridyfamines to the corresponding pyridyl iodides has involved 
heating the intermediate nitramines with phosphorus iodides.= of course the conversion of anilines via 
benxenediazonium salts into iodobenzenes is generally applicable to diazotizable aromatic amines, but fails 
for example for metaphenylenediamines. 29 As discussed above, I-methyl-2,4,Mriphenylpyrylium iodide 
had previously been pyrolysed by Balaban and St~san.‘~ 

(ii) Conjoin of pear Skye and b~zy~amines into b~mid~. Our initial workM showed that primary 
alkyl- and benzyl-amines reacted readily with 2,44&i- and 2,3,4~,~~n~phenylp~fium bromide to give 
the corresponding pyridinium bromides. The latter were pyrolysed at their melting point which gave 
bromides in an average yield of 60% in the triphenyl series; in the pentaphenyl series the higher melting 
points made the reaction less successful. 

Later?’ .we showed that use of t~phenylp~dine as a flux decreased the fusion and decomposition 
tem~ra~s conside~b~y: for the 2,4,~t~phenyi series and for the 2,3~,~tet~phenyl4p~hlo~phenyl 
series the pyrolysis yields now averaged 8046 (Table 12). However, attempts to prepare aryl and heteroaryl 
bromides in this way failed. 

Series Yield (k) Et n-m PhCH,CH, PhCHz p-M*CRH4CH2 @X,H,CH, 

eChloropheny1 h yridinium 96 75 aa 13 88 

Br 97 75 _ 15 72 79 

Triphenyl b pyridtnlum - - 83 74 a3 

Br * _ 78 80 79 
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Few other methods are available for the conversion of primary aliphatic amines into bromides, but 
recently conversion via a triazene has been used to give yields of around 60% although olefins and 
secondary amines are formed as side products.” 

(iii) Conversion of pique alkyd and ~~1~~ into chlorides. Our first procedure for this 
conversionS invoived initial preparation of pyridinium tetrafluoroborates formed by reaction of the 
primary amines with 2.4,~~phenylp~lium tet~uo~~~te and pyrolysis of these salts with the 
KCl-NaCl-ZnClr eutectic (m.p. 2039 at 200-240“ when the corresponding alkyl or benzyl chloride distills 
out in yields of around 50%. 

We had used this method of an external chloride nucleophile because initially we found it difficult to 
prepare the 2,4,~t~ph~ylp~~~ chlorides from the primary amine and 2,4,~~phenylp~lium 
chloride. However, it transpires that this reaction in fact goes readilp but that in order to get the 
p~~niurn chio~de to crystal&e it is necessary to remove the water by azeotropic. ~s~ti~~3 When 
this was done it was found that thermolysis of the N-benzyipyridinium chlorides occured even below 
lOtP, and for the N-alkyl compounds was complete in 20 minutes at 120-130” to produce the correspond- 
ing benzyl and alkyl halides in excelIent yields. Details are given in Table 13. 

Table 13. Thermolysis of N-substituted-24,~~~~ylpyridinjum chlorides to alkyl and beazyf chbrideP 

R 
o-Alklyl Subs& benzvl 

‘c4 c7 C8 H e-Me O-Cl e-Cl 

Yield $6 98 98 99 97 98 54a 66 

a Reaction occurs in eolutfon. 

The most general previously available method for the conversion of primary and secondary alkyi 
amines into chlorides has been the von Braun acylation, and subsequent treatment with phosphorus 
~n~c~o~de which has certain ~s~v~~es.~ 

(iv) The preparation of alkyl and bentvf jluo&ies from the corrcspondng primary amines. stable 
2,4,~~phenylp~lium fluoride reacts under carefully defined conditions (continuous removal of water 
by azeotroping out with benzene and ethanol) with a variety of alkyi and benzyl primary amines to give 
the corresponding pyridinium fluorides as stable crystalline solids.” The melting points of these 
pyridinium fluorides lie in the range 80-120’ and on heating to just above melting, the N-alkyl and 
N-benzyl derivatives decompose smoothly to give the ~o~s~n~ fluorides. It is essential that 
lluotides are quite dry before pyrolysis (one week drying in vacuum was needed). Yields over the two 
stages are given in Table 14. Heating the ~~o~~te salts with KF and t~ph~yip~~e as tIux 
gives some fluoride, but the yields are poor and the product is contaminated with hydroca&on. 

Table 14. Conversion of amiocs RCHtNH2 and biwmim [NH2(CH*~NH21 into horide and wwdifiuorides via the 
~4~~p~n~~~ fluolides~s 

R 
n-Al kyl Bis- Benzyl 

C? C8 Cl1 W214 (C%‘6 (CR216 H pc1 pa 2,4-DlCl 

Yield of 
intermediate (9bj 82 78 85 82 85 88 78 82 72 88 

Yield of RF (s6) 85 42 55 48 48 52 82 85 87 61 

Previously no convenient method for the conversion of nondiazotisable primary amines into 
fluorides has been available, in contrast to the widely used Schiemann conversion of primary aromatic 
amines into aryi fluorides. 

2. Nucleophilic displacers by oxygen and sulphur n~l~p~~ 
(i) Con~e~ion of atnines into esters and alcohols. N-Alkyl and N-benzyl-2,4,ahiphenylpyridinium 

tetrafluoroborates when heated with an intimate mixture of sodium acetate, sodium benzoate, or sodium 
butyrate, to ill&22V together with a quantity of 2,4,6-triphenylpyridine which acts as a llux, yield the 
~s~~~ esters @able lS).X Such reactions proceed in acetic acid at loo” if the more reactive 
pentacyclic system (see 31) is used. The hydrolysis of esters to alcohols proceeds in high yield.= 
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Table 15. Convcrhs of N-substituted 2,4,&iphcnyIpy&finitm tetrsftuordwuat 
bawate es&s (PhC&R)= 

es into aceta&(CH#X&R) end 

8 

R 
Kl-AlkYl Subst. bena@ Picolsl~ 

Cl c2 c4 H g-Me 
PhCH2CH2 2 9 

Yield of acetate (%) 65 79 75 70 70 70 60 70 

Yield of benmate (9;) 70 60 85 85 - _ 68 75 

Although elementary texts frequently show the conversion of primary amino compounds into their 
hydroxy analogues as being achieved by nitrous acid, in reality the products from such react&s of 
aliphatic amines are usually complex.~ previously, primary amine ditosyl &rivatives have been 
converted into corresponding acetates by potassium acetate in hexamethylphosphoramide as solvent.’ 

More recently we have shown that 2,4,6triphenylpyrylium trlfluoroacetate reacts readily with 
primary amines to give the corresponding pyridiuium trifluoroacetates as stable crystalline salts, which 
decompose on gentle thermolysis (- 160’) to give the easily hydrolysable trill uoroacetateestersinhigh 
yield.m 

(ii) C’o~uersion of primary umines into nitrate esters. Nitrate esters can be prepared from alcohols by 
O-nitration with mixed nitric-sulphuric acid@ (which requires elaborate safety precautions) or transfer 
nitration with N-nitrocollidinium tetralhroroborates;” or by metathesis of the corresponding alkyl 
halide~.~ No general method for the conversion of primary carbylamines into nitrate esters has been 
previously reported: deamination with dinitrogen tetroxide” was limited to three examples. 

N-~kyl-2,4,~~phenyIp~~ui~ nitrates are easily prepamd by the reaction of 2,4@riphenyl- 
pyrylium nitrate with primary amines, and their pyrolysis, under vacuum, leads to pure alkyl nitrate 
esters, in good yields (Table 16).” 

R 

Ymld 
/%I 

PhCHS p-C1CgH,CH2 p-biS!C&pi* a-c H 8 13 
90 ati 08 

60 73 68 

(ii) Con~jon of ague amines into &/ws. l-Benz@ - 2,4,6 - ~ylp~~~ tetraWro- 
borate reacts with ~~~-~ph~o~de in refluxing dioxane with ~-~-~~o~~ bromide as a 
phase transfer agent to yield benzyl-fi-naphthyl ether (71%)” 3- and Wicolylamine have also been 
converted via reaction of the corresponding 2,4,6triphenylpyridinium cations with sodium phenoxide 
into the corresponding picolyl phenyl ethers.” 

(iv) Conversion of primary amines into aMehyd&. The pyrolysis of N-substituted 2,4,Mriphenyl- 
pact ~~u~~~tes with sodium I- oxido - 4,6 - diphenyl - 2 - pyridone”j afIords a envoy 
of amines into aldehydes (Table 17) under neutral and non-oxidative ~onditions.~ 

Tabk 17. Convmion of mines RCH#& into alrkhydes RCHO” 

R 
. a-AIkyl_ 
es c7 Vinyl -H 

Pyridyi 
2 2 9 4 

Yield % 20 S 9 47 58 42 96 27 42 S2 

1 - Benzyl - 2,4,6 - triphenylpyridiniums are oxidized to substituted benxaldehydes by K&r& in the 
presence of n-Bu;N+BF,- in ref?uxing 1,2dichloroethane, The yields are subtly &reased by the 
use of 1 - benxyl - 2,4 - diphenyl - 5,6 - ~y~~~o~~.~ 

(v) Conversion of primary a&y& benzyl und aryl amines into thiocyanah Primary amines react 
readily with 2,4@riphenylpyrylium thiocyanate to form the corresponding 1 - substiMed - 2,4,6 
triphenylpyridinium thio~yanates.~ In the case of the I-alkyl and l-bet@ derivates these, on heating 
with triphenylpyridine as a fhrx, smoothly decompose to give the corresponding alkyl and benxyl- 
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thiocyanates in high yields (Table 18). These thiocyanates contain only very small quantities of the 
corresponding isothiocyanates. 

Tabk 18. .‘npacah of alkyl thhyamh lysis of 1-SIIW Z%tGhfmylpyhdinium 

R 
II-A&Y1 

Cl c2 c3 c4 es 
i-Bay1 

Sub& benzrl 
fCH2)3*H n p-m 

PhCCH2CHZ 

Yield % 95 90 61 67 62 67 67 63 64 65 

& 

The 1-~~2,4,~~ph~ylp~~~ thiocyanates on thermoiysis give only low yields of the cor- 
responding aryl ~~y~~. However good yields of aryl thiocyanates were obtained by the ther- 
molysis (using the KSCN-NaSCN eutectic as flux) of N-~l~y~~~~oli~urn thiocyanates at 
22P (Table 19).m 

Tabk 19. I%qwatim of ahtiMed phenyl thiocyaaates (X&H,SCN) by tlwrmolysis of 1 - aryl- 2,4 - dipbcnyl- 
$6 - dihydroh@hjquinolinium thiocyanatcs”” 

X * - m-Cl It-Cl - m-Me p-Me p-OMe _ m-NO2 3-Cl-4-Me 

Yield (9 08 S4 88 72 84 96 80 ‘80 

\ 

(vi) Reaction of ethyl xanthate anion w&h pynidinium suits. N-Alkyl-2,4,&iphenylpyridinium 
perchlorates or aunt undergo nucleophilic substi~on to yield the corresponding 0 - ethyl - 
S - alkyl ~~~~tes on reffuxing with potassium ethyl xanthate in benzene. No reactions occur 
with these N-alkyl salts in ethanol, but the more reactive I-benzyl analogues on refluxing in ethanol 
readily give the dithiocarbonates in good yield (Table 20). 

Tabk 20. Pmpadon of dkyl and benzyl ethyl xanthatcs (RSCSOJ3) from l-substituted 2,4&tr@hcnylpyaidinium 
perchIme 

R 
n- Alkyl 

‘Cl c2 cb ‘H 

Substituted bcnzyl 

p-Me p-Cl p-OMe 

Yield 6) 40 64 80 73 04 61 60 

(vii) Reucriun with thioma Thiourea and NN’dimethylthiourea react with l-substituted 2,416 
~ph~y~~~~ and 24 - diphenyl - 56 - ~~~~~~~01~~s in refhrxing chlorobenzene 
to give the corresponding Salkyl and S-benzyl thiouronium salts ( > 85%), which are readily hydrolysed 
to the thiols.e 

(viii) Reaction with sulphinite anion. 1 - (4 - Pyridylmethyl) - 2,4,6 - triphenylpyridinium perchlorate 
reacts in rethrxing ethanol with sodium tohrene-p-sulphinate to give (4pyridyhnethyl)p-tolyl &phone in 
high yield& 

3. Reactions with nit- iuidphosphoms nuckophik 
(i) Reaction of l-substituted pyria?nium salts with sodium succinhnide and potassium 

phthalimide These reactions take place readily on heating the pyridinium salt with triphenylpyridine as 
&IX to give the corresponding N-substituted succinimides and phthalimides in yields around 75% (Table 
21)? 

‘kbk 21. Reparation of N-suhtbd suocinimides, pht#dimi&s, aad ~~~ from N-substituted 
24,btripky~yridioium tetraffwroborptes” 

N-SubmtitWInt 
n-A&y1 Pa 

- 
PhCH2 Q-C1C$4CH2 

ICl c2 c3 c4 C6. 

Yield ol euccfnimide f%) 75 66 64 SO 65 - 80 

Yield of phtbalfmids (s) 75 75 ES - 60 - Sa 65 

Yield of N-phenylbenaene- 
wlphoaamide (%) 69 71 75 85 - 33 65 

Yield of N-ethylbsnsene- 
l alphonamide (%) 38 42 - - - - 48 
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(ii) Rcocrion with sodiwn safts of N-substituted suiphonamides. These also occur in triphenyl- 
pyridine as flux: series of N - substituted - N - phenyl- and N - substituted - N - ethyl - ben- 
zenesulphonamides were prepared in this way (Table 21)?’ This reaction provides a method of 
conversion of primary into secondary amines by hydrolysis of the sufphonamide derivatives formed. 

(iii) Comersion oj~~u~ into tertiary umines. 1 - Benzyl - 2,4,6 - ~ph~ylp~~urn perchlorate 
reacts with secondary amines such as piper&e or morpholine, to give the corresponding tertiary 
amines in high yield without complications arising from the formation of quaternary salts. This is 
attriiutable to unfavourable steric interactions in the transition state. The 2- and 6-phenyl groups not 
only sterically accelerate the loss of the 1-benzyl group, but also shield it at the same time from the 
approach by bulky nucleophiles, thus the selectivity of the reaction is high. Siiar reactions have been 
achieved with 2-, I, and Bpyridyl methyl groups as l-substi~en~ in 2,4,~~pheny~p~~~~ cations in 
reactions with secondary amines. 

(iv) Conuersion of primary mines into quuternary salts. 1-Substituents in 2,4,6triphenylpyridinium 
salts are readily transferred to tertiary amines by heating with pyridine or its 2- or 4-Me derivatives.” 
Such reactions are illustrated in Scheme 5. 

, 

- c-3 :filR 
d 

ClO,- 

R ;I Hz 

p-Me P-Q 

B4 SQ 

sellcole 5. conYcrsion of prinmry amilEs to quatcmary salts. 

(v) ConueAon of primary umines into azidis. l-Substituted 2,4,&tiphenylpyridinium salts react 
with sodium azide in dimethylformamide at 130” to yield alkyl and benzyl azides in high yields (see Table 
22)?’ 

Tabk 22. Prepada of azidcs from I-subs- 2,4,atripbenylpvridiniumtripknyipyridhium tetdmoboratd’ 

n-Alkyl PhCHZ Ph(CH,JZ e-MeCdH,CH2 ~J-CIC,,H,CH~ 2.4~C12CsH3CH2 

R ‘csci? 
Yield a?Ma (%I 74 55 85 73 73 77 69 

(vi) Reaction with triQhenylphosphine. 1 - Benzyl - 2,4,6 - triphenylpyridinium perchlorate reacts 
with triphenylphosphine to form the phosphonium perchlorate in quantitative yield, and similar reactions 
were discovered for the 2- and dpicolyl analogues.” This reaction offers in principle a route to Wittig 
reagents. 

4. Reactions with carbon ~ct~p~es 
(i) Nudeophilic displacements with maionate and andogow unions. 1 - Benzyl - 2.4.6 - triphenyl- 

pyridiniums and 1 - benzyl - 2,4 - diphenyl - $6 - dihydrobenzo[h]quinoliniums react with sodio 
derivatives of diethyl malonate, ethyl cyanoacetate and ethyl phenylacetate in reflting dioxane or 
GMimethoxyethane to give the corresponding monobenzylated esters (P70%). These reactions fail as 
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preparative methods for C-alkylation but N - alkyl - 7 - phenyl - 5,6,8,9 - tetrahydro- 
dibenzo[c, b]acridiniums are sufficiently reactive and give high yields of diethyl alkyhnalonates and 
ethyl alkylcyanoscetate in refluximl xylene.& 

(ii) C-A&ykfim of nitronate mims. Although nitronate anions are normally O-alkylated, we find 
that I - subsets - 2,4,6 - ~ph~ylp~~~~ cations react ~0s~~~ with simple nitronate 
anions to give the corresponding C-aIkylated nitro compounds in yields which average 60% (see Table 
23): benxylations proceeded in ethanol, for the alkylations dimethyl sulphoxide was preferable. At least 
some of these reactions probably involve a radical mechanism.s2 

Table 23. Yields (96) of C-alkylatioa products (RCHzNQ, RCHMeN& and RCM~NW of &onate anions with 
N-substituted-Z,4,dtriphenyipyn’dinium tasty 

Anion of 

Nitrometbane 

Nltroetbane 

I%-Btttyl 

48 

N-Substituent of fsyrldlnium cation 

n-Hexyl Eklltyl e-Methylbenryl p-Chlorobenzyl 2.4-Dlchlorobentyl 

76 66 62 52 

36 53 54 57 35 

%Nitropropsne 73 62 41 

5. Rqlacement of amino group by hydmgen 
(i) Conversion of N-allyl, N-betuyl and N-hetemarylmethyl amines to the corresponding hyhgen 

compounds. N-Substituted 2,4,6 - triphenylpyridinium salts are reduced by borohydride in good yield to 
the l&dihydro derivatives. The behaviour of these ~m~unds on heating depends on the nature of 
the N-substi~~t. If this is ally], benzyl or he~~~yl then the ~y~p~~nes decompose 
smoothly at around BO” to give 2,4,6-triphenylpyridine and the compound in which the original amino 
group has been replaced by an H atom (Table 24).“3 

T* 24. Yields of deanbed products (RCH3~~~~~~y~~ of l_(substituted whylf-2~4,wiph~11yl-1,2- 

R CH2:CH Ph l-Fury1 2-Pyridyl 1- Pyridyl 

Ylekl (70) 81 75 82 75 71 

The mechanism of this reduction has been investigated by deut~um labelling for the case of the 
N-benzyl substituent. Heating the 2 - deuterio - 12 - dihydropyridine gives only w-and no 2-monodeu- 
teriotoluene as shown most convincingly by deuterium NhfR. This strongly points to a radical 
mechanism for the reaction as the electrocyclic mechanism should give a mixture of otiho- and 
odeuterio derivatives (Scheme 6).” On the other hand, for an N-ally1 type substituent the reaction may 
take an electrocyclic c&rseP ’ 

F% 

TETRAVdKNa5-B 
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BY contrast 1 - aryl - 2,4,6 - triphenyl - 1,2 - ~hy~p~~es are thermally very stable compounds. 

1 - Alkyl - 2,4,6 - ~phenyl - 12 - synopses, ~0~ they decompose fairly readily on thermolysis, 
give a complex mixture of products?* 

(ii) Cun~~n of pear ~~~~ into the ~0~s~~ hydras. skylines react 
readily with 2,3~,~te~p~~~~~ cations to yield the corresponding pyridinium salts. These 
compounds are reduced regiospe&caUy by sodium borohydride to the l&dihydropyridines; steric 
hindrance directs the attack by the borohydride nucleophile into the dposition. In contrast to the 
Qdihydro analogues mentioned above, these N-alkyl-Mdihydropyridines thermolyse smoothly at 
180-W to give the corresponding alkanes in synthetically useful overall yields (Scheme 7 and Table 
25% 

Scheme 7. Cooversion of primary alkyd into hydrowbom. 

Table 25. Yields of &aminaM woducts (R!Qy~i9ysis of l-substituted-2,3J,~y1-l,~ 

R n-C 
6% “-%*l? 

Ph PhCH2 Ph(CR2)2 ~-ClC$4CH2 

Yield (%I 68 88 54 44 64 62 

Few general methods are available for the ~sfo~tion of saturated primary amines into COP 
responding hyphens, One sequence used by Nickon et 1% has involved the reaction of sodium 
derivatives of s~pho~~s with hy~xyl~~~pho~c acid salts, and another general methti 
enables the conversion in one step but utilises the difficulty available reagent ditluoroamine (HNF& A 
third more recent method6 is the reduction of N,Ndisulphonimides with sodium borohydride. 

(iii) The conversion of primary a&mines into the comspanding hydrocarbons. The method des- 
cribed above for saturated alkylamines can be applied to arylamines but very high temperatures of 
around 300” are required and the yields are variable. However, we have recently discovered that N - aryl 
- 2,4 - diphenyl - 5,6 - dihydrobenzo[h]quinolinium ftuorides when heated at 160” give the corresponding 
arenes @S-*36) in yields around 60% (Table 2.6). The mechanism of this reaction is not yet settled but is 
probably of radical type? 

9s 86 

T&k 26, &&$ve dcaminabjon of pimary aryltmiaes via N - sthdt&d - 2,4 - diphmYl - 5.6 - 
~~~~~ 

dihy- 

\ 

N-Sub8tituen~ fR) 
CsH5 

@l-C,H, p-Br-Cf14 

Yield 1%) RH 80 57 82 

6. Rim jmnatim mctions us&t pyridinim salts 
Very little work has yet been canied out in this area: although initial attempts to prepare 

three-membered rings were only parGaIly successful,sp later work indicates that the intramolecular 
ring-closure of amines containing a nucleophilic group elsewhere in the molecule via pyri&ium cations 
can give high yields.@ Fslrther work is phumed. 



Conversions of pfhmy amioo groups 695 

7. Pntpamtive adwntages of tmnsformations of amine8 mediated by pyrylium salts 
(i) Genemf adwantages. Obviously where an amino derivative is more readily available then a 

hydroxy compouud or the halogen analogue, reactions of the types mentioned wiIl be of considerable 
value. This applies, for example, to some amino acids and to certain natural products containing amino 
groups. 

A second advantage lies in the greater selectivity of the reaction. The special steric factors not only 
accelerate the cleavage of the CN bond, but also hinder the approach of the nucleophile to the 
electrophilic ceutre and thus increases selectivity. An example was given in the discussion of the 
reactions of N-substituted pyridiuium cations with secondary amines to give tertiary amines un- 
contaminated with qWemary sahs (Section IV. 3. iii). 

A third advantage of the reaction is that certain ~sfo~tions are enabled with it which are 
otherwise not possible, for example, the C-atkylation of nitronate anions (Section IV. 4. ii). 

In addition to these general advantages, certain specitic advantages apply if the corresponding 
halogen0 compounds are unstable or unpleasant to work with. Sections dealing with three examples of 
this now follow, 

(ii) The preparation of py~dy~~hy~ daivutives. The p~dy~thyl halides are very unstable 
compounds which readily polymerise and also possess unpleasant physiol~c~ properties. Their use in 
the preparation of ~-substituted picolines can be avoided for each of 2-, 3- and Cpicolylamine is readily 
converted into the corresponding 2,4,Mriphenylpyridinium cation and these react with a wide variety of 
anionic and neutral nucleophiles to aiford the desired o-substituted 2-, 3- and dpicolines in good yields 
(Scheme 8).& 

X plrrtdim. morphollns. 4-p1co1tn* mQsP ptp*rldbo 

Yield (*1 75 70 70 71 81 

X Pm. Ph!3, P-MS c#p,q bcbquimlln* 

Ytald(%) 75 16 at ea 

sobane 8. prepado of 4-pkolyl claiwivos. 

(iii) Z%pu&on of u-substituted picoline N-oxides. The 1 - (3 - picolyl-) and 1 - (4 - picolyl) - 
pyridiuium cations mentioned in the preceding paragraph are oxidised by m-chloqwknzoic acid into 
the corresponding Noxides in high yield. These Nsxides now undergo the famihar nucleophihc 
dispIacement reactions to yield ~-su~~ picoline Noxides (see Scheme 91:’ 3- and rcphenyl- 
~0~~~~~~ l-oxides prepared in this way would be di&uIt to make by other methods. 
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(iv) Preparation of futjwyf dcrioatioes. Although the chloride is more stable than other furfuryl 
halide~,~ it polymerises on heating and cannot be stored for long periods, further it has a tendency to 
give S-substituted produc@ by what are effectively !!$,2’ reactions. 

In contrast ftnfinylamine is stable and readily available and is converted into the 2,4,6triphenyl- and 
2,4,6 - trimethyl - pyridinium salts by the appropriate pyrylium.~ Both pyridluiums react readily with a 
range of nucleophiles to yield a wide variety of 2furfuryl derivatives (see Scheme 10). 

!kbtm 10. pltpaah of 2-fluylmethyl dclivativm. 

In addition, the 2,4,fAriphenylpyridiniomethyl group also protects the furan ring in electrophilic 
substiMion: 1 - furfuryl - 2,4,6 - triphenylpyridinium undergoes bromination smoothly to yield the 
S’bromo derivative (85%), which now reacts with nucleophiles to form the corresponding 5-bromofur- 
fury1 derivatives.64 ’ 

V. EUMINATiON AND ~G~A~ON REAmNS OF NMMITKTB n tXMWNIB 

1. Ilu! concept of deommo~ion 
Whereas the concepts of “dehydration” and “dehydrohalogenation” are very familiar, that of 

“deammouiatlon”, i.e. the loss of a molecule of NH3, is not at all. In Scheme 11, these concepts are 
compared. Most dehydrations require a “dehydrating agent”: it is the same for deamination: we can 
consider pyrylium salts to be “deammoniating agents” in this context. 

c-x C 
i 

tf-X P 
C-H C-H - C 

X-ON . . . . . dehydmuoa X-h&V-..... ~Yd-=hm=~- 

X’NN;..... -0rd8nm 

R-f0 - R-N=c=o 

‘NH-X I -Plu of 

l-r-w=* 

PX _3) 

R-C R&&-R 
\ 

R 
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2. Lkammoniation without rcarrongcmcnl 
(i) Ilu prep&on of o&$nes. Reactions of type 37 -38 + 39 

investigations in this area are proceed@ 
Ph Ia 

Rl 
pmtal raptor 

51 

3. lkammoniation with tvarmngement 

as 

697 

offer considerable promise; our 

Ph-cH=cl$ 

39 

(i) IBe pnpamtion of isocyunuks. The reactions of Scheme 12 offer an alternative to the Curtius 
preparation of isacyanates from acid hydrazides or acid chlorides, avoiding the use of nitrous acid and 
azides. The yields are high (Table 27)pl’ 

F?l 

40 

scheme 12. Altmlative to Clutius raakm. 

Tabk 27. preppratioa of isocyanatcs (RNCO) by tbamlysis of ecylimide~ (4DP 

R Ph J?-M&9H4 pMeOCaH4 PhCH tCIi PhCH3 II-Pr p-ClC9H, 

Yield (5) 96 95 93 90 76 94 99 

(iii Zhe prepamtion of carbodiimidcs. Most methods for the preparation of carbodiimides start from 
qmine~: most reactions which start from carboxylic acid derivatives arc of minor synthetic utility 
(exception: the thamolysis of 1,2,3J~xathiadiazole 2+xides)? e.g. the pyrolysis of 1Jdiaryl- 
tetrazole#’ is preparatively limited to symmefricd carbodbides as disproportionation occurs. The 
sequence of Scheme 13 is a useful addition to methods for the preparation of unsymmetrical diaryl- 
carbodGdes in good yield (Table 28).” 
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Table 26. Pqmtioa of &xx&ida PbN=C=N&H,X (see !Mmm 13jw 

X Ii phle p-Cl p-Me0 o-Me O-Cl 

Yield ofp_' 92 Qi 90 Qa 93 QO 

(%I 
q 87 92 85 87 90 92 

42 88 96 95 95 92 93 
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