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Abstract: Addition of pyridins to benzoylcwbonitrilc oxide affords a 
fragile zwitterionic adduct, rhich slowly reverts to the addends, leading 
ultimately to bsnroyl isocyanete end products deriving from it. A noderotely 
rteble cycloadduct is obtained in the reaction with isoquinoline. 

In Polar solvents pyridine catalyzes the diwrizetiwc of bentonitrile oxide @NO) affordin 

quantitatively the “abnormal” 1,4,2,S-dioxedirzine diner 4’ while in rpoler solvrnts the two 

site-fsaric biscycloadducts 5 and 6 could be obtained in yields up to 50% along with the “normaI” 

dinr, furoxen 3, as well as with some dioxrdirzine 4 (Schene l).3 A rsrsonabfs mechenism, which 

accounts for the remarkable solvent effect on the product distribution and the high dipalarophilic 

activity of the aromatic pytidint in apoler solvents, involves two different labile intermediates, 

rwittrrion 1 end monocyclordduct 2.3 Addition of pyridine to END affords the zwitterion 1, which is 

the ovtruhalninq labile species in polar solvents and leads quantitatively to the dioxadiazine 

dimer. Apolar solvents slow down the addition step, as shown by the tormetion of furoxen 3, and 

promote the slectrocyclic closure of the rwitterion to the labile monocycloadduct 2, which 

contains a rather reactive dienrmine moiety end adds regiospecificslly the nitrile oxide carbon at 

the B and d positions to yield the site-isomsric biscycloadducts 5 and 6. 

The proposed mechanisn is qualitatively consistent with the ease of nucleophilic additions to 

nitrile oxides’ and with the well-known tendency of pyridinium salt to form covalent species 

(pseudo bases) in apolsr solvents.5 In a search of MWO direct evidence for the proposed 
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intermediates, we explored the possibility of increasing their stability by appropriate 

modificJtions of the reJctJnts. UJ hove Jlraady succeeded in stabilitinq the monocyeloJdducts 

relative to the reactants by reducing the loss of Jromsticity involved in the cycloaddition. 

Puinoline Jnd isoquinoline indeed Jdd BNO to yield isolJble monoc.ycloadducts.3 In order to incrtJse 

the stJbility of the zwittcrion we have conceivably to provide delocJlirJtion of charges. Some 

indicrtion of the feJsibility of this Jpprorch comes from a prper of Kriihnke Jnd Kiibler, who 

described in 1937 the frJgile but isolJble rwitterion 9 (Scheme Z).*Nitrosation of phenJcy1 

pyridinium bromide f afforded the isonitroso phenacyl pyridinium bromide 8, which could be 

reversibly deprotonated, yielding the yellow xwitterion 9. A related isoquinolinium zwittcrion was 

similarly obtained. 

We report here J study on the rcclction of benzoylcrrbonitrile oxide (BZNO) to pyridine. The 

reJction with isoquinoline hJs also been investigated. 

Scheme 2 

RESULTS AND DISCUSSION 

twitterion 9 from pyridine end benzoylcJrbonitrilr oxide 

Yhsn BZRD 11 ups generrted in situ from phenylglyoxylohydroximyl chloride 10 Jnd triothylamina 

(1 equivf in ether in the presence of pyridine (3 equius), the ethereal solution turned intensely 

arJnge Jnd the yellow zwitterionic adduct 9 promptly SepJrJted in 63% yield (Scheme 3). The yellow 

needles, a.p. &D-1% dte. from rJter, 
-1 

show J broad IR absorption at 3400 cm , Jttributable to 

wrter of cryrtallizrtion Jnd J C&l absorption at J t-ether low frequency (1620 cm-‘), suggesting 

thrt the csrbonyl qroup is dJlocJliring negJtive charge.’ It is identical 4th a sample of 9. 

Ct3H,0H202.2H20, prepared recording to the procedure of Krlihnkc Jnd KUbler. By treatrnt with ZN 

HBr 9 is converted into the indefinitely stable colourless sslt 0, which shows J normal PhC=O 
-1 

Jbsorption Jt 1672 cm . 

The rritterion 9 is by itself rather unstable, even in the solid state. Uhen the yellow needles 

are left on a plate or stored, the colour fades after a few dJys md colourless crystals of pure 

benrJride 13 are formed. The adduct is slightly soluble in water Jnd alcohols (&OH, EtOR) or in 

dipolsr Jprotic solvents (DllF. DNSO), yielding yellow and orJnge-red solutions, respectively. The 

stJbility of the zwitterion in solution depends strongly on the solvents, as judged by the fJdinq 

of the colour of the solutions. In water fJding takes place over a week, in alcohols or dipolrr 

aprotic solvents in a fen hours. In aprotic polar and apolar solvents (c.q. CH3CN, ether) the 

adduct is only very slightly soluble and the weakly coloured orange solutions faded rather quickly, 

in just J few minutes. This behaviour supports the idea of an enhlnced stJbility of the zwitterion 

in the protic and aprotic dipolar solvents due to efficient solvJtion. In the case of rerctions 

performed in Jlcohols, evaporJtion of the solvent affords methyl Jnd ethyl N-bcnroyi carbJmJtes 14~ 

and 14b while in the other cases benrrnide 13 could be identified as the major decomposition 

product along with pyridine. 

The decomposition of the tuitterion could be monitored by NHR. l&en a sJmpie of 9 uas dissolved 

in CD 00 only aromatic protons JttributJble to 9 could be observed at the beginning. Subsequent 
3 

scJnning clearly showed the appearance of the si9nJls of pyridine Jnd those of methyi N-benroyl 

cJrbamJte lb. The decay takes place with J hJlf-life of l pproximJtely 15-20 minutes at 35.C. In 
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DMO-d6 the decomposition of 9 is somewhat faster and the spectral changes are more complex. In a 

parallel experimtnt evidence for the formation of benzoyl isocyanate in a OHS0 solution of 9 could 

be gained by IR rttasurtaents which clearly show the appearance of the isocyrnate band of 
-1 

bcnzoylisocyanatt at 2225 cm . The band reaches its maximum intensity in l pprox. 15 minutes. After 

addition of water to the DIISO solution benzamide(l3)could be isolated. 

Ihe mechanism of the decomposition of 9 is houever not so simple as implied in the unimolecular 

decay of Schew 3. Since in the addition runs, by generating BZNO in the presence of excess 

pyridine, the orange colour of the reaction mixtures lasted significantly longer than expected from 

the behaviour of the pure 9, we tested the influence of pyridine on its decomposition. In the 

Figure, lint a show the decay of the absorbance at 350 nm of a 10 
-3 

H solution of 9 at 35.5V. In 

the presence of 5-50 equivs of pyridint the decay is strongly inhibited, as shown by lines b and c. 

This suggests that the first step of the decomposition is tht reversible dissociation of 9 into 

pyridine and BZNO 11. The interatdiacy of the elusive BZNO could be proved by trapping 11 with a 

very active dipolarophilc, norborntne. In the presence of 20 equivs of norborntnt the decay profile 

(lint d) resembles that of pure 9 (a) but the cycleadduct of BZNO to norbornent, 15, is formed 

almost quantitatively, instead (Scheme 4). As expected, in the presence of tht very reactive 

norborncne (20 tquivs), addition of pyridint (5-50 cquivs) does not affect the rate of 

decomposition and the decrease of the absorbawe looks like lint d. Intertstinqly, the inhibition 

by pyridint is also suppressed in the prestnce of a small excess of triethylamint. Lint a shows the 

decreast of the absorbance in the presance of 4 equivs of triethylarint and the decay profile 

remains unaffected by addition of pyridine. These findings account for the lack of inhibition by 

pyridine when 9 *as gtorrattd in situ from salt 6 and a slight excess of triethylamint. 

0.6 

1 i 
Figure. Solid lines show the decrease of 

absorption at 350 nm, 35*5*c, of a 10-311 

solution of 9 in methanol without (a) and with 
pyridine added, 5 tquivs (b) and 50 equivs 
(c). Dashed lines show the decay of 9 in the 
prtstnct of 20 equivs norbornenc Cd) or 4 
equivr triethylanine (4 

0.2 
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Scheme 4 
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The intriguing affect of tritthylaminc in cycloadditions of BZNO is wall-known.8 OipottrophiIar 

of modtrttt rctivity rfford only low yields of cychdducts whan tritthyltrina is used for the $J 

situ gtnarttioo of the nitrile oxide tnd, for synthetic purposes, procedures tvoiding the use of 

btsts in the generation of acylnitrilt oxides htvt btan successfully dtvirad. a,9 Yo found that 

traatnnt of phanylglyoxylohydroximoyl chlorida 10 with triathyltmint (3 tquivs) in methanol 

affords methyl banroata 18 8s the main product (59%). The forution of 18 can be accounted for by 

assuring the sama rchsnir proposed for the deoxyganstion of l ronfatic nitrilt oxides inducad by 

tritthylamint in poltr solvents. 
10 

Reversible l ddition of triethylamina to BZNO affords zwitttrion 

16, whose fragmcntstion leads to banroyl cyanide 17. In l tcoholic solvents and in the presence of 

btStS , 17 is known” to undergo an ttsy displacement of CN-, giving l lkyl banroatas 11, 

Alternatively direct displacenant of ENO- from BZNO could also be conceived. 

In tha absence of any added trapping agent the rasction apparently follows the sama pathway 

proposed for the pyridine catslytad dimerization of aromatic nitrila oxides to dioxadiazines.’ Tha 

nucleophilic oxygen of zwitterion 9 traps BZNO affording the extended zwittarion 19 and its cyclic 

form 20. Goss of pyridina from 20 should lead to the unknown 3,6-dibcnzoyl-1,4,2,Sdioxadiazine 21. 

In this CJSG, however, the interradiate 20 can undergo an ttsy migration of the benroyl group to 

the nucltophilic nitrogen 
12 

affordinp the rearranged species 22, whose frsgmantation leads formally 

to pyridina, banroyl isocyanata and l cylnitrant 23, a discussed precursor of isocymates in 

Curtius-type rearrmgammts. I3 Evidence for e subsequent reaction between rwittarion 9 and BZNO 11 

can be gtintd from the Figure. A comparison of the initial values of the absorbance of lint 8 and 

lines d or o clearly shows that the amount of zwitterion 9 at the beginning of tha W 
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determinations is significantly higher when trapping agents like narbornene and triethylaaine uere 

added. In sevctrl experiments the initial absorption of the solution of 9 ree&ned lo-20% less than 

that of the sac solution with norborncne added. Thus, in the tims necessary for the prcprrrtion of 

the snplcs for the W deterrinations (rpprox. 5 minutes) there must be a Ieakagc of 9 in the 

solutions containing only 9 and the subsequent reaction bctwccn 9 8nd I? provides 8 reasonable 

pathway. In the presence of norbornene or triethylnine, BZNO tl is trapped by the added trapping 

agents frstcr than it reacts with zwftterion 9 end no leakage of 9 is observed. 

Cyclordduct of bcnroylcarbonitrile oxide to isoquinoline 

Ccnerstion of BZNO 11 from the phenylglyoxylohydroximoyl chloride 10 and 2 cquivs of 

triethylaminc at 0% in ether in the presence of isoquinolinc (2 equivs) afforded 8n intensely 

yellow reaction mixture. The yellow cycloadduct 24, m.p. 68-9 l C dec., could be isolated in 64% 

yield and is identical with the product C1,H,2N202 obtained by dcprotonation of the 

isaritrosophcnacyl isoquinolinium bromide 25 with K2C03 according to the KrShnkc and Kijbler 

protocol’ (Scheme 5). As in the c8sc of the adduct of pyridinc , cycloadduct 24 could be converted 

qurntitativcly into the indefinitely stable salt 25 by treatment with 2N HBr. The cyclic structure 
-1 

24 follows from the normal PhCO absorption at 1665 cm . The Nf4R spectrum shows the oxediaroline 

proton 8s a singlet at 6.80 d and the olcfinic protons 8s doublets at 7.22 and 5.95 8 . The 

chemical shift of the oxediazolins proton is l laost identical with the l nslogous proton of the BNO 

cyclordduct with iroquinolinc (6.76 4 ),3 whcrers the olcfinic protons u and b to nitrogen are 

deshicldrd by the proximate benroyl group by 0.7 and 0.3 porn, resPcctivcly. 

The cycloadduct is fragile. A short boiling in ethanol afforded colourless crystrls of ths 

isoacric product 26, m-p. 119Y. This same product 26 could be isolated in fair yields in the 

cyclorddition runs. when only 8 stoichiomctric l eount of tricthylaminc was used for the in situ 

generation of BZNO. We found that cycloadduct 24 easily isomerircs to Zb in solution at room 

temperature. The isomcrirrtion takes place in 8 few hours at room temperature in solventsof 

different polarity (e.g. benzene, rcetonitrilcl, but is inhibited in the presence of tritthylrrine, 

8 well-known radical scavenger in polymcritrtion 
I4 

or l utoxidation 
15 

reactions, end in solutions 

kept in the dark under nitrogen. This demonstrates that the isomerixrtion is due to the presence of 

8ir 8nd is 8 fret-rcdic81 process initiated by the abstraction of the oxadirzoline proton. 

The structure of the ring opened product 26 is consistent with spectroscopic dctc. The IR 

spectrum shows a NH absorption ct 3230 cm 
-1 

and I strong carbonyl absorption 
-1 

at 1660 ES , 

attributable to phC0. Compound 26 can be easily cleaved to isocarbostyril 27. A solution of 26 in 

ethanol affords after a fcu hours colourless crystrls of 27. In benzene solution 26 is fairly 

- 
A- 

PhCCNO 25 
N 

I 
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stable but addition of p-toluenasulfonic acid causes an imediate cleavage to 27 and 

Phanylqlyoxylamide 28. Addition of tricthylamine also causes cleavage,affordinq after a few hours 

27 and knzoic acid. 

After having elucidated the general brhaviour of cycloadduct 24, w could finally test its 

stability towards cycloreversion. Uhcn a benzene solution of 24 and excess norbornene (20 equivs) 

uas kapt under nitrogen or in the presence of triothylamim for 1 month, a quantitative yield of 

the BZNO adduct to norbornene, 15, and isoquinoline was obtained. Cycloreversion takes place with 

an half-life of approximately 1 week at room temperature. 

CONCLUSION 

A fragile zwitterion is formed in the reaction of BZNO and pyridine or by deprotonation of the 

Krchnke’s salt 6. The charge delocalization provided by the benzoyl substituent is apparently 

efficient enough to make the znitterion mot-a stable than the reactants. Charge dclocalization 

strbiIizes the rwitterion and also weakens its tendency to cyclization and reversion since the 

bentoyl substituent is not expected to stabilize the cyclic covalent form and the nitrile oxide, 

resp., at a similar degree. When dissolved in solvents the main reaction of the rwitterion is 

reversion to the addends, as evidenced by trapping experiments with norbornene, and the rate of 

reversion depends stronglyon the solvent in a predictable wry. In the absence of trapping agents 

the equilibrium is not reached because of the subsequent reaction of the zwitterion with BZNO. This 

reaction leads ultimately to a rearrangement to banzoylisocyanate or products deriving from it. 

A cycloadduct is isolated in the reaction of BZNO and isoquinoline. Attempts to generate the 

corresponding twitterion from Krbnke salt 25 also afford the cycloadduct and the facile cyclization 

can be attributed to the smaller loss of aromaticity. 
16 

The cycloadduct is fragile in the Presence 

of air, which initiates a free-radical isomerization to isocarbostyril derivatives. In the absence 

of air a slow cycloreversion to the addends could be detected. 

EXPERIHENTAL 

T All m.ps are uncorrected. Elemental analyses were done on a C. Erba 1106 elemental analyzer. 

H-NHR spectra were recorded on a Bruker UPBOSY spectrometer in CDCl solutions, unless otheruise 

stated. Chemical shifts are expressed in ppm from internal tetrame b ylsilane ( 6 1 and coupling 

constants are in hertz (Hz). IR spectra (nujol mulls) ware recorded on a Perkin-Elmer 197 

spectrophotometer and UV spectra on a Perkin-Elmer Lambda 5 spectrophotometer, equipped vrith 

thermostatted cell transport assembly and automatic eulticell programmer. Column chromatography 

and TLC: silicagel H 60 and GF (Herck) respectively, elusnt cyclohexane: EtOAc 9:1 to 7:3. The 

identification of samples from ‘%fferent expe riments bras secured by mixed m.ps and superimposable 

IR spectra. 

Naterirls - 

procedure.17 

Phenylqlyoxylohydroximoyl chlgqde 

Phenacyl pyridinium bromide 7 

10 was prepared according to an,#Irqanic Syntheses 

and phenacyl isoquinolinium bromide uere obtained by 

reaction of phenacyl bromide wit 

&thy1 N-benzoyl carbamate 

Qhe appropriate heterocyclic base. 

16, and ethyl N-benzoyl carbamste 14b 

2, 

were prepared from the 
commercially available benzoyl isocyanats (Aldrich) and anhydrous methyl and ethyl alcohol, rap. 

t$b”,;; c;4? 
: colourless crystals m.p. 117-B°C from diisopropyl ether; r 

: MflR (CD30D): 7.85-7.95 6 (m, ZH, ortho-us), 7.5-7.6 d (m, 31 

3240 and v c=. 1775 
, meta and parr Hs), 

3.83 A (s, 3H,OCH3). Carbamate 14v: colourless crystals m.p. 112OC from diisopropyl ether: 

” Nvhe 
3780 and y co 1775 and 1750 cm . 

iso nitroso phenacyl pyridinium bromide B6 separated out in a 47% yield by treatment of a 
solution of 7 (5.6 g) in water (30 ml) with sodium nitrite (1.4 g) and 2N HBr (10 ml) at O°C and 

keeping at O’$ for 1 day. The salt crystallized from ethanol in colourless crystals m.p. 147°C. 

if-B 
1672 cm . The NHR spectrum in DHSO-d6 showed the OH broad singlet at 14.5 8. pyridine protons 

.32 d (d. 2H, J=5, ortho-Hr), 8.97 d (t , lH, J-B. para-H) and 8.47 a(m. ZH, meta -Hs) and 
benzoyl protons at 8.16 8 (m, ZH, ottho-Hs) and 7.5-7.8 d (m, 3H, nets dnd pdra Hs). The isonitroso 

Phenacyl isoquinolinium bromide 25 was obtdined in d 5Dt yield by treatment of a solution of 
phenacyl isoquinolinium bromide (1.6 g) in 66\ EtOH (15 ml) with excess isoamyl nitrite (1.4 g) and 
1 N NaOH (1 ml) st O°C. After stsnding 12 hrs at O°C, addition of 2N HBr (2 ml) caused 
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precipitJtion of the sJlt, colourless crystrls m.p. 161-2.C dcc. from l thJno1: UC_ 1660 cm -‘. The 

NMR spectrum in OMSO-d6 showed a broad singlet Jt 14.56 (OH), a singlet rt 10.32 6 -P I-isoquinolinic 

H) Jnd a cmlex wltiplrt Jt 7.5-9 8 for Jll the other protons. 

ReJction of BZNO with pyridine: To a stirred rnd ice-cooled solution of phenylglyoxylohydroximoyl 
chloride 10 (0.183 g. 1 mmole) in dicthyl other (25 al) J stoichiometric amount of triethvlrmine 
(0.142 ml) was added. The colourless -crystals of triethylrmine hydrochloride seprrated out. 
Pyridine (0.24 ml, 3 mmoles) was added rnd the suspension turned out intensively orange while an 
orange-yellow solid scparJted out rlong with triethylamine hydrochloride. After 0.5 hr the 

precipitrte YIS filtered off rnd wJshed with ice water (10 ml) IeJving 0.158 g (63%) of the 
zwitterionic adduct 9 which could be crystJllized from wJter. Adduct 9 (150 mg) was dissolved in 

wrter preheated rt 50°C (15 71) 
60-1°C dec; u 1620 cm- 

rnd immediJtely cofled in ice, giving yellow needles (90 mg). m.p. 

irmediately afte?-= P 
and Y OH 3400 cm- (broad). Ihe NMR spectrum in DHSO-d showed 

he dissolution the ortho pyridine protons at 8.67 6 (d, J-5) Jnd Jll tie other 
aromatic protons as multiplets et 8.1-8.4 6 and 7.5-7.7 d . In CD30D the ortho pyridine protons 
fJl1 at 8.50 6 (d, J=5) Jnd the other aromatic protons are multiplets at 8.1-8.3 6 and 7.4-7.6 6. 

In a duplicate experiment anhydrous ether was used. After addition of triethylJmine, the 
triethylamine hydrochloride was filtered off rnd pyridine was rdded to the filtered solution. A 
highly unstable orange solid seperated out. Addition of one drop of water converted it to a yellow 
solid, identical (1R) to the rwitterionic adduct described dbovs. Similar results were obtained 
when pyridine nJs added first and then triethyldmine. 

The zwitterionic ddduct is identicJ1 with J sJmple of the yellow compoun,d C H N 0 

obtained by depr 
8 

tonrtion of isonitroso phenacyl pyridinium brwide B according to \~el?&iLe ‘X 

Kiibler protocol. To the stirred and ice-cooled suspension of the finely powdered srlt 8 (0.5 g. 
1.7 mmoles) in ice water (50 ml), J solution of 1 N K CO (10 ml) was rdded. After stirring 0.5 hr 
rt 0.C the yellow product (230 mg, 53%) WIS filtere i 03f. The product was dissolved in 25 ml of 
water preheated at 50°C rnd immediJtely cooled, giving yellow needles m.p. 60-1°C dec. Yhen a 
sJmple of the yellow 9 WIS treated with 2N HBr, it was converted in the colourless crystals of 
isonitroso phenacyl pyridinium bromide 7, identical with an authentic specimen. Yellow solutions of 
9 in water are immediately decolourised by acidification with 2N HBr. 

Decomposition of zwitterion 9 - The yellow needles of zwitterion 9 could be stored for months at 
-2OOC. At room temperrture they renrined unchrnqed only for a few hours. The colour of the needles 
faded rfter l-2 days while pyridine was relersed and colourless crystrls of pure benzamide 13, m.p. 
12B-9O, were formed. 

In solution decomposition of 9 tdkes place with a rdte which depends heavily on the solvent. In 
water rnd alcohols (HeOH. EtOH) the yellow needles were slightly soluble giving yellow solutions. 
The colour of the solution in water faded after 1-2 weeks Jnd evaporJtion of the solution left 
benzJmide 13. The solutions in methJno1 and ethJno1 faded in J few hours rnd evJporJtion of the 
solvents rfforded methyl N-benzoyl CarbrNte 14~, Jnd ethyl N-benzoyl crrbamate I&, which 
crystallized from diisopropyl ether in colourless crystrls, m.p. 117% rnd llZ*C. resp., Jnd were 
identicJ1 with Juthentic l JteriJls. The yellow needles of 9 were fairly soluble in dipolar aprotic 
solvents (D&SO, DW) giving orrnge solutions whose colour frded in J few hours. In the common 
Jprotic solvents (ether, benzene, acetone, Jcetonitrile) 9 was only very siiqhtly soluble, giving 
weJkly coloured orange solutions. In these solvents the orJn9e colour disJppured in a few minutes 
while the unsoluble yellow needles turned out colourless. Evaporation of the solvents gave J 
residue, which crystrllired from diluted ethJno1 affording benzJride 13. In some cJses 
crystJlliration of the residue afforded smJl1 amounts of the less soluble dibenzoylureJ, colourless 
crystals m.p. 20B-9.C from et#tol, identical with an authentic ‘specimen obtJined by treJtment of 
benzoylisocyJnJte with wJter. 

The decomposition of 9 in CD30D could be monitored by NHR. Uhen a sample of 9 was dissolved in 
CD OD Jnd the spectrum imdirtely tJken, only the signrls of 9 were appJrent at 8.50 6 (d), 
8.7-8.3 8 (m) and 7.4-7.6 6 (ml. Subsequent scdnnings showed the appeJrrnce of a doublet rt 8.40 d 
JttributJble to the ortho-protons of pyridine, and a multiplet dt 7.8-7.9 d attributable to thi 
ortho-protons of the CdrbaNte 14~ and the prrr-proton of pyridine. Assignaents were secured in 
duplicJte experiments by Jddition of pyridine Jnd carbJmrte 14~ to the ruction mixtures. After 
15-20 minutes et 35OC, integration indicrted a 1:l mixture of 9 and its decomposition products. 
After 1 dry the spectrum showed J 1:l mixture of pyridine Jnd carbJmate 14~. The decomposition of 9 
in DMSO-d 

P 
was monitored by NNR but the results were less clear-cut. The initial spectrum showed 

the signr s of 9. i.e. 8.67 d (d). 8.1-8.4 d (m) rnd 7.5-7.7 d (II). Subsequent scannings showed 
rether complex chJnqes in the region between 7.5 rnd 8.4 6 . 
disrppeared Jnd a doublet at 8.67 8 , 

After 20 minutes the signals of 9 
Jttributable to the ortho-protons of pyridine, and a complex 

multiplet extending from 7.5 to 8.4 6 were present. In J parallel experiment the decomposition of J 
solution of 9 in DHSO was monitored by 1R. A sample of 9 WIS dissolved in DHSO and the solution 
quickly trrnsferred in a 1R lieuid cell. 
increJse of J bJnd at 2225 cm 

Repetitive scrnnings of the 2200 region showed the 
within the first lo-15 minutes. The bJnd is identicJ1 to the 

isocvanate bJnd recorded for d DHSO solution of benzoyl isocyrnJte. Addition of wdter to the DMSO 
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solution JftJr 2 hours Jfforded benramide 13, which was isolJted by colum chromJtogrJphy. 

Kinetic of the decomposition of 9 in mthJno1 - A solution of g in methanol shouod Uv llrxiu Jt 258 

nm (log f 3.8) Jnd 292 nm (log f 3.9). The latter maximum tailed towrrds the visible region and Jt 
350 n the r is still significJnt (log I 3.1). Kinetic dJtJrminationS were performed Jt 350 na 

since the products of decomposition (pyridine Jnd carbarute 14J) and the BZNO Jdduct to 
norbornene, 15 [ 1 265 nm (log t 3.94), 277 (log * 3.92)J had no absorption Jt this wJvelenght. 

A O.OOlW solutio%f 9 YJS prepJred dissolving a sample of 9 (13.1 mg) in 50 ml of methanol kept 

Jt 35.5’C. six SJmples (2.5 ml) of the solution were plJced in 6 thermostrtted (35.5*C) couvettes 

Jnd lo-50 ~1 of l-2 M nthrnolic solution of the Jdditives (pyridine. triethylJminJ, norbornene) 
were Jdded with microsyringes. After vigorous shaking the kinetic determinations StJrted. The 

prrprratim of the srqles required Jpproximately 5 minutes. The JbsorbJnce YJS determined with 

cyclrs of 2.5 minutes. The decay profiles are gJthered in th? Figure. 
Zwitterion 9 YJS also generrted in situ by treating J 10 fl solution of salt 8 in methanol with 

triethylrrinr (5 equivs). The decay profile resembled thrt of line e in the Figure. 

Decomposition of g in the presence of norbornene - A smple of 9 (131 mg, 0.5 mmoles) was dissolved 

in J solution of norbornene (0.94 g, 10 mmoles) in methanol (25 ml). After 1 dJy Jt r.t. the 

solution YJS WJpOrJted giving J rJsidua. Colum chromatography afforded 0.1 g (83%) of the BLMO 

cycloJdduct to norbornene 15, colourlcss crystals m.p. SO-1.C from petroleum ether. 
The product is identical with a sample prepJred by cyclorddition of BZNO to norbornene. To J 

stirred Jnd ice-cooled solution of phenylglyoxylohydroximoyl chloride 10 (0.91 g, 5 Moles) and 
norbornenr (0.94 g, 10 wtoles) in diethyl ether (50 ml) J stoichiometric Jmount of triethylamine 

(0.71 ml) in ether (5 ml) WJS Jdded over a 10 minutes period. After keeping 1 day Jt r.t., 

triJthylJaine hydrochloride VJJ filtered off and the filtrate was evaporrted 1eJving J residue. 

Crystrllizati~n from petroleum ether Jfforded 0.74 9 (62%) of 15, colourless CryStJlS m.P. SO-1.C; 

Y 1640 cm ; NHR: 1.05-1.70 6 (m, 6H), 2.65 d (s, 2H), 3.55 6 (d, J=8. 4-isoxarolinic proton), 

4.6806 (d, J-8, !&isoxJzolinic proton), 7.3-8.25 6 (m, 5H). (Found: C, 74.29; H, 6.#; NV 5.91. 

C,5H,5K02 requires: C, 74.66; H, 6.27; N, 5.81%). Similrr Jdducts have been described. 

RJJction of phenylglyoxylohydroximoyl chloride10 Jnd triethylamine (3 equivs) in methrnol - Excess 

triethylraine (0.36 ml, 3 mles) was Jdded to a solution of phenylglyoxylohydroximoyl chloride 10 

(0.18 g, 1 male) in mcthrnol (10 ml). After 1 dry the mixture was evJpOrJted. Addition of UJter 

(10 ml) gives J solution with a suspended oil, which WJS extracted with ether. The cthereJ1 

solution YJS dried Jnd evaporrtrd leavinq the oily methyl benroate (80 mg, 59%). identicll (lR, 

NM0 with J commerciJ1 srmple. 

Cycloaddition of BZNO to isoquinoline - To J stirred and ice-cooled solution of 
phenylglyoxylohydroximoyl chloride 10 (0.37 g, 2 mmoles) in diethyl ether (50 ml), 2 squivs of 

iSOqUinoliRe (5.2 g) Jnd tbJn 2 Jquivs of triethylamine (0.57 ml) were added. The colourless 

CrystJls of triethylrminr hydrochloride separated out while the solution turned out intensively 

yellow. After 1 hr the colourless crystals of trirthylJmine hydrochloride were filtered off Jnd the 

filtrJtJ YJS cvaporrted under vacuum, Travinq a residue. Grinding with chilled ethanol (5 ml) 
Jfforded CycloJdduct 24 (0.35 g, 64\), which crystallized ffom ethJnoT containing one drop of 
triethylaaine in yellow nwdles m.p. 68-9.C dec; 11~_~1660 cm , NMR: 5.95 6 (d. JIB, lH), 6.80 d 
(s, lH), 7.22 d (d, J=B, lH), 7.2-7.7 6 (m, 7H) and 8.25 6 (m, 2H). 

The cycloadduct 24 is identical with the yellow compound C H N 0 obtained by deprotonltio~of 

isonitroso phenJcy1 isoquinolinium bromide 25 according to ‘?hJ 2 K%nke and Kiibler protocol. A 
solution of 0.2N K CO was Jdded to J stirred Jnd ice-cooled solution of salt 25 (0.3 g) in EtOH 

(25 ml) and H 0 (58 ~111 over a 10 minutes period. After 0.5 hr at O*C, the yellow cycloadduct 24 

UJS filtJrJd 3ff in J quJntitJtive yield (0.23 g). Crystallization from ethanol containing a drop 
of triethylJmine Jfforded yellow needles m.p. 6B-9OC dec. The yellow needles are converted into the 

colourless salt 25 by trertwnt with 2N HBr. 

lsomerirrtion of cycloadduct 24 - Uhen cycloadduct 24 was crystrllired from ethanol and the boiling 

solution YJS not inedirtely cooled, the isomeric product 26 separated _qut slowly, col_oyrless 

crystals n.p. 119-124.C dec., with complete fusion Jbove 1BO“C: v 3230 cm ; 
(acetone-d6): 6.92 d (d, J=7.5, lH), 7.5-8.0 d (m, 

vc 1660 cm , NM! 

BH), B.16 b (d,‘!T=7.5, lH), lo.? b (br s. 1H). 

(Found: C, 73.93; H. 4.28; N, 10.06. C, H12N20 requires: C, 73.90; H, 4.36: N. 10.12%). 

The isomeriration of cyclordduct 24 akes p Jce easily in solution at r.t.. The yellow solutions I f 

of 24 (20 mg) in some common solvents (10 ml) like benzene, diethyl ether, acetone and l cetonitrilc 

faded after 1 day. The isomeriration could be monitored by TLC or MR and had Jn hJlf-life of 

Jpproxiutely 3-4 hours. The isomerirJtion is inhibited by adding triethylamine (one drop) or in 

solutions kept in the dJrk under nitrogm. 

Isomer 26 YJS isolrted in the cycloJddition of 8ZWO to isoquinoline when only J stoichiometric 
Jaunt of triethylJmine ns used. Grinding of the residue with ethJno1 afforded isomer 26 in frir 
yields (50%). 



Addition of pyridinc to bcnzoykauboniuile oxide 4925 

Cleevege of isomer 26 to isocrrbostyril 27 - Isomer 26 can be clravrd rather easily to yif)d 

isocarbostyril 27, colourlrss crystals q .p. 211-214°C from ethanol or chloroform: xc_0 1630 cm ; 
NHR (DHSO-d ): 6.55 6 Cd, J-7, lH), 7.20 d Cd, Jc7, lH), 7.35-7.70 6 Cm, 4H), 8.23 d (br d, J-7, 

B-fsocarbos yril Q Ii), 11.28 d (br I, 1H. NH). 

The molt of isar 26 was essentially pure 27. This accounts for the uide melting 

range of 26, which decmsed affording the higher mlting 27. A short toiling (10 rinutes) of the 

ethanolic solution of 26 afforded on cooling colourless crystals of 27. A solution of 26 (230 

mg) in benzene (20 ml) was fairly stable for days. Addition of a crystal of p-toluenesulfonic acid 

caused cleavage to isocarbostyril and phenylglyoxylamide 21. After 1 hr the solvent YES 

evaporated and the mixture was separated by colum chromatography, yielding phenylglyoxylamide 20 

(9371, colourless needles a.p. 

cm- ; 

7B-BO°C from diisopropyl ether; IJ U,,3390, 3220 and xc o1690, 1660 

NHR: 5.7 6 (br s, HH). 7 6 (br s, NH), 7.4-7.7 6 (m. 3H), 8.2-0.4 6 (m, 2H).w (Found: C, 

64.35; H, 4.75: N, 9.44. requires: 

spectroscopic data correspond 
c~“7w02 

C, 64.42; H. 4.73; N, 9.3n). fialytical and 

o those reported for phenylglyoxylamide. m.p. 80-1.C. 

Addition of triethylamine (0.1 ml) to a solution of isomer 26 (0.1 g) in benzene (20 ml) also 

caused a smooth cleavage. After 3 days evaporation of the solvent afforded a residue. Grinding with 

water gave isocarbostyril 27 and acidification of the aqueous solution precipitated benzoic acid. 

Cyclorevarsion of cycloadduct 24 - A solution of cycloadduct 24 CO.14 g, 0.5 mmoles), norbornene 

(0.94 9, 10 moles) and triethylanine (0.1 ml) was kept at r.t. under nitrogen. After 1 month the 

yellow colour of the cycloedduct disappeared. Evaporation of the solvent left an oily mixture of 

isoquinoline and the BZNO cycloadduct to norbornene, 15, in a 1:l ratio (NKR). Colum 

chromatography afforded a sample of 15, m.p. SO-l°C, identical with the cycloadduct of BZNO to 
norbornene described above. Bonitorina bv TLC showed that cycloreversion takes place with a 
half-life of approximately 1 week at r.;. . 
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