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The (3+2] cyclouddition reactions of nitriles with f,3-dipoles containing an arthogonal double 

bond (nitrilium betaims, diauHlium bctaincs) arc well documntedl and afford useful syntktic 

mutes to a variety of five-membered hctcrmyclic ring systems. In contrast, relatively few examples 

of the cycloaddition of nitriles to 1,3-dipoles lacking a double bond (the class of ammthinium 

betaints) are known.’ Recently we ~~pmtcd~ that 1, a nibme dcrivai f?mn N-hydroxytryptophanc 

as well as several other nitmncs undmvent cycloaddition to geminuf dinitriles with complete 

r@~~lcctivity to give A’- 1 &GoxAiam1ims. 

In general the k~~~wlalgc and undastanding of tbc remion 9Xi.k of l$dipolcS and 

dipolamphilcs are intimately connected with mechanistic qucstims. It is generally ~~~cptcd that 

1,3dipolar cycloadditions of nitroncs to alktncs arc single-step cmcmed four-center rcaction~.~ 

However, it is suggtstadl that polari& dipolamphiks (e.g. nitriles) may undergo cmcatcd but 

not nczssarily synchronous cycloadditions. We now report an extensive investigation of the scope 

as well as a mc&nistic study of the nimnt-nitrik cyckmddition. 

Synfhetlc scope 
The nitrmes l-6 wm used as 1,3dip0les in this investigatbn. The rmv nitmms 3 and 4 were 
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pIqm!d in analogous fashion as 1 u and 2.u Conjugate &dition of 4&Iomindok6 (7) or 

5-chloroindok6 (8) to the transient nitmso olcfii (9)’ gave the oximcs 10 and 11 in 67% at~I 70% 

yield, rcspcctively @cbmc I). Raluction with boranc-trimethylamim complex afforded 12 (73%) 

arxl 13 (94%). which were amvamd with trimethyl mthofcxmate into the nitmnes 3 (56%) WI 4 

(67%). The nittones Sa ~JX! 69 were p&pared according to known pmcedmx 

A survey of the nitriles used in this study is given in Tabk I. They are divided into three 

classes based on stnmuaI chamctuisti~ viz., 2-substitured-2- (II), 

ylickmmalomnitriks (15) and directly substituted Cyan0 duivativcs (16). The results of the 
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cycloadditicm remions of nitxmes 14, S and 6 with nitriks 14-16 to give cyckm&uc~ 17.1% and 

19, respmively, arc list& in Table 2. 
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Table 2. ReW d nHrones (14) wiI h nMeu (14-10 (1.5 ec@WtMrr) in toberm. 

14 

Entry Nttm~~ NM& IUaM cmdttbrta Yio#‘(%) 

1 14a 80%,2t1. 
14b 80% l.Sh. 
14C WC,7d. 

50%,12kbar,28h.= 
144Il SO"C,7d. 

5O"C,lZkbar,2d~= 
148 80%,&k 

50°C,12kbar,3d.C 

17a 97 
17bb 99 
17c 26 

75 
17d 11 

56 
178 12 (48)d 

87d 

9 
10 
11 
12 
13 
14 
15 
16 
17 

1 15a 
2 
3 
4 
1 15b 

15C 
15d 

15e 

SO*C, 33h. 
6O”c, 7h. 
80%. 7h. 
WC. m. 
80% 3h. 
8O*C, 1.5h. 
80% Id. 
FIT. 12kbar, ld.C 
FIT. 12kbar. ld.C 

17fb 

17$ 
17h 
17l 

171 
17k 
171 

17m 

78 
95 
72 
72 
97 
100 
11 

84 
78 

18 16a 80°C 2 mim~tes 17n 100 
19 1m 8O*C, l.Sh. (8O*C, 0.5h.)d 170 85 (98)d 
20 16C 80°C, 20h.(80°C.3,5h.)d 17P 93 (lOO)d 
21 16d 80'%,2d, 17q 87d 
22 160 refixing acetonitrlle norez~S0n 
23 FIT, 12 kbar,3d.C noretion 

24 5 14b lOO%,lh. 180 load 
25 16a 1OO%,2wlutes 18& load 
26 16d lWC,sd. 18-C ssb 

% 
I 

R-N 

MNbO 

f 
Ptl 

6 

27 6 14b llO%,l&¶. 19ab 8sd 
28 16a 110%,2wlut9s 1% load 
29 led llO%,lOd. 19C 57d 

b)tstrcfeuwe2 c) nsctimin DMP d) ten-fooCbexauc+fdi@wo#& 
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Reactivity scale of nitn’les. 

Within the Series of reactions of 1 with nitriles 14-16 (entries 1-9 and 13-23) it is possible to 

study the reactivity scale of the nitriles. In the series of 2-substituted-2-cyanopropanes (14) (entries 

1-8) WC studied exclusively the inductive influence of the substitucnt on the reactivity of the nitrile 

function. Under thermal conditions the nitriles 14a and 14b2 react smoothly and give cycloadducts 

17a,b in nearly quantitative yields , whem 14c+ react sluggishly giving 17~ in low yields. The 

yield of l7e could be improved by the use of a ten-fold excess of the dipolarophile. Acceptable 

yields of 170c were accomplished, when high prcssurc conditions (12 kbar) WCTC used. It is 

apparent that the activity of the nitriles decreases with dccKasing electron withdrawing ability of 

the substituent e.g. N02-CN z+ COOEt > CbH,-alkyl. 

Monosubstituted ylidtnc malononitriles Ma-c met easily with 1 (entries 9, 13 and 14). 

Remarkable is the higher reactivity of 1Sb and c versus 1Sa. The disubstituted ylidene 

malononitriles such as 1Sd react very sluggishly under thermal conditions and gave low yields of 

cycloadducts l’I.(Entry 15) High prtssurc conditions solved this problem (Entries 16 and 17). 

For the dimtly substituted cyan0 derivatives 16, the lractivity decreases in the order 

Ma>ldb>16o16d (entries 18-21). Nitrile Me did not react under thermal or under high pressure 

conditions (Entries 22 and 23). These results demonstrate that bth electron withdrawing and 

strongly electron donating groups facilitate the reaction. 

Cycloaddition reactions of nitriles with niuoncs l-4 proceeded with complete stereoselectivity 

-viz. C(5) and C( 1 lb) substitucnts have an rram orientation- which is similar to earlier observed 

cycloadditions of these nitmnes. 2 This was adjudged on account of the shifts of the H(5) and 

H( 11 b) protons, which are not very different l6 from analogous shifts of the tram compounds 17b 

and 17f (see reference 2). The tram orientation of the C(5) and C(11 b) substitucnts is ascribed to 

stcric hindrance of the ethoxycarbonyl function in the transition state. Furthermore, in the case of 

the ylidenemalononitriles lSa-c, only the less sterically hindered of the two diastcrtotopic nitrile 

functions adds to the 1,3-dipole, which is in agrtemcnt with earlier r~sults.~ Confumadon of tl~ 

influence of steric hindrance was found in the low reactivity of the disubstitutcd 

ylidenemalononitriles 1Sd and e. 

As mentioned tarlid, P-carboline carboxyethyltstcr (P-CCE) (20) was formed up to 10% 

yield when the cycloaddition Ractions wart allowed to stand for days under thermal conditions. 

We found that cycloaddition product lfq partially dccompwcd to give 20 and bcnzamide (21) 

(Scheme 11) when it was kept under cycloaddition reaction editions for 2 days, This problem 

m 
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could be ovm by tht use of u m-fold excess of dipolarophik CR high p~~surc cmlitiocrs. (see 

Table 2) 

Reactivlty SC& of n&ones. 

The nitrones l-4 made it possible to study the influence of indole sub&ution on the reactivity 

of the 1,3dipole in cycloaddition to nitriles. Reaction of nitrile ISa with 14 (entries 9-12) ckarly 

demonstrate that 2 is the most reactive nimt as a result of the electron donating effect of the 

methoxy substituent. 2 The chloro substituents of 3 and 4 showed no clear effect on the reactivity 

with regard to the unsubstituted nitrone 1. With regard to nitrones 5 and 6, 1 is more xtactivc as 

shown by reaction of 5 and 6 with a few nitriles. (Entries 24-29) With the enmusly reactive 

nitrilc 16s it is not possible to make a distinction between the reactivity of these nitrones. However, 

the less reactive 14b and 16d demonsbate that the order of reactivity is 1 > 5 > 6, which is in 

agrcemtnt with our earlier msults.2 

Kinetics 

Pseubfust-order reaction rates were determined in 2-methoxyethanol, by using nitrone 1 and 

a tenfold excess of the dipolarophile and a dilatotneter to monitor the progress of the reaction.” 

The results are presented in Table 3. 

We studied the reactivity of 14b and ethyl crotonate in order to compare the nitrik 

cycloaddition with the well-known analogous cyclc&dition of alktnts. (Table 3, entries 1 and 2) 

Only a small difference in rate (ktrhyl crolorul~ / wbntiitrikz2.7) was found. Extrapolation for 

the kz-value of ethyl crotonatc from 85OC to 1CKPC occurred i.soentmpic,la Noteworthy is the 

22 

compktc rcgio- and stcruAectivity of the cycIo&diGon of ethyl cm&mate with 1 to give 

isoxazolidim 22. Structure assignment was made in an&gy with other cycloadditions of 1,’ viz., 

C(5) ad C(1 lb) substituents have an rrm-oricntation (vi&-supru), clactroa withdrawing 

substitutnts on C( 1) favours endo- l9 and alkyl substituents on C(2) cumritntation. The proton 

COU@.ing COflSL8fN Jllb,l 4.9 Hz also supports the relative s~hccnistry as depicted in 22.19,20 

The reaction of paru-substituted benzonitriles was studied in order to dttermine a HPmmtt 

plot (Table 3 , entries 3-9). The reactivity differences made it necessary to determine tl~ reaction 

rates at two tempcraturts, The more reactive nitrilcs (entries 3-7) were measured at 85% a.nd the 

remaining nitrilts (entries 8 and 9) at 11CPC. Extrapolation of the k&values of the nitriles of entries 

8 and 9 from 1looC to 85°C occurred isoeafropic. The mcssary activation pammcti arc obtained 

from benzonitrik, entry 7 (AS*=-23.6 cal/rA.deg and aHM0.1 kcal/mol). The Hamnuztt plot 



10% (lmubec) 
85% 90% 1OcPc 110% 

dmthylrnaknonltrlle 
ethyl cmtofbate 
prUt&nzm~b 
p-cyambenzakbhyde 
p-cyenobnmk add 
pchbmWutirik 
benzonttrite 
ptokmue 
anisonitrik 

21.2 
9.20 
6.26 
5.35 
3.02 4.46 
2.60e 
2.03b 

8.52 21.10 
17.60 

14.00 

17b 
22 
17r 
178 
17l 
17u 

l7q 
r7v 

l7w 

I) Exmpol&n fmm 8S°C to lO@C. with cmmxim fmwr 2.7 (Huiqm. SW ref. 3b) 

b) Extnpahh ficm 1 l@C 10 IIS%. imen- (&--23.6 crYmol.kcl) 

showed an excellent linear correlation between the log k-values and the substituent constants 

(a-valucs)2’, viz., p=O,96 (cor~soeff. = 0.995). 

Because of the insolubility of nitrone 1 in most solvents we studitd the influence of solvent 

polarity upon the reaction rate with the better soluble but the less reactive 5. The reaction of 5 with 

dimtthylmalononitile (14b) was studied at 1fKPC in three solvents covering a wide range of I+ 

valuts’12 (Table 4). There is a notoriously small effect of solvent polarity. In agreement with 

Table 4. Rates In var)ous sotvents for readiocr ot 5 wtth 
14b at loo”c 

Huisgen’db study of the cycloaddition of niuoncs with alktnes WC found an inverse influence of 

solvent polarity (k~tumJk2-mahortyt=10.5). 

Discussion 

The rcgioselective formation of the A4-1,2,4oxadiazoline ring in the cycloaddition of nitxiles 

14-16 with nitrones 14, can be rationalid by using Frontier Molecular Orbital (F’MO) thc~ry.~ 

In our previous report2 we suggested that the regiosclcctivity of the reaction depends on a 

favourablc HOMO(nim)-LUMO(nitrile) interaction. This would imply that the rtactivity will 

in- if nitmncs bccornc mom electron-rich and nitriles more elcctrm-&ficicnt,2 The results uf 

this study of the synthetic scope arc in line with this assumption. 

A masure for the electron richness of conjugatd nitrones is the weighted average of the first 

two ionization potentials. The values for lz4, SU and 6” are 8.40, 8.46 and 8,56 eV, respactivtly. 

This is in agreement with the activity order l>S%. The enhanced reactivity of 2 suggests em 

average IP-value lower than 8.40 eV, as a result of the electron donating effect of the mtthoxy 

substituent. 

In the case of 2-sub&uta%2cyanopmpanes (14) and directly substituted cyan0 dcrivativcs 16 
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WC knmd an inct#s in rcnctivity of tk nitrik function with incrcasi ng electron withdmwlng 

ability of the s&stituent, viz., ~&on order for 14 NO&WXWDC&-XH~ and for 16 

CCl#XlOEt+H,, 

In the 1,3dipolar cycl&tions with ylidcnemalononitriles (15) the nitxones sckctively add 

to the nitrile fun&&, wttatns the reactivity still strongly ckpcnds on the nature of the 

p-substituent, The influence of b-substitucnts has already been dermmstmted in [2+2]% 

cyclozuiditions of the alkc~~ moiety of 1s. GcnemIly, ckctnx withdrawing substituents will 

decrease the conjugate ftsonanct stabilization (Scheme IIl) 8rtd therefore make the alkene functioo 

N H 

3% - 
N H 

3-i -> 
-N- 

- + 2% \ : 
N N N 

A e C 

more rwxive. Althwgh the nitrilc functiorr is further away from the b-substituent, we observed a 

simuar, and even stronger substitucnt effect, This m8y be attribute! to the diminished contribution 

of resonance struct~ C in the order 2-furanyl<<4-Cl-C6H,,<c&H5. 

The reactivity of the nitrile 16c with the strongly tkctron donating dimcthylamino group is the 

result of a crossover in the frontier orbital control, so thnt the regiochemistry will now depend on 8 

f8vOW8bk HOMO(nitrilt)-LUMO(nitrone) interaction. This is in agreement with the classifkatiun 

by Sustmann27 that nitrone cyclo8dditions are type II pruccs.scs, in which both HOMO-LUMO 

interactions contribute to the stabilization of the transition-state. A U-shaped reactivity cwc of 

dipolarophiles is 8 necessary consequence, In both HOMO-LUMO interactions, overlap of 

orbitals with comparable tetinal cocff~cients, i.e. orbit& of the nitrogen and the carbon atoms of 

the nitrile with tl~ carbon and oxygen of the nitrone, rqxctively will kad to the 

Ad- 1,2,4~xndiazolinc ring. 

The inverse influence of the solvent pdarity is an indication of a slight dcczcast of the polarity 

in the TS versus the polsrity of the reactants. This supports the concerted natunz of this 1,3dipolar 

cycloaddition and is in agreement with an early TS. 

The term concerted does not necessarily imply that the two new a-bonds are developed in the 

TS to precisely the s8me extent. If in the cycloaddition of nitrones with a polarized dipolsrophile 

-such as the nitrile- the making of one bond lays behind the closure of the other a-bond in the TS, 

partial charges at the centem of the weak incipient hd can be stabilizd. Therefore, a Hammett 

plot of the cycloaddition of nitronc 1 with p-substituted benu>rritriles was determined. The 

excellent linear correlation between the log k-values and substituent constants (u-values),21 shows 

that all the p-substituted bcnzonitriles are far eway from the crossover in the U-shape reactivity 

curve. The found pa.96 is slightly higher than the an8logcHls value found by Huisgen3b (p=O.77) in 

the cycloaddition of the nitronc 6 with p-subtitutcd styfcnes. The higher p-value is not necessarily a 

result of a more polar transition st8te for the niuile cycloadditions. It may also be a rtflaxion of 8 

smaller energy gap between HOMO(nitrone) and LUMO(nitilc) compared to HOMqnitront) and 

LUMO(alkcnt).2% 

In conclusion, it can be said that the results of this study a.~ consistent with Huisgcn’s3b earlier 





6 I 1.34 (br s, lH, NH), 7.61-7.04 (m, 4I-& i&ok C(2)RC(4)H and 
(X part of ABX spectrum, lHJ3J 3.9 Hz, 3J 9.6 Hz, indolt C(3)-CH,CH), 4.07 

Hz, CK5-i Ci-&), 3.46 md 3,23 (AI3 part of ABX s-m, 2H,2J 14.4 Ht, ‘J 3.9 Hz, 
f 9.6 Hz, trdok C(3)-C&3.0+97 (t. 3H, 3J=7.1 Ht, OCH$&). 

210x~31(eth~xpcatbonyl)~hIo~3,4-dihydroc~~rboli~ (4). Identical proccdurc with 
13 gave 4, yield 67%. recrystallized from CH Cl 

P 
eOH/n-hexane: mp 2OPC (decomposes); RI 

0.19 (solvent system D); UV (MeOH) hrr $1 , 362; 367 nm, )un& EMS (70 cV) m/z 294 
([M+Z]+, 16%)* 292 (M’, 27%), 276 ([C1,H ,CIN20 
([C H,ClN20]+ 41%) 219([C H GIN 01’ f29b) 2 id 

a%), 274 ([C ,H &lN 0 ]*,14%), 221 
{[C H,N C’l]+,&$,. 2Oi(lc, H,N CI]+, 

lo!&); ‘H NMi (CI&/CD$#&5/5.~$v) 6 7.96 is, lH, C&&4-7.09 (m, 3H, in&t &S)H 
and C(7)-C(8)H). 4.94-4.82 (X part of ABX spectrum, lH, C(3)H), 4.21 (q, 2H,3J 7.1 Hz, 
OCH,CH$, 3.59-3.53 (AB part of ABX spectrum, 2H, C(4)H), 1.24 (t, 3H, 3J 7.1 Hz, 0CH,CH3). 

General Procedure Cycloadditiw. 
Thcrr~~I Rextion Conditions. A solution of nitront (0.5 mmol) and niailc (0.75 mmol) in 

dry tolutne (10 mL) was kept at the appropriate temperature (see Tabk 2). The reaction was 
monitored by TLC. After compktion of the reaction, the solvent was evaporated and the residue 
subjected to flash chromatography. Recrystallization was always accomplished from CH2Ci2 / 
McOH / n-hexanc. Sptctrcxcopical data cycloadducts, see Table 5. 

High-Pressure Reaction Conditions. The nitronc (0.5 mmol) and the nitrile (0.75 mmol) 
were dissolved in dry DMF (1.5 mL) and bught into a Teflon high-pmssurc vessel, which was 
placed in a high-pressure apparatus. Pressure was raised to 12 kbar and to the appropriate 
temperature (see Table 2). After completion of the reaction the solvent was evaporated and the 
residue subjected eo flash chromatography, Rccrystakation was always accomplished from 
CH2CI2 1 M&H / n-hexane. Spectroscopical data cycloadducts. se Table 5. 

Decomposition of cyeloadduct 17q 
A solution of 17q (361 mg, 1 .O mmol) in dry toluenc (15 mL) was kept at 8PC for two days 

under argon atmosphere. After cvapration of the solvent the residue was subjected to flash 
chromatograph 
mg (14%) of 2 g 

(silica gel 60H, &ens CHCI 
P 

cOH, 99/l, v/v) lo give 3 10 mg (86%) of lfq, 34 
and 18 mg (14%) of benzsm’ e (21). 

Compwnd 20: SpcctroscopicaE data are identical with earlier published results.’ 

Kinetic Experiments. 
EquipmentThe dilatometer was made according to a literature method.” The important 

features of this design are: a) The coil had a capacity of about 20 ml. b) The precision capillary was 
25 cm long and its inner diameter was 0.35 mm. A micropruzcssor controlled constant tempcratutt 
bath Tamson TMV 70, filled with ethyiene glycol(70 L) was us& Temperature fluctuations in the 
balh were less rhan MKWC. 

ExecW~n:Although all the reactions obeyed the second-order rate law, pseudefirst-order 
reaction rates were determined, by using a tenfold excess of dipolarophilc.17 The concentration of 
nitront was in all the experiments 0.1 16M. Further, standard procedure was followcd.3b Rate 
constants were calcuIatcd on a IBM XT personal computer, using a non-linear regression fir 
program based on the Gauss method. 31 Second-o&r rate constants were reproducible within 5%. 
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