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Abstract - 3,4-Dihydroisoquinoline-N-oxide 1 reacted readily with both acyclic (Z)- and 
(E)-disubstituted alkenes bearing electron-attracting substituents (methoxycarbonyl, 
cyano, phenylsulphonyl and benzoyl groups) and with cyclic derivatives (e.g. meleimider) 
to givr mixtures of the two possible diastereoisomers. Similar amounts of endo- and 
uxo-adducts ware forwd in the reactions of (Z)-cyano, l ethoxycarbonyl and beoroyl 
derivatives whereas rxo-addition clearly uon over its endo-counterpart in the case of 
(Z)-(phenylsulphonyl)%d cyclic derivatives. High exo-selectivity was also observed in 
the sluggish reactions of 1 with electron-rich alkeG lZ)-stilbene, vinylene carbonate, 
l cenaphthylene etc.) 

Our results, which revise previous literature data, clearly show that an “endo-rule” 
does not hold for the reactions of 1 with (Z)-1,2_disubstituted l lkenes. We conclude that 
in these reactions repulsive steric interactions either counteract efficiently or clearly 
win over stabilizing secondary orbital overlaps in controlling endo/exo-selectivity. -- 
These reactions were found reversible under mild conditions so that relative formation 
rates of related pairs of (Z)- and (E)-dipolarophiles in cycloreversion processes of 
isoxazolidines could be determined; as a rule (E)-alkenes are extruded faster than 
(Z)-isomers. These results provide unambiguous experimental evidence that increase in 
steric compression between the substituents in (Z)-alkenes, on their way toward transition 
state, is not a major factor in determining their lower reactivity uith respect to 
(E)-ironers in 1,3-dipolar cycloadditions. 

INTRODUCTION 

Notwithstanding several recent studies the problem 

cycloadditionr is far from being definitively l ssessed.l 

of endo/exo-seleativity in 1.3-dipolar -- 

For eMample one can ask whether or not 

endo-transition states are favoured over their l xo-counterpartlin nitrone cycloadditions. 
2 

Grie and - 

Carrib gave a definitive ansuer to this question in the case of (E)- and (Z)-N-alkoxy-C-cyan6 

and-N-alkory-C-methoxycarbonylnitrones by showing that these 1.3-dipoles prefer to approach 

(Z)-1,2-dirubstituted alkenes (dimethyl maleate, maleimides, meleic anhydride) with an 

endo-orientation. 
3 

However in the case of N-alkyl and N-•ryl nitrones (cyclic and acyclic) this 

problem is still a matter of debate. 
4-7 

indeed the reactions of acyclic IZ)-nitrones with 

malrimider and dimethyl uleate apparently exhibit a definite endo-selectivity R,9 but the 

possibility of E/2 
2.10 

isouriration concomitant rith cycloaddition shadour the link betueen the 

geometry of the transition state and the stereochemical outcome of the reaction. Very recently 
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Tufariello and Puglis reported a clear-cut example of dominant sxo-addition in the reaction of - 

I-pyrroline-N-oxide rith 
4,ll 

1-phanylbutadiene and pointed out that cyclic nitrones. incapable of E/2 

isomeriration, lend themselves IS better substrrtes to investigate the phenomenon of 

endo/exo-selectivity in nitrone cycloadditions. -- 

Taking into account the above cited results us reasoned that the best way to attack this problem 

was to study the reaction of cyclic nitrones with electron-deficient dipolarophiles. A research in 

this field had necessarily to start from a report by Huisgen and ~011. who disclosed possible 

examples of endo-specificity and s-selectivity in the rerction of 

3,4-dihydroisoquinoline-N-oxide 1 with N-phenylmaleimide (or with maleic anhydride, 100: 

endo-addition for both dipolarophiles) and dimethyl maleate (dominant endo-JttJckl. Moreover the 

reaction of the sama nitrone rith dimethyl fumarate was described as diasterrospecific to give 

quantitative yields of isolated adduct 2. 
12 

As the authors did not claim beyond doubt structure 

assignemsnts these interesting results needed either confirnrtion or disproval. 

Here we report on J reinvestigation of these rractions. Our study was Jlso extended to others (21- 

and (El-disubstituted alkenes bearing conjugating and electron-attracting substituents and to 

cyclic electron-rich alkenes. 

RESULTS AND DISCUSSION 

ENDO/EXO-SELECTIVITY -- 

Nitrone 1 rracted readily uith dirrthyl fumarate (at 35OC in C6061 to give almost quantitJtive 

yields of a mixture of adducts 2 and 3 (kinetic ratio,2:3 = 0.30) which equilibrete readily even at 

r.t. (thermodynamic ratio, 2:3 = 131 (Scheme 11. Cyclorcversion of pure 2 obeyed first order 

kinetics with half-life of 2.62 h at 53.C in C606. Because of its high cycloreversion rate, 

compound 3 could not be isolated in a pure state but it uas convincingly characterized by lH-NHR 

spectrr of the crude reJction mixture. In pJrticulJr the shift to higher fields experienced by one 

of the methoxy groups in 3 (6 (CDC131 3.30 and 3.80 as compared to b 3.73 and 3.86 in 2 and b 3.92 

in 41 due to the shielding rffect of the vicinal cis aromatic moiety, clearly supports the assigned - 

structures. The lower stability of 3 than 2 concurs. 

Finally catalytic hydrogenation of 2 
12 

under siailar conditions to those usrd by Huisgrn and 

toll. 
12 

afforded 4 whose structure was estsblished by single crystal X-ray analysis (Figure). 

Also dimethyl maleate reJcted readily with 1 (Jlthough more slowly than dimethyl fumaratel to 

afford a 52:48 mixture of endo- [6 CCDC131 3.20 tOHe and 3.70 (ORas)] and exe-5 [ 6 CCDC13) 3.80 

(two One)] Jdducts (Scheme 21. Under equilibrium conditions (refluxing benzene) the exo-compound - 

was lrrgely dominant (exo:endo L 2O:l). The “cis” compounds 5 Jnd 6 Jre definitively more stable - 

than the related “trans” adducts 2 Jnd 3. In fact cyclortversion reaction of the ore reactive of 

the “cis” adducts, thJt is the endo-one 6, shored a hJlf-life of 2. 28 h (at 53.C in CBC13). l3 As 

J result, both 5 and 6 could be isolated in a pure state and transforti by catalytic 

hydrogenation 
12 . 

into the lactams 7 and 8, respectively. 

The structures JSSigMd by Huis9en and ~011. to the more StJble Jdducts from the reaCtionS of 1 

with dimethyl fuurate and dimethyl ma1eJt.e mare 3 and 6, respectively. On the basis of the 

foregoing data thay must ba revised Jnd reassigned as 2 and 5. 

Our invrstigation was extended to others (I)- Jnd (El-1,2_disubstituted l lkenes and Table 1 

gatherrkinetic Jnd thermodynamic ratios of the tuo diastereoisomers (9 and 1Q frca (2)- and 11 and 

12 from (El-alkmes, respoctivelyl evaluated by 1 H-NM7 Jnalysir of t)H reaction mixtures. The 
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Figure. ORTEP (Johnson, 1976) perspective views of the two independent molecules 0f4, 

shoving the stomic numbering used in the Tables 3-4. 
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9 , E> lo,E& 

Table 1. Kinetic (thermodynamic) ratios for the reactions of 1 with fZ)- and (E)-disubstituted 

alkenes. 

z 

a : CN. 

b : COPhb 

c : SO,Ph’ 

d : Phb 

9 

50(80) 

50(100)c 

100(100) 

100(100) 

10 

50(20) 

50(d) 

d(d) 

d(d) 

11 

40(85) 

75(L98) 

83(100) 

195(100) 

12 

60(15) 

25(~ 2) 

17(d) 

5 5(d) 

a In chloroform. 
b 

In benzene. ’ Thermodynamic ratio in chloroform. 
d 

1 
H-NMR analyses. 

Not detected by TLC and 

reactions of 1 6th dibenzoyl and dicyano derivative% at room temperature were’ fast, ending up with 

an equilibrium which did not lie completely on the side of the adducts. (Z)- and (El- 

Bis(phenylsulphony1) derivatives reacted readily with 1 and gave rise to quantitative yields of 

adducts. By contrast (Z)- and (E)-stilbenes reacted very slugqisly with 1 and only after several 

weeks at room temperature substantial amounts of adducts could be isolated. As far as the structure 

of adducts reported in Table 1 is concerned it should be stressed that ‘H-NMR data (see Table 2) do 

not make it possible to discriminate between the two diastereoisomers. However YO feel that taking 

advantage of the reversibility of all of the reactions of Table 1 and by analogy with the results 

of the reactions of 1 with dimethyl fumarate and dimethyl maleate one can confidently l ssigne 

structures 9 and 11 to the dominant (or to the only) detected isomer under equilibrium conditions 

in the reactions of (Z)- and (El-dipolerophiles. respectively. 

The most relevant feature of the reactions of 1 with (Z)- dipolarophiles (Table 1) is that 

exo-addition (i.e., 13) competes efficiently with endo-addition (i.e., 14) in the case of - 

(Z)-dibenroyl ethylene and of maleonitrile whereas the former addition mode is the only observed 

process in the case of (Z)-stilbene and (Z)-bis(phenylsulphonyl)ethylene. As for (El-alkenes our 

findings clearly indicate that phenyl, phenylsulphonyl and benzoyl groups accomodate more easily 

endo-disposition, with respect to attacking 1, when they are bound to occupy position 5 in the 

final isoxarolidine than when they are bound to occupy position 4; that is,TS 15 is preferred over 

TS 16. The opposite is true for cyano and, to a higher extent, for methoxycarbonyl group (16 is 

favoured over 15). 

Ue then studied cyclic dipolarophiles. The reaction of 1 with N-phenylmaleimide (NPN) took 

place in a few minutes (35X, CoDo) to give quantitative yields of a mixture of ~-17. and 

endo-1Ba adducts (eno:endo -- = 96:4). Quite similar high exo-selectivities were observed in more - 

polar solvents such as ethyl acetate (97:3). dichloromethane (95:5), acetonitrila (93:7) and 

nitromethane (95:5). Both endo- and exo-adducts proved stable under reaction conditions. The - 
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a:YtNPA; b:Y=NMe 

c:Y=NCO,Ms; d:Y=O 

23 24 

18 

ao 

28 
27 
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structure of the adducts rests firmily on the ‘H-NMR spectra (Jg , = 2.0 Hz for the cxo-adduct and - , 
7.5 for the endo-derivative) and on conversion of the endo- into tha exo-compound upon heating - 

(exo:endo thermodynamic ratio = 96:4 in benzene at 80%). Consequently the endo-structuri proposed 

by Huisgen and ~011. 
12 

for the adduct I-NPM must be reassigned as exe. - On passinq from N-phony1 to 

N-methyl (axo:endo = 98:2) 
14 

-- and N-wthoxycarbonylmaleimide (only the exo-sdduct 17c uas detected) - 

no relevant changes in diastereoselectivity were observed. Likewise only the exo-adduct 17d was - 

detected (‘H-NfU?) in the reaction of 1 with maleic anhydride (HA). Supporting chemical evidence for 

this adduct (J, , = 1.0 Hz) comes from its chemical correlation, carried out by Huisqen and 

toll., 
12 

to whet’has now been assured to be the l xo-adduct from dimethyl maleate, i.e., 5. - 

Competition reactions of 1 with excess mixture of NPM and Cu gave rise to an almost l quimolar 

mixture of 170 and lid, but 17d slowly disappeared with tine and only 17a was left. This finding 

clearly indicates that cycloaddition rates of NPM and M are similar whereas their extrusion rates 

from 17a and 17d, respectively, are very different. We do not have , at present, any explanation for 

this behaviour. However from an experimental standpoint the high reactivity of nrsleimides along 

with the surprisingly high stability of their exo-adducts makes maleimides the most suitable - 

trapping agents for nitrones. 
14 

In fact all of the cycloreversions cited in this paper were carried 

out in the presence of excess N-msthylmaleimide. 

Cyclic electron-rich dipolarophiles reacted sluggishly uith 1 but the diastereoselectivity scenery 

did not change. The reactions of 1 with cyclopentene and cyclopentadiene were found 

diastereoprpecific whilst hiqh exo-selectivity was observed in the reactions of 1 with vinylene - 

carbonate (exe-19:endo-20 = 95:s; J3 4 = 0.5 Hz and 5.0 Hz for the exo- and undo-adduct. -- - , 
respectively) and with acenaphthylsne (exo-23:endo-24 ratios:kinetic = 79:21, -- thermodynamic = 

86:14). Hass spectra of 19, 20 and 21 showed that a cycloreversion process is the only relevant 

fragmentation pathway observed under electron impact. 

Our results clearly show that an “endo-rule” does not hold for the reactions of 

3,4-dihydroisoquinoline-N-oxide with (Z)-1.2-disubstituted alkenes. However, in some cases (e.g. 

reactions with dimethyl maleate and (Z)-dibenroylethylene) kinetic exo:endo ratios are much loner -- 

than related thermodynamic ratios thus suggesting that stereoelectronic factors are actually at 

work during the cycloaddition process and that they favour endo-orientation. Secondary orbital 

interactions betueen the nitrogen atom of the nitrone and substituents of a (Z)-dipolarophile, ara 

schc%atically drpicted in 25 and 26. These interactions have been advanced as factors responsible 

for endo-orientation in the case of (E) and (2)-N-alkoxynitrones3 and then considered 

important also for other types of nitrones. 
2,7.e 

In our opinion such interactions should not, in 

general, give rise to a strong stabilization owing to i) the bad geometrical alignment of the 

centres involved in secondary overlaps in both 25 and 26 ii) in 26 (which is the dominant F.O. 

interaction in the reaction of 1 with dimethyl maleate and other electron-poor dipolarophiles) 
2,15 

the coefficient at the nitrogen atom of the nitrone is small and one of the interactions is 

l ntibondinq. 

Secondary interactions can also involve substituents on the nitrone and on the dipolarophile. 
7.8 

The two plane orientation complex 27 and its corresponding transition state permits z-overlap 

between the aromatic moiety of 1 and qroups such as ester groups. Experimental evidence 

attractive nature of this type of interaction has been reported. 
16 

As a matter of fact the foregoing experimental data indicate that in our systems the 

transfer effects can often be override” by steric (non bonded) interactions which can be 

as responsible of the dominance of exo-adducts. - 

for the 

charge 

regarded 
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In this connection it should be reminded that recent IW and HWD calculations have cast SOI# doubt 

on the role of secondary overlaps as endo-orienting factors in Oiels-Alder cycloadditions (even in 

the catalyzed reactions) 
lfa,c 

and have stressed the importance of steric factors 
17b,c 

and of the 

polar term.17(l breorccr Sustmann and Sicking, on the basis of MlMDO/3 calculations, concluded that 

“non covalent” rapulsion eight well play a very important role (and, all the mere intwrsting, it 

can outweigh charge transfer terms) in controlling regiochonistry in 1,3-dipolar cycloadditions of 

nitrile oxides and disroalkanes. 
17d 

They also evidenced tht contributions of the polar term. are 

soall. 

Dipole-dipole interactions have previously been advanced as an important factor in controtiling 

diasteroselectivity in nitrone cycloedditions.9 Dipole-dipole l lignement in 0x0 TSs (e.g., 28) has 

been considered worse than that inend TSs. The. absence of solvent polarity effect on l ndo:exo -- 

ratios for tho reaction of 1 uith NPH and the doninanco of exo-addition in the reactions of NPM and - 

nvloic anhydride with 1 seem to rule out a major role for this effect in the above described 

cycloadditions. 

RELATIVE RATES OF CYCLDADOlTlDN AND CYCLDREVERSIDN FOR (El-AM (ZI-OIPDLAROPHILES 

Steric hindrance of resonance between the carbon-carbon double bond and the conjugated 

(Z)-substituents should lower the reaction rate of (ZI- in comparison with related (El-•lkenes, 
18 

probably owing to a smaller LUHD-HDRD gap in these latter compounds. On qualitative grounds ue havo 

observed that the behaviour of wthoxycarbonyl, benzoyl and sulphonyl derivatives conform to this 

rule (sea Experimental). However the reactivity of maleonitrile was found similar to that of 

fumaronitrile and in the case of diphenyl derivatives we observed a reversal of reactivity. 

Competition experiments showed that 1 reacts with (Z)-stilbone ten times faster than (El-stilbene. 

This is the second exception 
14 

to the rule that (El-1,2-disubstituted ethylenes are better 

dipolarophiles than the related (Z)-compounds and confirms, once more, that nitrones are among the 

most reluctant 1,3-dipoles in following this rule. 
18 

Repulsive storic effects present in either one 

of the transition states from (El-stilbone but not in the exo-transition state from the - 

(Z)-stilbene can bo advanced as an important factor which could lower the reactivity of the 

(El-olefin. 

A second reason for the loner reactivity of (Z)-dipolarophiles was advanced by Huisgen in 1962 and 

takes into account “the shrinking of the olefinic bond angle from-120. to-109. during the 

cycloaddition as a consequence of the rehybridiration (sp’ - sp3) which increases for 

cis-substitucnts the overlap of Van der Uaals radii.” 
18 

But the same Author more recently has - 

stated that “one attributes minor importance to the second argument, since the early TS of 

concerted cycloadditions became accepted knowledge”. 
18 

lo the best of our knowledge no unambiguous 

experimental data have so far been reported uhich can shed light on the role of this storic 

effect. One may anticipate that, were this factor of some inportanao in the case of cycloadditions, 

it should fully display his effect in cycloreversion reactions of (Z)-derivatives (as a strong 

rate-enhancing factor). In fact an early TS for a cycloaddition means a late TS for the related 

cycloreversion with a resultant almost complete relief of steric compression for (ZI-substituents. 

A systeutic study of the cycloreversion reaction of pairs of (ZI- and (E)-isoxazolidines (with 

N-methylmaleiaide as trapping agent for 1) shoued that adducts to (Z)-dipolarophiles underwent 

cycloroversion less readily than related adducts to (E)-•lkenes. 

Thus, (E)-dibmzoylisaxszolidine lib is definitively more fragile upon heating (‘4 = 1.25 h at 3SoC 
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in CDCl3) than the relrtrd (Z)-darivative (i.e., k: t 
l/2 

a 7 h at 53% in CM.1 
3 

1. Evm in the CJSO 

of isoxarolfdines bearing bulky sobstitumtc , such as phenylsulphonyl 9roup1, the (El-isorarolidfm 

(i.e., ltc) fragmented c. four times fastor than the (Z)-&duct (i.e., 9~) (t 
T/2 

139 minutes and 

2.8 h, respectively, at 80.C in COC33). Fragmentation of diphenyl derivatives W and lld took place 

at an rccrptable rate onXy above 100DC but once l 9ain the (EMrrivrtive (i.e., lid) entered ring 

cleavage more auily (ea. 3 - times) than (2)-W. An exception is, for nor, represented by cyrno 

derivatives lb ahd 12a (the only two cyano adducts isolated in a pure state) uhich exhlbitcd very 

riailar cycloreversion rate constants (t 
T/2 

=lB and 17 minutes in COC13 at 35.C for (El-12a and 

UblOm, respectively). 

The foregoing rraults (see also preceding section for mathoxycrrbonyl derivatives and previous data 

for (E)- and (Z)-B-nitrostyrrneaj4 provide unambiguous experimental evidence that the “second 

reason” is not the dominant factor in promoting a cyclorerersion reaction and conssqusntly, in 

agreement with Huisgen’r opinion, it should play a minor role in retarding cycloaddition reactions. 

However,it should favour cycloreversions of (I)-dipolarophiles as indicated by the remark that 

relief of steric compression does indeed help increase cycloreversion rate. In fact repulsive 

rteric interactions between the rubstituent at position 4 and the cir aromatic residue at position - 

3 allow one to easily erplrin uhy endo-adducts 6, lb and lob cyclorevert more readily than 

related ero-compounds 5,9a and ob (as shown by a comparison of kinetic with thermodynaaic rrtior). - 

The very same effect makes adducts 3 and 12a-d be less stable than related diastereoisomarr 2 and 

11.-d.19’20 

Our results slso suggest that the rule ktE)s kCzI is at least as general (or even more peneral) 

for cycloreverrions as for cycloadditions. The underlying reason for this finding can be traced 

back to the concepts of conjugation loss ( 1 localization energy, that is loss in r bond energy) 

for cyclordditions and the corresponding conjugation gain for cycloreversions. 
15.21 

The former 

effect actsas a rate-retarding factor in cycloadditions (thus partially counteractin the 

charge-transfer stabilization term) and it is obviously greater for (E)4lkencr (where rubstituents 

can fully display their conjuprtive ability) than for (Z)-derivatives. The latter effect is no 

doubt a prime rate-enhancing factor in cyclorrversion reactions, 
22 

it is higher for (El-olefins 

than for (Z)-isomers and overrides the “second reason”. In this connection the similar reactivity 

observed for maleo and fumaronitrile (in both cycloadditions and cycloreversions) is consistent 

with the absence of steric hindrance to resonance in maleonitrile. Cycloreversion of this latter 

compound should be frvoured by a decrease in dipole-dipole repulsion between the two cyano groups 

vhile the opposite is true for the cycloaddition reaction. 

EXPERMNTAL 

Haltin points are uncorrected. Elemental anelysrs were mado on a Carlo Erba CHN analyzer mod. 
1106. H-NMR spectra uere recorded on a Bruker WBOSY Spectrometer (operating at 80 Mz) equipped 
with an Aspect 2000 computrr with THS as internal standard. Thin layer chromatography was carried 
out on plates precorted vith Silicr9el 60 GF Harck. Spots were ravealsd either by spraying uith 
R chromic oxide in sulphuric acid (50%) fol%ad by heating at 12O.C or under UV light (254 nm). 
Column chromatography was performed with Silicagel 60 (70-239 mesh) Merck eluting with 
cyclohexane-ethyl acetatr mixtures. The reagents used uere either co#rcially available or 
prepared by literature methods. 

Reaction of 3,4-dihydroiroqujnoline-N-oxide 0) with dimethyl fumarrte. Freshly distilled 1 (40 
mp, 0.27 mol) and digthyl fwrrte (20 mg, 0.14 mmol) were dissolved in C 0 (0.5 ml) and ths 
reaction monitored by H-MR. After ten minutes at 35OC dimthyl fumarrtr ha ‘B almost completely 
disappeared and only compounds 2 [b 3.33 and 3.43 (tuo s. @!e)] and 3 [6 3.00 and 3.43 (two s, 
OHa)] were detected in the reaction mixture. The 2:3 ratio changed from 0130 after one minute to 13 
after some days (at the equilibrium). Similar results were obtained in the presence of excess 
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ReJction of 1 with fururonitrile, uleonitrile, (h)- Jnd (Z)-diknzoylethylene. The reJction of 

1 (21 l 9, 0.14 mmol) with excess fuuronitrilc (30 m9, 0.39 nrol) Jfld rsleonitrile (30 mg), 

respectively, 11s csrried out in COCl (0.5 ml) Jt 35.C Jqd monitored by ‘Ii-NM. Kinetic (OvJlUJted 

Jfter cr. 3 minutes) Jnd thermodynlmi? rstios (48 h) Jre reported in Teble 1. Both dipolarophiles 

rercted very rrJdily with 1 Jnd both reJctions rerehed more thrn 6Ot conversion Jfter’20 miyutes. 

However they never went to completion Jnd the siqnrfs of 3 were clerrly Jppsrent in the Ii-KRR 

spectrum of the rJJction mixtures even Jfter 48 h. The rJJction of carleonitrile (10 m9) in C606 

(0.5 ml) in the presence of excess 1 (61 mg) led to J slight kinetic prevalence of 10~ (OJ:~BJ E. 

45 : 55) UhereJs 9J YJS once JgJin dominant Jt the equilibrium. 

In J further experiment both the foregoing reJctions were conducted in benzene Jt r.t. After 6 

h the resction flssks were opened Jnd solvent WJS kept evJporJting slowly under Jtmospheric 

pressure Jt r.t. The low soluble Jdducte ~BJ Jnd 121, respectively, precipitrted from the reaction 

mixtures in good yields CL 60%). 101: slightly yellow needles, m.p. 105-9.C dec. (Found: C, 69.5: 

H, 5.0; N, 18.5. C~lc. for C13HllN30: C, 69.3; H,4.9; N,lB.7). 128: needles, m.p. 99-100°C, (Found: 

C,69.2; N, 4.8; N, 18.6). 101 Jnd 12~ exhibited J lower RF (cyclohexJne:ACOEt = 7:3) thJn 9J Jnd 

lla, respectively. 

A competition experiment of 1 with excess mixture (1:l) of mrleo Jnd fwrronitrile 

qullitstively showed ( H-W) thrt the former dipolJrophile YJS slightly less reJctive thJn the 

lrtter . 
The reJctions of 1 (25 mg, 0.17 mmol) with (El- Jnd (L)-dibenzoylrthylene (31 mg, 0.13 mol), 

respectively, were crrried out in C,l& (0.5 ml) at 35.C. TheraJction of the (El-derivrtivs rent 

to completion within five minutes rhereJs Jfter thJt time the signrls of the Jdducts to the 

(Z)-dipolJrophile could just be detected. Horeover only the signrls of the Jdducts to the 

(El-dcrivrtive could be detected Jfter 5 minutes when excess mixture of (El- Jnd 

(Z)-dibenroylethylene Cl:11 YJS reJctJd with 1 UndJr the Jbove reported conditions. 

In the rerction of (El-dibsnzoylethylenJ the signals of the minor isomer 12b completely disJppeJred 

uithin 4 h but trsce amounts of 12b (lower RF) kept on being detectJble after 48 h by TLC. Adducts 

9b [prisms, m.p. 115-7OC (Found: C, 78.5: H, 5.3; N, 3.9. C~lc. for C25HZlN03 : C, 78.3; H, 5.5: N, 

3.6511 Jnd llb [needles, l .p. 153-5+X dec. (Found: C, 78.6; H, 5.4: N, 3.511 slowly precipitJted in 

J pure stste from COnCentrJted reaction mixtures. Adduct 9b showed J higher RF thJn lab on TLC. 

TrJnSfOrmJtiOn lob+% WL JCCOmpJnied by forrstion of minor amounts of llb due to bue cJtJlyr8d 

isomeritrtion of lab. In contrJst 9b did not show Jppreciable isomerirrtion to 12b in the presence 

of 1 (CDC13 solution, B h). 
RJJction of 1 with (2)- Jnd (El-bis(phenylsulphonyl)ethylme. 

1 
H-NM JfUJlysis Of J SOlUtiorl Of 

I (21 mg, 0.14 001) Jnd (E)-bis(phenylsulphonyl)ethylene (23 ap, 0.075 mol) in CDCl, showed the 

presence of both llc Jnd 12~ (TJble 1). Compound 12c YJS slowly trJnsformed into llc t&n standing 
at r.t. (9 dJys). On J preprrrtive scale the rescrion YJI crrried out in dichloromethsne. After ten 

dJyS Jt r.t. the solvent YJS removed Jnd the crude residue triturJted with little methJno1 to 

Jfford pure llc [m.p. 174-5.C (Found : C, 60.9; H, 4.4; N, 3.0. Celc. for C23HZlN05S2 : C, 60.7; H, 

4.6; N, 3.1.)]. 

Only Jdduct 9~ YJS present (TLC Jnd 
1 
H-NHR) in the reaction mixture of 1 with (Z)-bis 

(phenylsulphonyl) ethylene both in dichloromethrne Jt r.t. and in benzene Jt BOY. EvJporJtiOn of 

the solvent followed by trertment of the residue with HeOH yielded pure 9c [m.p. 132-5.C (Found: C, 

7O.Oi H, 4.8; N, 3.21. 
H-NM Jnslysis of the reJction of 1 with an excess of J mixture of (El- Jnd (Z)-isomers 

indicJted thrt the (El-isomJr is Jt lerst ten times more reJCtive thsn the (Z)-derivative. ln fJ$t 

only signJls Jttributrble to llc Jnd 12~ were clearly Jpprrent in the spectrum recorded Jfter 15 

minutes Jt 35V. 

ReJction of 1 with (E)- end (Z)-stilbene. A solution of 1 (0.213 mg, 1.45 mmol) rod 

(Z)-stilbene CO.50 a. 2.77 mml) in benzene (2 ml) YJJ kept .Jt r.t. for 105 drys. The rerction _. 
mixture VJS worked up IS uwrl to give W [0.141 g, 30%; prisms from MeOH, m.p. 16&70°C. (Found:C, 

84.7; H, 6.2; N. 4.5. C~lc. for C23HZlNO : C, 84.4; N, 6.4; N. 4.3)]. 
A solution of 1 (0.180 9, 1.22 mnol) with (El-stilbene (O.lBO g. 1.00 mmol) in benzene (2 ml) 

WJJ left Jt r.t. for 2 months Jnd then heJted Jt reflux for five dJyr. Usurl workup led to 

isolJtion of lld [26 m9, Bt; needles from BeOH, m.p. 13B-140V. (Found : C, 84.6; H, 6.1; N, 4.61. 
In the reJctions csrried out in benzene either Jt 65OC (10 deys) or Jt 35.C (60 dJyJ) compound lld 

YJS JCCOmpJnied by minor Jmounts of J product thlt we did not mrnrge to ChJrJCteriZe. 

Either one dipolrrophile MJS reacted with 1 Jt 140.C (3.5 dJyS) but once Jgrin 9d Jnd lld. 
respectively, were the only detected Jdducts. 

Competition experiments were CJrried out by rercting 1 (105 mg, 0.71 mmol) with excess mixture 

(1:l) (270 mg, 1.5 mmol) of (E)- Jnd (Z)-stilbene in benzene at r.t. for six months. At the end of 

thJt time the following three frJctions were ObtJined, in the order, by column chrocratogrrphy 

(cyclohexJne:ethyl JcJtJtJ = 9:1 JJ JluJnt): onreacted 
23 

tilbenes, lld (B mg) Jnd pd (72 m9). From 

these dJtJ n kfz, : k(E, I 10.5 cm be evJluJted. Further experiments stopped Jt J lower 

conversion confarmed this finding. For example 1 (1.0 mol) YJS reJcted with J llrge excess of J 

mixture of (Z)- (1.54 mmol) Jnd (E)-st’lbene (2.94 mmol) Jt r.t. 
1 

for two months (Bt conversion). A 

od: lld rJtio of 9.5 IIIJS JvJluJted by H-NMR. Both 9d Jnd lld proved JtJblJ in benzene Jt r-t.. 



I.bDipoIu cyclo6dditians 3745 

Reaction of 1 with mleinidss and ultic anhydride. A W@ tube containing a sofution of 1 f3D 
mg, 0.20 mmol) and NPtl (18 aq, 0.10 1~11 in C6D (0.5 ml) was placed in thr RMR probe (at WC) 
and the reaction monitored at tima intervats of 3 8 seconds. After 3 minutes the signals of NW had 
completely disappeared. Then the fraction was carried out on a larger scdh [I90 mg ft.29 ucl) of 
1 and 218 mg Cl.26 roll of NPM in 5 ml of benzene] dt r.t.. The precipitdtad exo-l?a (320 mg) was 
filtcrad off dnd washed with benzene. The mother liquors were co&m chrou&aphed to give19 
further crop of lla (67 mg, total yield 96%: prism5 from benzene, m.p. 17R-9°C, lit., 
178-178.5%) dnd the lover RF endo-adduct 18a (16 ng, 4%; m-p. 130-Y%. (Found: C,71.2; H, 5.2; N, 
8.8 CdfC. for Cl9Hf61203: C, 7G; if, 5.0; N, 8.75)\. The endo-adduct proved stable under reaction 
and workup conditions whilst upon hedting dt 53OC it wds converted to the exo-ddduct with a 
half life, 32 h. The thermo-dyndaic exo:mdo ratio ws obtdined by heating the enzdduet (500 a191 

C---T 
in benzene under reflux for 4 days. frdCtlond1 crystal~iration and column chr&%ography Ied to 
recovery of 17a (437 mg, 87.4%) and isolation of 18a (18 m9, 3.6%). 

Under otherwise similar reaction dnd workup conditions 1 (390 mg, 1.29 mmolf was reacted with 
NPM (180 m9, 1.04 ~1) in ethyl acetate (total yield 98X, exo:endo ratio = 97:3), dichforomethane -- 
(100%. 95:5), nitromethane (1001, 95:5) and acetonitrile (98%, 93:7), 

The reaction of 1 with maleic anhydride in C6D6 was monitored by H-NBR. Only the signals of the 
e*o-ddduct could be detected. Then an equimolar mixture of NPH f22 mg) dnd maleic anhydride Cl2 A(I) 
ndf reacted rith 1 (15 mg) in C606. After five minutes 17a and 174 uere present in quite similar 
aaunts in the rfaction mixture but after tl days fat r.t.2 only the signals of 178 were clearly 
apparent in th 4 H-NRR spectrum. 

Once again H-NM? and TLC analyses of the reaction mixture of 1 with N-methoxycarbonylmaleimide 
Gin benrane) disclosed the presence of the sole e-ddduct. [90%; prisms from benzene, m.p. 15!XP 
dsc. (Found: C, 59.3; H, 5.0; N, 9.0. talc. for ClSH14N205 : C, 59.6; H, 4.7; N, 9.311. 

Reaction of 1 with cyclopsntene, cyclopentadisne, acenaphthylena, and vinylene carbonate. A 
mixture of 1 f305 mg. 2.08 mmolf and 6 ml of freshly distilled cyclopentenc was left aside at r-t. 
for 6 days. Then column chromatography afforded pure 21 [380 mg, 85%; leaflets from petrol ether, 
a.p. 113-5*C. (Found: C, 73.4; H, 7.9; N, 6.2. Calc. for C14Hl7NO : t, 78.1; ii, 7.9: N, 6.5). Mass 
spectrum: n/z, 215 CM+’ , t4%), 147 fC9H9NO*’ , lODV,J. The same adduct uas isolated uhen this 
reactlot’! nas carried Out dt 140’c for two days. 

A solution of 1 (305 nqf and freshly distilled cyclopentadiene (3 ml) in methylene chloride f3 
ml) uas kept at r.t. for 3 days, after which time column chromatography afforded two fractions,4Tqt 
first fraction consisted of a mixture of rcgioisomeric adducts to the dimer of cyclopentddiene ’ 
fZ05 ng) while the second one contained pure 22 1143 mg; leaflets from cyclohexane 9%100%. 
(Found: C, 78.6; H, 7.2; N, 6.5. Calc. for Cl4ti15NO : C, 78.9: H. 7.0; N, 6.6.)]. 

A solution of 1 (210 mg, 1.43 mmoll and acenaphthylens (200 mg. 1.32 mmol) in benzene (5 ml) was 
kept at r.t. for f month. It the end of that time the precipitated exo-23 (180 m9) was filtered off 
and the mother liquors were column chromatographad (cyclohexanc: AcG:CH2CL2 = 70:20:10) to give a 
further crop of 23 [higher RF, 75 mg, total yield 65%; needles from benzene, m.p. 187-WC CFound:C, 
84.5; H, 5.4; N, 4.8. Caic. for G?lHl?NO: C, 84.3; H, 5.7; N, 4.7)J dnd endo- I(67 ng, 17%: 
needles from benzene, m.p. lS7-q°C (Found:C. 81.1; H, 5.5; N, 4.6)]. In a further experiment the 
exo:endo ratio was evaluated by H-N&R and found to be similar (4.01 to that reported above. In the -- 
*-adduct 24 H-a proton was shifted to higher field [6 fCDC1 f 6.48 Cd)J in COmpdriSOn with the 
related proton in 23 [ 6 7.151. The thermodynamic rstio was de ermincd 2 by heating pure 23 (60 m9) 
and 24, respectively, in tofutne at fWC (sealed ampoulel for 85 h in the presence of 1 flo mgf. 
Usual uorkup led to thr same exe: endo ratio 16.1) in both cases. 

finally 1 (300 mg. 3.04 mmol)anGnylene carbonate (150 m9, 1.74 mmol) Mere reacted in benxane 
(5 elf dt 35’C for 20 days. Then column chromatography (cytlohexane:llcMt=7:31 dfforded 19[ 271 mglr 
67%; prisms from ReDH, m.p. 142-3.C dec. (Found: C, 67.0: H, 6.5; N, 10.0. Calc. for 
E12HllNOd:C,67.~; H. 6.3; N, 9.8. Nass spectrum, m/r:233 (He’, ZD%), 147 {C9HPNO*‘, lOoZ>.J and 20 
It5 mg, 3.3%; rwtdles, n.p. ?%-9’C dec. &ass spectrum, mlrr : 233 (8%), 147 flDMf]. 

Cyclorcversion reactions. Kinetic runs were carried out by dissolving 0.10 mmol of the adduct 
and 0.30 mnol (0.6 in the case of ?o*, 12d and 1’tb)of N-methylnaleinide in 0.5 ml of the 
appropriate deuttrated solvent. 
integration of H-3, 

The concentrations of the starting adducts uere obtained by careful 
H-d and H-5 signals vhilst those of the ddduct to h-methyl~leimide by 

integration of H-3 and 8-S signdfs. During hesting under the conditions employed for rate anslyses 
no significant side reactions were detected. The first order rate constants for the cyclorcvarsions 
were obtained by least-squares treatment of In a/a-x (a is tha initial concentration of the adduct 
which undergoes cycloreversionf. Fra9mcntationr of X&a, 12d and llb were carried out in the W!S 
probe at WC whereas in the other cases sealed NNR tubas were heated in a thermostdt Ct O.lY) and 
sPeCtra recorded at appropriate time intervals (over tuo half-lives). The reported values are the 

average Qf twb runs. 2 (C,D,, 53%): k, = 7.35 f 0.20 x 10 -5 -1 
set 

-1 
0.15 x 1o-6 set ; loa (CCC1 

: S fCDC13, @WC) : Iq = 7.40 P 

3, 35’C) : k1 = 6.83 f 0.25 x 10S4 set-‘; 1Za (CDCl 3r 35V) : 6.47 t 

0.10 x lD-a set”‘; llb KDC13, ,S’=C) : kl r 1.54 t 0.05 Y 10-4 set-‘; PC KOC13, ROY) : kl I 6.88 
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Table 3. Fractional atomic eoordinatos 
atoms. E.s.d. in parrnthesos. 

o( 10e4) and rquivalmt 8 factors (A21 for non-hydrogen 

ATOM X/A 

Cl -2134 (2) 

c2 -2848 (2) 

c3 -3242 (2) 

N4 -2796 (2) 

c5 -2970 (2) 
C6 -2842 (2) 

c7 -2147 (2) 

C8 -1876 (2) 

c9 -1227 (3) 

Cl0 -0870 (2) 
Cl1 -1141 (2) 

Cl2 -1782 (2) 

Cl3 -2080 (2) 

014 -3859 (2) 
015 -2779 (1) 

016 -1536 (2) 

017 -1078 (2) 

018 -1554 (2) 

Cl9 -1039 (3) 

Cl8 0304 (21 

C2B -0352 (2) 

C38 -0554 (2) 

N48 0008 (2) 

C58 0026 (2) 

C68 0177 (2) 

C78 0851 (2) 

C88 1267 (2) 
C98 1925 (3) 

Cl08 2145 (2) 

Cl18 1742 (2) 

Cl28 1085 (2) 
Cl38 0635 (2) 

0148 -1130 (1) 

0158 -0163 (1) 

Cl68 0759 (2) 

0178 1329 (2) 

0188 0429 (1) 

Cl98 0786 (3) 

Y/E Z/C 

-3169 (5) 
-2652 (5) 

-4137 (5) 

-5287 (4) 
-6904 (6) 

-7641 (6) 
-7137 (5) 

-7986 (6) 

-7598 (5) 

-6385 (6) 

-5513 (5) 
-5869 (5) 

-4886 (5) 
-4219 (4) 

-1814 (4) 

-2245 (5) 

-2737 (4) 

-0823 (3) 

0198 (6) 

4576 (5) 

3821 (5) 

4957 (5) 

5769 (4) 

7096 (5) 

8472 (5) 

8193 (5) 

9443 (5) 

9257 (6) 

7856 (6) 

6570 (6) 
6738 (5) 

5373 (5) 

5064 (3) 

2399 (3) 

3415 (5) 

3014 (4) 

2897 (4) 

1733 (6) 

0783 (3) 
0969 (3) 

1026 (3) 

1028 (2) 

1050 (3) 

0186 (3) 
-0026 (3) 

-0657 (3) 
-0873 (3) 

-0457 (3) 

0161 (3) 

0375 (3) 
1019 (3) 

1089 (2) 

1779 (2) 

1285 (3) 

1876 (2) 

0988 (2) 

1483 (4) 

2621 (3) 

2838 (3) 

3519 (3) 

3873 (2) 

4458 (3) 

3920 (3) 

3601 (31 
3514 (3) 

3269 (3) 

3112 (3) 

3200 (3) 
3428 (3) 

3518 (3) 

3737 (2) 
3262 (2) 

2281 (3) 

2657 (2) 

1461 (2) 

1062 (3) 

8 

2.0eqt21 

2.3 (2) 
2.5 (2) 

2.6 .(l) 

3.4 (2) 
3.7 (2) 

2.7 (2) 

3.7 (2) 

4.2 (2) 

3.8 (2) 
3.0 (2) 

2.0 (2) 

2.1 (2) 

4.3 (1) 

3.5 (1) 

2.5 (2) 

4.6 (1) 

3.7 (1) 

5.8 (2) 

1.9 (2) 

2.4 (2) 

2.4 (2) 

2.2 (1, 

2.4 (2) 

3.0 (2) 

2.4 (2) 

3.3 (2) 

4.4 (2) 

3.5 (2) 

3.1 (2) 

2.3 (2) 

1.9 (2) 

3.4 (1) 

2.9 (1) 

2.5 (2) 

4.0 (1) 

3.6 (1) 

5.6 (2) 

f 0.30 x 10 -5 -1 
SCC kl = 2.98 f 0.06 x 10 

-4 -1 
set ; w K6D6’ 110.C): kl = 3.26 

kl I 9.14 f 0.09 10 
-6 -1 

x set . Overlapping of signals 
of 6 and 9b whose half-life could, however, be roughly 

20.10 x 10 -6 -1 
; llc (COC13, 80%) : 

SCC ; 1Zd K6D6, llO°C) : 
prevented rate measurements In the case 

evaluated : t 
‘r 

2 21 h and 27 h for 6 and ob, respectively, in COCl 

Crystal data nd X-ray structure refinement of compound 4. C 4H1 ISI 
at 53%. 

(colourlcss) crystals from 

HeOH, monoclinic, 

(1) 

space group PZl/n; a = 19280 (21, b = 8.76'1 (5, 101.45 

O; V = 2517.3 A , 2 = 8; D = 1.379 g/cm ; 
"; = l-t.973 (1) A; 8 = 

analysis and data collectio% performed on 

F(OO0) = 1104; Cc = 8.03 cm . X-ray single crystal 
a Philips PU 1100 four-circle diffractometer 

(monochromatic CuKa radiation, A= 1.5418 A). Unit-cell dimensions calculated by least-squares 

refinement on 25 rows in the d range 2-40°. 2670 reflections (Och ~16; -7r k c 7; 

measured in the same fl range, 

02g 1 ( 12) 
merged after Lp and semi-empirical absorption correction (max = 

1.196). yielding 1540 unique reflections CR. 
(marimum variation = 4.8%). Structure :t ved r 

= 0.05). Correction for intensity vajjations applied 

by direct methods (MJLTANEO) ; full-y&rix 

least-squares refinement on F performed with a locally rewritten version of the program ORFLS on 
the 996 reflections with 1>3Ui& ). Scattering factors for neutral atoms from international Tables 

for X-ray Crystallography, 1974 . Anisotropic therma\#arameters for non-H atoms; the positions of 
the H atoms were calculated with the program PARST and inserted with an overall isotropic 8 

factor = 5 and not refined. At convergence, Ral 7 0.068, Robs= $035. 

= .792 (for the scale factor), secondary_ytlnc l ion = 1.84 x 10 
S = 1.138, (shift/e.s.d.)ma,, 

; the final difference Fourier map 

contained no peak higher than 0.29 cl A . Atomic coordinates and equivalent therma 
11 

factors for 
non-H atoms in Table 3; bond distances (uncorrected and corrected for riding motion in Table 4 
and angles in Table 5; Fig. la and b. drawn with ORTEPI132 illustrates the molecular structure and 
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Table 4. Bond distances (A) for non-hydrogen atoms, uncorrected and corrected for the riding motion 

follouing Busing and Levy (1984). E.5.d. in parentheses. 

Cl - c2 
Cl - Cl3 

Cl - Cl6 

c2 - c3 
c2 - 015 
c3 - N4 
c3 - 014 
N4 - c5 
N4 - Cl3 

c5 - C6 
C6 - c7 
c7 - C8 
c7 - Cl2 

CO - c9 
c9 - Cl0 

Cl0 - Cl1 

Cl1 - Cl2 

Cl2 - Cl3 
Cl6 - Cl7 

Cl6 - 018 

018 - Cl9 

UNCORRECTEO 

DISTANCE 

1.545 (6) 1.552 

1.544 (6) 1.547 

1.496 (6) 1.490 

1.524 (6) 1.526 

1.401 (5) 1.423 

1.332 (6) 1.337 

1.234 (6) 1.266 

1.459 (6) 1.460 

1.448 (5) 1.449 

1.511 (7) 1.512 

1.523 (7) 1.543 

1.388 (7) 1.390 

1.391 (6) 1.397 

1.413 (7) 1.422 
1.354 (7) 1.383 

1.383 (7) 1.396 

1.391 (6) 1.413 

1.496 (6) 1.502 

1.207 (5) 1.244 

1.321 (5) 1.339 

1.438 (6) 1.463 

RIDING 

MOTION 

ClB - C2B 
ClB - Cl38 
ClB - Cl68 

C2B - C3B 
C2B - 0158 

C3B - N4B 

C3B - 0148 

N4B - C5B 
N4B - Cl38 

C5B - C6B 

C6B - C7B 
C7B - CM 

C76 - Cl28 

C8B - C9B 

C9B - ClOB 
ClOB - CllB 

Cl16 - Cl28 

Cl2B - Cl38 
C16B - 0178 

C16B - 0188 
0186 - Cl96 

UNCORRECTED 

OISTAMCE 

1.534 (6) 1.538 

1.538 (5) 1.541 

1.505 (6) 1.512 

1.532 (6) 1.537 

1.414 (5) 1.423 

1.329 (5) 1.332 

1.239 (6) 1.264 

1.451 (6) 1.454 

1.474 (5) 1.478 

1.510 (6) 1.516 

1.510 (6) 1.525 

1.386 (7) 1.389 

1.397 (6) 1.402 

1.418 (7) 1.421 

1.336 (7) 1.366 

1.396 (7) 1.410 

1.402 (6) 1.421 

1.507 (6) 1.516 
1.199 (5) 1.230 

1.348 (5) 1.361 

1.432 (6) 1.453 

Table 5. Bond angles To) for non-hydrogen atoms. E.s.d. in parentheses. 

Cl3 - Cl - Cl6 

c2 - Cl - Cl6 

c2 - Cl - Cl3 

Cl -c2 -015 

Cl - c2 - c3 

c3 - c2 - 015 

c2 - c3 - 014 

c2 -C3 -N4 

N4 - c3 - 014 

c3 - N4 - Cl3 

c3 - N4 - CS 

c5 - N4 - Cl3 

N4 - C5 - C6 

C5 - C6 - C7 

C6 - c7 - Cl2 

C6 - c7 - C8 

C8 - c7 - Cl2 

c7 - C8 - C9 

C8 - c9 - Cl0 
c9 - Cl0 - Cl1 

Cl0 - Cl1 - Cl2 

113.6 t.31 
113.4 T.3) 
105.5 T.3) 
112.0 T.3) 
104.2 f.3) 
111.2 T.3) 
124.7 T.4) 
107.9 T.4) 
127.4 (.4) 
116.9 C.4) 
125.3 (.4) 
117.8 (.3) 
108.4 (.4) 
111.2 (.4) 
123.1 t.41 
117.7 (.4) 
119.2 t.41 
120.6 t.41 
119.3 C.5) 
120.7 t.41 
120.9 T.4) 

c7 - Cl2 -Xl1 119.3 t.41 
Cl1 - Cl2 - Cl3 120.4 (-4) 
c7 - Cl2 - Cl3 120.3 t.41 
N4 - Cl3 - Cl2 111.6 (.3) 
Cl - Cl3 - Cl2 115.5 t.31 
Cl - Cl3 - N4 102.5 t.31 
Cl - Cl6 - 016 112.0 (.4) 
Cl - Cl6 - 017 124.5 (.4) 
017 - Cl6 - 018 123.4 t.41 
Cl6 - 018 - Cl9 116.3 t.41 
C138- CID - Cl68 115.3 (-3) 
C2B - ClB - Cl68 110.9 T.3) 
C2B - Cl6 - Cl38 103.7 (.3) 
ClB - C2B - 0158 108.6 t.31 
ClB - C2B - C3B 101.5 T.3) 
C3B - C2B - 015B 110.6 T.3) 
C2B - C3B - 0148 126.5 t.41 
C2B - C3B - N4B 108.1 t.41 
N4B - C3B - 0148 125.4 (.4) 
C3B - N4B - Cl38 114.4 T.3) 

C3B - N4B - C5B 126.1 t.31 

C5B - MB - Cl36 118.9 (.3) 
MB - C5B - C6B 107.6 t.31 
C5B - C6B - C7B 108.3 t.41 
C6B - C7B - Cl2B 123.1 t.41 
CbB - C7B - CEB 118.0 t.41 
C8B - C76 - Cl26 118.B t.41 
C7B - C8B - c9B 121.0 t.41 
C8B - C9B - Cl08 119.4 t.51 
C9B - ClOB- Cl18 121.2 t.41 
ClOB- CllB- Cl2B 120.0 t.41 
C7B - ClZB- CllB 119.5 (-1) 
CllB- ClZB- Cl36 121.3 C.4) 
C7B - ClZB- Cl38 119.2 (.4) 
N4B - C13B- Cl2B 112.9 t.31 
ClB - C13B- Cl28 115.6 f.3) 
ClB - C13B- N4B 100.7 (.3) 
ClB - C16B- 018B 109.1 t.41 
ClB - C16B- 0178 126.7 (.4) 
017B- C168- 018B 124.2 t.41 

RIDING 

MOTION 

atomic numbering. Lists of structure factors, anisotropic thermal parameters, H atoms parameters 
and torsion angles have been deposited within the Cambridge Crystallographic Data Centre. 
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