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TI-IIA-ACYLIMINIUM CYCLISATIONS 

SYNTHESIS OF FIVE-MEMBERED RINGS AND MACROCYCLES 
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Laboratory for Organic Chemistry, University of Amsterdam, 

Nieuwe Achtergracht 129, 1018 WS Amsterdam, The Netherlands 
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Abatraet-Cyclisations of carbinollactams lC3b afford macrocycles 46 in gocd yield by the intermediacy of 
N-acyliminium spzcies. A similar process applied to lactams 21C25b a!Tords the pyrrolizidine type 
compounds 26-35 through consecutive azonium-Cope rearrangement and N-acyliminium ring closure. 
Additional results are concerned with the u9c of aromatic rings as n-nucleophiles. 

6-Membered bicyclic products obtained from N- 
acyliminium cyclisations of thiazolidinederived pre- 
cursors’ can beconverted in a straightforward manner 
to N-formyl pip&dines2 The ease of the method 
coupled with its effectiveness in terms of yields and 
preparations of many hitherto difficult to obtain 
compounds invited to additional applications for 
which the formation of larger- and smaller-sized ring 
systems were studied. 

Macrocyclic cyclisations 
In earlier studies’ it has been noted that for the 

cyclisation of olefinic and acetylenic substrates to 7- or 
g-membered rings “forcing” conditions (i.e. longer 
reaction times and/or more elevated temperatures) are 
necessary,compared to reactions in which 6-membered 
rings are formed. This is caused by the well-known fact 
that formation of rings from open chains imposes a 
conside~ablelossinentropy,especiallyforlargerrings.3 
Also, the products, when formed, possess a marked 
degree of angular strain compared to 6-membered 
rings. However, it is also known4 that this strain is 
absent again when the rings attain sizes of thirteen and 
larger. It may therefore be anticipated that both the 
tridec-12-ynyl substituted imides 1 and 3 and the 
undec-lO-enyl substituted 2 would give rise to cyclised 
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products. As before starting materials la-3a were 
prepared by condensation ofthe thiazolidinedione with 
an appropriate alcohol by the oxidation-reductio% 
technique using triphenylphosphine and dimethyl 
azodicarboxylate.5 Upon NaBHJH+ reduction6 of 
the imides la-3a the hydroxy lactams lC3b were 
obtained in good yields. Subsequent cyclisations were 
carried out in highly diluted formic acid solutions (ca 3 
mmol/l) to prevent intermolecular reactions. Indeed 
under the reaction conditions employed (HCOOH, 
43”, exclusion of light)’ only cyclised products were 
found if the reaction was run long enough to ensure 
complete consumption of the starting material. Thus, 
after 45 1 hr at 43” hydroxy lactam 1 b afforded 4 in 75% 
yield and after 913 hr at 43” 84% of 5 was obtained from 
2b, as was obvious from signals in the ‘H-NMR 
spectrum at 8.12 ppm of the formate and at 5.20-4.85 
ppm of the CHOCHO proton. 

A comparable result was obtained in the succinimide 
series, where cyclisation of 3b (20 days, 43”, HCOOH) 
afforded 6 in 82% yield. The macrocyclic nature of this 
compound was also apparent from its melting 
behaviour, the ring serving as a host for a solvent 
molecule being incorporated. Upon prolonged drying 
of the crystalline material under reduced pressure the 
solvent molecules evaporated and the crystals liquified, 
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to solidify again upon continuation of the drying 
process. Cyclisation of lb and 3h took place at the 
terminal acetylene carbon exclusively, resulting from 
the greater stability of the secondary vinyl cation 
relative to the primary vinyl cation which would be 
formed upon bond formation with the non-terminal 
acetylene carbon.’ 

The overall yields of the reaction sequence and the 
ease of the experimental procedures make this a 
potentially useful method for the synthesis of aza 
heterocycles, also in view of the number of methods 
available for obtaining long chain unsaturated 
alcohols.9 

t This does not necessarily mean that carbenium ions are 
distinaintermediatespbcics;anelectrondonatingsubstituent 
polarising the double bond provokes a similar outcome. For 
clarity, only the “carbenium” e5ect is emphasised here, and 
cyclisation is depicted as a two-step process, even though in 
reality a considerable amount of concertedness may bc 
present. 

Formation of hembered rings” 
Although formation of 6- and higher-membered 

rings is a very feasible process, formation of 5- 
membered rings can pose serious problems. N-ally& 
hydroxy lactams such as 7 are not cyclised. This is due 
to the fact that, to obtain a cyclised product via a i 
endo-Trig transition state S, it is necessary to force the 
approach of the ends of a chain of which four members 
have sp2 hybridization, which is a highly unfavourable 
process. * 1 Ring formation via a S-exo_Trig cyclisation 
reaction would require a considerably less strained 
transition state 9A. In the alternative 6-e&o-Trig 
transition state 9B the strain is expected to be 
comparable or less, so that in general 6-membered ring 
products are found.2 Only if an additional stabilisation 
of the possible transition state 9A would be present, 
formation ofthe S-membered ring might be favoured.r2 
Thus, ifin 10 R is an electron donating group7 it might 
be possible to promote formation of 1OA as has been 
demonstrated for cyclisations of olefins.r3 

For acetylenes14 the situation is complicated by the 
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fact that only 10A permits a linear vinyl cation, so that 
the energy difference between 10A and 10B will be 
les~.‘~ It is known16 that even with activated R- 
nucleophiles like 11 cyclisation does not take place; 
instead, besides starting material only rearranged 
products like 12 are obtained. Surprisingly, reaction of 
13h (reilux in cyclohexane with 1.5 equiv of p- 
toluenesulfonic acid, 24 hr) alforded 14 in 84% yield. 
In this case the S atom presumably enlarges the 
thiazolidine ring, so that the angular strain in the 5/S 
fused ring system which would be formed after 
cyclisation ofthe hydantoin 11 is diminished. The latter 
effect combined with the activation of the aromatic 
nucleus may suffice to effect smooth cyclisation of 13b. 

By employing a recently reported reaction type,” 
which provides for the desired array of stabilizing 
factors and which relies on an azonium-Cope 
rearrangement 15 + 16is ring closure to S/5 fused 
systems becomes routinely possible. Thus azonium- 
Cope rearrangement of the iminium ion 15 should give 
the iminium ion 16, for which two modes of cyclisation 
are possible: -o-Trig cyclisation would give the 
“normal” product 18 whereas 5-exe-Trig cyclisation 
would result in formation of the 5-membered ring 
product 19. As indicated above, the factors stabilising 
the two carbenium ions 17 are thought to be 
determining in this respect. If R is an alkyl group, and 
stabilisation in 17A and 17B would be comparable, it is 
known19 that 18 is formed almost exclusively. 
Probably the ditference in annular strain is determining 
in this case. If, however, the R group provides a 
significant amount ofstabilisation ofthe carbenium ion 
17B formation of the 5-membered ring might be 
competitive, and practical yields of 5/5 fused product 19 
can be obtained. 
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Stabilising groups expected to be of value in this 
respect were the aryl, methoxy and dimethyl 
substituents. Consequently, the model compounds 21- 
25 were selected for this study. Exothermal cyclisation 
of 21b (HCOOH, room temp, 5 min) led to quantitative 
formation of the pyrrolixidine structure 26. The 
molecular structure was determined from first-order 
analysis of the ‘H-NMR spectrum. The NCH 
bridgehead proton appeared as a multiplet (Wi = 27.5 
Hz) at 3.88 ppm, whereas the two NCH, protons were 
observed as a doublet of doublets (J = 8.6 and 11 .O Hz) 
at 3.40 ppm and a broadened triplet (J = 9.4 Hz) at 3.08 
ppm. The C,-H proton exhibits amultiplet around 2.72 
ppm, W$ = 34.5 HL Irradiation of this proton greatly 
influenced the signal of the bridgehead proton; thus, 
the cis-configuration was established by NOE- 
difference spectroscopy.z0 Likewise, HCOOH- 
cyclisation (room temp, 1.75 hr) of 22b afforded the 
bicyclic product 27 in 66% yield as a single isomer. The 
structure was also derived from the ‘H-NMR data. The 
NCH bridgehead proton displays a double doublet at 
4.00 ppm, J = 10.0 and 7.0 Hz; the NCHl protons give 
amultipletaround34Oppm(ddd,J = 15.5,12.5and9.5 
Hz),whiletheC-7 tertiaryprotonexhibitsamultipletat 
2.83 ppm. The two ring Me groups give singlets at 1.53 
and 1.50 ppm, while the remaining two Me groups are 
equivalent and give one singlet at 1.55 ppm. With NOE 
difference spectroscopy it was found that irradiation of 
the C-7 proton influenced the signal of the C-5 proton 
and vice versa; this result establishes the cis- 
relationship of these two protons. Cyclisation of the 
methoxy-substituted Ub(HCOOH, room temp, 18 hr) 
furnished, after hydrolysis, a 5 : 1 mixture of epimers 28 
in 55% yield. Most probably isomerisation occurs by 
acid-catalysed enolisation of the aldehyde. In addition, 
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small amounts ( f 3%) of 5/6 fused cyclic formate were 
produced, as was concluded from the characteristic 
doublet of doublets (J = 2.9 and 14.5 Hz) at 4.38 ppm 
for the equatorial NCH, proton, which product 
originated from a 6-e&o-Trig cyclisation of either 15 or 
16 to 17A. 

Cyclisation ofthe phenylsubstituted hydroxy lactam 
24b afforded a product in a yield of 79% as an 
approximately 3 : 2 mixture of formate epimers 29 and 
30, which could be separated by fractional crystallis- 
ation. Comparison ofthe two ‘H-NMR spectraled to a 
structure assignment, which was based on the 
observation of varying &values for C6 and Ca protons. 
These differences presumably arise as a consequence of 
shielding influences of the fonnate carbonyl group in 
the two isomers. The differences in C6-H and Cs-H 
signal positions do not arise from epimerism at C-7, 
since both isomers were proven to be cis with NOE 
difference spectroscopy. 21 The exclusive formation of 
single C,-H, C-,-H cis isomers in all ring closures, 
leading to pyrrolixidine systems can be rational&d on 
the basis ofawmparison of the two transition states. As 
indicated in Fig. 2 the cis isomer is due to arise from a 
chairlike conformation 31A while a trans isomer can be 
expected from a boatlike form 31B of the nonclassical 
carbenium intermediate. Given the distinct energy 
differences between the two forms 31A and 31B the 
preferred reaction path clearly proceeds via 31A. 

Likewise, the methoxyphenyl hydroxy lactam 25b 
was cyclised; only 32 could be crystallised from the 
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crude reaction mixture, which is supposed to have a 
relative configuration as shown, from the analogy of its 
‘H-NMR spectrum with that of compound 30. A 
product analogous to 29 was present according to 
spectral evidence, but could not be isolated. 
Surprisingly, upon treatment of 2% with methanolic 
HCl (room temp, 17 hr) compound 33 could be isolated 
in low yield in which the chloride ion apparently acted 
as the nucleophile.” 

In all three cyclisations ofthiazolidine derivatives no 
trace was found of compounds resulting from trapping 
of the azonium-Cope intermediate, i.e. 20. The latter 
product was obtained in similar cyclisations in the 
pyrrolidine series by treatment with trifluoroacetic 
acid.” However, CF,COOH cyclisation of 24h (room 
temp, 30 min) gave 34 as the sole product in 79% yield, 
likewise 22b gave only 35 in 70% yield (CF,COOH, 0”, 
30 min). These results reflect the fact that the ring 
system formed upon cyclisation of the pyrrolidine 
would be 5/5 fused, whereas the incorporation of a 
sulfur atom as in 22,24 and 25 makes the resulting ring 
system nearly 5/6 fused. The overall effect is probably 
an enhancement of the cyclisation step 16 + 17B which 
may be relatively fast for thiazolidine systems. Further 
consequences of this behaviour, and synthetic 
applications in the field of pyrrolizidine alkaloids are 
under active investigation.23 

CONCLUSION 

The N-acyliminium technique not only is very 
suitable for formation of medium-sized carbocyclic 
rings, it also proves very useful for the formation of 
macrocycles, heterocycles and even 5-membered rings. 
Furthermore it is indicated that the reactivity of the 5- 
membered ring thiazolidinium moiety corresponds 
closely to the behaviour of N-acyliminium ions derived 
from glutarimide rather than those obtained from 
succinimide. 



Thia-acyliminitmr cyclisations 2003 

EXPERlMENTAL 

IR spectra were recorded on Unicam SP 200 and Pcrkin- 
Elmer 257 instruments. ‘H-NMR spectra were obtained with 
Varian A-60, HA-RIO, XL-100 and Bruker WM 250 
instrumenta Spectra were recorded in CD&, unless 
otherwise indicated, and signals are given in ppm relative to 
TMS as an internal reference. All maas spectral data were 
recorded on an AEIMS902 or Varian Mat 711 mass 
spectrometer. Mps were determined on a L&.x m.p. 
microscope, and are uncormcted. Micro-analyses were carried 
out by TNO, Utrecht, The Netherlands. In naming the 
compounds, IUPAC nomenclature is used. 

Preparation of starting materials 
5,5-Dimethylthiaxolidine-2,4dione was prepared from 

condensation of thiourea and a-bromoisobutyric acid. 12- 
Tridec-yn-l-01 was prepared by coupling of lithium acetylide 
with c&doundecanoic acid2* followed by LiAlH, reduction. 
2,2-Dimethylbut-3cn-l-o1 was prepared by double de- 
conjugative alkylation2s of ethyl crotonate followed by 
LiAlH, reduction. 2-Methoxybut&en-l-01 was prepared by 
acid cataiysed methanolysis of butadiene monoxide ; both 2- 
arylbut-3-en-l-ols were obtained from reaction of aryl- 
magnesium bromide and butadiene monoxide,s6 after allylic 
carbonation of cinnamyl magnesium chloride2’ had failed. 
Other starting materials were commercially available. 

Prepmotion of imides 
Imides were alkylated’ by slowly adding 1 equiv ofdimethyl 

axodicarboxylate in freshly distilled THF to a cooled and 
stirred soln of 1 equiv of the imide, 1 equiv of the appropriate 
alcohol and 1 equiv of triphenylphosphine. Stirring was 
continued overnight at room temp. The solvent was 
evaporated under reduced pressure, and the residual oil taken 
up in CH,Cl, and 5% KOH,. The aqueous layer was 
extracted three times with CH,CI,, the combined organic 
layers were then washed twice with 2 N HCI (not for 23a), sat 
NaHCO, aq, and sat NaCl aq, dried over MgSO* and 
concentrated under reduced pressure. The residual oil was 
taken up in ethyl acetate, whereupon the triphenylphosphine 
oxideformedpartlycrystaIlised.Thecoupledimideswerethen 
obtained by vacuum distillation (bulb to bulb for smaller 
quantities) or column chromatography (for specific details, see 
Table 1). 

General procedure for the synthesis of hydroxy lactams 
The NaBH,/H’ reductions were carried out with a stirred 

soln of imide in ethanol at temps ofO-5” with a 2-fold excess by 
wt of NaBH,. At intervals of 15 min 3-4 drops of 2 N HCI in 
EtOH were added. After 4 to 5 hr of reaction the soln was 

poured into water, extracted four times with CH,CI,. the 
combined extracts washed with sat NaCl aq, dried over 
Na,SO,and concentrated under reduced pressure to yield the 
crude product. 

Gewal procedure for the cyclisation reaction 
The hydroxy lactam was dissolved in formic acid (unless 

otherwise indicated) and stirred at the specified temp. The 
solvent was evaporated under reduced pressure, the residue 
taken up in CH,CI, and waahed with sat NaHCOs aq. water 
and sat NaCl aq, dried over MgSO, and concentrated in uactw 
to give the crude product. 

16.16-Dintethyl- 1 - ara- 17- thi&icyclo[13.3.0]cadeccne - 
13,18-dione4.(a)4-Hydroxy-5,5-diiethyl-3-tridec-12- 
ynyl- thiaxolidin - 2 -one lb. 0.8 g(2.46 mmol) la was reduced 
with 1.6g(42.2mmol)NaBH, to afford0.6glbasapaleyellow 
oil(75%).iR(CHCl,):3340&n-‘(OH);33bOcm-i(C%CH); 
166Ocm-’ (CO): ‘H-NMR: 4.67 (s. 1H. CHOH), 3.8-2.9 (m. 
3H, NCH, and ‘CH), 220 (m, 2H),.i.94 (m,TH, C&H), 1152 
and 1.47 (s and s, 6H, 2 x CHs), 1.6sl.l (m, 18H). 

(b) Cyclisation of lb. 0.0628 g (0.19 mmol) was dissolved in 
100 ml formic acid and stirred in the dark at 43” for 451 hr. 
Work-up a6orded 0.048 g 4 as a semisolid mass ; yield 76%. IR 
(CHCl,): 1710 cm-’ (CO); 1665 cm-’ (lactam CO); ‘H- 
NMR: 4.04 (m, lH, NCH), 3.62 (m. lH, NCH), 3.34 (m, lH, 
NCH), 3.G2.45 (m, 4H), 1.55 (s, 6H, 2 x CH,), 1.7-1.15 (m, 
18H).*s 

11 - Formyloxy 14,14 - dimethyl - 1 - aza - 15 - 
thi&icyclo[ 11.3.0]h.exadecan - 16 - one 5. (a) 4 - Hydroxy - 5,5 - 
dimethyl - 3 - undec - 10 - enyl - thiaxolidin - 2 - one (2b). 3.5 g 
(11.8 mmol) 2a was reduced with 6.0 g(O.16mmol) NaBH, to 
afford 3.4 g 2b (97%) as a clear oil. IR (CHCI,) : 3360 cm- * 
(OH); 1655 cm-’ (CO); ‘H-NMR: 6.05-5.6O(m, lH, CH=), 
5.1@4.85(m,2H,CH,=),4.68(brs, lH,CHOH),4.08(brm, 
lH, OH), 3.8-3.0 (m, 2H, NCHJ, 2.25-1.90 (m, 2H), 1.751.1 
(m, 14H), 1.55 and 1.50 (s and s, 6H, 2 x CH,). 

(b) Cyclisation of 2b. 0.40 g (1.34 mmol) 2b was dissolved in 
100 ml HCOOH and stirred at 43” for 913 hr. Work-un 
alIorded 0.368 g of a TIC-homogeneous oil (84%). IR 
(CHC1,):1715cm-‘(esterC0);1660cm-’(lactamC0);’H- 
NMR:8.11(s,1H,OCHO),5.6&5.10(2m,combinedarea1H, 
2 epimers CHOCHO), 3.62 (m, lH, NCHJ, 3.33 (m, lH, 
NCH), 2.98 (m, lH, NCH,), 2.1-1.15 (m, 18H), 1.57 and 1.54 
(s and s, 6H, 2 x CH,). An exact mass determination gave 
327.1866; C,,H,,NO,S requires 327.18679. 

1 - Arubicyclo[13.3.0]octadecuae - 13.18 - dione 6. (a) 1 - 
Tridec- 12 - ynyl - 5 - hydroxypyrrolid - 2 - one(3h). Reduction 
of 0.51 g (1.8 mmol) 3a with 0.49 g (129 mmol) NaBH, 
alIorded, after column chromatography, 0.42 g (83%) of 341 as 
an oil which crystallised upon standing; m.p. 65.5-67” (dipe). 

Table 1. Preparation of N-substituted imides 

Yield 

(“/.) 

Procedure 
for 

purification’ b.p. m.p.b 

la 
24 
3a 

13a 
21a 
22a 
23a 
Ua 
2Sa 

81 
82 
94 
87 
49 
71 
12 
72 
57 

- - 
134”/0.01 mm 

< 20” 
- 7980” 
- 72-74” 

l~/o.Ol mm 
- - 

132”/0.1 mm - 

160”/0.2 mm - 

IR 

(cm_iP 

1670/1740 
167511745 
1700/1775 
1680/1745 
1700/1775 
1680/1750 
1700/1770 
167011745 
168011745 

‘H-NMR data 

NCH, CH, 

3.61 1.67 
3.61 1.70 
3.47 - 

4.70 1.69 
3.41 - 

3.55 1.68 
4.14-3.52 - 

3.90 1.50/1.61 
3.84 1.4711.58 

l Procedure for puri6cation : vd = vacuum distillation, cg = column chromatography. 
b From dipe (diisopropylether). 
’ Imide carbonyl absorptions. 
*On silica, eluent CH,CI,-acetone 4: 1. 
‘On silica, eluent ethyl acetate. 
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determination gave 373.0938; C,,H,sF,NO,S requires ‘J. C. Hubert, W. Stecge, W. N. Speckamp and H. 0. 
373.09592. Huisman, Synth. Commun. 1, 103 (1971). 

7-(Formyloxy-p-methoxyphenylmethyl)-4,4-dime~hyl-1- ‘Apparently, decomposition of both starting material and 
(~4 - 3 - Ihiabicyclo[3.3.0]octan - 2 - one 32 and 7 - (chloro - p - product is, in acid solution, induced by light: H. E. 
methoxyphenylmethyl) - 4,4 - dimethyl - 1 - aza - Schoemaker and B. P. Wijnberg, unpublished observations. 
thiabicyclo[3.3.0]octan - 2 -one 33. (a) 4 - Hydroxy - 3 - [2 - @ - *For a review of vinyl cations, see: M. Hanack, Angew. 
me.thoxyphenyl)but - 3 - enyl] - 5.5 - dimethylthiazolidin - 2 - Chem. Se, 346 (1978). 
one (25b). 1.59 g (5.2 mmol) ?.!!a was reduced with 3.2 g (84.3 9 E.g. ‘N. Green, M. Jacobson, Th. J. Henneberry and A. N. 
mmol) NaBHI. Work-up a5orded 1.50 g 2!% as an oil, which Kishaba, J. Med. Chem. 10, 533 (1967); bR. Rossie, A. 
crys&sed u&n addition of dipe; m.p.i03-105” ; yield 94%. 
lR(CHCl,): 336Ocn-’ (OH); 166Ocm-’ (CO); ‘H-NMR: 
7.254.75(2m,4H,Ph),6.1>5.80(m, lH,CH=),5.20-4.95(m, 
2H, CH,=), 3.79 (s, 3H, OCH,), 4.70-2.95 (m, 5H), l.al.38 
and 1.25-1.22 (29, 6H, 2 x CH,) mixture of diastereomers. 
An exact mass determination gave 307.1251; &H2,NOaS 
requires 307.12509. 

(b) Cyclisation to 32.0.5 g (1.63 mmol) 2% was dissolved in 
10mlformicacidandstirredat roomtempfor 19hr. Work-up 
afforded 0.42 g of a highly viscous oil, which upon dipe- 
crystallisation afforded 65 mg (12a/,) 32 as a white crystalline 

Carpita, L. Gaudenzi and M. G. Quirici, Gazz. Chim. II. 110, 
237 (1980). 

lo Published in part: P. P. M. No&n, J. A. M. Hamersma and 
W. N. Speckamp, Tetrahedron Letters 23.3807 (1982). 

” M. Winn and H. E. Zaugg, J. Org. Chem. 33.3779 (1968). 
121n radical-induced cyclisations, stabiiising factors are 

somewhat different, leading to a higher proportion of the 5- 
membered ring product ; se-e D. J. Hart and Y.-M. Tsai, J. 
Am. Chem. Sot. 104.1430 (1982). 

I3 A. R. Chamberlin and J. Y. L. Chung, Tetrahedron Letters 
23.2619 (1982). 

powder; m.p. 186188”. IR (&I&): 1720 cm-’ (ester CO); I4 P. M. M. Nossin and W. N. Speckamp, Ibid. 20,4411(1979). 
1665cm-‘(lactamCO):‘H-NMR:8.10(s.lH.OCHO17.35- . . “H E Schoemaker.Ti. Boer-Terostra. J. Diikink and W. N. 
6.80(2m,4ti,Ph),5.8<5.70(m, lH,C~&Hb),4.06ihofd, Speckamp, Tetrohed;on 36,143-( 1980). _ 
NCH), 3.81 (s, 3H, OCH& 3.20-3.05 (m, 3H), 2.10-1.45 (m, “H. Kohn and Z.-K. Liao, J. Org. Chem. 47.2787 (1982). 
2H), 1.51 and 1.50 (s and s, 6H, 2 x CH,). An exact mass l”D. J. Hart and Y.-M. Tsai, Tetrahedron Letters 22, 157 
determination gave 335.1192; C,,H2,N0,S requires (1981); bP. M. M. Nossin and W. N. Speckamp, Ibid. 22, 
335.1191. 3289 (1981); ‘D. J. Hart and T.-K. Yang, Ibid. 23, 2761 

(c) Cyclisation to 33.0.55 g ( 1.79 mmol) 25b was dissolved in (1982). However, see also V. U. Ahmad, K.-H. Feuerherd 
15 ml sat methanolic HCI, and stirred at room temp overnight. and E. Winterfeldt, Chem. Em. 110, 3624 (1977). 
Work-up afforded 0.46 g of a brown oil, from which 0.0669 g I* For a review see: H. Heimgartner, Adu. Org. Chem. 9(2), 655 
white crystalline 33 was obtained upon addition of dipe and (1976). 
coo1ingim.p. 134-137”; yield 11x.-IR (CHCI,): 1665 cm-’ l9 P. M. M. Nossin and W. N. Speckamp, Tetrahedron Letters 
(CO); ‘H-NMR : 7.35-6.80 (2m, 4H, Ph), 4.75 (m, 1 H, CHCI), 21,1991 (1980). 
4.06 (d of d, lH, NCH), 3.81 (s, 3H, OCH,), 3.20-3.0 (m, 3H), ‘-R. Richarzand K. Wiithrich,J. Mqn. Reson.30,147(1978); 
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