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The 2+4 cycle-addition of chlorosulfonylisocyanate (CSI) and simple dianea 

proceeds to the energetically favoured formation of cerbon-oxygen adducts 

-b-iminolactones- although in some cases concomi+nt carbon-nitrogen5 

addition, leading to 6- lactams, is also observed. The type of product is 

mainly determined by the intermediate stability of the csrboniumion in the 

dipole6 2. No interconversion of the 2+4 CSI-adducts seems to have been 

reported. 

In this communication we describe our results on the addition of CSI 

1 to vinyldihydronaphthalenez, which include a) proof of consecutive formation 

of both type of adducts, b) determination of the energetics of the conversion- 

process and c) chemical transformation of the different adducts. 

a: X=0 Y=NS02C1 

b: X=NS02C1 Y=O 

c: x=0 Y=O 

a: X=NR Y=O 

Following our interest in the development of new synthetic approaches in the 
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total-synthesis of complex nitrogen-heterocycles7 1.0 eq. of the diene 2 

was reacted with 1.0 eq. of 1 at -7OOC. In a yield of 50$ a crystalline 

aaauct A was obtained 8 , m.p. 89-91°C (clecomp.), lung 6.2 D, the NMR-spectrum 
of which (fig. la) was indicative for the formation of a 1:l aaauct ll. Upon 
warming of the compound in solution (31°C, CDC13) a second product B was 

gradually formed (t+ 29.25 min), NNR-spectrum (fig. lb). On the basis of the 

abserved chemical shifts and coupling constants most likely structures for A 

end B exe respectively iminolactone 2 and lactam 2. The direction of addit- 

ion of 1 to diene 2 is in agreement with a polar intermediate in the trensi- 

tionstate. 

Following the spectral changes at O", 16“ and 31" in CHC13, the energy para- 

meters could be calculated on the assumption of a first order reaction occur- 

ring. Determination of t* gave the following values: tQ (O") 700 + 20 mn; 

t* (16O) 135 + 3 mn; t% (31°) 28 + 2 mn. The correspondingAH' andAS*values12 

then are:L\H*= 16.6 + 1.7 kcal/moland&~= -19.6 2 2.0 e.u. 

The calculated data could in principle be in agreement with either an iso- 

merization via sn open aipolex structure or via a diesociation-recombination 
13 process . Concentration 15 aa solvent effects 

16 
will be determined in order 

to describe the reaction in more detail. 
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Attempts to isolate lactsm D in a pure form were not successfu1, most probably 

due to its extreme facile isomerization under acidic conditions to the conju- 

gated lactam a, the latter being obtained after 8 hr at r.t. in CDC13 solution: 

m.p. 160-162°C,,UD 6.9 D; IR (CHC13) 1685 cm-'(C=O);N?@(CDCl3) 6 3.83 (=30), 

4.18 (C-CH2-N=S02C1). 

Chemical evidence for the assigned structure haa been accumulated from the 

following series of reactions: Treatment of z with NaOMe/MeOH afforded the 

sulfonester 4: m.p. 99-101°C; IR (CHC13) 1680 cm-' (C=O),1170 and 1370 Cm-' 

(S020CH3); N?&R (CDCl3) 6 3.80 (CH30-Ar), 4.04 (g30-S02),5.51 (=e trans, J=20 
cps, J=l.5 cps), 5.66 (=CH cis J=ll cps, J=l.5 cps). Hydrolysis of 5a (KI/H20) 

at O°C under pH adjustment (4-6) gave the corresponding oily b-lactone 2, 

which isomekized to its conjugated isomer ~:m.p.106-110°C;IR (CHC13)1690 Cm-’ 

(ho); NMR (CDC13) 6 3.82 (CH30), 4.47 (CH,-0-C=O) in quantitative yield upon 

standing in methanol. On the other hand, treatment of 2 with NaHC03h20!dioxane 

(1.5 hr) afforded the lactam x: m.p. 178-18l“C;IR (CHC13) 1640 and 1660 cm:' 

(C=O);NMR (CDC13) 6 3.78 (CH30) 6 4.08 (aiffuse)t.(C-g2-NC=O), sharpens upon 

D20 exchange b 6.08 (=CH);which isomerized to its A 8.9-isomer a: m.p.l72-176"C, 

IR (CHC13) 1650 cm-' (C=O).; NMR (CDC13) 6 3.51 diffuse triplet (sharpens with 

D20) (CH2-NC=O), 6 3.81 (g30), upon standing for 16 hr in the dioxane solution. 

A remarkable fact in the isomerization 2 4 5 is the relative aci.clsensitiv~tyFtnd 

base stability of 2, while the reversal is true for z. 

Hydrogenation of s (lO$ Pd/C) produced a mixture of saturated lactams 1 

(C4-B-H: C4-a-H = 1:l); the isomer a gave a single hydrogenation product 1 

(C4-B-H), m.p. 161-163°C, IR (CHC13) 1655 cm-' (C=O); NMR (CDC13) 6 3.76 (g30). 

The present investigation confirms the importance of CSI as a synthetic tool 

in heterocyclic synthesis. Kinetic data thereby confirm the thermodynamic sta- 

bility of lactsm a, which constitutes another exception to the generally ob- 

served reaction behaviour in CSI (2+4) cycloadditions. 

Further conversion of the newly obtained products as well as other reactions 

of CSI with synthetically important dienes will be reported in due time. 

Thanks are due to Mr.M. Groenendijk for helpful assistance. The authors 

are also indebted to Miss. M. Boomgaard for carrying out the spectral 

measurements. 
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