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In the past decade a large number of papers have appeared concerning the re- 

actions of N-chlorosulfonyl isocyanateA (CSI) with various functional groups (1). 

One of the most interesting of these reactions is the addition of CSI to olefins 

to form N-chlorosulfonyl s-lactams&and either s,f- or a,~-unsaturated N-chloro- 

sulfonyl amidesAandAdepending on the structure of the starting olefin., 

>=c< + CIS02NC0 
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We would like to report the formation of an unusual adduct from the addition 

of CSI to 2,2-tetramethylene-l-methylene-l,2,3,4-tetrahydronaphthalene~1! ToA 

in ether at -65OC was added an equimolar amount of CSI. The solution was allowed 

to come to room temperature and the ether was removed in vacua. A quantitative 

yield of 4a,lOa-[2'-N-chlorosulfonylimino-3 '-oxapropano]-1,2,3,4,4a,9,lO,lOa- 

octahydrophenanthrene 9 was obtained, m.p. 118-125°C (recrystallized from me- 

thanol, m.p. 139.5-1400), h (CHC13) C=N 1600 cm", SO2 1375, 1170 cm-'; NMR 

(CDC13) 6 7.2-7.4 (multiplet,4,aromatic), 6 3.47 (AB quartet J=18.5 cps,Z,cJ2- 

*N). 6 2.7-3.0 (multiplet,2,benzylic cX2), 6 1,3-2.3 (multiplet.10, C!2 enve- 

lope).** 

When the N-chlorosulfonylimino ether> was treated with either methanol hy- 

drochloric acid (ca l:l, 6NHCl) at reflux or 4N sodium hydroxide in aqueous ace- 

tone at room temperature , only the previously described 4a-carboxymethyl-lOa-hy- 

droxy-1,2,3,4,4a,9,10,lOa-octahydrophenanthrene lactone & was obtained (88% 

* The olefin 
responding + P 

was pre ared 
etone (2 

(in 91% yield) b a Wittig reaction on the cor- 
according to the me x od of Corey et al (3). 

** Satisfactory elemental analysea were obtained for all new compounds reported 
herein with the exception ofx. Melting points are uncorrected. 
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yield in both cases) m.p. 164.5-166°C; h (CHC13) C=O 1770 cm".* 

Treatment of &with methanol in the presence of triethylamine (TEA) gave 

g in 85% yield; m.p. 135-136Oc; h (CHC13) C=N 1633 cm-', SO2 1350, 1178 cm-'; 

NMR (CDcl,) 6 7.0-7.4 (multiplet,4,aromatic), 6 3.82 (singlet,3,0CH3), 6 3.2- 

3.6 (multiplet,2,CR2-C=N), 6 2.7-3.0 (multiplet,2,bensylic CXi2), 6 1.3-2.4 (mul- 

tiplet,lO, Cg2 envelope). Similarly treatment of2 with dimethylamine (excess) 

in ether gave a& 25% yield); m.p. 134-135OC; A (CHC13)C=N 1633 cm" so2 1350, 

1145 cm-l; NMR (CDC13) 6 7.1-7.4 (multiplet,4), 6 3.3-3.6 (multiplet,2,g2-C=N), 

6 2.7-3.0 (multiplet,2,bensylic), 6 2.71 (singlet.6.N 

plet,lQCH2 envelope). 

(cX~)~), 6 1.3-2.3 (multi- 

When3 was treated with one equivalent of LiA1H4 in refluxing ether for 15 

min. there was obtained an oil (ca 75% yield) the structure of which we have 

assigned as g, h (neat) N-H 3200 cm-', C!=N 1685 cm-l. On treatment of2 with 

methanol-hydrochloric acid only lactone J3_was isolated. 

Finally, treatment of J.&with five equivalents of LiA1H4 in refluxing dioxane 

for 24 hrs gave 4a-[2'-aminoethano]-10a-hydrox~1,2,3,4,4a,9,10,10a-octahydro- 

phenanthrene & in 90% yield. Trituration with ether induced crystallization 

* Lit. (4) m.p. 167-167.S°C. The infrared and NMR spectra'were identical with 
those of the lactone prepared by rearrangement of& with formic acid (4). 
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of the oil; m.p. 153-154'; h (CHC13) OH,NH2 3300-3600 cm-' (broad, poorly de- 

fined); NMR (CDC13), 6 7.2-7.45 (multiplet;4), 6 2.7-3.4 (multiplet,7,0& Ns, 

bensylic C_H~,C~~NH~, 32 exchange with D20), 5 1.3-2.3 (multiPlet,l2aCJ2 enve- 

lope). 

We believe that the formation of the N-chlorosulfonylimino ether&l_ from 

olefin2 proceeds by the reaction pathway outlined in Chart I. The first step 

is probably the formation of the %complex&* This species then could pro- 

ceed in a partly concerted process toA IntermediateLcould then collapse 

to N-chlorosulfonyl B-lactama. ** Ring opening ofkwould lead to charge-sepa- 

rated intermediate3 IntermediateLundergoes a Wagner-Meerwein rearrangement 

to give lJJ, which then ring closes via attack of the oxygen portion of the a~+ 

bident anion upon the cationic center in 2 yielding the observed product. 

* The intermediacy of a fl-complex in CSI-olefin cycloaddition reactions has 
been suggested by Moriconi and Kelly (5). 

** When the cycloaddition reaction was carried out in CDCl at -6OOC an unsta- 
ble intermediate was observed; NMR inter a) 6 3.50 

+- 
7 singlet, Q+C=O), 

6 2.87-3.23 (multiplet, bensylic Cg2 . When the sample was allowed to warm 
to room temperature, the NMR spectrum of J&was observed. We gratefully 
acknowledge the assistance of Mr. Victor Yu of McGill University in obtain- 
ing this spectrum. 
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The unusual aspect of this rearrangement is the ring closure onto oxygen 

this being, to our knowledge, the first reported instance of such an occur- 

rence.* Originally, we had considered 12 as a possible structure for the CSI 

adduct with& We have discarded this possibility because: (a) la&one f2.was 

produced on hydrolysis; (b) the complete absence of C=O absorption in the IR 

spectrum of $l_ (in CC14, CHC13, or KBr disc); (c) the methoxy g and N,N-dime- 

thy1 2 derivatives also show C=N absorption in their IR spectrums, (d) amino- 

alcohols is produced on prolonged reduction with LiAlH4. 

the oxygen probably is favored in this case due to the 

steric hindrance of the nitrogen in the ambident anion by the bulky chlorosul- 

fonyl group. We are currently exploring the scope and mechanism of this re- 

action. 

* A number of CSI induced rearrangements have been reported (6,7,8). None of 
these involved cyclisation to oxygen. 
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