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In a report appearing elsewhere, our preliminary results on the kinetic acidity of the Spiro& 3]- 

hexadienes are detailed. These studies required a method of preparation of the spirocycles A-2 with the 

proton at C-6 enriched with tritium. We have found electrolytic reduction at controlled potential in the 

presence of tritium-enriched water to be the method of choice. 

Direct synthesis of the unlabeled trichloro derivatives Laud 2 is possible by reaction of 3-H-penta- 

chlorocyclobutene (6, with +nyllithium in the presence of isobutylene or 2-butyne. The +utylIithium, 

reacting with 5 predominantly via halogen-metal exchange instead of by proton abstractton, produces 1,2- 

dimethyl-4,5,6-trichlorospirop. Sjhexadiene (293) @_ from 2-butyne in s. 35% crude yield; preparative 

gas chromatograp~ affords $_ in high purity but with considerable loss due to thermal decomposition. With 

isobutylene, the major product is l, l-dimethyl-4,5,6-trichlorospiropl. 3]hex-4-ene (2) 

accompanied by 5% of l, l-dimethyl-4,5,6,6tetrachlorospiro l2.3jhex-4-ene (5) 
Q 45% yield), 

(5). However, this method 

was not employed on a large scale for two ressons: (1) the product mixtures are complex and reouire tedious 

isolation procedures which are not efficient considering the thermal lability of spirodiene 1 and, to a lesser 

extent, the spiroenes 2-z; (2) attempts to introduce tritium into compounds L-2 by heterogeneous base- 

catalyzed exchange using sodium hydroxide in tritium-enriched water/dimethylsulfoxide mixtures at 25” 

results fn low incorporation of tritium aud significant thermal decomposition of the spirocycles. St is 

clear that tritium must be intrcduced using a rapid reaction under mild oonditims, snd with simple isolation 

techniques. 
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Attractive starting materials are the easily available (6) spirocycles 7-S which wculd give the desired -- 
compamds if the allylic chlorine at C-6 is replaced by hydrogen (tritium). Preliminary experiments using 

tri-@dyltin h@ride@) and lithium aluminum hydride did net lead to selective reduction of one allylic 

chlorine. However, electrolytic reduction, a technique observed to effect selective reduction of one halogen 

in polyhalcgen compounds, (‘) was much more promising, as polarographic studies indicated half-wave 

potentials for the spirocycles 7-S lay in the easily accessible range -1.58 to -1. ‘70 v vs the saturated calomel 

electrode. C) 

A typical preparative electrolysis is carried cut with a Wenking Model 68-FR-O. 5 potentiostat in 

a water-jacketed three-compartment cell. The working electrode is a stirred mercury pool, the counter 

electrode is a platinum wire, and the reference electrode is a saturated calomel electrode making contact 

with the electrolyte thrcugh a capUlary opening. The reference and counter electrode compartments are 

each isolated from the working electrode compartment via a fritted glass disc (coarse). With the three 

compartments filled to equal height with the electrolyte solution (0.2 M lithium perchlorate in dimethyl- 

formamide), the tetrachlorospirocycle a., 1, 3-6 mmoles) is added to the working electrode compartment, 

and argon is bubbled through the solution for lo-15 min to remove oxygen. Then the potentiostat is engaged 

to maintain the potential between the reference and worhing electrode at 2.05 + 0.01 v. The initial current 

of X0-200 ma decreases over 2-3 hr, reaching a constant backgramd current of 5-10 ma. The contents 

of the working electrode compartment are diluted with water and washed repeatedly with pentane. The 

combined pentane whes are washed wfth water, dried, concentrated at aspirator pressure and finally 

distilled in a short path apparatus at 25’/0.01 torr to afford the desired trichlorospirocycle &. , l_) in 

87% yield and > 95% purity. The source of the proton is apparently adventitious water in the dimethylforma- 

mide as evidenced by the isctopic labeling experiments described below. 

Ry this method, reduction of 8 produces equal amounts of epimers 2 and 5, in 95% combined yield. 

The stereochemical assignment is based on H’nmr double resonance studies of the pure isomers C) obtained 

by preparative gas chromatography. Irradiation at the methyl proton resonance frequency (1.33 b ) for 3 

causes an 18% enhancement in the area of the signal from the proton at C-6 (4.72 a), due to an internal 

nuclear Cverhauser effect, thus indicating that the proton at Cd is on the average 2. 2.9 h from a methyl 

group. (8) No internal nuclear Cverhauser effect could be detected in the other epimer, 2; therefore, the 

C-6 proton is a greater distance from the methyl groups. In the same way, reduction of 2 affords a mixture 

of 4 and 5 in a ratio of 3:1, respectively, but separation of the isomers has not yet been achieved. The 

I? nmr and ir spectral data from the mixture are in complete accord with the proposed structures; qusntita- 

the estimation of the amotmta of the two isomers is obtained by integration of the H’mur signals for the 

C-6 proton (4.556 for 4 and 4.80 6 for 5). 

Addition to the electrolysis mixture of small amarmts (6-8 mmoles) of water enriched in a heavy 

isotope of hydrogen leads to the trichlorcspfrocycles A-2 with the heavy isotope incorporated efficiently 

at C-6. For example, addttion of 100% excess (6 mmoles) of deuterium oxide to the dimethyHormamide/- 

lithium perchlorate mixture during electroreduction of 8 (3.0 mmoles) produces a mixture ccmtain@ 60% 
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10 and 40% 2 in 88% yield and 98% isotopic purify at C-6. Similarly, in the presence of 150 1.11 of tritium- 

enriched water (100 me/ml), electrolysis of 7 (3.0 mmolee) affords 1 in 88% yield with activity of >106 

cpm/mg. In this way, tritium-enriched samples of spirocycles l-5 were prepared in high yield, high purity, __ 
and high specific activity. 

This method of introduction of hydrogen isotopes should have wide applicability because many types 

of carbon-halogen bonds are electroreducible. (9) It has a unique combination of advantages: it employs 

the most convenient scurce of the isotopes, proceeds selectively at the most easily reduced halogem, require8 
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only a small exoess of the labeled water, and proceeds in essentially aprotic neutral media at 256. The 

scope of this technique, especially as a simple means of introducing three isotopes of hydrogen at cme 

carbon atom, is currently under study. 
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