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General feature ‘of the reaction of carbenes with alcohols is the formation of ethers.1 Long-lasting 

discussion on the reaction mechanism of singlet diatylwanes with alcohols2 seems to be terminated recently by 

KirmseandKilianwhoprovedthattheinitialstepirtheprotonationproducingadiarvlcarbeniumion.3 However, 

protonation seems not always the sole entrance to the reaction of aryl-substii carbemw with alcohols. We 

report here a novel type ring-opening addiion maction of carbenes with cyclopropanols which is synthetically 
intriguing and mechanistically suggesting the involvement of a unique homolytic pathway as well. 

A deoxygenated benzene solution (5 ml) of chl~henyl)diazirine (1) or diphenyldiaxometbane (2) (1 

mmol) and 1-methoxy-2phenylcyclopmpanol(3a) (0.49 mmol)4 was irradii with a 300-W high possum Hg- 

lamp through a Pyrex filter at 10 OC.5 After work-up, ring-opened addition product 4h (4g%) from 1 or 4i 

(46%) from 2 was isolated. Alkyl-substituted hemiacetal3b also gave 4j and 4k in the reaction with l,,and 41 

and 4m in the reaction with 2. Simple cyclopropanol3f gave 4t in the reaction with 2 as well. The reaction of 

1 with cyclopropanols 3(c, d, e)e bearing an electron withdrawing CN group also gave the ring-opened adduct 

4(n, q, s) though in low yields. In contrast, the reaction of 2 with 3(c, d) afforded only cyclopropyl ethers 

S(p, r) but not ring-opened adducts 4. Results are sunnnarized in Table L7 

At first view the formation of 4 seemed to be explained by the protonation mechanism which may be 

initiated by a singlet carbene 9 at its ground state or singlet carbene 10 at its excited state.s However, on tbe 

basis of the following experimental evide.nces (l)-(3) (vi& i@r) the reaction can be more nasonably explained in 

terms of a homolytic mechanism where a pair of cycloptopyloxy radiial and carbene-detived methyl radical 

constitutes the key intermediate. The evidences which support tbe free radical profile of the reaction am as 

follows. 
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Table 1. Reaction of Cyclopropanols (3) with Chloro(phenyl)carbene (9) and 
Dipheny lcarbene (10) 

caIbcllc solventa cyclop an01 3 
“s Rt R R3 

--_-___ product 4 5 96b 
pncur- X RI R2 ’ R3 -------R4’ltld 4 5 
sor 

1 B 3a Ph H OMe 4h 0 Ph H OMe H 48c 0 

2 B 

1 B 

2 B 

1 E 

2 B 

1 E 

2 B 

1 B 

2 B 

3a Ph H OMe 

3b “Cs H OEt 

3b “cs; H OEt 

3c Ph Ph CN 

3c ph Ph CN 

ad Ph MeCN 

3d Ph Me CN 

3ePhH CN 

3f Ph H H 

4i Ph Ph H OMe 

Y Cl “c5 H OEt 

4k Cl H H OEt 

41 Ph “Cs H OEt 

4m Ph H H OEt 

4n a Ph Ph OH 

5p Ph Ph Ph CN 

4q Cl Ph Me OMe 

Sr Ph Ph Me CN 

4s Cl Ph H CN 

4t PhPhH H 

H 46 0 

H 
3od 0 

Q 

H 
28e 0 

“cs 

H 18 0 

H 0 25 

H 16 0 

H 0 25 

H 28 0 

H 31 0 

sB:benzen ’ e, : E TIC thy1 ether. IJ Isolated yields determined by colunm chromatography. c Diastereo- 
merit mixture, isomer ratio = 1.0. d Isomer ratio 4k : 4j = 2.5. e Miitum of two regioisomers, isomer 
ratio = 1.4, not specifkd by 1H NMR 

(1) Involvement of a radical pair was demonstrated by the reaction of d-labeled 3c-OD (9795-d) &I 1. 

IsoIated products 4n-d (18%) incorporated 89% deuterium (not more than that) on the 4-position. To be noted is 

that a considerable amount of 8-d (dimer of chloro@henyl)methyl radical 11. 30%) was formed in which a 

relatively high content of deuterium (70%) was incorporated. Some amount of hydrogen content in 4n-d (4n-h 

>l 1%) and in S-d (WJ >30%) show that partial participation of out-of-cage hydrogen abstraction by the carbene 

also took place to some extent. 

(2) When fJdi(tertiary butyl)4hydmxytoluene (BHT) was added as a radical scavenger in the reaction of 

1 with 3a. the yield of 4e was suppressed from 48% to 25% with one equiv BHT, and to 9% with two equivs. 
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The suppression is also consonant with the free-radical profile of the present reaction. Incomplete suppression 
maybeataibutablemacageeffectwhichfavoroincagecouplingoftheradicalpairmarinthepnsenceofBHT. 

(3) For comparison. independent reactions of 3a and 3c with br&ine under the irradkion with a tungsten 

lamp were carried out and ring-opened adduu 6 (78%) and 7 (16%) were produced mspectively.9 llre fotmation 

of 6 and 7 which are similar to those obtained in the reaction with carbenes (vfdc UIUC) or with molecular 

oxyger+e explicitly suppotts the rice-nutical tlEchani!im. 

PhCH(Br)CH2COOCH3 (6) PhCD(Cl)C(Ph)2CH2COCN (4n-d) 

Ph2C=CHCOCN (7) PhCD(Cl)CD(CI)Ph (8-d) 

The reaction behavior of cyclopropanols 3c-e (cyanohydrins) bearing an electron withdrawing CN group 

changes depending on the natum of carbenes. Thus, while cyclopropanone cyanohydrins 3c-e matted with 
carbene 9 to give ring-opened adducts 4. they nacted with carkene 10 to give cyclopropyl ethers 5 as the sole 

product. Considering both the proton affinity of singlet carkne 10 which is higher than that of ground-state 

singlet carbene 9 and also the acidity of cyanohydrins which is higher than those of hemiacetals. we can 

reasonably explain that the cyanohydrin protonates 10 to produce the ion pair of diphenylcarbenium ion 13 and a 

cyclopropyloxy anion 14, the latter resists ring-opening mom than cyclopropyloxy radical 12 does and 

undergoes rapid coupling with the pairing csrbenium ion 13 to form ether Sin a cage. 

Scheme 1 
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Them still remains ambiguity of the initiating step before producing the free radical pair A (Scheme 1) for 

which three routes are presumable: (a) direct hydrogen abstraction from 3 by triplet carbenes 10 at its ground 

state and 9 at its excited state; (b) single-electron tmnsfer from 3 to carbenes to produce radical-ion pair C 

followed by a proton transfer leading to A;tt (c) proton abstraction by ,singlet carbenes 10 at its excited state and 

9 at its ground state, though usually electrophilic, to produce ion pair B followed by single-electron transfer 

between the paired ionat To summarix e,withthepreferenceofroute(a)to(b)and(c)astheinitiatingstepof 
the free radical coupling reaction, we have unveiled the other novel profile of the reaction of carbenes with 

alcohols’s 
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