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Ina series ofpenetratingexperinents, DePuyetal -- recently elucidated the intrinsic 

stereocnemstry of proton cleavage of alkylated cycloprcpanes, freeofstericux@ications.2 

For rupture betwen two tertiary carbons (1) they found for acetic acid, metbylene chloride, and 

trifluoroacetic acid solvents, a retention:inversion preference of ca. 2:l for attack by the - 

electrophile (D') and almost exclusive inversion (>90-95%) for attack by the nucleopbile (OAce, 

Bl?, CF$02*).3 DePuyproposed2 an unsynnetricaL, corner-probonakdcyclopropane intelmediate 

and likened it to a trigonal bipyramid (2), in which the tw cyclopropyl bands "x" and "y" 

formally occupy radial4 and apical positions, respectively. (For clarity the trigonal bipyramid 

portrayed in 2 is idealized, with 120° angles between radial bonds, and with apical bonds ortbo- 

gonad to them.) For D+ at&& at C-l cleavage of bond "x" leads to retention at C-l, and cl-v- 

age of bond "y" gives inversion at C-l. '&is interwdiate has appeal because it can relate the 

slightly different ease of cleavage of "x" and "y" to their different gecsretric character in 

the txigonal bipyramid. 

An iqxxtantunansweredquestioniswbether this 2:1sbereoselectivity forD+attack 

depends upon collapse of the trigonal bipycamid by an S$!-like inversirm by nucleophile (Nue) 

or wkther it also holds for an ionic SN1-Wteseveranceofaringb3ndin~sinterrrediate. 

Alkylated cyclopropanes cannot easily clarify this issue because it is difficult to ensure that 

cleavage of a ring-bond in the intennxiiate produces a discrete cation prior to nucleopbilic 

attack. In this regard a study of alkoxy-substituted cyclopropanes, and in particular l- 

rnstkxynortricyclane (4), shouldbe info~ti~becauseringdpeninginpolarrrediawould 
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prodme anexceptionallywzll-stabilizedcation, 

initialD+attack. Therefore stereochemistry of 

at the nucleofugal carbon. 
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whoseulhte fatecouldnotinfluencethe 

D+attackmuldnotbe Linked to later events 

Wz synthesizedl-mMmxymrLricyclane (4J5byan aprotic&mford-Stevens @rbene inser- 

tion) reaction60nl-mAhoxynorboman-2-one (3j7 andalsobyrmzthylation (CH31) of the ~CSIKZ- 

enolateionlikerated franl-ace~&ricyclsne Q)*by treatmentwithCH3Li ornBuLi. 

Inan unsymretricalcyclopropylcoqxmdlike 4 the retentian and inversionpaths corre- 

spondtoattackbyD+ona nomnethoxylated carbon fmn directions "a" and "b", reqectively. 

Slightstericdifferxmces intbese twopathsduetohindranceby~~~~ shouldbe uniqortant 

becauseeven largersbericdifferenceshavebeenshu.mnottoplayamajormle inothercyclo- 

propyl cleavages.2 Cleavage of 4 by D+ produces initially the strongly stabilizedcation 6, 

which ultimately leads to 6-d- 1~&oman-2-ane on aqueous work-up. The retention path ("a") 

producesthe6-endo-d- ketone z and the inversion path ("b") gives 6 -d-ketone 8, whose 

relativearrpunts~detenninedbyirc~sonwithknawnauthenticmixtures. 
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Seven deuterated solvent systems were emmined; and sulfuric acid-d2 was used to catalyze 

the ring opening in all runs except those in formic and trifluoroaetic acids (runs 8-14). 

Table1 sum'&x izes the results. 

TABLE I. Stmeospecificityinikid-InducedRingCleavageofl-Me&oqxxtricyclanea 

Solvent d-Assayb 

T- 
(approx. conc.Molal rel. %fl 

b stereochemistty 
mrl - vol. ratio) 

D2s04 
Substrate d0 dl 

% Inv. % Fet. 

1 27 M3m 1.22 0.37 7 93 12.5 87.5 

2 27 CH3C02D-D20 (1:l) 0.72 0.25 4 96 14 86 

3 27 Dioxahr+D 0 2 (2-l) 0.88 0.18 8 92 14 86 

4 27 m3(=2D 0.17 0.37 16 84 30 70 

5 27 M3m2D 0.49 0.39 14 86 30 70 

6 27 m3m2D 1.5 0.43 10 90 33 67 

7 27 

8 27 

9 27 

10 33 

11 50 

l2 27 

13 27-36 

14 50 

m3c02D 

CF3m2D 
DC02DD20 (1O:l) 

lX02D-D20 (1O:l) 

DC02D-D20 (1O:l) 

*2D 

m2D 

m2D 

2.4 0.47 11 89 34 66 

- 0.35 9 91 30 70 

- 0.39 3 97 25 75 

- 0.31 5 95 25 75 

- 0.57 4 96 30 70 

- 0.40 4 96 37 63 

- 0.53 13 87 35 65 

- 0.76 5 95 36 64 

$Ql measured values are averages for tm (or n-me) runs that agreed closely. 
I?-eprcducibility fl% for the repeated rims, but the 
22%. Enolicdeuteriumwaswashedoutbeforeassay.g 

infrared assay is probably not better than 

Retestian of configuration (i.e. Semi-U path") was favored in all cases, which included 

threeof the same solvents (mkhanol,acetic and trifluoroaceticacids) usedbyDepuy2 inhi. 

study of alkylated cyclopropanes. Our results establish thatcycloprcpaneopening thatpro- 

duces acationpriortonucleophiliccapturehasakoutthe samepreference forretentionin the 

D+ attack (63-87.5%) as DePuy2 et al found for simple alkylated cyclopropanes and as Hammns -- 
et al found (62%) for the hydromrbo -- nanalog, 1-mathyln0rtricyclane. ll mre,variation 

withinthis raugecaubebroughtaboutbysolveutchangesalone. Significantly, "inversion" 

(i.e. Semi-W pathlO) did not pred cminate in any of ouz openings of 4, and this behavior eon- 

trasts sharply with the high inversion reported by othersforcleavage of n-ethoxycyclopmpanes 

inlmecmplexsystems. l2 Their suggested ratiouale for inversion is therefore either not 

validor, at least, not general. 

~isonofTableIwithpublishedresultsmhcxr&etonizatiouof 1-acetoxynortx-icyclane 

(FJ8 reveals anajor difference in the behavior of 4 and 5 despite their structural similarity. . 
Whereas in l-nethoxynortricyclane (4) the mission of water fran the acetic or formic acids 

reduces slightly the preference for retention (cf. rms 4-7 with run 2; and canpare runs 12-14 - 
with nms 9-11) similar water anission fran these solvents for l-acetoxynortricycla (5) dra- 

maticallyreversesthestereoch emistry fmnhigh retention (ca. 93%) to high inversion (94%).8 - 
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If oqrring openingsof 4 canbeviewedas tkmicroscqicreverseof y-protonloss from 

aJkoxycationstoformthree- mz&ered rings,13 then our results also shaw that for the norbomyl 

systemthe Semi-Uis favoredover the Semi-Wgeawtxy for such stepwise1,3-eliminations. 10 

(xlr findings are not subject to theusual classicalvs nonclassid ambiguity 
3b,13c,d,14 __ 

- 
rnethoxystabilized cations in the norbomyl systems are known to eschew carbon-bridging. 
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Highinversionin thenucleophilicphase of the cleavagehadbeenobserveded?l.ier (a-c) 
dtkugha fewspecializedexceptionsarekxxn (d,e). Forleadingreferences see: 
(a) R. T. Ialonde and L. s. Fomey, J. Am. Chem. E., Ss, 3767 (1963); 2. 9 e., --- 
29, 2911 (1964); (b) A. Nickon and J. H. Hamuns, J. Am. Chem. s., 86, 3322 (1964); --- 
(c) R. T. Lalonde and M. A. Ibbias, x, %, 4068 (1964); (d) S. J. Cristol, W. Y. Li.m, 
and A. R. Dahl, m., __, 92 4013 (1970); (e) J. B. Hendricks~ and R. K. Eoeck%& Jr., 
B, 23, 4491 (1971). 

These bonds aremxe ~~~calledequatorialandaxial~orequatoridLandapi~-~ We 
preferradial-apicalbecauseterms Likeequatorialandaxialcouldbeambiguous for sub- 
strates with cyclopropyl rings attached to cyclohexane system~;~~~~ (a) J. P. Jesson and 
P.&@akin,J. Am. Chern.~, 
321 (1970). 

--- 23, 5760 (1974); (b) K. Mislow, Accounts a. e., 2, 

Ir (neat) 3060 (cyclopropyl CH): 2838 (oM3) an-'. Pmr (5, cc14) 3.22 (W13, s, 3): 1.98 
(C-3 bridgehead H, m, 1). Satisfactory CandHanalyseswxe obtainedon allnewwunds. 
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