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A synthesis for the unsubstituted bicyclo[1.1.0]but-2-ylmetharetsl¢- andexo-9) from 1,3-butadiene
has been developed. Solvolyses of their sulfon&@and11 took entirely different courses, as the endo
compoundl0 gave rise exclusively to rearranged products such as cyclopent-3-ertd}phhile the
exo compoundll underwent only the substitution of the tosylate group with complete retention of the
exo-bicyclo[1.1.0]but-2-ylmethyl skeleton. Under solvolytic conditiat3reacted at very similar rates
to the corresponding monocyclic substrate, that is, cyclopropylcarbinyl mes§@teig contrast11
reacted only three times as fastrabutyl tosylate and about 1000-fold slower tHeh The nature of the
bicyclo[1.1.0]but-2-ylcarbinyl cations has been probed by quantum chemical calculations. Whereas, the
exo isomer ¢x0-18) corresponds to a local energy minimum, the endo isomer is only a transition state
[endo-18(TS)] for an automerization of the nonclassical cyclopent-3-en-1-yl cation (13) and converts
into 13 by a WagnerMeerwein rearrangement. The most favorable isomerizaticeexof18also leads
to 13 but via a transition state resembling the 2-vinylcycloprop-1-yl catR5{TS)]. On the introduction
of methyl groups at positions 1 and 3 eko-18, the cation is no longer an energy minimum and it
becomes a transition state [27(TS)] for an automerization of the nonclassical 1,3-dimethylcyclopent-3-
en-1-yl cation £8). The large effect of the methyl substitution rationalizes the puzzling results of the
previous product and rate studies, which utilized various substituted derivatives of bicyclo[1.1.0]but-2-
ylcarbinyl sulfonates as substrates.

Introduction hex-3-yl sulfonatekand tricyclo[4.1.0.87]hept-3-yl, as well as

In 1970, Breslow et a.published a communication entitled -NePt-4-en-3-yl estersye studied the solvolysis of monosub-
“Bicyclo[L.1.0]butyl-2-carbinyl Cations” and reported rate stituted bicyclo[1.1.0]but-2-ylcarbinyl esters [dimesylatss

constants of the solvolysis of the di- and trisubstituted bicyclo- d0.€ndo- andexo,exo-4(Scheme 2J] and found substantial
[1.1.0]but-2-ylcarbinyl tosylates and2 (Scheme 1). Whereas Q|ﬁerences on comparison with the results .for the dlgstereo-
no product structures were given in the case Iof the isomers of2. As expec'tedendo,endo-zgave rise exclusively
cyclopentenoB was described as the major compound formed (O réarranged solvolysis products suchbaut no rearrange-
from bothendo2 andexo2 on hydrolysis in 80% (v/v) dioxane/ M€t occurred in the case eko,exo-4, as illustrated by the

water with an exo/endo rate ratio of 2 (the rate constants at 25formation of the ethyl ethe. Furthermore,endo,endo-4
°C being 2.71x 104 and 5.63x 10~* s 1, respectively). underwent hydrolysis in 40% (v/v) acetone/water at@mbout

eight times as fast asx0,exo-4, that is, the exo/endo rate was
<1, despite the deactivating effect on the endo substrate of the
second CHOMSs group in close proximity.

After having investigated a number of endo,endo-bridged
bicyclo[1.1.0]but-2-ylcarbinyl esters, that is, tricyclo[3.13F9
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Unsubstituted Bicyclo[1.1.0]butyl-2-carbinyl Cations

SCHEME 1. Bicyclo[1.1.0]butyl-2-carbinyl Tosylates
Solvolyzed by Breslow et ak
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SCHEME 2. Ethanolysis of the
Bicyclo[1.1.0]butan-2,4-dimethanol Dimesylateendo,endo-4
and exo,exo-4
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To understand the differences between sys?eand system
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SCHEME 3. Synthesis of Tricyclo[4.1.0.87heptan-3-ol (7)
According to Tischer®

Br, H

Br ;
H“

1. 1 equiv. nBuli, 1. 2 equiv. nBuli,
_78°C -78°C
2. HO 2.H,0
CH OH 7

SCHEME 4. Syntheses ondo-Bicyclo[1.1.0]but-2-ylcarbinyl
Mesylate (10) andexo-Bicyclo[1.1.0]but-2-ylcarbinyl Tosylate
11)

Br

Br O._CHj
g O cH,
’ /\

4 regarding the rates as well as the effect of substituents on the
mechanism of the solvolysis reactions, we now report the first
investigation of the parent systems, namely, the unsubstituted
diastereomeric bicyclo[1.1.0]but-2-ylcarbinyl sulfonates, by
experimental methods and the corresponding bicyclo[1.1.0]but-

2-ylcarbinyl cations by quantum chemical calculations.

Results and Discussion

1. Synthesis ofendo-Bicyclo[1.1.0]but-2-ylcarbinyl Mes-
ylate (10) and exo-Bicyclo[1.1.0]but-2-ylcarbinyl Tosylate
(11).endo (endc9) and exo-Bicyclo[1.1.0]butane-2-methanol
(ex0-9).0n the basis of the observations of Coates €twhp
obtained homocyclopropylcarbinols by reductive cyclization of
bromocyclopropy! epoxides, Tiscltedeveloped the most ef-
ficient one among the syntheses of tricyclo[4.120]Beptan-
3-ol (7)2 which is depicted in Scheme 3. We applied this

reaction sequence to the preparation of both bicyclo[1.1.0]-

butane-2-methanoB&(Scheme 4). Accordingly, the known 1,1-
dibromo-2-vinylcyclopropanewas treated with dimethyldiox-

(4) Bentley, T. W.; Llewellyn, G.; Kottke, T.; Stalke, D.; Cohrs, C.;
Herberth, E.; Kunz, U.; Christl, MEur. J. Org. Chem2001, 1279—1292.
(5) (@) Last, L. A.; Fretz, E. R.; Coates, R. N..Org. Chem1982,47,
3211-3219. (b) Coates, R. M.; Last, L. &. Am. Chem. S0d.983,105,

7322—-7326.
(6) Tischer, W. Dissertation, Universitdinchen, Germany, 1991.
(7) (a) Skell, P. S.; Garner, A. Yd. Am. Chem. S0d.956,78, 5430—
5433. (b) Huwyler, R.; Al-Dulayymi, A.; Neuenschwander, Nelv. Chim.
Acta 1999,82, 2336—2347.
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irane, which is the epoxidation reagent of choice with regard
to the purity of the productsThe resulting 1:1 mixture of the
epoxides8 was separated by chromatography, and the assign-
ment of their configuration was deduced from the outcome of
their reaction with 2 equivalents afbutyllithium. It is assumed
that the anionic carbon atoms of the carbenoids formed from
the8isomers attack the epoxide subunits in a2-8/pe manner,
which is why we takehreo-8 as the precursor ando-bicyclo-
[1.1.0]butane-2-methanatido9) anderythro-8 as the precursor

of exo-9. Both alcohol® were obtained as colorless liquids,
from which an impurity of 1-butanol could not be removed
completely as a result of the sensitivity of the compounds. The
presence of the bicyclo[1.1.0]butane moieties in the products
emerging from8 was derived from typical NMR data such as

0 = 1.7 and—0.3 for Cl,3 as well a9c1,H1= JCB,H3 = 201.3

and 203.7 Hz forendo-9and exo-9, respectively. The stereo-
chemical assignment is unambiguous on the basis of the

(8) Adam, W.; Saha-Médller, C. R.; Zhao, C.-Grg. React.2002,61,
219-516.
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SCHEME 5. Solvolysis Products of SCHEME 6. Solvolysis Products of
endo-Bicyclo[1.1.0]but-2-ylcarbinyl Mesylate (10) exo-Bicyclo[1.1.0]but-2-ylcarbinyl Tosylate (11)
& D3COD/ &
CH, @OMS 11 H  D3;CONa H 16
" Coms H2Coors H2Coocn,
10 \ / 12
(CD3),CO/
L HO/NEt;
17 &iH o %H ex0-18
H2C-Ket, “oTs HC

Scheme 5 illustrates the mechanism in which the reorganization
14 15 of the skeleton ofl0 should proceed simultaneously with the
cleavage of the €0 bond. This view is supported by the
complete absence of the unrearranged products.

The solvolysis ofL1 took an entirely different course, as only
products with a retained carbon atom skeleton were observed.
Thus, on dissolution in [Imethanol containing sodium Hp
methoxide at room temperaturél was converted int@xc
bicyclo[1.1.0]but-2-ylcarbinyl [Blmethyl ether 16) in good
yield (Scheme 6).

Attempts to attain a hydrolysis product bf were to no avail.
Whereas the consumption @i in aqueous acetone of various
concentrations in the presence of sodium bicarbonate or
triethylamine seemed to proceed surprisingly slowly, a product
could not be identified. The monitoring by NMR spectroscopy
of the fate of 11 in 90% aqueous [E)acetone containing
triethylamine then revealed the formation ek¢bicyclo[1.1.0]-
but-2-ylcarbinyl)triethylammonium tosylaté T, Scheme 6). At
room temperaturel,1 was consumed to the extent of 71% within
118 days, with the yield 0f7 amounting to 41%. The identity
of 17 was determined on the basis of the similarity of its NMR
spectroscopic data with those b1 and, in particular, by the
highly characteristic splitting of certain signals as a result of
the scalar coupling of the respective nuclei with ¥t nucleus’

Being present as an impurity, 1-butyl tosylate underwent
analogous reactions 44, that is, it was transformed to 1-butyl
[DsJmethyl ether and 1-butyltriethylammonium tosylate, re-
spectively. Throughout these reactions, the ratio of the concen-
trations of11 and 1-butyl tosylate remained constant. In the
case of the methanolysis, a variation of the reaction rate was
qualitatively observed when different concentrations of the
substrates were utilized. These findings are in line wit2 S
processes for solvolyses dfl and at variance with the
intermediacy of theexcabicyclo[1.1.0]but-2-ylcarbinyl cation
(exo-18; Scheme 6).

In summary, the product2, 14, andl5on one hand anti6
and 17 on the other are in harmony with the results of the
dsolvolyses of endoendo- andexoexo4 (Scheme 2) and
emphasize the discrepancy between them and the formation of
the common produc8 on the solvolysis oendo- andexo-2
(Scheme 1).

Kinetic Studies. Rate constants were obtained for the
solvolyses in methanol (Table 1) and acetone/water (Table 2).
A scaled-down procedure for the in situ preparation of mesylates
was tested for the known solvolyses of 1-adamantyl mesylate
in methanol (monitored conductometrically)The method is

following characteristic coupling constantd; , = J,3 = 3.3
Hz for ende9 and 0.9 Hz forexo9; Jcanz = 150.7 Hz for
endo-9and about 170 Hz foexo-9.

Conversion of the Alcohols 9 into the Sulfonates 10 and
11. With regard to the preparation of sulfonates from the
alcohols9, we anticipated the same difficulties as experienced
previously in the case of related compouRddhus, a mixture
of endo-9and triethylamine in CDGlwas treated with meth-
anesulfonyl chloride at-36 °C. The desired mesylat® could
be observed by NMR spectroscopy of the reaction mixture
without workup. However, the persistenceldf was found to
be limited. On standing at room temperature for a day, 40% of
the amount ofl0in the NMR sample converted into cyclopent-
3-en-1-yl mesylatel?) and a second 4-substituted cyclopentene
in the ratio of 2:1. Wherea%2 was the product of the internal
return of the ion pair fronl3 and the mesylate ion formed in
the heterolytic dissociation d0 (Scheme 5), the second product
resulted from the collapse df3 with another nucleophile of
the sample, for example, triethylamine, chloride, or unintention-
ally present water. The consumptiond was complete after
9 days at room temperature.

An analogous experiment to prepare the mesylatexof9
failed, most probably because of the acidification of the mixture
brought about by the formation of triethylammonium chloride,
which is supposed to catalyze irreversible reactions of the
bicyclo[1.1.0]butane system efko-9and possibly its mesylate
as well. We then turned to a method that avoids acids entirely
and, thus, deprotonatesko-9with sodium hydride prior to the
addition of tosyl chloride to the reaction mixture. Indeed, the
desired tosylaté1 was produced and obtained as a 4:1 mixture
with 1-butyl tosylate after the workup. At variance with the
behavior of10, an NMR sample o1 remained unchanged at
room temperature. The identity of the sulfonat@and11was
clearly established by their NMR spectra. Whereas the multi-
plicities of the signals were very similar to those of the alcohols
9, several chemical shifts showed the typical changes expecte
for the conversion of an alcohol into its sulfonate.

2. Solvolysis ofendo-Bicyclo[1.1.0]but-2-ylcarbinyl Mes-
ylate (10) and exo-Bicyclo[1.1.0]but-2-ylcarbinyl Tosylate
(11). Product Studies.As the thermal rearrangement Dd to
cyclopent-3-en-1-yl mesylate (12) already indicated, the het-
erolytic dissociation ofl0 gives rise to the catiod3 (Scheme
5). This was confirmed by the dissolutiondin 75% acetone/
water as well as in [Emethanol containing sodium Ep
methoxide at room temperature. In both cadisemerged as (9) Berger, S.; Braun, S.; Kalinowski, H.-O. NMR-Spektroskopie von
one of the products, while the second was cyclopent-3-en-1-ol njchmetallen. !N NMR-Spektroskopie, Band 2; Georg Thieme Verlag:
(14) and cyclopent-3-en-1-yl [Edmethyl ether 15), respectively. Stuttgart, 1992.
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TABLE 1. Rate Constants k) for Solvolyses of Sulfonates in CHART 1
Methanol Containing Triethylamine
substrate T(°C)  NE&(M) k(s [>—CH,—~OR Ro-tie ﬁ

1-AdOMsb 25.0 c (2.71+ 0.02) x 10°4 z
endo-OMs (10) 25.0 c (1.424+0.04)x 1074 19 (R = Ms) 21 (R=Ts)
endo-OMs (103%e 40.0 c (8.654 0.17)x 1074 20 (R =PNB) 22 (R=PNB)
endo-OMs (10) 40.0 0.01 (8.7220.09)x 104
exo0-OTs (11 40.0 0.01 (2.95 0.2) x 1076
1-BUOT¢ 40.0 0.01 (1.11+ 0.08)x 10°6 D—%DH ® ﬁ
ex0-OTs (119 40.0 0.003 (3.32:0.13)x 1076 23 2 H,C 24
1-BuOTY 40.0 0.003 (1.08:0.02) x 1076
exo-OTs (11! 25.0 ~6.0x 1077

a Determined conductometrically in duplicate; errors shown are average supporting an g2 mechanism (see also the above discussion
deviations? Reference 10:k = (2.81 4+ 0.02) x 1074 ¢ The solution Of_ SChem.e 6). Although lOV\_I concentra_tlons of the nUCIeO.phII.e
contained a small excess of triethylamine, carried through from the in situ tr|ethy|am|ne were present in the solutions Useq for the kinetic
preparation of the mesylaté Determined conductometrically in triplicate.  studies, very similar rate constants were obtained for metha-
® Activation parametersAH* = 21.8 kcal mot*; AS" = —3.2 calmot*  nglyses in the presence 0.003 and 0.01 M triethylamine (Table
K~% TThe rate constant is an average of one conductometric and one kinetic 1), so the data should refer to the pseudo-first-order rate
run monitored by HPLCY The rate constant was obtained from one HPLC f h lvsis. H h for th
kinetic run for a mixture of 1-butyl tosylate arid.. " Estimated from data ~ cONstants for methanolysis. However, the rate constants for the
at 40°C, assuming\S" = —20 cal mof™X K~ (for an S2 alcoholysis of corresponding @l solvolyses via the catioexo-18would be
a benzenesulfonate, see ref 12jwo reactions monitored bjH NMR lower.

(see experimental) at 2Z in the presence of about 0.3 M methoxide gave Similar considerations apply to the experiments with acetone/
higher rate constants (approximate half-lives were 9—24 h, corresponding

tok~ 105s1). water, with added triethylamine. As conditions for preparative
studies (Scheme 6) involve about 100-fold higher concentrations
TABLE 2. Rate Constants K) for Solvolyses of Sulfonates in of tosylate11 and triethylamine than conditions for kinetic
Acetone/Water (% v/v) Containing Triethylamine at 25.0 °C studies (Table 2), the formation of the saR is less likely in
substrate % viv NEBI(M) K(s D the kir!etic studies. The kinetic m_onitoring by HPLC yvith _UV
do-OMs (10) 0 b (1752 0.04)x 103 detection reveals only the formation pftolugnesulfonlc acid _
gzdg-OMs (10y¢ 40 b (1:001 0:03)X 10-2 as product, but the effect of changes in the nucleophile
ex0-OTs (119 60 0.003 (4.82£ 0.12) x 107 concentrations can be illustrated using published data for methyl
1-BuOT¢ 60 0.003 (1.62£0.06)x 1077 tosylate; in methanol at 28C, second-order rate constants for
aRefer to Table 1, footnote &Refer to Table 1, footnote €.An the reaction with triethylamine are over 20 000-fold greater than
acetonitrile solution of mesylate was injectédRefer to Table 1, footnote calculated values for methanolysfsbut 0.003 M triethyl-
g. amine is 10 000-fold more diluted than the methanol solvent.

As competing {2 reactions should show a rate/product cor-
relation, methanolysis and aminolysis are competitive reactions

suitable for the solvolyses of mesylates, which are not as reactive . . X X
as those we studied earlet The reactions of thexotosylate in very dilute amine solutions, even _for the less-hindered methyl
11in the presence of 1-butyl tosylate were also monitored by tqsylz_;ue. Cor_1_sequt_antly, m_ethanolys_lﬁmfshould procet_ad L_md(_ar
HPLC: as separate peaks were then obtained for the tWoklnenc conditions in addition to aminolysis. Another indication
tosylates, both rate constants were obtained (Tables 1 and 2).Of the consistency of the dqta is the S|m|llar|.ty of the rate
The exotosylate 11 reacted three times as fast as 1-butyl constants for both met_hanolys!s an_d hydrolysis (in 60_% acetone/
tosylate (three measurements, Tables 1 and 2). Normally,Vn\gitt(:]'r)I ?gslllétgort';‘%agg 232;Tam;ho?wkﬁ0;‘n2$2a$én¢f§ '
fS-branching reduces the rates gfZ3eactions, for example, in and 31/38 y 1(r'5 <1 in methanol and 60% aceto.nelwater
ethanol at 50°C, iso-butyl benzenesulfonate reacts 14-fold res e(;tive>l< at 50C 15 ° '
slower than 1-propylbenzenesulfon#& hese results provide P Y, :
some evidence of enhanced rates for the solvolyseglof N contrast, the rates of solvolyses of taedo-mesylatd0
Relative rates of solvolyses of geometrically constrained cy- Increase 70-fold from methanol to 40% acetone/water, showing
clopropylcarbinyl systems depend strongly on the angle of a significant dependence on the solvent ionizing power but less
rotation of the cyclopropane group against the planar cationic 1an th?t for the sol_vo_llyses ofr(]:ycloprspzlcarblmyll substrféﬁehs.
subunit!® Rates may be strongly enhanced, but in a constrained Rates orlp are similar to those of the solvolyses of the
perpendicular conformation, rates may even be reduced by gcorresponding monocyclic compound, that is, cyclopropylcarbi-
factor of about 2003 Although rotation inl1is not prevented, Yl mesylate {9, Chart 1). In 600;" zitlzgtone/\_/vater at'Zs the
the preferred direction of attack by a nucleophile may lead to lrate constk?nt fol9is 5'|25 x 107 S that is threﬁ tlr_nes as
a transition state of nonoptimal conformation having a partial '2'9€ @S that ofLO (Table 2). A cationic ,(Sl,) mechanism in
positive charge on the carbinyl carbon atom. V\{hlch rearrangement accompanies ionization accounts for the
Reactions ofL1 in methanol were faster in the presence of kinetic data and also for the products (Scheme 5)1Asind

. . : 10 react by different mechanisms, the exo/endo rate ratio is
higher concentrations of methoxide base (Table 1, footnote i), solvent dependent and varies from 1:300 in methanol 2G40

(Table 1) to 1:3600 in 60% acetone/water at°Z5(Table 2).

(10) Bentley, T. W.; Carter, G. El. Org. Chem1983,48, 579—584.
(11) Bentley, T. W.; Kirmse, W.; Llewellyn, G.; Séllenbéhmer, F.

Org. Chem.1990,55, 1536—1540. (14) Pearson, R. G.; SongstadJJOrg. Chem1967,32, 2899—2900.
(12) Laughton, P. M.; Robertson, R. €an. J. Chem1955,33, 1207— (15) Schadt, F. L.; Bentley, T. W.; Schleyer, P. v.RAm. Chem. Soc
1215. 1976,98, 7667—7674.
(13) Rhodes, Y. E.; DiFate, V. G.. Am. Chem. S0d 972,94, 7582— (16) Kevill, D. N.; Abduljaber, M. H.J. Org. Chem2000,65, 2548—
7583. 2554,
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endo-18'(TS)

66.2

G.., [kcal mol™]

42.7

13

0.0

25(TS)

Bentley et al.

exc-18(TS)

exo-18

57.0

4.6

FIGURE 1. Structure and relative free energies computed for tkid;@ations13, 18, 25, and26. The labelTS characterizes a species as a

transition state.

For the reasons discussed above, these ratios overestimate then one side and C1 and C3 on the other, having 80 and 70% p

Sl reactivity of11. Consequently, th&1/10 (exo/endo) rate

character, respectively. Thus, the corresponding electrons are

ratio for Sy1 reactions must be even less than the above less suitable for participation than the respective one23of
estimates, whereas the exo/endo rate ratio is 2 for the solvolysecausing the slow solvolysis of thexo-tosylatell. The same
of 21 The reasons for this major difference are explored effect should be operative in the case of émelo-mesylatéo0,

theoretically in the next section.

The difference between the rate 10 and the rate olL1 as
well as the fact that both solvolyse more slowly thighcalls
for an explanation. A clue is provided by the reactivity of the
bicyclo[1.1.0]but-1-ylcarbinyl ester8l and22 (Chart 1). The
tosylate 21 could not be obtained as a result of its rapid
rearrangement to 3-methylenecyclobutyl tosyldtdaut the
intermediacy of the bicyclo[1.1.0]but-1-ylcarbinyl cation (24,
Chart 1) is highly likely becaus24 was observed directly in a
non-nucleophilic mediun® Estimated roughly, the rate of
solvolysis of thep-nitrobenzoat®2 is 1000 times greater than
that of cyclopropylcarbinyp-nitrobenzoate20).1” This differ-
ence is caused by the availability for participation of the

electrons of the C€ bonds adjacent to the cationic center. The

but there theendo-bicyclo[1.1.0]but-2-ylcarbinyl cation is
bypassed during solvolysis as a result of the concomitant
Wagner—Meerwein rearrangement [gg@lo-18(TS)n Figure
1], which brings about a significant release of strain energy and,
therefore, almost compensates the rate-retarding effect of the
participating bonds in comparison witl®. Such compensation
is not possible for thexo-tosylatell because of the inability
of the cationexo-18to undergo a conventional Wagrer
Meerwein rearrangement (see next section).

The introduction of a second OMs or OTs group facilitated
our earlier work by deactivating the substraté3he magnitude
of the effect in a relatively flexible substrate can be calculated
from the solvolysis rates of thendemesylatel0 andendgende
4. In acetone/water at 2%, the ratio amounts to 21 and 31

more p character these bonds have, the more stabilized is thg60%, 1.75x 103 s™! versus 8.2x 1075; 40%, 1.00x 102

cation and, hence, the higher the rate of solvolysis.

versus 3.24x 1074 data from Table 2 and ref 4) and is, thus,

Whereas the p character of these bonds amounts to 80% in20- to 30-fold less than we expected previously.

the cyclopropylcarbinyl cation (23), it is much larger for the
bond between the bridgehead carbon atom24fwhich is

3. Calculations of the Stability and the Rearrangements
of the Bicyclo[1.1.0]butyl-2-carbinyl Cations. Computational

considered to be formed from electrons in the almost pure p Details. All structures were optimized by means of analytical
orbitals A consequence of this high p character of the central gradients in combination with the B3LYP functioffain the
bicyclo[1.1.0]butane bond is that the lateral bonds are formed TZVP (triple zeta valence quality with polarization functiofis)

from electrons in orbitals with less p character than those of basis set, which for carbon represents an (11s6pld) atomic
the C—C bonds of cyclopropane. Being the participating ones Orbital (AO) basis in a [5s3p1d] contraction and for hydrogen
in the bicyclo[1.1.0]but-2-ylcarbinyl cationd8, Scheme 6 and @ (10s1p) AO basis in a [4s1p] contraction. Solvent effects were
Figure 1), such lateral bonds emerge from the orbitals of C2 estimated with the aid of COSMO (conductor-like screening

(17) Wiberg, K. B.; Lampman, G. M.; Cuila, R. P.; Connor, D. S;
Schertler, P.; Lavanish, Jetrahedron1965,21, 2749—27609.

(18) Wiberg, K. B.; McMurdie, NJ. Org. Chem1993 58, 5603-5604.

(19) Wiberg, K. B. In The Chemistry of the Cyclopropyl Group
Rappoport, Z., Ed.; Wiley: Chichester, England, 1987; Part 1, pp6L
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model}? with a dielectric constant of = 30 to simulate the
acetone solvent. Energy minima and transition states were

(20) Becke, A. D.J. Chem. Phys1993,98, 5648—5652.
(21) Schéfer, A.; Huber, C.; Ahlrichs, R. Chem. Phys1994, 100,
5829—5835.
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TABLE 3. Gas-Phase EnergiesAE, € = 1), Gas-Phase Free
Energies (AG,e = 1), and Energies in Solution AE, € = 30) of
Various CsH7 Cations, Relative to the Corresponding Values of 13

AE AGz98 AE
(B3LYP/TZVP; (B3LYP/TZVP; (B3LYP/TZVP;
cation e=1) e=1) € =30)

endo-18(TS) 40.7 42.7 41.2
endo-18'(TS) 65.3 66.2 64.7
exo-18 40.6 41.1 41.3
exo-18(TS) 59.5 57.0

25(TS) 51.8 49.0

26 4.1 4.6 3.6

aSee Figure 1; in kcal mot.

checked by frequency calculations. All computations were
performed with the Turbomole program packagehich also
allowed the determination of thermodynamic corrections by the
standard implementation.

endo- endo-18(TS)] andexo-Bicyclo[1.1.0]but-2-ylcarbinyl
Cations (ex0-18).The gas-phase energies of theHg cations
18, 25, and26, relative to the value df3, are collected in Table
3. In addition, the correspondindG values at 298 K are
contained as well as the energies in solutiorr(30) of species
18and26, again relative to the corresponding data&fSolvent

JOC Article

predicted a folded structure as the ground state and a planar
five-membered ring (classical cyclopent-3-en-1-yl cation) as the
transition state for the interconversion of the degenerate envelope
forms. The latter was calculated to be more stable by 4.5 kcal
mol~! than the planar isomer after the correction for the zero-
point energy?®

The finding thatendo-18(TS)and endo-18'(TS)reorganize
to furnish 13 without an activation barrier corroborates our
previous assumption of the Wagnrévieerwein rearrangement
as proceeding simultaneously with the dissociation during most
solvolyses of corresponding bicyclo[1.1.0]but-2-ylcarbinyl sub-
strates. Thus, derivatives @ndo-18(TS), which might be
thought to be generated froemdo,endo-4, tricyclo[3.1.020]-
hex-3-yl sulfonates, and tricyclo[4.1.6:Qhept-3-yl esters,
cannot be considered as intermedi&esOnly in the case of
tricyclo[4.1.0.G'lhept-4-en-3-yp-nitrobenzoate, which was the
sole substrate to furnish nonrearranged solvolysis products to
some extent, the intermediacy of the tricyclo[4.120]Bept-4-
en-3-yl cation, which is an allyl cation bridged by a bicyclo-
[1.1.0]butane system, seems possible at [east.

In contrast toendo-18(TS), theexo-bicyclo[1.1.0]but-2-
ylcarbinyl cation in the bisected conformatioexf-18) indeed
represents an energy-minimum structure, as expected for a
cyclopropylcarbinyl catior®? its free energy (41.1 kcal mol,

effects are not discussed specifically because they do not seemygpa 3 Figure 1) is very similar to that ehdo-18(TS). The

to be of particular importance with regard to the energy
differences, as calculations have shown for the cyclopropyl-
carbinyl cation and its isome?$ Also, thermodynamic correc-

tions do not cause significant changes in this respect. Figure 1

displays the structures @8, 18,25, and26, which are grouped
according to their relative free energies and their fates on
rearrangement.

Two conformations of thendebicyclo[1.1.0]but-2-yl cation

calculations show that the most favorable isomerizatioexof
18leads also td 3. However, the mechanism of the process is
not a simple WagnerMeerwein rearrangement, but one that
occurs in two stages. lIts transition state has a structure
resembling that of the 2-vinylcycloprop-1-yl catioB5(TS)],
whose free energy is 7.9 kcal mélgreater than that ofxo-

18. In line with this result, we have pointed out previously that
the inability of the cation conceivably generated frergexc4

have been calculated. As expected, in analogy to the most stablgscheme 2) to undergo a [1,2]-C shift might be the reason for

form of the cyclopropylcarbinyl catioff 26 the bisected
structure [endo-18(TS)] is much lower in energy than the
perpendicular one ([endo-18'(TS)]), with the free energy dif-
ference being 23.5 kcal nol. Neither of these two cations is
an energy minimum, as both undergo a [1,2]-C migration
without an activation barrier to give the nonclassical cyclopent-
3-en-1-yl cation {3). In fact,endo-18(TS)and endo-18'(TS)
are transition states for automerization pathway43fwhich
have no significance, however, because the isomerizati@f of
leading to the cyclopent-2-en-1-yl cation, brought about by a
[1,2]-H shift, has a much lower activation barriér.The
nonclassical nature df3, being a bishomocyclopropenyl cation,
has previously been demonstrated by calculatfeiithat, hence,

(22) Klamt, A.; Schiirmann, G.J. Chem. Soc., Perkin Trans.1®93,
799—805.

(23) Ahlrichs, R.; Bér, M.; Baron, H.-P.; Bauernschmitt, R.; Bécker, S.;
Deglmann, P.; Ehrig, M.; Eichkorn, K.; Elliott, S.; Furche, F.; Haase, F.;
Héser, M.; Horn, H.; Hattig, C.; Huber, C.; Huniar, U.; Kattannek, M.;
Kéhn, A.; Kélmel, C.; Kollwitz, M.; May, K.; Ochsenfeld, C.; ian, H.;
Schéfer, A.; Schneider, U.; Sierka, M.; Treutler, O.; Unterreiner, B.; von
Arnim, M.; Weigend, F.; Weis, P.; Weiss, HURBOMOLE, version 5.6;
Universitét Karlsruhe: Germany, since 1988.

(24) Casanova, J.; Kent, D. R., IV; Goddard, W. A, lll; Roberts, J. D.
Proc. Natl. Acad. Sci. U.S./£2003,100, 15-19.

(25) Saunders, M.; Laidig, K. E.; Wiberg, K. B.; Schleyer, P. v.JR.
Am. Chem. Soc988,110, 7652—7659.

(26) Wiberg, K. B.; Shobe, D.; Nelson, G. . Am. ChemSoc.1993,
115, 10645—10652.

(27) Olah, G. A.; Prakash, G. K. S.; Rawdah, T. N.; Whittaker, D.; Rees,
J. C.J. Am. Chem. S0d.979,101, 3935—3939.

(28) Schleyer, P. v. R.; Bentley, T. W.; Koch, W.; Kos, A. J.; Schwarz,
H. J. Am. Chem. S0d.987,109, 6953—6957.

the exclusive formation of unrearranged products suéh egen
if SN2 reactions oBxqgexo4 could not be rigorously ruled odt.
The substitution productd,6 and 17, from the solvolyses of
11 support this interpretation.

There is a second, less favorable, pathway dro-18to
release most of its considerable strain energy, namely, a [1,2]-
H migration to the cationic center giving rise 26, which also
is a homoaromatic species, that is, the nonclassical 2-methyl-
cyclobutenyl cation. The transition statexp18(TS) is the
slightly twisted perpendicular conformation of taro-bicyclo-
[1.1.0]but-2-ylcarbinyl cation. By an extensive study using
theoretical methods, the homoaromatic nature of the unsubsti-
tuted cyclobutenyl cation, the parent 6, has been demon-
strated?®

Introduction of Methyl Groups into the Bridgehead
Positions of the Bicyclo[1.1.0]but-2-ylcarbinyl Cations.The
replacement of the hydrogen atoms of the positions 1 and 3 of
all speciesl8 by methyl groups has a dramatic effect on the
shape of the potential energy surface. Wiel®-18represents
a local minimum and has to surmount a barrier of 7.9 kcafol
to rearrange td 3, its methylated counterpa2¥(TS) converts
into 28 (Scheme 7), which is the 1,3-dimethyl derivativel
without any barrier. Because the positive charge2b{TS)
largely resides at a carbon atom whose hydrogen atom is

(29) Szabo, K. J.; Kraka, E.; Cremer, D.Org. Chem1996 61, 2783
2800.

(30) Sieber, S.; Schleyer, P. v. R.; Otto, A. H.; Gauss, J.; Reichel, F.;
Cremer, D.J. Phys. Org. Cheml993,6, 445—464.
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SCHEME 7. Schematic Representation of the Relationship
between the GHs(CH3), Cations 27(TS) and 28

CHj

H /(%\ H

27(TS) AAGpgg = —42.5 keal mol™ 28

replaced by a methyl group, a substantial stabilization occurs.
Such an effect is operative neither on going frexo-18to
27(TS)nor on going fromL3to 28, but both of these transitions
are influenced in very much the same way, as is indicated by
the energy differences betweero-18and13on one hand and
between27(TS)and28 on the other, which were calculated to
be 41.1 (Figure 1, Table 3) and 42.5 kcal mo{Scheme 7),
respectively. Additionally, it can be assumed that the 1,3-
dimethyl derivative obnde18(TS)is also a transition state and
retains an energy relative to that 28 that is similar to the
energy difference betweesndo-18(TS)and 13.

Clearly, this result explains that the tosylageglo- andexo2
can furnish the common produdt* which emerges from the
trapping of the catio28 by water, and that both substrates may
react at about the same rate. However, the 1,3-dimethylbicyclo-
[1.1.0]but-2-ylcarbinyl cations [se27(TS)] cannot be consid-
ered as intermediates because the rearrangements should occ
concomitant with the heterolytic dissociation.

Conclusion

Motivated by previous results that apparently contradicted
each othet* we undertook to approach the problem by
experimental and theoretical studies of the unsubstituted dia-
stereomeric bicyclo[1.1.0]but-2-ylcarbinyl cations. The experi-
ments included the development of a synthetic route to the two
bicyclo[1.1.0]butane-2-methanols (9), their conversion into the
mesylatel0 and the tosylatd 1 in the case of thendo- and

Bentley et al.

more stable than thexo-1,3-dimethylbicyclo[1.1.0]but-2-yl-
carbinyl cation, whereby this cation adopts the character of a
transition stateg7(TS). This finding explains the products and
the rates of the solvolysis of the diastereomeric 1,3-dimethylbi-
cyclo[1.1.0]but-2-ylcarbinyl tosylate)t in comparison with

the results obtained from the diastereomeric geaido,endo-
(endoendo4) andexoexo-bicyclo[1.1.0]but-2,4-dimethanol dimes-
ylate (exo,exo-4)as well as10and11.

Experimental Section

General Methods. See ref 4.

erythro- (erythro-8) and threo-2',2'-Dibromocycloprop-1'-
yloxirane (threo-8). A solution of dimethyldioxiran&(2.50 mmol,
31.25 mL of 0.08 M in acetone) was added with stirring to 1,1-
dibromo-2-vinylcyclopropane(500 mg, 2.21 mmol), which was
kept at 0°C under nitrogen, within 50 min. Stirring was continued
for 2 h at 0°C and then overnight at room temperature. The mixture
was concentrated in vacuo to give a light yellow oil (400 mg, 75%),
which was shown by NMR spectroscopy to consist of a virtually
pure 1:1 mixture oferythro- andthreo-8. Flash chromatography
[SiO,; light petroleum ether (bp 3650 °C)itert-butyl methyl ether,
20:1] afforded puréhreo-8 (150 mg, 28%) and purerythro-8 (170
mg, 32%).threo-8: Rr = 0.47, colorless crystals, mp 443 °C.
IH NMR (400 MHz, CDC}): 6 1.63 (t,J = 7.3 Hz, 1H), 1.76
(dd,J = 10.3, 7.2 Hz, 1H), 1.85 (ddd,= 10.3, 7.4, 3.8 Hz, 1H),
¥r64 (dd,J = 5.1, 2.6 Hz, 1H), 2.89 (dd]) = 5.1, 3.9 Hz, 1H),
3.09 (td,J = 3.8, 2.6 Hz, 1H)*°C NMR (101 MHz, CDC}): o
23.4 (s), 24.8 (t), 31.8 (d), 45.9 (1), 50.7 (d). Anal. Calcd fgHg
Br,O: C, 24.83; H, 2.50. Found: C, 25.06; H, 2.##ythro-8: R
= 0.34, colorless oil'H NMR (400 MHz, CDC}): 6 1.54 (t,J =
7.4 Hz, 1H), 1.61 (br dtJ = 10.1, 7.2 Hz, 1H), 1.84 (dd,= 10.1,
7.2 Hz, 1H), 2.70 (dd) = 4.9, 2.6 Hz, 1H), 2.87 (br ] = 4.4 Hz,
1H), 2.95 (br dddy = 7.0, 3.7, 2.6 Hz, 1H)3C NMR (101 MHz,
CDCly): 6 23.8(s), 26.0 (1), 32.0 (d), 46.1 (t), 53.2 (d). Anal. Calcd
for CsHgBr,O: C, 24.83; H, 2.50. Found: C, 24.97; H, 2.53.

endoBicyclo[1.1.0]butane-2-methanol €éndc9). n-Butyllithium
(5.00 mmol, 3.31 mL of 1.51 M in hexane) was added dropwise
within 35 min to a stirred solution ahreo-8(550 mg, 2.27 mmol)

exo-isomer, respectively, and the determination of the products;, anhydrous diethyl ether (40 mL), which was kept-&f5 °C

and the rates of the solvolysis reactions1df and 11. Both
mesylatel0 and tosylatell underwent solvolysis at smaller

under nitrogen. Stirring was continued for 1.5 h-&t5 to—70°C
and then fo 1 h at 20°C. The mixture was treated with water (5

rates than cyclopropylcarbinyl mesylate (19), whereas bicyclo- mL), the resulting layers were separated, the aqueous phase was
[1.1.0]but-1-ylcarbinyl esters had previously been shown to react extracted with diethyl ether (8 10 mL), and the combined organic
faster than the corresponding cyclopropylcarbinyl esteThese phases were washed with brine 225 mL). After drying with
phenomena are readily explained on the basis of the p characteN&SQs, the solution was concentrated in vacuo (500—250 mbar)
of the C—C bonds that can exert neighboring group participation &t 20°C. A*H NMR spectrum of the residue indicated the presence
on heteratc disociaton. o 0%, romenuare an Lbuncl e destd ket
The quantum chemical calculations revealed thatethéo- ' . .
bicycloﬁl.l.O]but-Z-yIcarbinyI cation is only a transition state components of the mixture in vacuo (250.07 mbar) at 20C

L X and their condensation in cooled receivers. The first fractions
[ende18(TS] for an automerization of the nonclassical cyclo-  consisted mainly of 1-bromobutane and 1-butanol, whereas the last

pent-3-en-1-yl cation](3), whereas the exo isomer corresponds fractions containeende9 as the major component. Out of a number
to a local energy minimumeko-18). In line with these  of experiments, the best fraction obtained was a colorless liquid
predictions, the solvolyses of trendo-mesylatd 0 gave rise (66 mg) composed ando9 (32% yield) and 1-butanol in the ratio
to 4-substituted cyclopentenes exclusively, thus demonstratingof about 15:1 and only traces of other impuritiéd. NMR (400
that the Wagner—Meerwein rearrangement occurred concomi- MHz; Ce¢Dg; the chemical shifts in CDglare given in brackets):
tant with the heterolytic dissociation. The outcome of the 9 0.89[1.15](tJ= 5.9 Hz, 1H), 1.14 [1.52] (td) = 3.3, 1.7 Hz,
solvolyses of thexo-tosylatel 1 is formally also in agreement ~ 2H), 1.25 [1.44] (q9J = 1.7, 0.5 Hz, 1H), 1.48 [1.84] (qd] =

with the computational result, as only products with complete
retention of the carbon atom skeleton were observed. However
the rate studies do not support the intermediacy of the cation
exo0-18but favor an {2 process.

Most interestingly, the introduction of methyl groups in
positions 1 and 3 ofxo18is predicted to have a dramatic effect
on the transition state that separag@e-18 from 13. It becomes

1024 J. Org. Chem.Vol. 71, No. 3, 2006

3.3, 1.7 Hz, 1H), 2.38 [2.68] (tqd, = 7.2, 3.3, 0.6 Hz, 1H), 3.21
[3.36] (br dd,J = 7.2, 5.9 Hz, 2H)3C NMR (101 MHz; GDs;

'the chemical shifts in CD@lare given in brackets)d 1.7 [1.4]

(dsext,Jcy = 201.3, 3.5 Hz, 2C), 30.3 [30.2] (dddig 1 = 170.6,
151.4, 12.7, 4.2 Hz, 1C), 49.7 [49.4] (ddquidg,y = 150.7, 14.2,
3.4 Hz, 1C), 56.0 [56.3] (br tJcy = 141.5 Hz, 1C). MS (El, 70
eV, %) m/z: Mt 84 (11), 83 (35), 69 (14), 67 (10), 56 (33), 55
(100), 54 (11), 53 (24), 43 (15), 41 (44), 39 (35); the intensity of
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several signals may have a contribution from 1-butanol. HRMS finally with water (2 x 5 mL). Drying of the organic layer with
(El, 70 eV) m/z: [M" — H] calcd for GH-O, 83.0497; found, KoCOs/NaSO;, and its concentration in vacuo furnished a colorless
83.0495. oil (115 mg), shown by NMR spectroscopy to be a 4:1 mixture of
exo-Bicyclo[1.1.0]butane-2-methanol ¢x0-9). According to the 11 (57%) and 1-butyl tosylate®H NMR (400 MHz, CDC}): o
procedure for the preparation efida9, exa9 (28%) was obtained 0.56 (br quint,J = 1.0 Hz, 1H), 1.09 (tmJ = 6.3 Hz, 1H), 1.44
from erythro-8 (1.25 g, 5.17 mmol) in the best case as a 4:1 mixture (td, J = 2.9, 0.8 Hz, 1H), 1.54 (ddd] = 2.9, 0.9, 0.5 Hz, 2H),
(150 myg, colorless liquid) with 1-butanol, containing only traces 2.45 (s, 3H), 3.93 (d] = 6.3 Hz, 2H), 7.34 (m, 2H), 7.79 (m, 2H).
of other impuritiesH NMR (400 MHz; CDC}; the chemical shifts 13C NMR (101 MHz, CDC}): ¢ 0.5 (dquint,Jcy = 207.4, 3.9
in CsDg are given in brackets)s 0.60 [0.53] (qdJ = 1.2, 0.9 Hz, Hz, 2C), 21.6 (qtJcn = 127.3, 4.3 Hz, 1C), 27.7 (ddndcny =
1H), 1.16 [1.05] (tdtdJ = 5.8, 1.2, 0.9, 0.4 Hz, 1H), 1.28 [0.95] 170, 154 Hz, 1C), 40.0 (dndc 4~ 170 Hz, 1C), 69.7 (tmJcn ~
(br, 1H), 1.45 [1.18] (dddJ = 2.9, 1.2, 0.9 Hz, 2H), 1.50 [1.27] 150 Hz, 1C), 127.9 (dmJcn &~ 165 Hz, 2C), 129.8 (dm)cx ~
(tdd,J=2.9,0.9, 0.4 Hz, 1H), 3.55 [3.25] 3,= 5.8 Hz, 2H).13C 162 Hz, 2C), 133.2 (m, 1C), 144.7 (m, 1C).
NMR (101 MHz; GDg; the chemical shifts in CDGlare given in Solvolysis of 10 in 75% Aqueous Acetonéelriethylamine (50
brackets):0 —0.3 [-0.7] (dquintJcy = 203.7, 3.8 Hz, 2C), 28.2  mg, 0.49 mmol) and the mesylatt0 (20 mg, 0.12 mmol),
[28.1] (ddg, Jc 4 = 169.1, 153.0, 4.2 Hz, 1C), 46.0 [45.5] (ddm,  containing some 1-butyl mesylate, were dissolved in a minimum
Jen~ 170, 13 Hz, 1C), 62.1 [62.5] (tndc 4 ~ 141 Hz, 1C). MS quantity of acetone (1.5 mL). After the addition of water (0.5 mL),
(El, 70 eV, %)m/z: M" 84 (3), 83 (9), 56 (100), 55 (39), 44 (18),  the mixture was stirred at ZZ for 18 h. Then most of the acetone
43 (48), 42 (27), 41 (66), 40 (57), 39 (17); the intensity of several \yas evaporated in vacuo. Brine was added to the residue, and the
signals may have a contribution from 1-butanol. HRMS (El, 70 mixture was extracted withert-butyl methyl ether (4x 5 mL).
eV) m/z: [M" — H] calcd for GH-O, 83.0497; found, 83.0496.  The combined extracts were dried with MgSénd concentrated
endo-Bicyclo[1.1.0]but-2-ylcarbinyl Mesylate (10)A stirred in vacuo to give a colorless oil, which was shown by NMR
solution of_endeg (14 mg, 0.17 mmol), containing some 1-butanol, spectroscopy to contain cyclopent-3-en-1-yl mesylat®) (and
and dry triethylamine (25 mg, 0.25 mmol) in anhydrous dichlo- cyclopent-3-en-1-ol (14) in the ratio of 2:1, 1-butyl mesylate, and
romethane (0.5 mL) was kept aB6 °C under nitrogen and treated 3 humber of impurities but no product with a bicyclo[1.1.0]but-2-

dropwise with methanesulfonyl chloride (19 mg, 0.17 mmol) in yicarbinyl group. The signals of2 and 14 were identified by
anhydrous dichloromethane (0.2 mL) within 8 min. Stirring was comparison with those of authentic samples.

continued for 90 min at-35 to —30 °C, while the progress of the Solvolysis of 10 in [Q]Methanol/Sodium [Ds]Methoxide. A
reaction was monitored by TLC on basic 8% (activity I) with solution gf NaOCR in ED(])CD3 [9 mg of sodiL[Jrr13](0.4 mmol) had
pe_troleum ether (bp 3950 °C)/tert-but):I methyl ether, 5:4. _The been dissolved in DOC{0.7 mL)] was added to the mesylat8
n}l);turel_wz?s tt}gndallk?lwed to \Igvarm t85°C an?], zéfter_thlj ad(_1|[t1|9n (20 mg, 0.12 mmol), containing some 1-butyl mesylate, in an NMR
o Id m to %0 3 ICL o_rl_c;]met ane, wss was ed qu(;c %’W't IC€ " tube at 22°C. After several minutes, 8 NMR spectrum showed
ao Swa eré ;;] mL). (etort'gzn]c phase V:;?Z) or(';e va\lll Em the presence of0, cyclopent-3-en-1-yl mesylate (12), andsJD
&S0, an én concentratéd In vacuo . 'he methyl cyclopent-3-en-1-yl ethet$) in the ratio of 20:1:2.4. This
spizctra of the residue (20 mg of a light yellow oil) were taken at ratio changed to 1.3:1:3.6 within 2.5 h, an@ was consumed
27°C and showed the presence of the mesyiid-butyl mesylate, completely after 8.5 h with th&2:15ratio being 1:6.5. Simulta-

?d?twg:ourzg?:ﬁma;? 4v(\)/8tt§/rli_|'2h%%a£)p leéwfzzl;(e('?n&Ilﬁ uft;l 1 neously, 1-butyl mesylate was consumed to the extent of about 40%
(td, J = 32' 1.4 Hz, 2H), 1 88, (qd :'3 5 '22 Hz’ 1H)7 2‘ 73 and converted into 1-butyl _[ﬂmethyl ether within 8.5 hH NMR

a J= 73 3'3 Oé Hy '1|_'| 333 < 3|'_|' 4'05 o - 3 H'z of 15 (400 MHz; DOCD; internal reference, DOCHDat 6 =
(ZtI(—]l)’BC NMR (iél MHZ ’CDC)fi)'.é 2(0’(d5()9’xt,]. (=H’205.8 3;5 3.31): 6 2.33 (apparent ddm, line distances 16, 3 Hz, 2H), 2.56
Hy .2C) 20.8 (dddt) 1705 1535 122 Z% Hy 1C) 379 (apparent ddm, line distances 16, 7 Hz, 2H), 4.12)(t; 7.0, 3.2

’J o 13;9 0 1C 024 8 (d D 156 H- ’1C.Z 65, 1 o0 Hz, 1H), 5.66 (m, 2H)13C NMR of 15 (101 MHz; DOCL; internal
(@ Jey -0, 1C), 44.8 (dmjey ~ 2,1C), 651 (Men  reference, DOCRatd = 49.0): 6 41.1, 59.7 (MJep = 22 Hz),
= 1505, 1C). 82.1, 129.2.

In a preceding experiment, CD{las used as the solvent and . . . .
the NMpR spectrga wgre taken at30 °C without workup, which Solvolysis of 11 in [D]Methanol/Sodium [D;]Methoxide. A
clearly indicated the presence d0. As compared to the data of S}Ode.SOM('Zg of Ni‘%gpm D|)O'CDD3(;VC3;3preE?r$\?hby dlss_olutlon
the salt-free solution obtained at 2, the lower t orsodium (42 mg, 1.6 mmol)in mL). When a mixture
o ! wer temperature and of 11 and 1-butyl tosylate was added to 0.7 mL of this solution or

th f HNELCI— field shifts of t 0. X X
inethper?;eaﬁg specb_t:rum ;ﬁgsgfduupptl(;e 28 Fl)psmoinaﬁfé al\s;”gpm one that had been diluted 1:1 with pure DOS he substrates were

spectrum. After the sample had been kept at room temperature foriransformed t@xobicyclo[1.1.0]but-2-ylcarbinyl [lImethyl ether
apday, the spectra showgd that 40% of tﬁe amouﬂ’Odfa(Fj) been  (16)and1-butyl [imethyl ether, respectively, within several days
converted into cyclopent-3-en-1-yl mesylate (12) and a second &t 22°C. The progress of the reactions was monitored by NMR
4-substituted cyclopentene, which could not be identified due to SPECrOSCopy. For the quantitative analysis, the integral of the signals
the signals of the impurities, wherea® was characterized by of all aromatic protons of the sample was taken_as the internal
comparison of its signals with those of an authentic sample. The Standard. The ratio of1 and 1-butyl tosylate remained constant
consumption oLlOwas complete after 9 days at room temperature. throughout the reactions, and t.he conversion o_f 1-butyl tosylate to
exo-Bicyclo[L.1.0]but-2-ylcarbinyl Tosylate (11). Sodium hy-  +™outyl [Dsmethyl ether was virtually quantitative.
dride (50 mg, 2.1 mmol) was added cautiously in several portions ~ On reaction of 13.5 mg (0.057 mmol) &M and 6.5 mg (0.028
to a stirred solution 0&x0-9(57 mg, 0.68 mmol), containing 20%  Mmol) of 1-butyl tosylate in 0.7 mL of the above stock solution
of 1-butanol, in anhydrous THF (3 mL), which was kept at® (0.43 mmol of NaOCRin DOCD3),.11_was consumed to the extent
°C under nitrogen, within 30 min. Sodium hydride had been Of 37, 61, 83, 88, and 89% within 6, 9, 21.5, 26, and 30 h,
purchased as a suspension in paraffin oil and washed carefully with'espectively, and the yield df6 amounted to 30, 48, 67, 69, and
petroleum ether (bp 3650 °C) before use. The mixture was stirred ~ 74% after the same time periods.
overnight at room temperature, then cooled-tb7 °C, and treated On reaction of 6 mg (0.025 mmol) dfL and 3 mg (0.013 mmol)
dropwise with a solution op-toluenesulfonyl chloride (190 mg,  of 1-butyl tosylate in a mixture of 0.35 mL of the above stock
1.0 mmol) in anhydrous THF (1 mL). Stirring was continued for 2 solution (0.22 mmol of NaOCPin DOCD;) and 0.35 mL of pure
h at—15 °C. Then water (3 mL) was added, and the mixture was DOCD;, 11 was consumed to the extent of 22, 66, 87, and 91%
extracted with diethyl ether (2 10 mL). The combined organic  within 4, 24, 48, and 62.5 h, respectively, and the yield16f
phases were washed with 5% aqueous Naki(0< 10 mL) and amounted to 16, 47, 67, and 82% after the same time periods.
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IH NMR of 16 (400 MHz; DOCDL; internal reference, DOCHD
atd = 3.31): 6 0.51 (m, 1H), 1.02 (br t) = 6.1 Hz, 1H), 1.46-
1.49 (m, 3H), 3.31 (dJ = 6.1 Hz, 2H).13C NMR of 16 (101 MHz;
DOCD;; internal reference, DOCfatd = 49.0): 6 0.1, 28.5, 43.4,

Bentley et al.

added a solution of 2.5 equivalentsy([z) of triethylamine (stored
over KOH) in dichloromethane (80L, AR grade). The solution
was cooled to-10 °C, and methanesulfonyl chloride (14, <1

equiv) in dichloromethane (20L) was added in portions slowly

73.1; the septuplet of the GYroup was not observed due to its
low intensity.

with stirring over 5-10 min. After stirring for another 510 min
at—10°C, an aliquot of the solution was injected directly into AR
Solvolysis of 11 in a Mixture of 90% [Ds]Acetone/Water and grade methanol (previously degassed by sonication) and further
Triethylamine. In an NMR tube, 20 mg of a 4:1 mixture dfi sonicated to disrupt any aggregates of dichloromethane. The solution
(0.068 mmol) and 1-butyl tosylate (0.017 mmol) and triethylamine was then transferred to a conductivity cell and thermostated, and
(17 mg, 0.17 mmol) were dissolved in 90% (v/v) (§ECO/H,O the change in conductance was monitored.
(0.7 mL). A'H NMR spectrum was taken right away. The sample HPLC measurements were obtained from a solutionaf- e
was then kept at room temperature, and NMR spectra of it were tosylate (11, +2 mgq) in acetonitrile (4@L) that was added to the
taken over a period of 118 days. For the quantitative analysis, the solvolysis medium (10 mL); 1& 1 mL aliquots were then sealed
integral of the signals of all aromatic protons of the sample was in glass ampule& Aliquots (20uL) of quenched reaction mixtures
used as the internal standard. The products vexelicyclo[1.1.0]- were analyzed using a Waters Novapak €lumn (15 cm) eluted
but-2-ylcarbinyl)triethylammonium tosylatel7) from 11 and with 65% (v/v) methanol/water, with detection at 225 nf £
1-butyltriethylammonium tosylate from 1-butyl tosylate. Within 2,  0.2). Rate constants were calculated from the peak areas of the
7, 14, 32, 56, and 118 day%1 was consumed to the extent of 3, esters, and the “theoretical infinity” of the zero ester area was
11, 19, 34, 49, and 71%, respectively, whereas the yiell7ofas assumed.
determined to be 2, 5, 11, 22, 34, and 41% after the same time
periods. The ratio of unreacteld and 1-butyl tosylate remained Acknowledgment. This work is dedicated to Professor
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i Supporting Information Available: Absolute energies and
(CD3),CO/H;0, 9:1; internal reference, (GRCO atd = 29.9]: 6

s N v Cartesian coordinates of the structures of the cati#)<8, and
1.2,7.8,21.2,28.3,35.0,53.9 tfcny = 2.7 Hz), 57.6 (t}cn = 25—28as well as thé3C NMR spectra of the new compounds and

3.3 .HZ)Z 126.8, 129.1, 139.8, 144.9. ) the solvolysis products. This material is available free of charge
Kinetic Methods. Standard procedures, as described elsewhere, i the Internet at http://pubs.acs.org.

were used for conductometric measurements, but the following

slightly revised method was used for mesylates. To the alcohol JO0519918
endo-9(1.7 mg), in a Wheaton bottle fitted with a magnetic stirrer
and sealed with a septum (having a pressure release needle), was (31) Bentley, T. W.; Gream, G. B. Org. Chem1985,50, 1776—1778.
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