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hexane. A 'H NMR spectrum of the resulting pale yellow oil (1.75 g)
indicated the presence of 2-Cl and 1-Cl in a ratio of 4:1,

Treatment of 6-Chloro-2,3:8,9-dibenzobicyclo[3.2.2]nona-
2,6,8-trien-exo-4-o0l (1-OH) with Triphenylphosphine-Carbon
Tetrachloride. 1-OH" (1.08 g, 4.00 mmol) was dissolved in 7 mL of
carbon tetrachloride and 1.06 g (4.0 mmol) of triphenylphosphine was
added. The solution was heated at 65-70 °C for 36 h. The reaction
mixture was cooled and filtered. The yellow solution was chromato-
graphed over a silica gel column and eluted with hexane. The solution
was evaporated to dryness and crystallized from 95% ethanol, pro-
ducing 0.80 g (70%) of a white crystalline solid (2-Cl): mp 113 °C; 1H
NMR (CDClg) 8 7.13-7.67 (m, 8, aromatic), 6.96 (dd, 1, H-7,J, = 7.3
Hz,J;5=2Hz),560(d, 1, H-4,J,5=4Hz),4.38(d, 1, H-1,J, 7 =173
Hz), 4.13 (dd, 1, H-5, J54 = 4 Hz, J57 = 2 Hz). Anal. Caled for
Ci17H12Clg: C, 71.12; H, 4.18. Found: C, 71.06; H, 4.18.

In a similar experiment, the crude reaction mixture was analyzed
(*H NMR) and found to contain 80% 2-Cl and 20% 1-Cl.

Treatment  of 6-Chloro-4-deuterio-2,3:8,9-dibenzo-
bicyclo[3.2.2]nona-2,6,8-trien-endo-4-0l with Triphenylphos-
phine-Carbon Tetrachloride-Acetonitrile. The alcohol? (20-OH)
(500 mg, 1.9 mmol) was dissolved in 8 mL of carbon tetrachloride-
acetonitrile (1:1 v/v) and triphenylphosphine (655 mg, 2.50 mmol)
was added. The solution was stirred for 2 h at room temperature. A
preparative scale TLC was run (silica gel-10% tetrahydrofuran—
hexane) on the product to remove triphenylphosphine oxide. Evap-
oration of solvent gave 410 mg (82%) of a yellow oil which by 1H NMR
integration of resonances at § 4.13 and 6 4.27 contained 25% 20-Cl and
75% 21-Cl. The oil was crystallized from carbon tetrachloride to
produce 250 mg (50%) of a white solid (21): mp 130-132 °C; 'H NMR
(CDCls) 6 7.10-7.65 (m, 8, aromatic), 6.96 (dd, 1, H-7,J7 1 = 7.2 He,
J7'5 =2 HZ), 4.40 (d, 1, H-l, J1‘7 =172 HZ), 4.27 (d, 1, H-5, J5,1 =2
Hz).

Mixture melting point and spectral comparison with the nondeu-
terated chloride (1-Cl) preved this compound to be 21-Cl.
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Prostanoid Endoperoxide Model Compounds: Preparation of 1,2-Dioxolanes

from Cyclopropanes!
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A synthesis of 1,2-dioxolanes from cyclopropanes, which potentially could be adapted to prepare prostanoid en-
doperoxide model compounds, is reported. Cyclopropanes with 1-aryl, 1,1-diaryl, and 1-alkyl-1-aryl substituents,
readily prepared by 1,1-dichlorocyclopropanation of the corresponding olefins with chloroform and sodium hydrox-
ide under tetraalkylammonium chloride phase-transfer catalysis and subsequent sodium metal/tert-butyl alcohol
in THF reduction, were hydroperoxybrominated with N-bromosuccinimide or 1,3-dibromo-5,5-dimethylhydan-
toin. The labile v-hydroperoxy bromides were subsequently cyclized into their respective 1,2-dioxolanes with silver
oxide. The substitution pattern of the original olefin in this sequence dictates the substitution pattern of the result-

ing 1,2-dioxolane.

Prostaglandin endoperoxides (PEP) serve as biosynthetic
precursors to the physiologically potent prostaglandins PGF
and PGE,* thromboxane A,,% and prostacyclin.? So far these
biologically important intermediates have been accessible
through natural sources, but isolation and purification have

0022-3263/78/1943-1154801.00/0

been tedious and limiting in view of the labile nature of the
endoperoxides and their scarce abundance.” In fact, until re-
cently even the basic endoperoxide skeleton, i.e., the 2,3-
dioxobicyclo[2.2.1]heptane ring system, was unknown. We
prepared? this novel bicyclic peroxide by in situ, selective

© 1978 American Chemical Society
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diimide reduction of cyclopentadiene endoperoxide (eq 1, path
a), Salomon and Salomon? by peroxide bond transfer from
bis(trialkylstannyl) peroxide to the ditriflate of 1,3-dihy-
droxycyclopentane (eq 1, path b), and Porter and Gilmore!?
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by bicyclization of 3-bromocyclopentyl hydroperoxide with
silver acetate (eq 1, path ¢).

We also reported on the latter synthetic route (eq 1, path
¢, with silver oxide instead of silver acetate) earlier;!1 however,
we found the hydroperoxybromination reaction of bicy-
clo[2.1.0]pentane and the subsequent bicyclization with silver
oxide erratic, affording the impure and labile endoperoxide
product in low yield. In view of our interest in prostanoid
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endoperoxide model compounds,!2 we decided, therefore, to
investigate in detail the hydroperoxybromination of cyclo-
propanes 3 and the cyclization of the v-hydroperoxy bromides

HN==NH

|
|
|

AgOAc Br— H,0,
i (—'—
(path ¢)  HOO NBS

Rz\ Ré RQ Rg
XK e
R, 0-0 R, R, OOH Br R
1 2
H,0,| NBS
ca_ of
R, R, R, ij R,
S< Na
—_—
t-BuOH
R. 4 1 4
4 3

2, to assess whether cyclopropanes 3 could serve as efficient
and convenient synthons for the preparation of the simpler
1,2-dioxolanes 1. The synthetic strategy is outlined in eq 2.
Herewith we report our results on this sequence.

Experimental Section

Melting points, taken on a Thomas-Hoover melting point appa-
ratus, and boiling points are not corrected. Refractive indices were
measured on a Bausch and Lomb refractometer, supplied with a
Haake temperature regulator. Infrared spectra were taken on a Per-
kin-Elmer Model 237 Infracord and 'H-NMR spectra on a Hitachi
Perkin-Elmer R-24B spectrometer. Elemental analysis were per-
formed by Galbraith Laboratories, Inc., Knoxville, Tenn.
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Reagents and solvents were purchased from standard commercial
sources and when necessary purified to match literature physical data.
The olefin starting materials were either purchased or prepared ac-
cording to literature procedures and purified to match reported
physical and spectral data.

1,2-Dioxolanes 1 were prepared and purified according to the
general method outlined below:

In a 100 mL, one-necked, round-bottomed flask, provided with
magnetic spinbar, was placed ca. 20 mmol of freshly prepared and
purified v-hydroperoxy bromide 2 contained in 50 mL CCl, (A.R.)
and cooled to 0 °C by means of an ice bath. The reaction flask was
protected from light by wrapping with aluminum foil and while the
solution was being magnetically stirred and cooled with an ice bath,
ca. 40 mmol of freshly precipitated and thoroughly water-washed
silver oxide was added all at once and the reaction progress of the
heterogeneous mixture was monitored by following the hydroperoxy
band in the 3500-3200-cm™! region of the infrared. After completion
of the reaction (usually 1-7 h), the silver bromide was removed by
filtration and the solvent was rotoevaporated at 0-5 °C (10 mm) and
the crude product purified by column chromatography on Silica Gel
(ca. 1:100 ratio of substrate to adsorbant) at —20 °C, eluting with
hexane and/or bulb-to-bulb distillation at the minimum possible bath
temperature. When feasible as for 1,2-dioxolanes 1a and le, rigorous
purification was achieved through fractional recrystallization from
hexane and sublimation. The results are summarized in Table L.

y-Hydroperoxy bromides 2 were prepared and purified according
to the general method outlined below:

A stoppered 50-mL Erlenmeyer flask, provided with magnetic
spinbar, was charged with 10 mmol of cyclopropane 3 in 20 mL of
anhydrous ether and cooled to 0 °C by means of an ice bath. The flask
was protected from light by wrapping with aluminum foil and while
the solution was being stirred 4 mL of 98% H,05 (CAUTION!) was
added by means of a CHENG-tube.!? To this cooled and stirred
mixture was added by means of a spatula in portions of 10 mmol of
brominating agent, either N-bromosuccinimide (NBS) or 1,3-di-
bromo-5,5-dimethylhydantoin (DDH), waiting for disappearance of
the yellow bromide color between additions. After complete addition
(2-5 days), intermittantly storing the reaction flask in the refrigerator
(0-5 °C) overnight to avoid detrimental warm-up, the reaction mix-
ture was washed with cold water (8 X 25 mL), with cold saturated
NaHCOs3 (1 X 15 mL), with cold saturated (NH4)2SO4 (1 X 15 mL),
and finally again with cold water (2 X 20 mL), always placing crushed
ice into the separatory funnel to prevent warm-up. The ether layer
was dried over anhydrous MgSQ4 (60 min at 0-5 °C), the solvent was
rotoevaporated (0-5 °C (10-15 mm)), and the crude product was
immediately chromatographed on methanol-deactivated silica gel
(ca. 1:100 ratio of substrate to adsorbant) at —10 °C, eluting with
hexane-ether (19:1) and collecting fractions on the onset of a positive
KI test by monitoring the eluant periodically. Relatively pure frac-
tions (better than 80% by iodometry) were combined and rechroma-
tographed affording material of better than 90% (by iodometry).
Attempts to purify the material further by fractional low-temperature
recrystallization, or column chromatography on silica gel or alumina,
or DABCO precipitation led to decomposition. On storing neat in the
freezer the hydroperoxides deteriorated by turning brown within a
few days, but stored as CCly solutions they could be preserved for
longer periods. The results are summarized in Table II.

Cyclopropanes 3a, 3b, and 3d were prepared according to the
general procedure (method A) outlined below:

A 1000-mL, three-necked, round-bottomed flask, provided with
areflux condenser, and efficient mechanical stirrer, was charged with
80 mmol of metallic sodium, ca. 500 mmol of tert-butyl alcohol, and
200 mL of THF. While stirring, 60 mmol of dichlorocyclopropane 4
was added in portions and the mixture was vigorously refluxed and
high-speed stirred for ca. 60 h. To destroy the large excess of sodium
metal, small portions (2 mL) of water were added while stirring and
cooling the reaction vessel by means of an ice bath. The reaction
mixture was extracted with hexane (3 X 100 ml), the combined ex-
tracts were washed with water (1 X 100 mL) and dried over anhydrous
MgSOy, the solvent was rotoevaporated {ca. 30 °C (ca. 10 mm)), and
the residue was purified by fractional distillation at reduced pressure.
The results are given in Table III.

Cyclopropanes 3c and 3e were isolated as by-products in the
hydroperoxybromination of cyclopropanes 3b,d by column chroma-
tography on silica gel at 0 °C of the crude reaction mixture, collecting
hexane-eluted fractions until appearance of a positive KI test for
peroxide. The combined hexane eluants were rotoevaporated (ca. 30
°C (20 mm)) and the product was purified by recrystallization (3¢)
or fractional distillation (3e). An analytical sample of 3¢ was prepared
by preparative GC, using a 6 ft X Y in. stainless steel column packed



1156 J. Org. Chem., Vol. 43, No. 6, 1978 Adam et al.

Table 1. Yields and Physical and Spectiral Properties of 1,2-Dioxolanes 1¢

VW NMR (CCly, Me.Si)
\ Crude No. Multi-
Registry R 0=0 g yield, of plicity IR (CCly)
no. Ri Ry Ry Ry % bp,°C(mm) Type 8, ppm H (J,Hy Vpax,® cm ™!

la 64884-60-2 Ph Ph H H 93 mp 85-86¢ R;i+R; 6.8-7.3 10 m 3085 (m), 3065 (s), 3025 (s), 2995
Rz + Ry 4.05 2 t(6.7) {m), 2965 (m), 2877 (s), 1592
CH, 3.08 2 t(8.7) (w), 1487 (s), 1444 (s), 1025

(m), 1003 (m)

ib 64884-61-3 Ph Me H H 94 66-68(0.2)¢ Ry 7.0-74 5 m 3080 (m), 3055 (m), 3025 (m),
R; + Ry 3.8-4.2 2 m 2978 (vs), 2925 (s), 2875 (s),
CH, 24-2.9 2 m 1598 (w), 1480 (s), 1445 (vs),
Ro 1.54 3 s 1368 (s), 1280 (s, broad)

le 64884-62-4 pBrPh Me H H 91 mp63.5-64° R; 7.39;7.26 4 AB(9) 3085 (w), 3025, 2980 (s),
Rz + Ry 3.9-4.2 2 m 2935 (s), 2870 (s), 1590 (m),
CH, 2.5-2.9 2 m 1482 (vs), 1448 (s), 1278 (s,
Ry 1.54 3 s broad)

id 64884-63-5 Ph H H H 72 50-55(1073)¢ R, 7.20 5 s 3060 (s), 3030 (s), 2990 (s), 2955
Ro 5.04;5.16 1 AB(6.0) (s), 2910 (s), 2875 (vs), 1600
Rs+ Ry 4.15 2 t(7.0)  (m), 1485 (s), 1450 (vs), 1360
CH, 2.2-3.2 2 m (m), 1325 (m), 1310 (m), 1280

(m)

le 64884-64-6 pBrPh H H H 86 d R, 7.04;7.32 4 AB(9.9) 3080 (w), 3060 (w), 3025 (m),
Ro 507,498 1 AB(6.0) 2990 (s), 2955 (s), 2930 (s),
Rs+ Ry 4.04 2 t(6.6) 2875 (vs), 1485 (s), 1400 (s),
CH, 3123 2 m 1068 (s)

@ No parent ions could be observed on mass spectral analysis. ® Relative intensities are given as very strong (vs), strong (s), medium
{(m), and weak (w). ¢ Satisfactory elemental analyses. ¢ Ca. 90% pure (by NMR) after low temperature silica gel chromatography;
resisted all attempts of further purification by fractional distillation, low temperature crystallization, or gas chromatography.

Table I1. Yields and Spectral Properties of y-Hydroperoxy Bromides 2

R CcH R,
R R Bromi- Todide® NMR (CCly, Me,Si) IR (CCly)°©
Registry U OOH  Br nating Yield, titer, No. Multiplicity Viax, €M1
no. R: R: Rs Ry agent® % % Type 6, ppm of H (J,Hz) OOH Cc-0
2a 64884-65-7 Ph Ph H H NBS 60 95 Ri+Ry 7.02-748 11 m 3500-3700 1070 (m)
+ OOH (m)
Rs+ Ry 2.7-3.5 4 m
+ CH,¢
2b 64884-66-8 Ph Me H H DDH 50 91 R, 7.07 5 s(broad) 3590-3200 1080 (s)
OOH 3.95 1 s (broad)
Rs+ Ry 3.18 2  t(6.6) (m)
CH, 2.37 2 t(6.6)
R 1.50 3 s
2¢ 64884-67-9 pBrPh Me H H DDH 65 92 R, 7.00; 7.25 4 AB(9.0) 3570-3200 1078 (s)
R3+ Ry 3.16 2 t(10) (m)
CH, 2.31 2 t(10)
Ro 1.50 3 s
2d 64884-68-0 Ph H H H NBS 50 96 OOH 7.53 1 s (broad)
Ry 7.00 5 s (broad) 3550-3300 1020 (m)
Ro 5.02; 4.80 1 AB(5.7) (m)
R3; + Ry 3.0-3.2 Z m
CH, 1.7-2.4 2 m
2e 64884-69-1 pBrPh H H H NBS 85 92 OOH 8.13 1 s(broad) 3530-3130 1065 (s)
R, 7.33;7.02 4 AB(10.8) (s)
Ry 4.95; 4.85 1 AB(6.0)
Rs+ Ry 3.0-3.6 2 m
CH, 1.8-2.6 2 m

@ N-Bromosuccinimide (NBS); 1,3-dibromo-5,5-dimethylhydantoin (DDH). b After silica gel chromatography at —10 °C; resisted
all attempts of further purification by column chromatography or low-temperature recrystallization. ¢ Relative intensities are given
as strong (s), medium (m}, and weak (w).

with 10% Carbowax 20M on Chromosorb W. The results are included A 250-mL, three-necked, round-bottomed flask, equipped with a
in Table II1. reflux condenser and efficient mechanical stirrer, was charged with
1,1-Dichlorocyclopropanes 4 were prepared according to the 75 mmol of olefin, 78 mmol of chloroform (A.R.), and 2.0 mmol of

general procedure outlined below: methyltri-n-caprylammonium chloride in 4.1 g of chloroform. While
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Ta_ble HI1. Yields and Physical and Spectral Properties of Cyclopropanes 3
R SN R, Obsd Reported NMR (CCly, Me,Si)
bp, bp, No. Multi-
Registry R R Meth- Yield, °C (mm), °C (mm), of plicity
no. Ri R; R; Ry odb % np [°C] np [°C] Type 6,ppm H (Jin Hz)
3a 3282-18-6 Ph Ph H H A 80 108-109(1.3), 110-111(1.3), R;+Rqe 7.08 10 s (broad)
1.5850 [25] 1.5847 [25]¢ Rs+ Ry 1.24 4 s (broad)
+ CH,
3b 2214-14-4 Ph Me H H A 84 60(13),1.5156 66(11),1.5159 R, 7.18 5 s (broad)
[20] [20]¢ Re 1.39 3 s
Ry + Ry 0.80;069 4 AB(1.8)
+ CH,
3¢ 40780-08-3pBrPh Me H H B 87 93-94 (13.5), 104-105 (18),c R, 7.25:6.97 4 AB(7.8)
1.5596 [20] 15610 [20]/ R 1.38 3 s
R3 + R4 0.78; 0.70 4 AB (12)
+ CH,
3d 873-49-4 Ph H H H A 40 71.5(22),1.5306 69(22),1.5309 R, 6.6-7.0 5 m
[25] [25]¢ Ry 1.5-2.0 1 m
Rs+ Ry 0.5-1.3 4 m
+ CH,
Je 1124-14-7 pBrPh H H H B 68 92-93 (5.1), 101-102 (11), R 7.24;6.83 4 AB(8.4)
1.5766 [20] 1.5773 (2018 Rq 1.6-2.1 1l m
Rs + Ry 0.5-1.1 4 m
+ CH,

a Cyclopropane skeletal deformation at ymax 1020 cm~! (strong). ¥ Sodium reduction of 1,1-dichlorocyclopropane (method A); side
product of hydroperoxybromination. ¢ Reference 14a. ¢ Reference 14b. ¢ Reference 14c. / Reference 14d. £ Reference 14e.

Table IV. Yields and Physical and Spectral Properties of 1,1-Dichlorocyclopropanes 4

a, o
R, R,
Obsd Reported NMR (CCly, MegSi)9
Registry _ R R, Yield bp, °C (mm), bp, °C (mm), No. of Multiplicity
no. Ri Ry Rz Ry (%) np [°C] np [°C] Type 8, ppm H (J, Hz)
4a 3141-42-2 Ph Ph H H 80 mpl1l11-112°C a Ri+ Ry, 69-7.3 10 m
Ry + Ry 211 2 s
4b 3591-42-2 Ph Me H H 79 92-93 (7), 1.5404 68-69 (1.3), 1.5400 R, 7.06 5 s (broad)
[25) [25]® Ro 1.60 3 s
Ry 1.76 1 d (6.6)
Ry 1.47 1 d (6.6)
4d 2415-80-7 Ph H H H 51 100 (10),1.5514 103 (10), 1.5514 R, 7.01 5 s (broad)
[20] [20]¢ R. 2.75 1 t(186)
Ry + Ry 1.85;1.68 2 AB (3.0)

¢ Satisfactory elemental analysis; MS (70 eV) m/e (rel intensity) 263 (30), 265 (18), 230 (22), 228 (14), 193 (100). ® Reference 14f.
¢ Reference 14c. ¢ Cyclopropane skeletal deformation at vyax 1040-1080 cm™! (strong).

stirring vigorously, 40 mL of a solution of 50% aqueous NaOH was
added and the two-phase mixture was stirred for 4-6 h at 50-55 °C;
the exothermic reaction mixture was cooled with a water bath. The
reaction mixture was extracted with ether (3 X 50 mL), the combined
ether extracts were washed with water (3 X 50 mL) and dried over
anhydrous MgSO0,, and the solvent was rotoevaporated (ca. 30 °C (ca.
10 mm)). The crude product was purified by recrystallization or
fractional distillation at reduced pressure. An analytical sample of
4a was prepared by repetitive, alternating recrystallization from
hexane and sublimation (78 °C (0.15 mm)). The results are summa-
rized in Table IV.

Discussion

The cyclopropanes 3a,b,d required in this work were con-
veniently prepared in good yields by dichlorocyclopropanation
(Table IV) of the corresponding olefins with chloroform and
NaOH, using methyltri-n-caprylammonium chloride as phase
transfer catalyst,15 followed by sodium metal/tert-butyl al-
cohol dechlorination'® in THF (Table III), as illustrated in eq
2. The p-bromophenylcyclopropanes 3c,e (Table III) were
isolated as by-products in the hydroperoxybromination of the
corresponding cyclopropanes 3b,d.

The last fact already brings out the problematic nature of
the hydroperoxybromination of cyclopropanes 3. While olefins
hydroperoxybrominate swiftly even at —20 °C,7 ring opening
of cyclopropanes is slow at 0-10 °C even for activated cyclo-
propanes, requiring long reaction times (20-150 h). Higher
temperatures cannot be tolerated since the labile y-hydro-
peroxy bromides 2 decompose. Thus, at least one aryl sub-
stituent was essential for reasonable reactivity since
monoalkylated and 1,2-dialkylated cyclopropanes were inert,
while 1,1-dialkylcyclopropanes reacted too sluggishly to be
useful.

Best results were obtained with 1,1-diphenylcyclopropane
(3a), cf. Table II. The hydroperoxybromination of this sub-
strate proceeded moderately fast (ca. 20 h) at 0 °C, thus sup-
pressing the competing electrophilic aromatic bromination.18
The latter process is favored at elevated temperatures; how-
ever, we found it to be quite unpredictable. Even rigorously
purified reagents, substrates, and solvent and conducting the
brominations in the dark gave variable amounts of aromatic
bromination vs. ring opening from run to run. Careful moni-
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toring of the reaction revealed that in the early stages only
hydroperoxy bromides 2 were formed, provided the temper-
ature was rigorously controlled at 0~5 °C and the brominating
agent never allowed to accumulate by too fast addition. Only
the stoichiometrically required amount of the brominating
agent could be tolerated. Furthermore, 1,3-dibromo-5,5-
dimethylhydantoin (DDH), a more powerful brominating
agent, was more problematic than NBS. Molecular bromine
was also used, but the liberated HBr would catalyze the de-
composition of the hydroperoxybromination product 2. Aro-
matic bromination did not take place when the hydrogen
peroxide was left out or substituted by methanol.

The purification of the unstable v-hydroperoxy bromides
2 presented formidable problems. They decomposed on silica
gel TLC plates or on attempted precipitation as DABCO
complexes.!” Efforts to crystallize them failed, which is not
surprising in view of their unsymmetrical nature. The only
viable purification method, affording material of >90% purity
(by iodometry), was by column chromatography on metha-
nol-deactivated silica gel'® at —10 °C, eluting with hexane—
ether (19:1), cf. Table II. All operations, even solvent removal,
had to be conducted at sub-ambient temperatures since even
the chromatographically purified substances deteriorate on
standing in the freezer, losing their peroxide titer within a few
days. Consequently, immediately after purification the -
hydroperoxides were cyclized.

The cyclization worked well if freshly precipitated silver
oxide was used and the substrate 2 was employed immediately
after chromatography. However, purification again presented
problems. At room temperature these materials decomposed
on attempted silica gel chromatography. Working at —20 °C
and on deactivated silica gel reasonably pure (ca. 90%) 1,2-
dioxolanes could be obtained which were further purified by
recrystallization and sublimation or by bulb-to-bulb distil-
lation at reduced pressure (Table I). The pure materials de-
teriorate on standing within a few months. This should be
contrasted with the 1,2-dioxolanes with tertiary a-carbons at
the peroxide linkage, which are indefinitely stable.!22 The
reason for this is, of course, the propensity of 1,2-dioxolanes
with primary or secondary a-carbons to isomerize readily, as
demonstrated for the prostaglandin endoperoxides.

In conclusion, the synthetic sequence developed here for
1,2-dioxolanes, modelled after Kopecky’s synthesis of 1,2-
dioxetanes,20 works well for 1,1-diaryl- and 1-alkyl-1-aryley-
clopropanes but is already problematic for 1-arylcyclopro-
panes and ineffective for 1,1-dialkyl- and 1-alkylcyclopro-
panes. The reactivity of the bicyclo[2.1.0]pentane toward
hydroperoxybromination (eq 1) is enhanced due to the addi-
tional ring strain. A definite advantage is the fact that the
substitution pattern of the starting olefin dictates the sub-
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stitution pattern of the final 1,2-dioxolane.
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