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Novel insertion reactions of dichloro- and dibromocarbene into carbgdrogen bonds adjacent to
cyclopropane rings are reported. It is found that the predominant isomers formed in the reactions with
bicyclo[4.1.0]heptane result from insertion into thedo carbor-hydrogen bonds alpha to the three-
membered ring. In the reactions of bicyclo[3.1.0]hexane, howeveexihd@ihalocarbene insertion products

are formed as the major isomers. In some compounds cyclopropane rings “activate” adjacent carbon
hydrogen bonds, whereas other systems containing three-membered rings do not. Moreover, the influence
of various substituents (methyl, geminal dimethyl, phenyl, methoxy, and ethoxy) attached to bicyclo-
[3.1.0]hexane and bicyclo[4.1.0]heptane in dihalocarbene reactions has been studied. The findings can
be explained by the concept of maximum orbital overlaps of Walsh orbitals of the cyclopropane rings
and theo. carbon-hydrogen bonds. In stark contrast, selective insertion into the tertiary cahyainogen

bonds of the cyclobutane ring in bicyclo[4.2.0]octane is observed.

Introduction has been activated by the presence of an adjacent heteroatom:
oxygen?~13 nitrogen!* or sulfur? In addition, activation using
compounds containing bonds, such as vinyf~17 carbonyl!®

and phenyi-8150.19mgjeties has also been studied.

Earlier on we reported that dichloro- and dibromocarbenes
can stereoselectively insert into the-8 bonds located at the
o positions to three-membered ringslow we wish to elaborate
on this peculiar dihalocarbene reaction behavior, which can lead = @ NVS—— g
; i ati ini _ Reviews: (a) Kirmse, WCarbene ChemistryAcademic Press: New
to the funct_lonallzatlon of hydrocarbons containing three York. 1971: pp 209-35. (b) Gaspar, P. P.: Hammond, G. SQarbenes
membered rings. _ Moss, R. A., Jones, M., Jr., Eds.; Wiley: New York, 1975; Vol. 2, pp
It was discovered over 40 years &gbat dihalocarbenes can  310-319. (c) Jones, W. M.; Brinker, U. H. Iericyclic Reactions
insert into carborrhydrogen bonds. Since then, several different Marchand, A. P., Lehr, R. E, Eds.; Academic Press: New York, 1977; pp
C—H bond i t'y 9 ti f dihal b h b 118-20. (d) Dehmlow, E. V. I'Houben-WeylMethoden der Organischen
ona Insertion reactions or dihalocaroenes have Deen chemie Regitz, M., Ed.; Thieme: Stuttgart, 1989; Vol. E 19, pp 1568

revealed A dihalocarbene can insert into a—@l bond that 71. (e) Advances in Carbene Chemistrrinker, U. H., Ed.; Elsevier:
Amsterdam, 2001; Vol. 3. (f) Moss, R. A.; Jones, M., Jr. Reactive
Intermediate ChemistryMoss, R. A., Platz, M. S., Jones, M., Jr., Eds.;
Wiley: New York, 2004; pp 273328.

T This paper is dedicated to Prof. E. Vogel on the occasion of his 80th

birthday.
* Carbene Rearrangements. 68. For Part 67 see: Su, K.-J.; Mieusset, J.-L.;_(4) (&) Anderson, J. C.; Reese, C. hem. Ind. (London1963 575.
Arion, V. B.; Brecker?_ Brinker, U. HOrg. Lett. 2007, 9, 113. '(b) Anderson, J. C.; Lmdsay D. G.; Reese, CIBChem. Socl964 4874.
* Corresponding author. Phonet43—1-4277-52121. Fax: + 43—1— (5) (a) Seyferth, D.; Burlitch, J. M.; Minasz, R. J;; Mui, J. Y.-P.;
A277-52140. Simmons, H. D., Jr,; Trelber A. J. H.; Dowd, S. R. Am Chem. Soc.
§ Universita Wien. 1965 87, 4259. (b) Seyferth D.; Darragh K. M. Org. Chem197Q 35,
I State University of New York at Binghamton. 1297. (c) Seyferth, D.; Mai, V. A.; Gordon, M. H. Org. Chem197Q 35,
HTexas Christian University. 1993.
(1) Xu, L.; Smith, W. B.; Brinker, U. HJ. Am. Chem. S0d.992 114 (6) Dehmlow, E. V.Tetrahedron1971, 27, 4071.
783. (7) Makosza, M.; Fedorynski, MRoczniki Chem1972 46, 311.
(2) (@) Parham, W. E.; Koncos, R. Am. Chem. S0d.961, 83, 4034. (8) Goh, S.-H.; Chan, K.-C.; Kam, T.-S.; Chong, H.Aust. J. Chem.
(b) Skattebal, L.; Arct, JActa Chem. Scand..B982 36, 593. 1975 28, 381.
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Phase-transfer-catalysis (PTC)

A: CHX;, NaOH (50%), TEBA
or B: CHX;, NaOH(s), TEBA,))

(I) —K— No reaction
H

FIGURE 1. Reaction of dihalocarbenes with some hydrocarbons.
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X X=Cl 54%
X =Br 3.5% (Method A)
X X =Br 45 % (Method B)

X = Cl 59% (Method A)

X =Cl 29% (Method A)
X = Br 4% (Method A)

(Method A)

In contrast, intermolecular insertions of dihalocarbenes into for the generation of dibromocarbene increased the yield of

nonactivated €H bonds succeeded only with spheroidal
molecules such as adamantahg{?*and dodecahedrand)(??
where insertion exclusively occurred at the tertiarylCbonds
(Figure 1). Moreover, insertion reactions of dichlorocarbene with
a number of polycyclic hydrocarbons have been stuéfidehr
example, it was found that use of the ultrasonication méthod

(9) (a) Steinbeck, KTetrahedron Lett1978 1103. (b) Steinbeck, K.;
Klein, J.J. Chem. ReqS) 1978 396. (c) Steinbeck, KChem. Ber1979
112 2402. (d) Steinbeck, KTetrahedron Lett1980 2149. (e) Steinbeck,
K.; Klein, J. J. Chem. ReqS) 198Q 94. (f) Steinbeck, KJ. Chem. Res.
(S 198Q 95.

(10) (a) Harada, T.; Akiba, E.; Oku, Al. Am. Chem. S0d.983 105
2771. (b) Masaki, Y.; Arasaki, H.; Shiro, MChem. Lett200Q 29, 1180.
(c) Masaki, Y.; Arasaki, H.; lwata, MChem. Lett2003 32, 4. (d) Arasaki,
H.; lwata, M.; Makida, M.; Masaki, YChem. Pharm. Bull2004 52, 848.
(e) Masaki, Y.Gifu Yakka Daigaku Kiy@005 54, 29.

(11) Ibatullin, U. G.; Petrushina, T. F.; Gataullin, R. R.; Safarov, M. G.
Khim. Geterotsikl. Soedin., Engl. EH986 147.

(12) Rodin, A. P.; Nazarov, D. V.; Safiev, O. @h. Org. Khim., Engl.
Ed. 199Q 26, 852.

(13) (a) Ishteev, R. F.; Saprygina, V. A.; Zlotskii, S. Bv. Vyssh.
Uchebn. Zaed., Khim. Khim. TekhnoR001, 44, 151. (b) Zlotskii, S. S.;
Bazunova, G. G.; Mikhailova, N. NBashkirskii Khimicheskii Zhurn&005
12, 21.

(14) (a) Baird, M. S.; Kaura, A. Cl. Chem. Soc. Chem. CommaA7§
356. (b) Boswell, R. F.; Bass. R. G@. Org. Chem1975 40, 2419.

(15) (a) Seyferth, D.; Burlitch, J. M. Am. Chem. S0d.963 85, 2667.
(b) Seyferth, D.; Burlitch, J. M.; Yamamoto, K.; Washburne, S. S.; Attridge,
C. J.J. Org. Chem197Q 35, 1989.

(16) Kung, F. E.; Bissinger, W. El. Org. Chem1964 29, 2739.

(17) Dimroth, K.; Kinzebach, W.; Soyka, MChem. Ber1966 99, 2351.

(18) Krapcho, A. PJ. Org. Chem1962 27, 2375.

(19) Fields, E. KJ. Am. Chem. S0d.962 84, 1744.

(20) (a) Tabushi, I.; Yoshida, Z.; Takahashi, NAm. Chem. Sod97Q
92, 6670. (b) Tabushi, I.; Aoyama, Y.; Takahashi, N.; Gund, T. M.; Schleyer,
P. v. R.Tetrahedron Lett1973 107.

(21) (a) Slobodin, Y. M.; Berezhanskii, Z. B.; Ashkinazi, L. A,
Kilmchuk, G. N.; Porai-Koshits, A. B.; Kurakin, A. 3J.S.S.R. Otkrytija,
I1zobret1985 31, 105. (b) Slobodin, Y. M.; Ashkinazi, L. A.; Klimchuk,
G. N. Zh. Org. Khim.1984 20, 12259.

(22) Paquette, L. A.; Kobayashi, T.; Gallucci, J. £.Am. Chem. Soc.
1988 110, 1305.

(23) Likhotvorik, I. R.; Yuan, K.; Brown, D. W.; Krasutsky, P. A.; Smyth,
N.; Jones, M., JrTetrahedron Lett1992 33, 911.

insertion product2 from 3.5% to 45%. Other saturated
hydrocarbons ordinarily afford only very low yiekis5or do

not react at all. For instance, the reactiorcisfdecalin 6) with
dibromo- and dichlorocarbene gave only low yields of insertion
products6, andtrans-decalin {) proved to be iner:2

Itis a generally held belief that the insertion of carbenes into
covalent bonds is the most characteristic reaction of free divalent
carbon species.

The insertion can be envisioned as occurring by one or more
of three possible general mechanisth@) a concerted, or direct
insertion by way of a triangular activated complex, (b) a stepwise
abstraction-recombination involving a radical or ion-pair inter-
mediate, and (c) coordination to form an ylide, followed by
rearrangement (Figure 2). Singlet carbenes may be capable of
reacting by any of these mechanisms, though mechanism b
would involve an ionic rather than a radical pair intermediate
and mechanism ¢ would be restricted to the reaction of the
carbene with molecules containing lone-pair electrons. Triplet
carbenes should favor mechanism b with intermediate formation
of a radical pair, which collapses to give the formal insertion
product.

Dihalocarbenes are widely used in synthetic organic chemistry
and provide unique methods in some cases. They can be
generated in a number of different ways. Phase transfer catalysis
(PTC) is the most convenient meth#t:” Furthermore, different
procedures for their generation produce dihalocarbenes with
different reactivities. For example, dihalocarbenes resulting from
the decomposition of Seyferth’s trihalomethylphenylmercury
reagents also can insert inffaC—H bonds of organomercu#y,
-silicon 26-28 -germaniun?? and -tir*® compounds.

(24) Kirmse, W. InAdvances in Carbene Chemistrgrinker, U. H.,
Ed.; JAI: Greenwich, 1994; Vol. 1, p 1.

(25) Landgrebe, J. A.; Thurman, D. E.Am. Chem. So&968 90, 6256;
1969 91, 1759.

(26) Seyferth, D.; Washburne, S. 5.0rganomet. Chen1.966 5, 389.

(27) Weidenbruch, M.; Rankers, R. Organomet. Cheni98Q 198
29.
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FIGURE 2. Carbene insertion mechanisms.
H X heptane §)33 (Figure 3) comprises one six- and one three-
Terdo HCX, NaOH(s) x H X membered ring. Will the presence of the electron-rich three-
( Hexo m’ ( H * (Mx membered ring, and its specially oriented Walsh orbitalg, in
n T n n H have an effect when the molecule is attacked by an electrophilic
1 3 x=cl ¢ ob dihalocarbene in insertion reactions? Will the molecule react
ne ¥=B 2 differently from those molecules which consist only of five-
=Br 10a 10b i )
and six-membered rings?
n=0 11 X=Cl 12a 12b Although reactions of dihalocarbenes with bicyclo[1.1.0]-
X=Br 13a 13b butane derivatives and other strained compounds containing

three-membered rings have been studied for about 40 y&&rs,
C—H bond insertion reactions of dihalocarbenes with hydro-
carbons containing three- or four-membered rings have not been
reported. We reasoned that selective insertion intd¢d®onds

o to a three-membered ring would occur, if the Walsh orbitals
of the cyclopropane ring and suitable-€& orbitals interact.

FIGURE 3. Reactions of bicyclo[4.1.0]heptan®) @nd bicyclo[3.1.0]-
hexane {1) with dichloro- and dibromocarbene.

“Saturated hydrocarbons are among the most ubiquitous, and
chemically stable, of all organic materiaf®. " They appear in
petroleum, in coal, in synthetic fuels produced by liquefaction
of coal and other fossil fuels, and in synthetic fuels produced
by FischerTropsch chemistry from syngas. It is one of the Results
most intriguing and yet elusive goals in chemistry to “activate”
carbon-hydrogen bonds in completely saturated organic com-
pounds.

The activation of saturated hydrocarb®his described as
chemists’ “Holy Grail”32 because of the exciting possibilities.
For example, if a dihalomethyl group could be introduced into
a _molecule such as bicyclo[4.1:0]heptane (norcaradg¥? ( (34) (@) Wiberg, K. B.. Lampman, G. M. Ciula, R. P.. Connor, D. S.:
(Figure 3) and then hydrOIyzeq 'nt(_) an aldehyde group, the Schertler, P.; Lavénis.h,'fl'etrahedroﬁlgles 21 274§. (.b) Applequis:t, D ’
whole molecule would be functionalized. E.; Wheeler, J. MTetrahedron Lett1977 3411. (c) Sokolenko, V. A.;

Molecules such as adamantark énd dodecahearand)  Wiots V. A, Kous, & £20, 010 K Erg) E61STE o 10|
consist of five- and six-membered rings, and they react with V.: Morozova, N. M.; Plate, A. FMoscow Uni. Chem. Bull,, Engl. Ed.
dichlorocarbene quite readily, affording good to moderate yields 198q 32, 97. (e) Mock, G. B.; Jones, M., JFetrahedron Lett1981, 22,

of insertion products (Figure 1). In contrast, bicyclo[4.1.0]- 3819. (f) Jefford, C.W.; Roussilhe, J.; PapadopoulosHely. Chim. Acta
1985 68, 1557. (g) Molchanov, A. P.; Koptelov, Y. B.; Kostikov, R. R.

Zh. Org. Khim., Engl. Ed.1988 24, 344. (h) Kagabu, S.; Saito, K.

The chemica® and biological” effects of ultrasound were
first reported about 80 years ago. Ultrasound utilization in
organic synthesis, however, has been broadly applied only in
the last 15 year®3°Ultrasound waves can affect PTC-catalyzed
reactions, dramatically increasing yield and pufftyUnder

(28) Hosomi, A.; Mikami, M.; Sakurai, HBull. Chem. Soc. Jpri983 Tetrahedron Lett1988 29, 675. (i) Xu, L.; Miebach, T.; Smith, W. B.;
56, 2784. Brinker U. H. Tetrahedron Lett1991, 32, 4461 and references therein.
(29) Seyferth, D.; Shih, H.-M.; Mazerolles, P.; Lesbre, M.; Joanny, M. (35) When investigating reactions of bicyclo[2.1.0]pentane with dicar-
J. Organomet. Chenl971, 29, 371. bomethoxycarbene and phenylcarbene generated by photolysis of the
(30) Maugh, T. H.Science (Washington, D)C1983 220, 1261. corresponding diazo precursors, Jones, et al. foerdendo isomers

(31) (a) Hill, C. L., Ed.;Activation and Functionalization of Alkangs resulting from C-H insertions (ratio ca. 1:2.7 and 1:2.4, respectively). With
Wiley: New York, 1989. (b) Davies, J. A.; Watson, P. L.; Liebman, J. F.; difluorocarbene, however, no€H insertion product was found. See: Shiue,
Greenberg, ASelectie Hydrocarbon Actiation: Principles and Progress G.-H.; Misslitz, U.; Ding, X.; Jones, M., Jr.; de Meijere, Aetrahedron

VCH Publishers: New York, 1990. Lett. 1985 26, 5399.
(32) Barton, D. H. RAIldrichim. Acta199Q 23, 3. (36) Richards, W. T.; Loomis, A. LJ. Am. Chem. S0d.927, 49, 3086.
(33) (a) Doering, W. v. E.; Hoffmann, A. KI. Am. Chem. Sod.954 (37) Wood, R. W.; Loomis, A. LPhil. Mag., Ser.71927, 417.
76, 6162. (b) Friedrich, E. C.; Domek, J. M.; Pong, R.X.Org. Chem. (38) Low, C. M. R. InCurrent Trends in Sonochemistriyrince, G. J.,
1985 50, 4640. Ed.; Royal Society of Chemistry: London, 1992; p 59.
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% HCCls, NaOH (s) VA%\ T&NJ\
16a

TEBA, 3h,
15a 16b
FIGURE 4. Reactions of tricyclic octanes with dichlorocarbene.

15b

ultrasonication use of chloroform and powdered NaOH, a solid
liquid two-phase system, usually affords high yields of diha-
locarbene adducts with alken®s!t

When a mixture of bicyclo[4.1.0]heptan&)( chloroform,
powdered sodium hydroxide, and 0.5% of triethylbenzylam-
monium chloride (TEBA) was ultrasonicated in the water bath
ofanultrasonic cleaner (35 kHz, 120 W) for 3 h, 2-(dichloromethyl)-
bicyclo[4.1.0]heptanegndo9a) and €xo9b) were obtained in
a yield of 83% (ratio= 4:1)! As determined by NOE
experiments, the dichloromethyl group in the major isoSeer
is located at theendo position. No product resulting from
insertion of dichlorocarbene into the tertiary-@& bonds was
found?

With bicyclo[4.1.0]heptaned], no reaction took place when
dichlorocarbene generated by the Doertihtpffmann metho#f2
(HCCls, t-BuOK) was used. However, under normal PTC
conditiong? (HCCls, 50% aq. NaOH, 5% TEBA, 9 h), a 15%
yield of 9a and 9b was obtained (ratio: ca4:1)! When
bromoform in dichloromethane was usBfthe C—H insertion
productslOaand10bwere formed in 27% yield. Thus, dichloro-
and dibromocarbene insert selectively into the-HC bonds
adjacent to the three-membered ring8of

Similarly, dichlorocarbene insertion into the-El bonds at
C2 or C4 of bicyclo[3.1.0]hexand {)*? afforded12aand12b
in 40% vyield. Theexoproduct12b is favored in this reaction
(endoexo= 1:3)1 This is a completely opposite stereochemical
outcome when compared with the :G@lsertion with8 (endo
exo = 4:1)! In the corresponding dibromocarbene insertion
reaction with11, compoundsl3a and 13b were formed in a
ratio of 1:4.

The insertion reactions of dichlorocarbene witGa*® and
15b* (ratio = 7:1) yielded 57% ofl6a and 16b (Figure 4).
The synisomer15b was found to be more reactive than the
anti isomer 15a by gas chromatographic monitoring of the
reaction progress. Like the formation of taedoisomer9ain
the reaction witl8, the insertion reaction withh5b leads to the
formation ofendo16b as the major isomer. In addition fiba
and16b, as indicated byH, 3C NMR, and GC-MS, five bis-

insertion products were detected. These products clearly derive

from one C-H insertion each at positions C2 and C5: $¥h
bis-insertion ofl5a (2) anti bis-insertion ofl5a (3) endo syn
bis-insertion ofl5b, (4) exo synbis-insertion ofl5b, and (5)
anti bis-insertion of15b.

(39) (@) Ley, S. V.; Low, C. M. R. InUltrasound in Synthesis
Springer: Berlin, 1989; pp 112. (b) Ley, S. V.; Low, C. M. R. In
Ultrasound in SynthesisSpringer: Berlin, 1989; pp 3396.

(40) Regen, S. L.; Singh, Al. Org. Chem1982 47, 1587.

(41) (a) Xu, L.; Tao, F.; Yu, TActa Chim. Sinica, Engl. EA987, 294.
(b) Xu, L.; Tao, F.; Yu, T.Acta Chim. Sinica, Chin. EdL988 46, 608
(CA: 109, 189862r). (c) Xu, L.; Tao, FSynth. Commuril988 2117. (d)
Xu, L.; Lin, G.; Tao, F.; Brinker, U. HActa Chem. Scandl992 B46,
650. (e) Xu, L.; Brinker, U. H. IrSynthetic Organic Sonochemisttyuche,
J.-L., Ed.; Plenum Press: New York, 1998; pp 345.

(42) Zelinsky, N.; Ouchakoff, MBull. Soc. Chim. Fr1924 35, 484.

(43) Simmons, H. E.; Blanchard, E. P.; Smith, R.JDAm. Chem. Soc.
1964 86, 1347.

(44) Poulter, C. D.; Boikess, R. S.; Brauman, J. |.; Winstein].S\m.
Chem. Soc1972 94, 2291.
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CHaBra HCCl3, NaOH (s)
; N zn.cuchd QM TEBA, 3h,
17
CHCI,
H + A
CHCI,
18 19
63% 21%
(plus two isomers)
CH,Br, HCCl3, NaOH (s)
y Zn, CuCl,» W TEBA, 3h, »
20
CHCl, H
WH ! W\CHCIZ

21
8%

22
77%
(plus two isomers)

FIGURE 5. Synthesis of 1-methylsubstituted bicyclo[4.1.0]heptane
and bicyclo[3.1.0]hexane and their reaction with dichlorocarbene.

HCCl, NaOH ClHe "
, Na S
34(), H + ClLHC

TEBA, 3h
23 24a 24b

FIGURE 6. Reaction of 7,7-dimethylbicyclo[4.1.0]heptane with
dichlorocarbene.

When 1-methylbicyclo[4.1.0]heptan&?)*® was reacted with
dichlorocarbenel8was isolated as the major product containing
the dichloromethyl group at C5 iendoposition to the three-
membered ring (Figure 5).

1-Methylbicyclo[3.1.0]hexane2Q),*® however, yielde®@2 as
the major product containing the dichloromethyl group at C4
in exo position. The stereochemical result of this reaction,
therefore, is in accord with the parent compourid

When 7,7-dimethylbicyclo[4.1.0]heptan2d],*6 in which the
geminaldimethyl groups impose steric hindrance émdoattack
at C2 and C5, was reacted with dichlorocarbene, insertion
products similar to those obtained with the parent comp@ind
were observed in a yield of 55% (Figure 6).

However, theendoexoratio of products dropped from 4:1
(9a:9b) to 1.13:1 R4a24b), favoring only slightly the insertion
at theendoposition.

It is well-known, that dihalocarbenes can insert inte €
bondsa to heteroatoms (vide supra). Introduction of a methoxy
group into bicyclo[3.1.0lhexane and the norcarane system at
C1 should change the electron density distribution@5rand
26, making them much different from that of the parent system
11 and8, respectively. Due to the proximity of the oxygen atom
to the C-H bonds at C2 ir25 and 26, it was speculated that
the insertion of an electrophilic dichlorocarbene would be
rerouted more to thexo position, because of its attraction to
the lone-pair electrons on oxygen. However, when 1-methox-

(45) (a) Nefedov, O. M.; Novitskaya, N. N.; Petrov, A. Dok. Akad.
Nauk USSR (Engl}963 152 752. (b) Brun, P.; Casanova, J.; Hatem, J.;
Vincent, E.-J.; Waegell, B.; Zahra, J.-Bompt. Rend. Ser. €979 288
201. (c) Blanchard, E. P.; Simmons, H. E.; Taylor, JJSOrg. Chem.
1965 30, 4321.

(46) (a) Andrews, E. D.; Harvey, W. B. Chem. Socl964 4636. (b)
Harayama, T.; Fukushi, H.; Ogawa, K.; Aratani, T.; Sonehara, S.; Yoneda,
F. Chem. Pharm. Bull1987, 35, 4977.
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CHClIj, NaOHSs)

TEBA. 5h.9 no reaction

CHCl3, NaOH(s)

no reaction
TEBA, 5h,d
26
0" TEBA, 5h,D o
27 28a 28b

FIGURE 7. Reactions of bicyclic ethers with dichlorocarbene.

OCH, OCH,
CHCls, NaOH (s)
H ) CHCl,
TEBA, 5h,3
29 30
OCHs OCH;
CHCl3, NaOH (s)
TEBA, 5h,9 CHCL,
31 » o 32

FIGURE 8. Reactions of 2-methoxy-substituted bicyclic compounds
with dichlorocarbene.

ynorcarane Z5)*” was treated under standard conditions, there
was no reaction (Figure 7). Neither products deriving from
insertion into the primary €H bonds of the methyl group nor
products resulting from insertion into any other8 bonds
were observed. Not surprisingly, when 1-methoxybicyclo[3.1.0]-
hexane 26)*” was treated with dichlorocarbene, it did not react
either. 1-Ethoxynorcarane27),*’#8 however, reacted with
dichlorocarbene to give a 47% yield of the insertion products
28aand28b, which derive from dichlorocarbene insertion into
the oo C—H bonds of the ethoxy group.

The introduction oendomethoxy groups at C2 should lead
to insertion of dichlorocarbene into thertiary C—H bonds of
2-endemethoxybicyclo[3.1.0]hexane 29)*° and 2endo-
methoxybicyclo[4.1.0]heptan&1) (Figure 8)*°

Brinker et al.
fhy Ty ase sy . My
TEBA, 5h,d
bh Ph CHCI, Ph
33 34 35
54 % 1%
NCHCIZ
Ph
36

FIGURE 9. Reaction of 1-phenylbicyclo[4.1.0]heptane with dichlo-
rocarbene.

CHCI
CHyBr; CHCl3, NaOH 2
< : g — < < 5 —_— +
Zn m TEBA, 5h W
CHCl,
37 38 39a 39b

FIGURE 10. Reaction of bicyclo[5.1.0]octane with dichlorocarbene.

of the dichloromethyl group at C-5 showed 5% enhancement.
And vice versa, when the methine proton on the dichloromethy!
group was irradiated, an enhancement of the signal assigned to
C7—HendoWas observed.

The effect of the three-membered ring toward activation of
oo C—H bonds in compounds containing the bicyclo[3.1.0]-
hexane and bicyclo[4.1.0]heptane skeleton, respectively, has
been shown above.

Does this also apply to the higher homolog, i.e., bicyclo-
[5.1.0]octane 8),°! containing a seven-membered ring? Since
the seven-membered ring 88 is more flexible than the six-
membered ring in norcarar® in its derivativesl?, 23, 26, 27,
and33, and in the bicyclo[3.1.0]hexane systefris 20, 25, and
29, the insertion of dichlorocarbene might take a different
course. To explore this ide®8 was first synthesized from
cycloheptene according to the literature (Figure 4P0The
reaction of38 with dichlorocarbene, generated by ultrasonica-
tion, resulted in product39aand39bin a ratio of 2.4:1 (yield:
65%). NOE effects between the dichloromethyl group and the

These bonds are activated by the oxygen atom and are in theendoC—H at C8 showed that in the major compous@athe

o position to the three-membered ring. Indeed, in the reaction
with dichlorocarbene29 and 31 produced exclusivel30 and
32in yields of 94% and 96%, respectively.

When 1-phenylbicyclo[4.1.0]heptan83}*525°was reacted
with dichlorocarbene, the reaction proceeded only very slowly,
affording a mixture of the four insertion producdd, 35, and
36 in a total yield of 30% (Figure 9). All products formed
contained the dichloromethyl group either at C5 (65%) or at
C2 (35%).

NOE experiments confirmed the stereochemistry of the major
isomer34. When C7Hengowas irradiated, the methine proton

(47) (a) Murai, S.; Aya, T.; Sonoda, N. Org. Chem1973 38, 4354.
(b) Gassman, P. G.; Burns, S.JJOrg. Chem1988 53, 5576. (c) Ryu, |.;
Aya, T.; Otani, S.; Murai, S.; Sonoda, N. Organomet. Chen1987 321,
279.

(48) Parlier, A.; Rudler, H.; Platzer, N.; Fontanille, M.; SoumJAChem.
Soc. Dalton Trans1987 1041.

(49) (a) Fleming, I.; Thomas, E. Jetrahedron1972 28, 5003. (b)
Kawabata, N.; Kamemura, I.; Naka, Nl. Am. Chem. So02979 101, 2139.
(c) Kawabata, N.; Ikeda, NBull. Chem. Soc. Jpr198Q 53, 563. (d) Young,
T. A.; O'Rourke, C.; Gray, N. B.; Lewis, B. D.; Dvorak, C. A.; Kuen, K.
S.; DelLuca, J. PJ. Org. Chem1993 58, 6224.

(50) (a) Krief, A.; Barbeaux, PTetrahedron Lett1991 32, 417. (b)
Balsamo, A.; Battistini, C.; Crotti, P.; Macchia, B.; Macchia, F.Org.
Chem.1975 40, 3233. (c) Battistini, C.; Crotti, P.; Macchia, B.; Macchia,
F.; DePuy, C. HJ. Org. Chem1978 43, 1400. (d) Gassman, P. G.; Valcho,
J. J.; Proehl, G. S.; Cooper, C. £.Am. Chem. S0d.98Q 102, 6519.
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three-membered ring and the dichloromethyl group are in an
endorelationship.

Compound89aand39b, interestingly, show almost identical
chemical shifts for the dichloromethyl group@6.92 ppm and
0 5.91 ppm, respectively. Also, the coupling constahts3.3
and 2.7 Hz, respectively, differ only slightly (vide infra).

Activation caused by a three-membered ring should be less
pronounced in conformationally rigid polycyclic ring systems.
Due to freedom of rotation of the side chains, this should also
be true for compounds comprising alkyl groups attached to the
cyclopropane unit.

An example igis-1,2-diethylcyclopropanet()®? (Figure 11)
which is much less conformationally restrained than norcarane
8 and some of its derivatives, such®5 23, 26, 27, and33. If
orbital overlapping does play an important role in determining
the stereochemistry of the insertion produet$,should react
with dichlorocarbene differently than norcara®ie

(51) (a) Friedman, L.; Shechter, H. Am. Chem. S0d.961, 83, 3159.
(b) Simmons, H. E.; Blanchard, E. P.; Hartzler, H.DOrg. Chem1966
31, 295. (c) Kropp, P. J.; Pienta, N. J.; Sawjer, J. A.; Polniaszek, E. P.
Tetrahedron1981 37, 3229.

(52) (a) Wiberg, K. B.; Lupton, E. C., Jr.; Wasserman, D. J.; de Meijere,
A.; Kass, S. RJ. Am. Chem. S0d.984 106, 1740. (b) Simmons, H. E;
Smith, R. D.J. Am. Chem. Sod959 81, 4256. (c) Blomstrom, D. C.;
Herbig, K.; Simmons, H. EJ. Org. Chem1965 30, 959.
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Q/OH CHaBr, 1 15l CHCl;, NaOH(s)
Zn,d 2. LiAIH, TEBA, 5h,d
40 LY
46 47

ClLHC_ H H_ .CHCI,

Ni * Ni FIGURE 12. Spiro[2.5]octane and 1-methyl-1-phenylcyclopropane.
42a 42b
cis-Bicyclo[4.2.0]octane §2) was synthesized frontis-
OH  CHzBrz 1. 7scl CHCl3, NaOH(s) anhydride 48)% according to the literature (Figure 13). Reduc-
J\/ Zn,d  2.LiAlH, \B/\ TEBA, 5h, tion to 49, followed by tosylation, gav&0. Preparation of the
43 44 diiodide 51 and ring closure affordedis-bicyclo[4.2.0]octane

(52) in an overall yield of 84%.

In stark contrast to the reaction with norcareé@)ereaction
with 52 resulted in the insertion of dichlorocarbene atttrdiary
C—H bonds at the bridgehead position to aff&@lin a yield
of 90%. No products resulting from insertion into-€l bonds
adjacent to the cyclobutane ring were found!

The high yield of53 observed in the reaction &2 with
dichlorocarbene encouraged us to synthesize the corresponding
trans-bicyclo[4.2.0]octaneq7)%62which containgertiary C—H

H_ CHCl,  CLHC_ H

+

45a 45b

FIGURE 11. Synthesis otis- andtrans-1,2-diethylcyclopropane and
their reactions with dichlorocarbene.

cis-1,2-Diethylcyclopropane4(l)5?2> was prepared starting
from 40. Cyclopropanation, followed by tosylation of the . - X
hydroxyl group, and reduction with LiAlidafforded41 in an bonds bar_red by the four- a_nd S|_x-membered rings (Figure 14).
overall yield of 47%. Whercis-1,2-diethylcyclopropane4q) The tertiary C—H bonds in this molecule s_hould be much
was reacted with dichlorocarbene, the two insertion products €SS accessible than t?ose in the correspondisgompound.
42aand42b were obtained in a yield of 30%. In addition, the ~ The synthesis 067°°* was accomplished according to the
starting material was recovered. Thé NMR spectrum of the literature with minor variations. Reduction 64 afforded diol
product mixture clearly showed the presence of two isomers in 55 in @ yield of 90%. Diiodide56>” was prepared fron5 in
a ratio of 3:2. Since the downfield doublets 5.92 and 5.91) /5% yield. The ring closure t67 was achieved in a yield of
for the CHC} groups both displayed nearly the same coupling 90% using ultrasonication. As has been shown earlier in the
constants (vide infra), it is difficult to assign the stereochemistry dichlorocarbene insertion reaction of dec&lfithe bridgehead
for 42aand42b. Nevertheless, this result shows that dichloro- C—H bonds of thecis isomer5 can receive insertion with a
carbene still has a preference for the four k€ bonds in thex moderate yield, whereas theans isomer7 does not react at
position to the three-membered ring. The lower yield4ga all. Not surprisingly, wherrans-bicyclo[4.2.0]octane7) was
and42bin comparison to the yields &aand9b obtained from allowed to react with dichlorocarbene, no reaction took place
the reaction with norcarar@might result from a less favorable ~ (Se€ Figure 1). Obviously, the bridgehead i bonds in7 and
interaction of the orbitals in the less restrained ethyl chains in 57 are well enough hidden between the two carbocyclic rings

41. An attempt to improve the yield ofi2a and 42b by and are spatially not accessible. In contrast, thetiary
performing the reaction in a pressure bottle resulted in a violent Pridgehead €H bonds are standing out in molecules such as
explosiong? adamantanelf, dodecahedran@), andcis-bicyclo[4.2.0]octane

trans-12-Diethylcyclopropanedd)52252was synthesized in (52 and, therefore, can receive insertions of carbenes.

the same fashion a&l. When44 was allowed to react with
dichlorocarbene under the same conditiongtascompounds  Discussion
45a and 45b were obtained in a total yield of 29%. THel
NMR spectrum of the crude mixture showed only two products
in a ratio of 1.3:1. After separation by preparative gas chro-
matography (PGC)45a and 45b were isolated. The stereo-
chemistry of these compounds, however, is unknown.

It is interesting to note that the reaction of dichlorocarbene
with spiro[2.5]octane 46)>* (Figure 12), gave only ca. 2%

Theoretical Aspects of Carbene Insertion Reactions.
Insertion reactions of carbenes into-8 bonds have been
broadly treated in the realm of thedt§/A representative case
was an application of extended kel molecular orbital theory
by Hoffmann et aP®in 1971. They reported that carbenes prefer
to approach the hydrogen atom of a8 bond in the so-called
insertion products, whereas 1-methyl-1-phenylcyclopropane end-o_n mechanism (Figure 15). In this mechanism, the vacant
(475 did not react’at all under ultrasonication p orbital of the car_bene attacks the target hydrogen atom.

Lo Hoffmann’s calculations were supported by Dewar at the

We have shown that some compounds containing properly MINDO/2 level 80

positioned cyclopropane rings are attacked by dihalocarbenes

regioselectively and stereospecifically at their i€ bondsa _ (56) (a) Samuel, C. 1. Chem. SogPerkin Trans. 11989 1259, (b)
to the cyclopropane ring. Our next endeavor was to establish Bailey, W. F.; Gagnier, R. Pletrahedron Lett1982 23, 5123. (c) Brinker,
whether cyclopropane’s homolog, cyclobutane, would affect the U. H.; Konig, L. Chem. Lett1984 45.

C—H insertion reactions of dihalocarbenes in a similar fashion. ~ (57) (a) Marshall, J. A.; Cleary, D. G. Org. Chem1986 51, 858. (b)
Marshall, J. A.; DeHoff, B. SJ. Org. Chem1986 51, 863.

(58) Jones, W. M.; Brinker, U. H. IPericyclic ReactionsMarchand,
(53) Caution: A good refluxing condensor is recommended. When a A.P., Lehr, R. E., Eds.; Academic Press: New York, 1977; Vol. 1, p 118.

pressure bottle was used, it resulted in a violent explosion. (59) Dobson, R. C.; Hayes, D. M.; Hoffmann, BR. Am. Chem. Soc.
(54) Shortridge, R. W.; Craig, R. A.; Greenlee, K. W.; Derfer, J. M.; 1971, 93, 6188.

Boord, C. E.J. Am. Chem. S0d.948 70, 946. (60) (a) Bodor, N.; Dewar, M. J. S. Am. Chem. Sod.972 94, 9103.
(55) Whitmore, F. C.; Weisgerber, C. A.; Shabica, A.JCAm. Chem. (b) Bodor, N.; Dewar, M. J. S.; Wasson, J.JSAm. Chem. Sod972 94,

Soc.1943 65, 1469. 9095.
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TABLE 1. Insertion Reactions of :CX, into C—H Bonds

compounds products (ratio, %)* yield (%)°
endo exo
g " cl 26 74 40
Br 20 80 18
endo exo
CV g c sl 83 (15)°
Br 80 20 27
38 endo exo
71 29 65
20 4-endo 4-exo  other
8 77 15 36
17 S5-endo 2-exo  other
63 21 16 83
CZ 33 5-endo  5-exo other
54 11 35 30
Ph
endo exo
23 53 47 55
CV 26 no reaction 0
o/
Q 25 no reaction 0
O/
27 55 45 474
o
OCHs
2-ex0
29
100 93¢
OCH,
2-exo0
31 100 96°
§/ , 41 60 40 29
P 44 56 44 30
46 three isomers’ 2
trace

O

aRelative ratios measured Y4 NMR spectroscopy? Total yields.
¢50% NaOH, CHGJ, 15 h.9Insertion occurred into the secondary-8
bonds in the ethoxy groug.Exclusively 2exoinsertion.f Ratios= 5:1:1

based ortH NMR signals of CHGJ groups.
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However, many experimental results disagree with the end-
on mechanisr! It should especially be noted that, in intramo-
lecular reactions, the perpendicular attack is favored, whereas
the end-on approach is often sterically impossible. For example,
in reaction58 — 59 (Figure 16), it has been shown experimen-
tally that the resulting carbene inserted specifically intoeke
C(3)—H bond of the bicyclo[2.2.1]heptane system to give the
highly strained 59.52 However, it is worth noticing that
preliminary DFT calculations disagree with this result. They
predict that the insertions intendo C(3)—H, endo C(5)—H,
and endoC(6)—H bond are strongly preferred over insertion
into exo C(3)—H.

Moreover, at the levels of theoretical calculations previously
mentioned, too many parameters had not been optimized. Other
theoreticians later analyzed the methylene insertion reaction into
C—H bonds at the more sophisticated ab initio I8 When
third-order Mgller-Plesset perturbation theory corrections were
included (MP3/6-31G*/HF/3-21G), barriers for the :gidser-
tion into methane and ethane were calculated to be 0 and
0.2 kcal/mol,52-d respectively. At the level of MP4/6-31G*//
MP2/6-31G, QCISD/6-31G*// QCISD(T)/6-31G*, and QCISD-
(T)/6-311+G(2df,p)//QCISD(T)/6-31G*, the barriers for the
:CH; insertion into methane are zero and even of negative value;
it is therefore a barrierless procé8sTwo approaches, the
and theo approach (Figure 17), were considef8ee

In this calculation, each produced almost the same result. In
the transition state of the insertion, the empty p orbital of the
carbene approaches thédond of the C-H bond to be attacked.
When the distance between the carbene carbon and the carbon
of the C—H bond reaches 2.135 A, at the level of QCISD/6-
31-G*, the hydrogen of the €H bond moves to the bigger
lobe of theo sp? orbital of the former divalent carbon.

Mechanisms for Insertion Reactions of Dihalocarbenes.
Previous research in this area has shed some light on carbene
insertion reaction mechanisms. In reactions with ether, dichlo-
rocarbene insertion into-€H bondsa to the oxygen atom is
highly favored over insertion into the -€H bonds of the
methylene groug®® Isobutyl methyl ether, with gertiary C—H
bond 3 to the oxygen and a secondary-8 bond o to the
oxygen, gave MgCHCH(CCLH)OMe as the major product in
the reaction with PhHgC@Br.5¢ Tetrahydrofuran, with second-
ary C—H bonds both ire and positions to the oxygen atom,
underwent insertion only at the positiona40.5a5¢.An jsolated
terminal C-C double bond is much more reactive than-akC
bond adjacent to a methoxy group. For example, with
CH,=CHCH,CH,OCH;, only the expectedyemdihalocyclo-

(61) Gutsche, C. D.; Bachman, G. L.; Udell, W.} Ralein, S.J. Am.
Chem. Soc1971, 93, 5172.

(62) (a) Raghavachri, K.; Chandrasekhar, J.; Gordon, M. S.; Dykema,
K. J. J. Am. Chem. Socl984 106, 5853. (b) Raghavachri, K.; Chan-
drasekhar, J.; Gordon, M. S.; Dykema, KJJAm. Chem. S0d.984 106,
5421. (c) Gordon, M. S.; Boatz, J. A.; Gano, D. R.; Friederich, MJG.
Am. Chem. S0d.987 109, 1323. (d) Cremaschi, P.; Simonetta, M Chem.
Soc. Faraday Trans. 1974 1801. (e) Gano, D. R.; Gordon, M. S.; Boatz,
J. A.J. Am. Chem. So0d.991, 113 6711.

(63) (a) Sosa, C.; Schlegel, H. B. Am. Chem. So0d.984 106, 5847.
(b) loffe, A. I.; Nefedov, O. MIV Vsesoyuznaya Konferentsiya po Khimii
Karbena: Tezisy Doklado (The IV All-Union Conference on the Chemistry
of Carbenes: Abstract of Repo)tszd. Nauka: Moscow, 1987; p 130. (c)
Bach, R. D.; Su, M.-D.; Aldabbagh, E.; AndreJ. L.; Schlegel, H. BJ.
Am. Chem. Sod 993 115 10237. (d) Sevin, F.; McKee, M. L.; Shevlin,
P. B.J. Org. Chem2004 69, 382. (e) Ramalingam, M.; Ramasami, K.;
Venuvanalingam, P.; Sethuraman, VHEOCHEM 2005 755 169. (f)
Ramalingam, M.; Ramasami, K.; Venuvanalingamhem. Phys. Lett.
2006 430, 414.
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FIGURE 13. Synthesis ofis-bicyclo[4.2.0]octane and reaction with dichlorocarbene.
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FIGURE 14. Synthesis ofrans-bicyclo[4.2.0]octane and reaction with

dichlorocarbene.
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FIGURE 15. End-on mechanism.
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FIGURE 16. Example of a non-end-on mechanism.

G CH, attack

|

H H H>O/H
?/CHD <~— 7 CH, attack HOH

FIGURE 17. Different modes of insertion of mehtylene into methane.

propane was obtainéd2 However, when the double bond is
situated such that the-€H bond adjacent to the oxygen atom
is also allylic (e.gas in allyl ethyl ether), then this-€H linkage
diverts some :CGlfrom adding to the €C double bond and
an insertion product is also obtain®&@°This type of C-H bond

is even more reactive with dihalocarbenes when it is contained

in a five-membered rind@40-535¢A|so, steric hindrance does
appear to play a role. Abutyl group strongly blocks dihalo-
carbenes from attacking at the geminat& bonds of Me-

CCH,OMe 8 In a series of reactions with different ethers,
dichlorocarbene gave insertion products with benzyl methy

(64) (a) Couch, E. V.; Landgrebe, J. A. Org. Chem1972 37, 1251.
(b) Seyferth, D.; Dertouzos, H. Organometal. Chenl968 11, 263.

OTs
Kl, MeCN
TEBA,D
51 52
CI; Cl
53
5
Cl,C-.
. H H(D)
Ph 45 H
HsC H

FIGURE 18. Transition state of dichlorocarbene insertion into-akC
bond.

ether (yield: 69%), isopropyl methyl ether (38%), argdropy!
methyl ether (10%j¢ However, no insertion into the -€H
bonds of the methyl group was observed in any case.

The insertion of dichlorocarbene is known to occur stereospe-
cifically and with retention of configuratio?f.6°

There are important factors which can affect the regio- and
stereochemistry of insertion reactions. These are steric, elec-
tronic, and/or stereoelectronic effects. The known activating
groups are not only heteroatoms such as oxygen, sulfur, or
nitrogen, but alsor orbital-containing groups such as phenyl,
vinyl, and carbonyl.

All of these substituents can stabilize an adjacent partial
cationic charge through their inductivel) or resonance{R)
effects. Based on the determination of prinfaigndS-second-
ary deuterium kinetic isotope effe€tdor the dichlorocarbene
insertion into thetertiary C—H bond in cumene, a three-center
transition state structure with partial charge separation, as
depicted in Figure 18 was propos&dHyperconjugation
stabilizes the partial positive charge developed on the carbon
atom of the G-H bond to be inserte.

The stabilization of a carbenium ion by an adjacent cyclo-
propane ring is a common phenomer®Mhe Walsh orbitals
of the three-membered ring can act as an electron donating
group, much like ther orbitals of a double bongf.7°

A study of stabilization effects of the cyclopropyl group
toward a carbenium ion showed that only when the cyclopropyl
ring and the empty p orbital of the carbenium ion carbon can
take on a certain conformation, namely the “bisected” one, the
positive charge of the carbenium ion can be delocalized best
(see Figure 19). In this rotamer, the Walsh orbitals of the three-
membered ring and the p orbital of the carbenium ion are

(65) Seyferth, D.; Cheng, Y. Ml. Am. Chem. S0d.971, 93, 4072.

(66) Seyferth, D.; Cheng, Y. Ml. Am. Chem. S0d.973 95, 6763.

(67) Mischke, S.; Pascal, R. A., Jr. Org. Chem1991, 56, 6954.

(68) Carey, F. A., Ed. IMdvanced Organic Chemistr2nd ed.; Plenum
Press: New York, 1984; Part A, pp 2581.

(69) (a) Sliwinski, W. F.; Su, T. M.; Schleyer, P. v. R. Am. Chem.
Soc.1972 94, 133. (b) Schleyer, P. v. R.; Sliwinski, W. F.; Van Dine, G.

| W.; Schdlkopf, U.; Paust, J.; Fellenberger, K. Am. Chem. Sod972

94, 125.

(70) (a) Schleyer, P. v. R.; Van Dine, G. \@. Am. Chem. Sod.966
88, 2321. (b) Hanstein, W.; Berwin, H. J.; Taylor, T. &.Am. Chem. Soc.
197Q 92, 829.
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FIGURE 19. Overlap of the Walsh orbitals of the p orbital of the

carbon.
i 3 )
R AW
: A RI ______ RI
> %

orthogonal aligned

FIGURE 20. Orbital overlaps of Walsh orbitals and adjacert—H
orbitals.

o ——~A

R B

8 1"

endo pseudo axial poor overlaps
good overlap

FIGURE 21. Orbital overlaps between Walsh orbitals and adjaeent
C—H bond orbitals.

aligned, thereby providing the maximum orbital overlap needed
for stabilization (see Figure 20).

Calculation&3¢ show that the insertion reaction of methylene
into the C-H bonds of methane has an activation free energy
close to zero or slightly negative. This suggests an early
transition state. According to the Hammond postulass early

transition state implies that the activated complex resembles the
reactant to a greater extent than the product. In this early

transition state, the carbon bearing thekCbond to be attacked
has more spthan sp character, because there is no fully

developed positive charge at any stage of the insertion reaction

(see Figure 18).

Our recent work shows that dichlorocarbene inserts into
norcarane8, producing as the major producfa, which
contained the dichloromethyl grogmdoto the three-membered
ring! In contrast, in the reaction of dichlorocarbene with
bicyclo[3.1.0]hexanel(l), the major insertion produd2b has
the dichloromethyl group locateelxoto the three-membered
ring.! The magnitude of overlap between the Walsh orbitals and
that of theae C—H o-bond will affect the nucleophilicity of the
C—H bond via delocalization of the electrons in the Walsh
orbitals; the better the orbital alignment, the greater the effect.
On one hand, little or no overlap between the Walsh orbitals
and the adjacentc C—H bond o-orbital will nullify any
neighboring group participation leaving theC—H bond in a

nonactive state. On the other hand, partial to complete overlap

of the orbitals may lead to a-€H bond that has been activated

toward electrophilic carbene insertion (see Figure 21).
Inspection of molecular models 82 and 1172 reveals that

the overlap of the orbitals of thendoC—H bonds at C2 and

C5 of 8 with the Walsh orbitals of the three-membered ring is

better than the corresponding interaction oféeneoC—H bonds

at C2 and C4 inll In 8, alignment of theo orbitals of the

(71) Hammond, G. SJ. Am. Chem. S0d.955 77, 334.
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endoC—H bonds at thex positions to the three-membered ring
with the Walsh orbital seems to be better than with the
correspondingxo C—H bonds. In bicyclo[3.1.0]hexand 1),
the o orbitals of theexoandendoC—H bonds at C2 and C4
seem to line-up with the Walsh orbitals to roughly the same
extent. However, due to steric interactions with the flagpole
hydrogen at C3 and thendohydrogen at C6, preferential attack
of dihalocarbenes should take place fromékeside. Therefore,

8 can serve as an example for the best overlap of orbitals,
whereas there is less overlap id.

In the reaction of spiro[2.5]octand®) with dichlorocarbene
almost no insertion products were formed, whereas 1-methyl-
1-phenylcyclopropane4{) did not react at all. Study of a
molecular modéf of 46 shows that the four €H bonds
adjacent to the cyclopropane ring in spiro compodfdio not
take on geometries favorable for sufficient alignment with the
Walsh orbitals. Consequently, dichlorocarbene insertion products
are formed only in a very low yield (ca. 2%). Thus, the reactivity
of 46 is comparable with that of cyclohexane under ultrasoni-
cation which affords a dichlorocarbene-& bond insertion
product only in trace amounts. Therefore, spiro[5.2]octa6e (
serves as an example of the worst overlap of the Walsh orbitals
with the ¢ orbitals of adjacent €H bonds.

Dihalocarben(oid)s have been classified as electropHiles.
Thus, once they are generated either as “free” carbenes, or as
carbenoids, they move toward the nucleophilic part of another
available molecule where the electron density is highest. For
compounds containing three-membered rings, the most nucleo-
philic area is where the Walsh orbitals of the three-membered
ring are located (HOMOSs). This situation is similar to the usual
approach of electrophilic carbenes to double bonds, in which
the empty p orbital of the carbene (LUMO) interacts with the
filled orbital (HOMO) of the double bonéf Dihalocarbenes,
however, cannot formally add to a three-membered ring like
they do to electron-rich double bonds. The-& bonds of a
three-membered ring, which have a similar degree of hybridiza-
tion (such as sphybridized C-H bonds) are in general not
inserted into by dihalocarbenes. As an allylie-B bond is
activated by the presence of an adjacent double Bbfat,the
reasons mentioned above, C—H bonds should be more
reactive toward electrophiles than any otherK bonds in8.

Because of the difference in the magnitude of orbital overlap,
the o endo C—H bonds in8 are more nucleophilic than the
correspondingxoC—H bonds. Furthermore, the overlap of the
orbitals of theendoC—H bonds at C2 and C5 & with the
Walsh orbitals of the three-membered ring is better than the
corresponding interaction of thendoC—H bonds atC2 and
C4 in bicyclo[3.1.0]hexanel(). This difference in overlap
probably accounts for the observed different stereoselectivity
of the approaching dihalocarbenes.

At this point, it is instructive to compare the insertion reaction
with other reactions that create or annihilate positive (partial)
charges adjacent to cyclopropane rings. In fact, virtually no
stereoselectivity is seen in solvolyses of the cyclopropylcarbinyl
esters60 and61. Although the bicyclo[4.1.0]heptane systém

(72) 4-31G optimized geometries 8fand11 were taken from: Wiberg,
K. B.; Bonneville, G.; Dempsey, Rsr. J. Chem1983 23, 85. See also:
Kang, P.; Choo, J.; Jeong, M.; Kwon, ¥. Mol. Struct.200Q 519, 75.

(73) Moss, R. A. InCarbenesJones, M., Jr., Moss, R. A., Eds.; Wiley:
New York, 1973; Vol. 1, pp 2747.

(74) March, J., Ed.Advanced Organic Chemistry: Reactions, Mecha-
nisms, and Structuretth ed.; Wiley: New York, 1992; pp 69598.

(75) Gassman, P. G.; Creary, X. Am. Chem. Sod.973 95, 6852.
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is more reactive than the bicyclo[3.1.0]pentane systeexo

andendoisomers solvolyze at about the same rate in each case.

The divergent observations can be explained by the “late”

give rise to the same cation. This is opposed to the “early”
transition state of €H insertion reactions which largely retains
the configuration of the substrate.

OPNB 150

exo:endo = 70:30
exo:endo = 9:91

60 61 62 n=1
63 n=0
On the other hand, the reduction of the bicyclo[n.1.0]-

alkanones62’” and 63’8 shows stereoselectivity that is in
accordance with that of dihalocarbene insertion. Here-&IC
bond is formed rather than broken, hence a “late” transition
state accentuates the stereoselectivity.

The seven-membered ring in bicyclo[5.1.0]octaB®) {s more
flexible than the six-membered ring in bicyclo[4.1.0]heptane
(8). According to molecular models, the orbital overlap of the
Walsh orbitals of the three-membered ring and the orbitals of
the adjacent €H bonds seems to be less efficient than8in
and11.

The separation of the products isolated from the reaction of
bicyclo[5.1.0]octane38) with dichlorocarbene showed that the
two major products39a and 39b, were formed in a ratio of
2.4:1. Compared with the reaction 8f the yield of insertion
products decreased from 83 to 65%. However, the stereochem
ical outcome of the reaction &8 with dichlorocarbene is in
line with that of the lower homolog, i.e., the norcar&)evhere
a 4:1 ratio of theendo-exoinsertion products was observed.
This further supports the concept that orbital overlap of the
Walsh orbitals of the three-membered ring and ¢herbitals
of the adjacent €H bonds plays a key role in activating the
C—H bonds. Surprisingly, théH NMR spectra of compounds
39a and 39b show nearly identical chemical shifts for the
dichloromethyl groups at 5.92 and 5.91 ppm, respectively, while
the coupling constants differ only slightly from each other.
Unlike in the bicyclo[4.1.0]heptane series, 9% and 9b, 18,
and 19, one cannot determine the stereochemistry using the
coupling constant of the proton at the dichloromethyl group and
the adjacent proton on the seven-membered ring (vide infra).

The polarity of a solvent can affect the reaction p#th.
Depending on the polarity of the solvent, the reactions of
dihalocarbenes with alkenes in different solvents often afford
different product ratio8® Polar solvents stabilize polar inter-
mediates. However, when the reaction8oivas carried out in
acetonitrile with dichlorocarbene generated by the ultrasonica-
tion method, no reaction took place. Perhaps the interaction of
the dichlorocarbene with the nitrogen atom of acetonitrile is
too strong, leading to rapid consumption of dichlorocarbene
before it has a chance to interact wBhSimilar results were
observed when the reaction was carried out in pentane.

(76) Friedrich, E. C.; Saleh, M. A.; Winstein, $. Org. Chem1973
38, 860.

(77) Gassman, P. G.; Atkins, T. J. Am. Chem. Sod.972 94, 7748.

(78) (a) Friedrich, E. C.; Jassawalla, J. D.X.0rg. Chem1979 44,
4224. (b) Hanack, M.; Allmendinger, HChem. Ber1964 97, 1669.

(79) Kupfer, R.; Poliks, M. D.; Brinker, U. Hl. Am. Chem. S0d.994
116, 7393.

(80) Weber, J.; Brinker, U. HAngew. Chem., Int. Ed. Endl997, 37,
1623.
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transition state of solvolysis reactions, where the stereoisomers
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FIGURE 22. Reaction of norcarane with ethglazidoacetate.
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FIGURE 23. Substituted bicyclo[4.1.0]heptanes, bicyclo[3.1.0]hexanes
and their dichlorocarbene insertion products.

The regiochemistry of the reaction of a nitr€hgenerated

from the thermolysis of ethyd-azidoacetate with bicyclo[4.1.0]-

heptane §) (Figure 22) is very different from what we report
here with dihalocarbenes. No insertion products fit€—H
bonds or thetertiary C—H bond of the three-membered ring
were observed in our experiments.

In the reaction oft5a and15b (ratio 7:1) with dichlorocar-
bene, in addition to insertion produci$a and 16b, five bis-
insertion products were detected (see Figure 4). The double
activation caused by the presence of two cyclopropane rings
might be responsible for the formation of the bis-insertion
products.

The introduction of substituents into bicyclo[4.1.0]heptane
(8) is expected to change both the electron density distribution

as well as the steric environment. Thus, when 1-methylbicyclo-
[4.1.0]heptane X7) was reacted with dichlorocarbene, the
insertion product18 (Figure 23), in which thendoC—H bond

at C5 had been attacked by the carbene, was formed in a yield
of 83%.

A similar result was obtained with 1-methylbicyclo[3.1.0]-
hexane 20) and dichlorocarbene. Here, as expecteaxd-
dichloromethyl-1-methylbicyclo[3.1.0]hexan22) was isolated
as the major insertion product. Obviously, the methyl group at
C1lin 17 and 20 exerts an electronic and steric effect on the
transition state of the reaction. 7, the steric effect of the
methyl group guides the incoming dichlorocarbene more favor-
ably toward the C5 position. The electronic effect of the methyl
group seems to be smaller than its steric effect. If there were a
strong electron donating effect, the electron density of th¢IC
bonds at C2 would be larger than at C5, and the insertion into
theendoC—H bond at C2 would have been favored.

The reaction of 7,7-dimethylbicyclo[4.1.0]heptar&S) and
dichlorocarbene afforded the two insertion produg#a and
24b (endo:ex0=1.13:1), in a yield of 55%. When compared
with the reaction of bicyclo[4.1.0]heptan8) @nd dichlorocar-
bene, the ratios oéndoexo insertion products have changed
from 4:1 for8 to 1.13:1 for23. Theendoexoratios provide a
hint about the nature of the transition states of the two reactions.
Obviously, in23 the steric effect of the methyl group in the
endoposition at C7 hinders the approaching dichlorocarbene
from favorably interacting with thendehydrogens at C2 and
C5. When compared with the parent systgnthe presence of
the 7endomethyl group destabilizes the transition state and
hence lowers the ratio @nhdoto exoisomers, as was observed.

(81) (a) Tardella, P. A.; Pellacani, L.; Di Statio, Gazz. Chim. lItal.
1972 102 822. (b) Tardella, P. A.; Pellacani, IGazz. Chim. Ital1973
103 337.

J. Org. ChemVol. 72, No. 22, 2007 8443



JOC Article

HHL H He
3 1 . [
L= — v
HH® 64 HH
more less

FIGURE 24. Two conformers of 1-methyl-7-norcaranylidene.

Therefore, dichlorocarbene attacks thel€ bonds at C2 and
C5 in 23 from its endoandexoside to almost the same extent.
The activation of the three-membered ring, however, is still
strong enough to override the unfavorable steric effect intro-
duced by the methyl groups at C7.

In contrast, when an electron-withdrawing substituent, such
as a phenyl group, was introduced at C18inthe insertion
reaction of33 (Figure 23) with dichlorocarbene proceeded only
sluggishly. In the same reaction time frame, the total yield of
insertion products was only 30%, of which 64% resulted from
insertions into the €H bonds at C5. Apparently, the €M
bonds are less reactive than the-@&%5bonds. The-I| effect of
the phenyl group deactivates considerably the reactivity of the
C—H bondsa to the three-membered ring. Because of the
electron withdrawing effect of the phenyl group, the reaction
of 1-phenylbicyclo[4.1.0]heptane39) is favored at C5, as in
the case of the 1-methyl-substituted compoubhdand20. The
+R effect of phenyl does not influence the reaction much, since
it can only stabilize a benzylic positiddwhich in the case of
33is occupied by the quaternary carbon C1. At the same time,
the s orbitals of the phenyl substituent and the Walsh orbitals
of the cyclopropane ring might interact, leading to an even larger
delocalization of the electron density of the Walsh orbitals. By
this means, the nucleophilicity of the cyclopropane ring to an
approaching dihalocarbene would be reduced.

Studies of 1-methyl-substituted 7-norcaranylideteg-igure
24) showed that the methyl group somehow activates theHC5
bonds more than the G bonds in intramolecular insertion
reactions®

It was speculated that in the preferred conformation of the
transition state of 1-methyl-7-norcaranylidene, due to the
presence of the methyl group at C1, #medoC5—H is in the
axial position, and thendoC2—H bond is likely to be in an
equatorial positiof§® Furthermore, in 1,2-hydrogen shifts, in
general, preferentially the axial €H is transferred to the
divalent carbor¥* The presence of a substituent at C1 can cause
a molecule to take on a conformation in which #redoC5-H
becomes axial while thendoC2—H is in an equatorial position.
This also could explain the predominance of-&5 insertion
products over C2H ones inl7, 20, and33.

With ethers, dihalocarbenes can insert easily into theéHC
bonds ina position to the oxygen atom. Obviously, the oxygen
atom has a directional effect on the regiochemistry of the
insertion reactions.

When 1-methoxybicyclo[4.1.0]heptan26j (Figure 25) was
reacted with dichlorocarbene, surprisingly no insertion reaction
was observed at all. Not even a trace of any product resulting
from insertion into the €H bonds at C2 and/or C5 or any other
C—H bonds could be detected. Instead, dichlorocarbene might

(82) Carey, F. A,, Ed.; Ildvanced Organic Chemistr2nd ed.; Plenum
Press: New York, 1984; Part A, pp 258.

(83) Paquette, L. A.; Zon, G.; Taylor, R. 1. Org. Chem1974 39,
2677.

(84) Nickon, A.; llao, M. C.; Stern, A. G.; Summers, M.F.Am. Chem.
So0c.1992 114, 9230.
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FIGURE 25. Bicyclo[4.1.0]heptanes and bicyclo[3.1.0]hexanes with
an ether function at C1 and C2, respectively.

have formed a complé%® with the oxygen atom ir26. As
dichlorocarbene usually does not insert into finenary C—H
bonds of a methyl grou6 was totally recovered. A similar
result was obtained with 1-methoxybicyclo[3.1.0]hexa®8).(

In contrast, as anticipated, the reaction of 1-ethoxybicyclo-
[4.1.0]heptane Z7) provided two products resulting from
insertion into the &H bondsa to the oxygen atom. It is
interesting to note that i25, 26, and27 no insertion into the
C—H bondsa to the three-membered ring took place. This
shows that the activation or the nucleophilicity of the oxygen
atom at C2 is stronger than that of the three-membered ring.
From these observations, it is obvious that the deactivating effect
of the alkoxy group at C1 i25and26 overrides the activating
effect exerted by the three-membered ring.

It was therefore no surprise that high yields of insertion
products were obtained whene2xdoemethoxybicyclo[3.1.0]-
hexane 29) and 2endemethoxybicyclo[4.1.0]heptan81) were
reacted with dichlorocarbene (95% and 94%, respectively).
Though the G-H bonds at C2 ir29 and31 are located at the
exoposition, insertion took place exclusively into these bonds.
No insertion into the €H bonds at C4 ir?9 and C5 in31,
respectively, was observed.

The reaction otis-1,2-diethylcyclopropanei() (Figure 11)
with dichlorocarbene afforded2a and42b in a total yield of
30%. The ratio of the two products was 3:2. From the
spectroscopic data, it was not possible to determine which of
the two compounds was formed as the major isomer. When
trans-1,2-diethylcyclopropanedd) was reacted with dichloro-
carbene, two insertion products were obtained in a yield of 29%
with a ratio of 1.3:1.

The reactions ofis-1,2-diethylcyclopropaned(l) (Figure 11)
and trans-1,2-diethylcyclopropane4d) with dichlorocarbene
provide additional evidence that the interaction of the orbitals
of the C—H bonds adjacent to the cyclopropane ring with the
Walsh orbitals is the key factor responsible for the stereochem-
istry and the yield of the reaction. When compared with bicyclo-
[4.1.0]heptane8), the free rotation of the two ethyl groups in
both 41 and 44 makes orbital interaction less efficient. This
leads to four similar €H bonds adjacent to the three-membered
ring which cannot be extensively differentiated by the approach-
ing carbene. The three-membered ringgtinand 44, though,
still have an activating effect on the—& bonds in thea
position.

The fact thatcis-bicyclo[4.2.0]octane 52) (Figure 13) af-
forded a high yield of the insertion product which derives from
insertion of :CC} into the C-H bonds of the bridgehead

(85) (a) Kirmse, WCarbene Chemistry2nd ed.; Academic Press: New
York, 1971; pp 436-6. (b) Lin, Q.-J.; Feng, D.-C.; Qi, C.-S5aodeng
Xuexiao Huaxue Xueba?200Q 21, 1922. (c) Feng, D.-C.; Lin, Q.-J.; Ma,
W.-Y.; Wang, H.-JGaodeng Xuexiao Huaxue Xueb2@0Q 21, 1708. (d)
Lin, Q.-J.; Feng, D.-C.; Ma, W.-YGaodeng Xuexiao Huaxue Xueh2@0Q
21, 1427. (e) Lin, Q.-J.; Feng, D.-C.; Qi, C.-3iegou Huaxue00Q 19,
224. (f) Oku, A.; Sawada, Y.; Schroeder, M.; Higashikubo, I.; Yoshida, T;
Ohki, S.J. Org. Chem2004 69, 1331. (g) Clark, J. S.; Walls, S. B.; Wilson,
C.; East, S. P.; Drysdale, M. BEur. J. Org. Chem2006§ 323.
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CHCl, CHCl, CHCI, CHCl, CHCl, CHCl, CHCl
U @ v 94 O% X
5 (ppm) 5.54 5.51 5.54 5.62 CHCl,
J (Hz) 7.9 8.1 10.2 76 3 (ppm) 5.82 5.80 5.83 6.1
CHCl, J (Hz) 42 4.01 47 3.6
CHCl, CHCl,
CHCl.
gHCt, CHCl, CHCl, 7l
5 (ppm) 553 5.49 5.92 (:( ; g
J (Hz) 9.1 9.2 3.2 Ph Q Q
) ) ] ) & (ppm) 5.94 5.65 5.71 5.91
FIGURE 26. Chemical shifts and coupling constants of dichloromethyl
J (Hz) 35 6.3 52 2.7

groups in some bicyclo[n.1.0]alkanes.

FIGURE 27. Chemical shifts and coupling constants of dichloromethyl

carbons, suggests that the hyperconjugation of bettiary groups in some bicyclo[n.1.Oalkanes.

C—H bonds might be an additional factor in the activation of
these C-H bonds. The main factor, however, seems to be the The activation of the €H bonds is determined by the

spatial availability of theertiary C—H bonds. Intrans-decalin efficiency of the initial interaction of the orbitals between the
7 andtransbicyclo[4.2.0]octane7) there are no such align- ;54 the Walsh orbitals. In bicyclo[4.1.0]heptaB theendo
ments. In addition, theertiary C—H bonds are well hidden  c_y pongs interact better with the Walsh orbitals of the
within the molecule frame. Insertion reactions into thoseHC cyclopropane ring than the correspondigC—H bonds do.
bonds, therefore, fail, or take place only to a minor extent. This 1,4 overlap of the Walsh orbitals with the adjacentioC—H
suggests that the interactions between the Walsh orbitals ofp n4s is better in bicyclo[4.1.0]heptang) than in bicyclo-
cyclopropane rings and the orbitals of suitably positioned |3 1 gjhexane11). The seven-membered ring in bicyclo[5.1.0]-
adjacent G-H bonds are quite different from those of cyclobu- 5 88) is more flexible than the corresponding rings in
tane rings. While some cyclopropane rings acthvatacent  picycio[4.1.0]heptane and bicyclo[3.1.0]hexane. Therefore, the
C—H bonds, the cyclobutane ring b2 obviously does not. In i, 34hitude of overlap of thendoC—H bonds with the Walsh
insertion reactions, the four-membered ring, therefore, behaves,it41s is less efficient i88 than in bicyclo[4.1.0]heptane),
like the five-membered ring in dodecahedraBg{and the six- In addition, incis- and trans-diethylcyclopropane41 and 44,
membered rings in adamanta#é; where only insertion into 6 four G-H bonds ino: position to the three-membered ring
the tertiary C—H bonds has been reported. . seem to interact less efficiently with the Walsh orbitals. This
Chemical Shifts and Coupling Constants of Some Bicyclo-  fact could explain the lower yield of insertion products.
[n.1.0]alkanes.Throughout this work, the stereochemistry of Dihalocarbenes can insert into &€ bond when three
the CHC}b group was ascertained by 1D NOE difference factors are present: (1) the-&l bond is spatially available,
spectroscopy. From Figure 26, it is seen that compounds;e it is not barred by other bonds; (2) the-8 bond is located
containing anendo dichloromethyl group have a coupling in 4 position close to group(s) and/or atoms which can stabilize
constant of ca. 810 Hz and that the magnitude of the vicinal 5 developing positive charge through resonance dispersion and/
coupling constants of the proton of the dichloromethyl group oy inductive effects (as in the €H bonds adjacent to three-
with the proton on the ring correlates well with the stereochem- embered rings); and (3) the orientation of the K& bond
ical relationship of the dichloromethyl group and the three- fayors interaction with the Walsh orbitals of an adjacent
membered ring. cyclopropane ring.
In contrast, in the bicyclo[4.1.0]heptane and bicyclo[3.1.0]-
hexane series (Figure 27), taroisomers have smaller coupling  Experimental Section
constants, ca.-36 Hz. However, this does not apply to the ) ) ) )
bicyclo[5.1.0]octane system, where the corresponding vicinal ~ Starting Materials. Bicyclo[4.1.0]heptaned), bicyclo[3.1.0]-
coupling constants are virtually identical. hexane 11), tricyclo[5.1.0]octane38), spiro[2.5]octane46), and
1-methyl-1-phenylcyclopropanel]) were prepared from cyclo-
hexene, cyclopentene, cycloheptene, methylenecyclohexane, and
Conclusion o-methylstyrene, respectively.
) ) o B General Procedure for Ultrasonicated Dihalocarbene Inser-
Dihalocarbenes are highly electron deficient and electrophilic. tions into o C—H Bonds of Cyclopropanes and the Bridgehead
Although they approach the €H bond, a partial cationic  C—H Bond of cis-Bicyclo[4.1.0]octane Dichlorocarbene Inser-
character develops on the carbon of the-HC bond to be tions. A mixture of 0.01 mol of hydrocarbon and 10 g of fine
inserted. The stability of this species is the key factor governing powdered sodium hydroxide was added to a 50 mL round-bottomed

the formation of the products. The more stabilized this species flask fitted with a reflux condenser and a drying tube. The flask
is, the faster it should be formed. was immersed in the water bath of an ultrasonic cleaner and placed

. s about 0.5 cm above the horn. After addition of 25 mL of chloroform
Electr_on-dona_tlng groups or heteroatoms can_stabll_lze the and 0.03 g of triethylbenzylammonium chloride (TEBA) through
developing partial positive Chgrge .through an |nQuctlve _Or the top of the reflux condenser, the reaction mixture was ultra-
resonance effect. The electrophilic dihalocarbenes interact first gonicated for 3 h. (The water in the bath and the reaction mixture
with the more nucleophilic part of the molecule. In compounds in the flask should be kept at the same level. It is not necessary to
containing three-membered rings that part is the cyclopropanecontrol the temperature of the water bath during ultrasonication.)
ring with its Walsh orbitals. After removal of inorganic substances by filtration (using Celite
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535 as filtration aid), the filtrate was concentrated using a
Rotavapor. 20 mL of pentane @b g of silica gel were added to

Brinker et al.

—5.1, 3.9 Hz).13C NMR (90.6 MHz),6 77.6 (d,J = 177 Hz),
52.7 (d), 26.1 (t), 24.6 (t), 19.9 (d,= 170 Hz), 17.3 (d,] = 166

the residue, and the mixture was filtered again. The pentane wasHz), 7.3 (t,J = 157 Hz). IR (film)» 3080, 3045, 3005, 2945, 2875,
removed by a Rotavapor and the obtained yellowish oil was further 1468, 1450, 1270, 1255, 1218, 1922, 940, 908, 855, 813, 790, 758,

purified by preparative GC or HPLC.
Dibromocarbene InsertionsA mixture of 5.1 g (0.02 mol) of
bromoform, 25 mL of dichloromethane and 0.1 g of TEBA was

735,700, 660, 645 cmi. MS (70 eV)nve (%) 164, 166 (M-, 0.3,
0.2), 129, 131 (6, 2), 115, 117 (3, 1), 101, 103 (1.3, 0.5), 93 (19),
91 (8), 88 (7), 81 (100), 79 (27), 77 (11), 67 (5), 65 (7), 54 (7), 53

used. Otherwise, the experimental conditions are the same as thosél4), 51 (6), 41 (11), 39 (14). Anal. Calcd forld,«Cl,: C, 50.94;

described for thalichlorocarbene insertioprocedure.
endo2-Dichloromethylbicyclo[4.1.0]heptane (9a)(PGC sepa-
ration on column G)H NMR (360 MHz) d 5.54 (d, 1HJ) = 7.9
Hz), 2.43-2.53 (m, 1H), 1.942.04 (m, 1H), 1.781.87 (m, 1H),
1.46-1.56 (m, 1H), 1.251.36 (m, 1H), 1.1+1.24 (m, 2H), 1.0+
1.11 (m, 1H), 0.73-0.85 (m, 1H), 0.64 (dt, 1H) = —4.9 Hz, 8.8
Hz), 0.12 (dt, 1HJ = —4,9 Hz, 5.3 Hz)13C NMR (90.6 MHz)d
78.8 (d,J = 174 Hz), 45.3 (dJ = 126 Hz), 23.4 (tJ = 130 Hz),
23.3 (t,J = 130 Hz), 22.4 (tJ = 127 Hz), 13.2 (d,J = 161 Hz),
9.9 (d,J = 160 Hz), 8.5 (tJ = 160 Hz). IR (film)» 3080, 3015,

H, 6.11. Found: C, 50.66; H, 6.05.
endaDichloromethylbicyclo[3.1.0lhexane (12a)(PGC separa-
tion on Column E or F)'H NMR (360 MHz) ¢ 5.53 (d, 1H,J =
9.1 Hz), 2.83-2.93 (m, 1H), 0.36 (m, 2H), others signals overlap
with the signals ofLl2b. 13C NMR (90.6 MHz)o 78.0 (d), 53.0 (d),
25.8 (), 25.2 (t), 19.6 (d), 18.9 (d), 3.9 (1).
exo-Dibromomethylbicyclo[3.1.0]hexane (13h)(HPLC separa-
tion). IH NMR (360 MHz) 6 5.64 (d, 1H,J = 6.0 Hz), 2.78 (dd,
1H, H-C2), 1.50-1.61 (m, 2H), 1.36-1.50 (m, 2H), 1.121.25
(m, 2H), 0.55 (dtJ = —4.8, 8.2 Hz), 0.14 (dt) = —4.8, 4.2 Hz).

2940, 2862, 1463, 1312, 1230, 1212, 1105, 1080, 1025, 1000, 888,*C NMR (90.6 MHz)¢ 53.6 (d), 40.8 (d), 27.0 (t), 20.7 (t), 20.2

860, 830, 780, 747, 730, 680, 640 cmMMS (70 eV)m/e (%) 178,
180, 182 (M, 0.45, 0.28, 0.04), 143, 145 (7, 2), 142, 144 (2, 1),
129, 131 (17, 5), 115, 117 (3, 1), 107 (12), 102, 104 (6, 2), 96
(10), 95 (100), 93 (13), 91 (11), 88 (25), 79 (20), 77 (18), 67 (50),
65 (14), 55 (16), 53 (16), 41 (22), 39 (26). Anal. Calcd foHG-
Cly: C, 53.65; H, 6.75. Found: C, 53.59; H, 6.78.
exo-2-Dichloromethylbicyclo[4.1.0]heptane (9b) (PGC separa-
tion on column E, purity, 67%, containing 33% ©&). 'H NMR
(360 MHz)6 5.82 (d, 1HJ = 4.2 Hz), 2.172.27 (m, 1H), 1.76
1.92 (m, 1H), 1.62-1.76 (m, 1H), 1.451.55 (m, 2H), 0.9%+1.25
(m, 3H), 0.66 (dt, 1HJ = —4.9 Hz, 5.3 Hz), 0.12 (dtJ = —4.9,
8.8 Hz).13C NMR (90.6 MHz)o 78.7 (d), 43.0 (d), 25.5 (t), 22.7
(), 21.3 (1), 18.2 (t), 12.1 (d), 10.6 (d). MS (70 eXye (%) 178,
180, 182 (M, 0.95, 0.64, 0.08), 143, 145 (7, 2), 142, 144 (2, 1),
129, 131 (17, 5), 115, 117 (4, 2), 107 (23), 102, 104 (4, 1), 101,
103 (9, 4), 96 (8), 95 (100), 93 (18), 91 (14), 88 (33), 79 (26), 77
(17), 67 (45), 65 (14), 55 (14), 53 (13), 41 (12), 39 (14).
endoe2-Dibromomethylbicyclo[4.1.0]heptane (10a)(HPLC and
then PGC separation on column DTat= 120°C; T; = 150 °C;
and Tg = 130°C). *H NMR (360 MHz) ¢ 5.52 (d, 1H,J = 7.8
Hz), 2.43-2.61 (m, 1H), 1.7#2.02 (m, 2H), 1.451.56 (m, 1H),
1.14-1.40 (m, 3H), 1.06-1.12 (m, 1H), 0.680.82 (m, 1H), 0.64
(dt, 1H,J = —5.0, 8.9 Hz), 0.14 (dt, 1H) = —5.0, 5.4 Hz).13C
NMR (90.6 MHz) 6 54.1 (d,J = 176 Hz), 45.9 (dJ = 130 Hz,
C2), 25.1 (t,J = 129 Hz, C3), 23.4 (1) = 126 Hz), 22.9 (tJ =
127 Hz), 14.7 (dJ = 167 Hz), 10.3 (dJ= 162 Hz), 8.6 (tJ =
159 Hz). IR (film) v 3080, 3020, 2945, 2870, 1468, 1458, 1312,

(d), 17.6 (d), 7.7 (t). MS (70 eVirve (%) 252, 254, 256 (M, 1,
2, 1), 210, 212, 214 (17, 35, 17), 197, 199, 201 (2.4, 5, 2.6), 173,
175 (11, 10), 131, 133 (7, 8), 93 (52), 91 (17), 79, 81 (11, 10), 77
(21), 68 (100), 67 (34), 65 (15), 55 (21), 51 (10), 41 (10), 39 (20).
endoDibromomethylbicyclo[3.1.0]hexane (13a)(HPLC sepa-
ration). 'H NMR (360 MHz) 6 5.50 (d, 1H,J = 9.6 Hz), 2.95-
3.09 (m, 1H), 0.36-0.42 (m, 2H) other signals overlap with signals
of 13h. 13C NMR (90.6 MHz)6 54.0 (d), 46.0 (d), 26.5 (t), 26.2
(t), 22.0 (d), 21.7 (d), 3.6 (t). MS (70 e\five (%) 252, 254, 256
(M*,0.1,0.2,0.1), 173, 175 (14, 13), 132, 134 (4, 4), 119, 121 (7,
7), 93 (82), 91 (22), 81 (100), 79, 81 (27, 100), 77 (30), 67 (10),
65 (12),54 (12), 53 (17), 51 (8), 41 (14), 40 (12), 39 (24).
2-Dichloromethyl-anti-tricyclo[5.1.0.0*9octane (16a) (PGC
separation on column E)H NMR (360 MHz) 6 5.82 (d, 1HJ =
6.0 Hz), 2.24 (ddd, 1H) = —14.7, 8.4, 2.7 Hz), 2.152.21 (m,
1H), 1.29 (ddd, 1HJ) = —14.7 Hz, 6.0 Hz, 2.9 Hz), 1.02 (m, 1H),
0.85-0.96 (m, 2H), 0.49-0.67 (m), 0.43 (dtJ = —5.0, 8.1 Hz),
—0.18 (dt,J = —5.0, 5.0 Hz).13C NMR (90.6 MHz)¢ 79.0 (d,J
=177 Hz), 46.5 (dJ = 135 Hz), 22.3 (tJ = 127 Hz), 15.1 (tJ
= 159 Hz), 10.4 (d) = 153 Hz), 8.8 (dJ = 160 Hz), 8.6 (dJ =
163 Hz), 4.7 (dJ = 160 Hz), 3.9 (t,J = 155 Hz). IR (film) v
3075, 3010, 2925, 2858, 1471, 1450, 1270, 1211, 1150, 1125, 1095,
1027, 985, 973, 913, 865, 840, 828, 812, 790, 740, 670'cMS
(70 eV)m/e (%) 155, 157 ((M-Cl]*, 7.0, 2.2), 141, 143 (5.9, 2.0),
136, 138 (4.3, 2.7), 128, 130 (4.0, 1.3), 127, 129 (3.3, 1.1), 119
(13), 115 (6), 113 (8), 107 (14), 105 (13), 101, 103 (52, 21), 91
(45), 88 (26), 79 (100), 77 (33), 67 (34), 65 (25), 54 (13), 53 (10),

1240, 1153, 1110, 1080, 1028, 1000, 888, 860, 835, 770, 740, 675,51 (11), 41 (15), 39 (18). Anal. Calcd forg8:.Cl,: C, 56.57; H,

635, 618 cmt. MS (70 eV) /e (%) 187, 189 ([M-Br]*, 19.6,
19.6), 171, 173, 175 (2, 4, 3), 160, 162 (2.5, 219, 161 (2, 2),
146, 148 (2, 2), 145, 147 (4, 5), 132, 134 (15,,18)9, 121 (10,
8), 107 (78), 95 (100), 93 (15), 91 (25), 81 (22), 79 (80), 77 (22),
67 (58), 65 (22), 55 (23), 53 (30), 41 (32), 39 (37).
exo-2-Dibromomethylbicyclo[4.1.0]heptane (10b) (Obtained
from a mixture with1l0aafter HPLC separatiorlOb decomposes
under PGC conditions}H NMR (360 MHz) 6 5.83 (d, 1H,J =
3.7 Hz), 2.69-2.79 (m, 1H), 0.70 (dd, 1H), 0.49 (dt= —4.3 Hz,
8.8 Hz), 0.04 (dtJ = —4.3, 4.5 Hz,endoH-C7), other signals
overlap with signals of.0a 3C NMR (90.6 MHz)6 54.7 (d,J =
175 Hz), 47.6 (dJ = 133 Hz), 27.4 (t), 22.7 (), 18.2 (t), 14.1 (d,
J =164 Hz), 10.9 (dJ = 161 Hz), 9.0 (tJ = 163 Hz). MS (70
eV) m/e (%) 187, 189 ([M-Br]*, 20, 24), 173, 175 (3, 4), 160,
162 (3, 2), 159, 161 (3, 3), 146, 148 (2, 3), 145, 147 (6, 6), 132,
134 (20, 19), 119, 121 (11, 10), 107 (100), 95 (55), 93 (16), 91
(33), 81 (21), 79 (91), 77 (25), 67 (52), 65 (26), 55 (24), 53 (30),
41 (34), 40 (69), 39 (42).
exo-Dichloromethylbicyclo[3.1.0]hexane (12b)(PGC separa-
tion on Column E or F)!H NMR (360 MHz) 6 5.65 (d 1H,J =
6.3 Hz), 2.64 (dd, 1H), 1.751.97 (m, 2H), 1.63-1.72 (m, 2H),
1.35-1.50 (m, 2H), 0.53 (dtJ = —5.1, 8.2 Hz), 0.14 (dt) =
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6.33. Found: C, 56.30; H, 6.28.

2-(endo-Dichloromethyl-syn-tricyclo[5.1.0.0>5octane (16b)
(PGC separation on column B NMR (360 MHz) ¢ 5.45 (d,
1H,J = 9.6 Hz), 3.04 (dt, 1HJ = 9.6, 5.9 Hz), 2.20 (dt, 1H] =
—14.4, 6.8 Hz), 2.03 (d, 1H] = —14.4, 0.8 Hz), 1.131.24 (m,
2H), 1.02-1.12 (m, 2H), 0.38 (dt, 2H} = —5.5, 9.2 Hz),—0.18
(dt, 2H,J = —5.4, 5.6 Hz).13C NMR (90.6 MHz)6 78.9 (d,J =
178 Hz), 40.7 (dJ = 132 Hz), 17.9 (tJ = 127 Hz), 11.5 (dJ =
164 Hz), 10.9 (dJ = 161 Hz), 8.1 (tJ = 166 Hz). MS (70 eV)
m/e (%). endoisomer: 155, 157 ([M-CI]*, 6.5, 2.0), 149, 151 (4,
3), 136, 138 (3, 2), 128, 130 (4, 1), 127, 129 (4, 1), 119 (16), 115
(9), 113 (15), 107 (17), 105 (7), 101, 103 (27, 14), 91 (48), 88
(15), 79 (75), 77 (38), 67 (100), 65 (33), 54 (27), 53 (15), 51 (19),
41 (30), 40 (47), 39 (37)xoisomer: 155, 157 ([M-CI]*, 0.7,
0.3), 127,129 (1, 0.4), 119 (2), 115 (2), 113 (3), 107 (42), 105 (6),
101, 103 (6, 4), 91 (25), 88 (4), 79 (100), 77 (21), 675t ™,
15), 65 (14), 54 (6), 53 (7), 51 (8), 41 (15), 40 (13), 39 (16). It is
assumed that thendoisomer has a shorter GC retention time than
the exoisomer.

2,6-Bis(dichloromethyl)tricyclo[5.1.0.G%octane (5 isomers)*.
(HPLC separation):H NMR (360 MHz) 6 Isomer-1 (1.6%): 6.02
(d, J = 5.5 Hz); Isomer-2 (10.5%): 5.87 (d,= 5.6 Hz), 2.14-
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2.19; Isomer-3 (29.7%): 5.45 (d= 9.3 Hz), 3.06-3.19; Isomer-4
(36.3%): 5.99 (dJ = 2.3 Hz), 5.56 (dJ = 9.2 Hz), 3.11 (dtJ =

9.3, 6.2 Hz), 2.85 (bd) = 2.3 Hz); Isomer-5 (21.9%): 5.67 (d,

= 6.9 Hz), 2.61-2.67. Isomer-3 is suggested to beendq,6-
(endg-bisdichloromethykyntricyclo[5.1.0.G-%octane based on the
coupling constants. Isomer-4 is thought to beeB€Q,6-(ex9-
bisdichloromethylsyntricyclo[5.1.0.G:%octane. 13C NMR (90.6
MHz) ¢ for CCl,: 79.3, 78.2, 78.0, 77.9, 77.8 (d~= 177 Hz);6

for C2/3: 46.7 (d,J = 133 Hz), 43.1 (dJ) = 134 Hz), 40.9 (d))
=130 Hz), 40.2 (dJ = 132 Hz), 39.8 (d,J = 135 Hz). Only four
isomers can be observed. IR (filmB080, 2990, 2925, 2900, 1472,
1445, 1380, 1320,1280, 1200, 1025, 970, 936, 890, 850, 830, 813
740, 685, 665, 635 cm. MS (70 eV)m/e (%) Isomer-1 (0.9% on
GC, tg = 9.44 min) 237 ([M-C1f, 4), 201, 203 (7, 6), 189 (4),
173, 175 (3, 2), 165, 167 (8, 3), 161, 163, 165 (4, 3, 8), 153, 155
(11, 3), 149, 151 (18, 14), 136, 138, 140 (17, 12, 4), 129 (15), 127
(14), 125 (16), 117 (21), 115 (27), 113 (47), 103 (29), 101 (80), 91
(41), 88 (28), 79 (30), 77 (59), 75 (32), 65 (42), 51 (30), 40 (100),
39 (36). Isomer-2 (14.4% on G@ = 9.86 min) 237, 239 ([M-
C1]%, 0.5, 0.5), 223, 225 (0.4, 0.4), 201, 203 (1.5, 0.6), 189, 191,
193 (4, 2, 0.3), 165, 167 (2, 1), 161, 163, 165 (2, 1.4, 2), 153, 155
(11, 4), 149, I51 (3, 2), 136, 138, 140 (32, 21, 4), 129 (6), 127
(10), 125 (14), 117 (26), 115 (14), 113 (11), 103 (36), 101 (100),
91 (32), 88 (15), 79 (19), 77 (32), 75 (18), 65 (24), 51 (16), 41
(13), 39 (19). Isomer-3 (25.8% on G€,= 10.01 min) 237, 239
(IM-C1]™, 0.4, 0.3), 223, 225, 227 (0.4, 0.4, 0.1), 201, 203 (1, 0.8),
189, 191, 193 (2.6, 1.3, 0.3), 165, 167 (2, 1), 161, 163, 165 (3, 2,
2), 153, 155 (10, 3), 149, 151 (3, 2), 136, 138, 140 (23, 15, 3), 129
(5), 127 (10), 125 (14), 117 (26), 115 (13), 113 (10), 103 (36), 101
(100), 91 (30), 88 (14), 79 (16), 77 (28), 75 (17), 65 (21), 51 (12),
41 (8), 39 (14). Isomer-4 (34.8% on GR,= 10.28 min) 237, 239
(IM—CI]*, 0.4, 0.4), 223 (0.2), 201, 203, 205 (1.8, 1.2, 0.3), 189,
191, 193 (33, 22, 3), 165, 167 (4, 1), 161, 163, 165 (6, 4, 4), 153,
155 (43, 14), 149, 151 (5, 3), 136, 138, 140 (8, 6, 2), 129 (12), 127
(27), 125 (45), 117 (100), 115 (33), 113 (28), 103 (27), 101 (55),
91 (83), 88 (15), 87 (16), 79 (44), 77 (63), 75 (41), 65 (37), 51
(27), 41 (20), 39 (27). Isomer-5 (24.1% on Gig,= 10.54 min)
237, 239 ([M-C1f, 0.4, 0.2), 223, 225 (0.2, 0.3), 201, 203 (0.9,
0.6), 189, 191, 193 (26, 16, 3), 165, 167 (3, 1), 161, 163, 165 (6,
4, 3), 153, 155 (52, 16), 149, 151 (3, 3), 136, 138, 140 (14, 10, 3),
129 (11), 127 (33), 125 (42), 117 (100), 115 (33), 113 (24), 103
(27), 101 (58), 91 (94), 89 (12), 88 (12), 87 (13), 85 (11), 83 (16),
79 (50), 77 (58), 75 (43), 65 (35), 51 (25), 41 (19), 39 (27).* The

sequence numbers of the isomers are according to their retention

times (GC conditions:T; = 250 °C; T, = 120°C (1 min)— 20
°C/min — 240°C; Tq = 280°C).

Dichloromethylspiro[2.5]octane (3 isomers in a ratio of 4.8:
1:1.2). (PGC Separation on column GH NMR (360 MHz) 6
6.08 (d,J = 9.6 Hz, rel. content: 69%), 5.72 (d,= 4.2 Hz, rel.
content: 14%), 5.67 (d) = 4.7 Hz, rel. content: 17%), 0.15
0.52 (m), 0.65-2.18 (m).13C NMR (90.6 MHz)o the major isomer
76.1 (d), 52.9 (d), 31.5 (1), 28.0 (1), 24.9 (1), 20.6 (1), 14.5 (1), 11.6
(t), one quaternary carbon signal is missing. MS (70 BY¥§ (%)
Isomer-1 (16.8% on GGr = 8.97 min) 192, 194, 196 (M, 5.4,
3.5, 0.53), 164, 166 (2, 1), 157, 159 (5, 2), 143, 145 (1.3, 0.4),
129, 131 (10, 2), 127,129 (11, 10), 122 (11), 121 (20), 109 (100),
107 (13), 93 (16), 91 (23), 88 (12), 81 (37), 79 (36), 77 (17), 67
(69), 65 (11), 55 (17), 53 (19), 51 (11), 41 (27), 39 (29); Isomer-2
and—3 (83.2 on GCtr = 9.06 min) 192, 194, 196 (M, 1.2, 0.7,
0.1), 164, 166, 168 (0.8, 0.4, 0.1), 163, 165, 167 (0.9, 0.7, 0.2),
157, 159 (5, 2), 143, 145 (1.7, 0.4), 130, 132 (5, 2), 129, 131 (10,
4yt, 121 (14), 109 (100), 93 (12), 91 (10), 88 (5), 81 (36), 79 (20),
77 (12), 67 (42), 65 (7), 55 (9), 54 (6), 53 (7), 51 (6), 41 (9), 39
(9). (GC conditions:T; = 250°C; T, = 70 °C (1 min)— 20 °C/
min — 210°C; Tq = 280°C).
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Dichloromethylcyclohexane®® (PGC separation on column E).
H NMR (360 MHz) 6 5.66 (d,J = 3.9 Hz, HCC}), 1.87-1.99
(m, 3H), 1.78-1.87 (m, 2H), 1.651.73 (m, 2H), 1.181.31 (m,
4H). 3C NMR (90.6 MHz)6 78.8 (d,J = 177 Hz), 48.4 (dJ =
125 Hz), 28.3 (tJ = 128 Hz), 25.9 (tJ = 128 Hz), 25.5 (tJ =
127 Hz). IR (film) v 2985, 2935, 2860, 1740, 1555, 1450, 1390,
1365, 1296, 1250, 1215, 1160, 1130, 1102, 1060, 1020, 960, 920,
877,852, 788, 740, 713, 677, 643, 601 ¢MS (70 eV)m/e (%)
166, 168 (M, 0.6, 0.4), 84 (7), 83 (100), 82 (13), 55 (33), 41 (11),
39 (7).
General Procedure for the Cyclopropanation of Alkenes in
the Presence of the CkBr,/Zn/CuCl System Using Ultrasound33®
'A 250 mL three-necked flask equipped with reflux condenser,
dropping funnel, and mechanical stirrer was charged with 39 mmol
of zinc dust, which was activated as follows: To a hot, rapidly
stirred solution of 2.0 g of cupric acetate monohydrate in 50 mL
of glacial acetic acid was added 35 g of zinc dust. After about
0.5—1 min, all of the copper had deposited on the zinc. The couple
was allowed to settle for 0-51 min. The dark reddish-gray couple
was then washed with one 50 mL portion of acetic acid, followed
by three 100 mL portions of ether. The moist zinc/copper couple
was ready for use. Four mmol of CuCl powder and 20 mmol of
CH,Br; in 25 mL of dry ether (distilled over Na) were added to
the flask. The reaction mixture was ultrasonicated together with a
mechanical stirrer for 30 min. In general, the reaction mixture turned
to dark red-gray. 10 mmol of alkene in 20 mL of ether were added
dropwise within 30 min, and depending on the completion of the
reaction, the reaction mixture was ultrasonicated for an additional
2—3 h. Gas chromatography was used to monitor the reaction
progress until the starting material had disappearedi(B). The
reaction mixture was diluted with 100 mL of dry ether, and filtered
through a layer of Celite. The Celite was rinsed with 100 mL of
ether and the combined filtrate was washed with saturategCINH
solution and brine, and dried over MgaQ\fter removal of the
drying reagent, the ether was evaporated and the resulting residue
distilled (760 mmHg). Yield of the products: 5@5%.
synTricyclo[5.1.0.0>%octane (15b)** (PGC separation on
column E).*H NMR (360 MHz) 6 2.37-2.49 (m, 2H), 0.79-0.91
(m, 4H), 0.670.76 (m, 2H), 0.64 (dt, 2H] = 4.6, 8.3 Hz),—0.19
[dt, 2H,J = —4.6, 4.6 Hz).:3C NMR (90.6 MHz)¢6 24.6 (t,J =
126 Hz), 15.5 (tJ = 158 Hz,), 9.9 (dJ = 162 Hz).
1-Methylbicyclo[4.1.0]heptane (17f7 17 was synthesized from
9.6 g (10 mmol) 1-methylcyclohexene according to the general
procedure. 7.7 g was obtained. Yield: 70%€ NMR (90.6 MHz)
0 15.3 (q), 30.8 (t), 21.6 (t), 21.9 (1), 24.3 (1), 18.4 (d), 17.9 (1),
27.9 (q)
5-endaDichloromethyl-1-methylbicyclo[4.1.0]heptane (18)
0.55 g (5 mmol) ofl7 was ultrasonicated f&3 h according to the
general procedure. 0.83 g was obtained. Column D was used to
separate the isomers. Yield: 87%1 NMR (360 MHz) 6 5.49
(1H, d,J = 8.1 Hz), 2.53-2.45 (1H, m), 1.851.73 (2H, m), 1.69-
1.63 (2H, m), 1.5%+1.41 (2H, m), 1.09 (3H, s), 0.99 (1H, dt,=
5.3, 8.8 Hz), 0.37 (1H, dd] = 4.7, 8.9 Hz), 0.29 (1H, ) = 5.2
Hz). 13C NMR (90.6 MHz)d 78.7, 45.2, 27.6, 23.3, 21.8, 21.7,
18.5, 15.3. IR (film)» 3060, 2994, 2936, 2861, 1452, 1380, 1312,
1213, 1029, 953, 775, 745, 684 ctiMS (70 eV)m/e (%) 194,
192 (M*, 1.1, 1.7), 157 (4.1), 156 (2.6), 145, 143 (5.8, 17.9), 129,
127 (2.9, 2.3), 122 (2.6), 121 (14.5), 115 (5.3), 110 (8.7), 109 (100),
107 (7.9), 105 (6.5), 101 (3.9), 95 (6.7), 94 (3.4), 93 (14.1), 92
(2.6), 91 (15.6), 90 (11.3), 89 (5.9), 88 (32.9), 85 (3.3), 85 (5.0),
81 (35.3), 80 (4.0), 79 (26.0), 77 (19.8), 75 (7.4), 69 (7.33), 68
(13.5), 67 (68.6), 65 (12.0), 55 (21.6), 53 (14.7). HRMS. Found:
192.0477. Calcd. 192.0473 forgkd;,2°Cl,.
2-exo-Dichloromethyl-1-methylbicyclo[4.1.0]heptane (19)H
NMR (360 MHz) 6 6.09 (1H, d,J = 3.6 Hz); 2.31 (1H, dtJ =

(86) Bellesia, F.; Grandi, R.; Pagnoni, U. M.; Pinetti, A.Chem. Res.
(S) 1983 16.
(87) LeGoff, E.J. Org. Chem1964 29, 2084.
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3.9, 8.8 Hz), 1.14 (3H, s), 0.85 (1H, m), 0.56 (1HJt 5.4 Hz),
0.48 (1H, ddJ = 5.1, 9.0 Hz)*3C NMR (90.6 MHz)0 76.9, 50.3,
26.7, 24.2, 16.9. All others signals overlapped with thosd &f
MS (70 eV)m/e (%) 194, 192 (M, 0.81, 1.43), 159, 157 (1.2,
4.0), 145, 143 (1.2, 3.8), 122 (2.4), 121 (4.6), 115 (4.0), 110 (8.8),
109 (100), 105 (7.4), 103 (3.5), 102 (3.3), 101 (4.3), 95 (7.6), 93
(15.8), 91 (17.5), 88 (37.0), 85 (3.7), 83 (5.4), 82 (5.7), 81 (39.8),
79 (29.3), 77 (22.3), 75 (8.3), 68 (15.0), 67 (77.3), 65 (13.5), 55
(24.3), 53 (16.6).
1-Methylcyclopentene It was prepared from 21.0 g of 1-me-
thylcyclopentan-1-ol. 14.4 g was obtained. Yield: 95%.NMR
(360 MHz) ¢ 5.3 (dd, 1H,J = 1.6, 3.5 Hz), 2.36:2.19 (m, 4H),
1.88-1.83 (m, 2H), 1.72 (s, 3H}:*C NMR (90.6 MHz)6 140.4
(s), 124.2 (d), 36.8 (t), 32.6 (), 23.2 (1), 16.5 (q).
1-Methylbicyclo[3.1.0]hexane (203287 1€ NMR (90.6 MHz)
0 33.80 (t), 27.9 (t), 24.1 (d), 23.9 (s), 21.6 (), 21.7 (1), 12.9 (1).
5-exo-Dichloromethyl-1-methylbicyclo[3.1.0]hexane (22)H
NMR (360 MHz)¢6 0.34 (t, 1H,J = —4.8, 8.4 Hz), 0.45 (ddd, 1H,
J=1.0,4.9, 7.8 Hz), 1.22 (s, 3H), 1.21.15 (m, 1H), 1.451.52
(m, 1H), 1.84-1.64 (m, 3H), 2.62 (m, 1H] = 5.2, 8.2 Hz), 5.71
(d, J = 5.2 Hz).13C NMR (90.6 MHz)d 77.8 (d), 53.4 (d), 32.4
(t), 27.2 (d), 26.2 (t), 25.2 (s), 29 (), 14.7 (t). MS (70 eMvie
(%) 180, 178 (M, 1.7, 2.7), 145, 143 (1.0, 2.3), 127 (1.1), 115
(1.1), 108 (1.2), 107 (14.5), 105 (1.6), 96 (7.5), 95 (100), 94 (1.4),
93 (7.1), 92 (1.5), 91 (9.9), 79 (8.6), 67 (7.8).
7,7-Dimethylbicyclo[4.1.0]heptane (23}¢° Cuprous thiocyanate
(1.22 g, 20 mmol) was placed in a flame-dried 50 mL two-necked
flask, and dry ether (5 mL) was added. Methyllithium (18 mL,
20 mmol) was added to the suspensior-@8 °C, and the mixture
was gradually warmed te-10 °C over 30 min. Then the mixture
was cooled to—20 °C, and a solution of 7,7-dibromonorcarane
(2.27 g, 5 mmol) in dry ether (5 mL) and hexamethylphosphoric
triamide (HMPT) (0.5 mL) was added to the mixture at the same
temperature. The reaction mixture was stirred for 1.5 h, and methyl
iodide (2 mL) was added at50 °C. After 10 min the reaction

mixture was quenched with saturated aqueous ammonium chloride

at —50 °C and the precipitate was filtered on a Celite bed. The
filtrate was extracted with ether and the organic layer was washed
with 5% aqueous ammonia. 0.42 g was obtained. Yield: 75.5%.
IH NMR (360 MHz) 6 1.87—-1.78 (2H, m), 1.46-1.34 (2H, m),
1.28-1.13 (4H, m), 0.97 (3H, s), 0.95 (3H, s), 0:5@.52 (2H,
m). 133C NMR (90.6 MHz)¢ 29.4, 22.2, 19.2, 19.0, 17.1, 15.4.

2-Dichloromethyl-7,7-dimethylbicyclo[4.1.0]heptane (24a, 24b)
Reaction of 7,7-dimethylnorcara28 with dichlorocarbene gener-
ated by ultrasonication. (Ultrasonic cleaner: Fisher, 100w/47 kHz,
3 d continuous)!H NMR (360 MHz)6 5.83 (d, 1H, H-CCl,, J =
4.7 Hz), 5.54 (dJ) = 10.0 Hz, 1H, H-CCl,), 2.55 (1H, m, 2-CH).
13C NMR (90.6 MHz)6 79.2, 78.2, 46.3, 43.3, 29.7, 28.8, 26.8,
25.4,23.6,23.4,22.4,22.2,21.8,19.4,18.8, 18.3, 18.3, 17.8, 17.3
15.8. IR (film) v 2994, 2939, 2864, 1451, 1449, 1375, 1224, 1220,
1111, 864, 788, 755, 733, 694 cta MS (70 eV)m/e (%) 206
(M+, 1), 135 (3), 124 (15), 123 (100), 95 (10), 93 (10), 91 (16), 81
(47), 79 (21), 67 (70). HRMS. Found: 206.0630. Calcd 206.0629
for C10H1635C|2.

1-Methoxycyclopentene®® 'H NMR (360 MHz) 6 4.41 (1H, s),
3.55 (3H, s), 2.28 (2H, m), 1.84 (2H, m), 1.7 (1H, MC NMR
(90.6 MHz)6 112.0 (s), 93.1 (d), 56.4 (q), 34.1 (t), 28.8 (1), 21.4
(t).

1-Methoxybicyclo[4.1.0]heptane (26%" 'H NMR (360 MHz)
0 3.23(s), 2.181.88 (3H, m), 1.471.37 (1H, m), 1.36-1.20 (1H,
m), 1.18-1.12 (1H, m), 0.81 (dddJ = 1.3, 5.2, 10.7 Hz), 0.22
(dd,J = 5.2, 6.2 Hz)13C NMR (90.6 MHz)d 60.9 (s), 50.2 (qJ
= 141 Hz), 27.0 (tJ = 125 Hz), 24.4 (tJ = 127 Hz), 21.8 (tJ
=128 Hz), 21.2 (tJ = 122 Hz), 18.6 (d,) = 160 Hz), 17.1 (tJ
= 157 Hz).

(88) Gogek, C. J.; Moir, R. Y.; McRae, J. A.; Purves, C.@&n. J.
Chem 1951, 29, 938.
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1-Ethoxybicyclo[4.1.0]heptane (273748 H NMR (360 MHz)
0 3.50 (1H, dgJ = 8.0, 7.1 Hz), 3.43 (1H, dg] = 7.0, 8.9 Hz),
1.12 (3H,tJ=7.5H2, 0.81 (1H, ddJ=5.1, 10.8 Hz), 0.22 (dd,
1H,J = 5.3, 6.1 Hz).13C NMR (90.6 MHz)¢9 61.2 (t,J = 137
Hz), 59.9 (s), 28.1 (t) = 127 Hz), 24.5 (tJ = 128 Hz), 21.9 (t,
J =127 Hz), 21.3 (tJ = 129 Hz), 18.7 (d,J = 160 Hz), 17.3 (t,
J =158 Hz), 15.7 (dJ = 127 Hz). MS (70 eV)/e (%) 140 (28),
125 (23), 112 (27), 97 (59), 86 (11), 83 (100), 55 (97).

1-(2-Dichloromethylethoxy)bicyclo[4.1.0]heptane (28a, 28b).
H NMR (360 MHz)d 5.78 (d,J = 3.2 Hz), 5.71 (dJ = 3.2 Hz),
4.06-3.98 (2H, m), 2.18-2.07 (2H, m), 2.041.94 (4H, m), 1.55
1.42 (2H, m), 1.40 (dJ = 14.5 Hz), 1.33 (3H, dJ = 10.4 Hz),
1.28-1.19 (6H, m), 1.151.03 (2H, m), 0.97 (2H, ddd), 0.31 (2H,
dd, J = 5.5, 11.7 Hz).)3C NMR (90.6 MHz)¢6 76.9, 76.7 (d),
75.4,75.2 (d), 61.4, 61.3 (s), 29.5 (1), 24.2 (1), 31.3 (1), 19.1,18.9
(d), 17.4, 17.3 (1), 16.2, 15.6 (q). IR (film) 3072, 2991, 2933,
2858, 1450, 1378, 1259, 1196, 1103, 1087, 1020, 966, 940, 883,
768, 706 cm'. MS (70 eV)m/e (%) major isomer: 222 (0.9), 187
(16), 151 (0.3), 112 (29), 97 (38), 95 (47), 83 (51), 55 (100). Minor
isomer: 222 (1.5), 187 (19), 151 (0.4), 112 (30), 97 (38), 95 (47),
83 (51), 55 (100). HRMS. Found: 222.0574, Calcd. 222.0578 for
CioH16%Cly.

2-endoMethoxybicyclo[3.1.0]hexane (29)*H NMR (360 MHz)
04.09 (1H, dtJ=4.5, 7.7 Hz), 3.36 (3H, s), 1.88L.81 (1H, m),
1.76-1.70 (2H, m), 1.56-1.45 (1H, m), 1.33-1.24 (1H, m), 1.11
(1H, tt,J = 9.7, 12.1 Hz), 0.54 (1H, “g"J = 4.1 Hz), 0.37 (1H,
dt, J = 5.1, 7.8 Hz).13C NMR (90.6 MHz)¢ 83.3 (d,J = 139
Hz), 57.0 (9, = 140 Hz), 25.7 (tJ = 128 Hz), 25.1 (tJ = 129
Hz), 19.3 (d,J = 166 Hz), 16.3 (dJ = 168 Hz), 4.1 (tJ = 162
Hz).

2-endeMethoxy-2-exo-dichloromethylbicyclo[3.1.0]hexane (3Q)
To a 50 mL two-necked flask, equipped with argon inlet and
refluxing condenser, were added freshly ground NaOH powder (5
g) and 15 mL of chloroform. It was followed with 515 mg (4.6
mmol) of 2endemethoxybicyclo[3.1.0]hexane29) in 5 mL of
chloroform, and 5 mg of TEBA. Then it was ultrasonicated for 5
h. Analytical GC monitored the progress of the reaction. After 5 h,
it was filtered with the aid of Celite and evaporated to no solvent.
The mixture was dissolved in the least amount of pentane necessary,
and passed through a short column of silica gel to get rid of poly-
chlorides. The filtrate was evaporated, 838 mg of a light yellowish
oil was obtained. Yield: 94%. The analytical sample was obtained
through preparative GC (column HH NMR (360 MHz) 6 5.93
(1H, s), 3.43 (3H, s), 2.11 (1H, dd,= 9.3, 14.3 Hz), 1.98 (1H,
dq,J=4.4,11.2 Hz), 1.80 (1H, dd, = 8.7, 12.7 Hz), 1.551.40
(3H, m), 0.71 (1H, dtJ) = 5.4, 7.9 Hz), 0.56 (1H, q] = 4.2 Hz).
13C NMR (90.6 MHz)6 90.9 (s), 76.6 (dJ = 173 Hz), 53.2 (q,)
= 142 Hz), 30.7 (tJ = 133 Hz), 26.7 (tJ = 131 Hz), 21.3 (dJ
= 169 Hz), 18.8 (dJ = 169 Hz), 7.35 (tJ = 161 Hz). IR (film)

'v 3074, 3036, 2942, 2831, 1458, 1340, 1221, 1118, 1030, 819 cm

MS (70 eV)m/e (%) 155 (2.2), 153 (3.5), 112 (7.7), 111 (100), 91
(10.3), 85 (2.4), 83 (3.6), 79 (57.8), 75 (3.7), 67 (2.9), 65 (5.4), 57
(2.8), 55 (6.9), 51 (5.9). HRMS. Found: 159.0575. Calcd 159.0577
for C8H12035C|.

2-endoMethoxybicyclo[4.1.0]heptane (31¥° 'H NMR (360
MHz) ¢ 3.75 (1H, “q"), 3.35 (3H, s), 1.8%1.75 (1H, m), 1.66
1.50 (1H, m), 1.56-1.40 (1H, m), 1.46-1.30 (1H, m), 1.26-1.05
(4H, m), 0.51 (1H, dt 0.28 (1H, “g”). 13C NMR (90.6 MHz)¢
75.4,55.2, 27.1, 23.4, 19.8, 13.7, 12.2, 7.0.

2-endeMethoxy-2-exo-dichloromethylbicyclo[4.1.0Jheptane (32)
To a 50 mL two-necked flask, equipped with argon inlet and
refluxing condenser, were added freshly ground NaOH powder (5
g) and 15 mL of chloroform. It was followed with 550 mg (4.6
mmol) of 2-endemethoxybicyclo[4.1.0]heptane]) in 5 mL of
chloroform, and 5 mg of TEBA. Then it was ultrasonicated for 5
h. Analytical GC monitored the progress of the reaction. After 5 h,
it was filtered with the aid of Celite and evaporated to no solvent.
The mixture was dissolved in the least amount of pentane necessary,
and passed through a short column of silica gel to get rid of
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polychlorides. The filtrate was evaporated, 879 mg of light 14.2 (q,J = 124 Hz), 12.2 (dJ = 157 Hz), 10.2 (tJ = 160 Hz).
yellowish oil was obtained. Yield: 96%. The analytical sample was IR (film) v 3347, 3064, 2954, 1446, 1412, 1260, 1094, 1020, 803
obtained through preparative GC (column!Hl. NMR (360 MHZz) cm~1. MS (70 eV)m/e (%) 114 (M, 0.4), 96 (M™-H,0, 10.5), 95

0 5.97 (1H, s), 3.36 (3H, s), 1.86L.83 (m, 1H), 1.72-1.58 (3H, (3.0), 82 (7.0), 81 (100), 79 (9.8), 69 (10.3), 68 (32.7), 67 (34.2),
m), 1.40 (1H, m), 1.2#1.18 (2H, m), 0.92 (1H, td) = 5.5, 8.9 57 (18.3), 56 (13.2), 55 (76.9), 54 (20.3), 53 (13.3), 41 (47.2).
Hz), 0.71 (1H, tdJ = 8.9, 4.9 Hz), 0.51 (1H, gq] = 5.4 Hz).13C cis-1-(2-Tosylateethyl)-2-ethylcyclopropaneTo a solution of
NMR (90.6 MHz)0 78.5 (s), 77.8 (dJ = 168 Hz), 49.8 (q), 28.4 2.02 g ofcis-1-(2-hydroxyethyl)-2-ethylcyclopropane (17.7 mmol)
(t, J =127 Hz), 22.8 (tJ = 125 Hz), 15.6 (dJ = 157 Hz), 14.4 in 100 mL of CHCE, 4.30 g of p-toluenesulfonyl chloride

(t, J = 128 Hz), 12.6 (dJ = 162 Hz), 6.0 (tJ = 155 Hz). IR (22.5 mmol) and 5 mL of pyridine (4.0 g, 50 mmol) were added,
(film) v 3073, 3005, 2941, 2856, 2826, 1468, 1449, 1433, 1386, at a temperature of-05 °C, and stirred under argon overnight. The
1221, 1158, 1111, 1093, 1078, 1057, 999, 953, 926, 904, 871, 836,progress of the reaction was monitored with TLC (solvent: hexanes:
784, 762, 735 cmt. MS (70 eV)m/e (%) 173 (0.37), 141 (2.1), chloroform 3:2). After the reaction was completed, the reaction
126 (9.2), 125 (100), 105 (8.9), 97 (4.9), 95 (7.3), 93 (39.5), 91 mixture was poured into a mixture of ice and HCI. Then it was
(17.0), 85 (3.4), 83 (5.0), 79 (12.0), 78 (22.2), 71 (6.0), 67 (15.5), extracted with CHG| washed two times with water, and dried over

65 (7.9), 57 (2.8), 55 (7.1), 53 (9.2). Anal. Calcd. fagHz4OCly:
C, 51.69, H, 6.75. Found: C, 51.40, H, 6.71.
Bicyclo[5.1.0]octane (38§32 The title compound was prepared

MgSO,. The drying agent was filtered off and the filtrate was
evaporated in vacuo using a Rotavapor. 4.39 g of the tosylats (
was obtained as a faint yellow oily liquid. Yield: 90%1 NMR

from cycloheptene by the general cyclopropanation procedure. (360 MHz) 6 7.79 (2H, d,J = 8.3 Hz), 7.33 (2H,J = 8.0 Hz),

Yield: 54%.13C NMR (90.6 MHz)¢ 32.7, 31.1, 29.8, 14.8, 16.4.
2-endoDichloromethylbicyclo[5.1.0]octane (39a)The general

4.08 (2H, t,J = 7.1 Hz), 2.43 (3H, s), 1.75 (1H, sextdt= 6.9
Hz), 1.51 (1H, septet] = 7.2 Hz), 0.93 (3H, tJ = 7.3 Hz) 0.69-

procedure for dichlorocarbene insertion reactions was used. The0.62 (2H, m), 0.55 (1H, dt) = 4.6, 7.6 Hz),—0.30 (1H, “q").13C

reaction was performed with 0.53 g 88. After workup, 599 mg
of yellowish oil were obtained. Yield: 65%. Ratio 82a39b =

NMR (90.6 MHz) 6 144.5, 133.3, 129.7, 127.8, 70.9, 28.0, 21.8,
21.5, 17.3, 14.1, 11.7, 10.3. IR (film) 3064, 2960, 1596, 1493,

71:29. Separation of the two isomers was accomplished with 1454, 1359, 1176, 815, 778 cha MS (70 eV)m/e (%) 155 (32.4),
preparative GC (column H). Purity: 96%1 NMR (360 MHz) 6 96 (54.7), 81 (100), 68 (36), 67 (47), 65 (39), 55 (49), 54 (88).
5.91 (1H, dJ = 3.3 Hz), 2.28-2.21 (1H, m), 2.021.95 (2H, m), cis-1,2-Diethylcyclopropane (41p':¢52a|n a 100 mL two-
1.82-1.74 (1H, m), 1.64 (2H, dq) = 15.0, 3.1 Hz), 1.561.48 necked round bottomed flask equipped with a condeciset-(2 -
(1H, m), 1.43-1.32 (1H, m), 1.2#1.13 (1H, m), 1.0+0.74 (4H, tosylateethyl)-2-ethylcyclopropane (0.2 g, 25 mmol) and lithium
m), 0.23 (1H, “q",J = 4.8 Hz).13C NMR (90.6 MHz)¢ 78.7, aluminum hydride (0.05 g, 1.3 mmol) were added in 10 mL of
53.4,31.7,31.2,30.8,29.1, 17.9, 15.7, 15.1. IR (filn3064, 2995, ether. Ultrasonicated f@ h the gray reaction mixture was poured
2925, 2853, 1285, 1219, 1027, 926, 840, 805, 736, 680'cMS slowly into an ice bath. The mixture was extracted with ether,
(70 eV)mve (%) 194, 192 (M, 0.5, 0.8) 159, 157 (2.5, 8.7), 130  washed with brine, and dried over Mg$@vernight. The drying
(15), 121 (10), 109 (28), 93 (13), 91(11), 90 (10), 88 (31), 81 (48), agent was then filtered off and the filtrate was distilled. The boiling
79 (31), 77 (18), 75 (11), 67 (100), 65 (13), 55 (23), 54 (15), 53 point of the product was 93.%C, yield: 0.056 g (76%}H NMR
(17), 51 (10). HRMS. Found: 192.0477. Calcd 192.0472 fghl (& (360 MHz) 6 1.38 (2H, septet), 1.22 (2H, septet), 0.98 (6H], &
Cl.. 7.2 Hz), 0.68-0.62 (2H, m), 0.56 (1H, dt)-0,33 (1H, q).'3C
2-exo-Dichloromethylbicyclo[5.1.0]octane (39b)Purity: 85%. NMR (90.6 MHz)¢ 21.8 (t,J = 128 Hz), 17.9 (dJ = 158 Hz),
I1H NMR (360 MHz) 6 5.92 (1H, d,J = 2.7 Hz), 2.40 (1H, m), 14.5 (q,J = 125 Hz), 10.5 (dJ = 160 Hz). MS (70 eV)/e (%)
0.95-0.83 (2H, m), 0.59 (1H, “gq”"J = 5.6 Hz), 0.41 (1H, “dt"J 98 (M*, 19.7), 69 (M-CH,CHj), 60.6), 56 (96.8), 55 (70.2), 42
= 8.9, 5.5 Hz), other signals are not identifiable&C NMR (90.6 (25), 41 (100).
MHz) 6 80.3, 49.2, 30.9, 29.1, 27.4, 25.6, 17.5, 15.6, 14.0. IR (film) cis-1-(2,2-Dichloro-1-methylethyl)-2-ethylcyclopropane (42a
v 3077, 2991, 2914, 2857, 1463, 1444, 1291, 1224, 1086, 1072, 42b). To a two-necked 50 mL round-bottomed flask, equipped with
1019, 780, 756, 732, 708 cth MS (70 eV)m/e (%) 159, 157 a condenser and connected to an argon outlet, were added ground
((M—CI]*, 1.8, 5.7), 130 (10), 109 (37), 88 (19), 79 (22), 77 (13), NaOH (3.0 g, 0.075mol), compourd (0.5 g, 0.0051mol), TEBA
67 (100), 65 (10), 55 (19), 53 (12). HRMS. Found: 192.0468. Calcd and 10 mL of CHCJ. The brown reaction mixture was ultrasoni-
192.0472 for GH14Cl>. cated for 6 h. The progress of the reaction was monitored by gas
cis-1-(2-Hydroxyethyl)-2-ethylcyclopropane8® To a three- chromatography. The solution was washed with ether and then
necked 250 mL flask equipped with a mechanical stirrer and a filtered with the aid of Celite. The filtrate was extracted with water
refluxing condenser were added under argon ether (20 mL), zinc and dried over MgS@ After removal of the drying agent the filtrate
powder (13 g, 0.2 mol, #zm) cuprous chloride powder (2.0 g, 0.002 was filtered again and evaporated in vacuo using a Rotavapor. The
mol), and dibromomethane (17.4 g, 0.1 mol). After ultrasonification product shows two isomers (ratio 3:2), 0.28 g, yield: 30%. The
and stirring for 0.5 h, the color of the mixture turned dark gray separation of the isomers was achieved on column F. Major
red. Alkene40 (5.0 g, 0.05mol) in ether (15 mL) was added isomer: 'H NMR (360 MHz) 6 5.92 (1H, d,J = 3.2 Hz), 1.68-
dropwise to the mixture over 0.5 h and continued to be ultrasoni- 1.61 (1H, m), 1.58-1.52 (1H, m), 1.24 (3H, dJ = 6.5 Hz), 1.01
cated and stirred for an additional 6 h. Gas chromatography was (4H, m), 0.84-0.78 (2H, m), 0.70 (1H, dt] = 4.5, 7.7 Hz) —0.11
used to monitor the progress of the reaction. The reaction mixture (1H, “q”", J = 5.5 Hz).13C NMR (90.6 MHz)¢6 79.5, 44.4, 21.9,
was filtered with the aid of Celite. The filtrate was washed with 20.2, 17.8, 14.3, 14.3, 10.0. IR (film) 3067, 2957, 2919, 2873,
saturated ammonium chloride solution, brine, and dried over MgSO 1455, 1379, 1314, 1263, 1217, 1111, 1090, 1065, 1024, 890, 815,
over night. The filtrate was evaporated carefully through a Vigreux 726 cnt®. MS (70 eV)m/e (%) 154 (0.3), 151 (0.5), 147 (0.9),
column and then distilled. A fractional distillation was done and 146 (0.6), 145 (3.1), 109 (17), 97 (60), 89 (15), 77 (12), 76 (14),
the fraction of boiling point of 169175°C was collected, 6.53 g, 75 (12), 69 (24), 68 (14), 67 (20), 66 (10), 55 (100), 53 (17). HRMS.
yield: 75%.'H NMR (360 MHz) 6 3.64 (2H, t,J = 7.5 Hz), 2.68 Found: 145.0784. Calcd 145.0784 fogHG°Cl. Minor isomer:
(1H, s, OH), 1.67 (sextet, 1H,= 6.4 Hz), 1.36 (2H, quintet] = IH NMR (360 MHz) ¢ 5.91 (1H, d,J = 2.7 Hz), 1.71 (3H, m),
6.4 Hz), 1.18 (1H, sextet] = 6.5 Hz), 0.68 (2H, ny, 0.58 (1H, 1.25 (3H, d,J = 9.0 Hz), 1.03 (3H, m), 0.850.77 (2H, m), 0.74
m¢), —0.28 (1H, q,J = 5.3 Hz).*3C NMR (90.6 MHz)6 63.2 (t), (1H, dt,J= 4.1, 10.3 Hz);~0.18 (1H, “q",J = 4.2 Hz).13C NMR
31.5 (t,J = 123 Hz), 21.9 (tJ = 123 Hz), 17.0 (d,) = 146 Hz), (90.6 MHz)6 78.6, 44.2, 22.3, 20.2, 18.8, 14.3, 14.1, 10.0. IR (film)
v 3062, 2961, 2931, 2861, 1590, 1455, 1379, 1219, 1153, 1038,
887, 846, 781, 755 cm. MS (70 eV)m/e (%) 147 (0.3), 146 (0.4),
145 (1.2), 144 (1.1), 109 (11), 104 (15), 98 (4.2), 97 (50.5), 89

(89) Vasil'ev, A. A.; Donskaya, N. A.; Cherkaev, G. V.; Yur'eva, N.
M. Zh. Org. Khim., Engl. Ed1991, 27, 373.
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(11), 76 (15), 69 (22), 68 (17), 67 (14), 55 (100), 53 (12). HRMS.
Found: 180.0475. Calcd 180.0473 fogHG4>Cls.
trans-1-(2-Hydroxyethyl)-2-ethylcyclopropane?® To a two-
necked flask were added 5.0 g oftrdqnshexen-1-ol 43), 20 g
(114 mmol) of dibromomethane, 13 g (0.198 mmol) of Zn powder,
and 2.4 g (24 mmol) of CuCl, and the mixture was ultrasonicated
for 4 h. After workup, 4.94 g were obtained. Yield: 86%. NMR
(360 MHz) 6 3.67 (2H, t,J = 6.5 Hz), 1.57 (1H, s), 1.45 (2H, m),
1.24 (2H, m), 0.93 (3H, tJ = 7.2 Hz), 0.43 (2H, m), 0.21 (2H, t,
J = 6.7 Hz).13C NMR (90.6 MHz)¢ 63.2 (t,J = 156 Hz), 37.2
(t, J= 126 Hz), 27.1 (tJ = 126 Hz), 20.3 (dJ = 156 Hz), 14.9
(d, 3 =150 Hz), 13.6 (qJ = 125 Hz), 11.1 (tJ = 162 Hz). IR
(film) v 3349, 3066, 2960, 2924, 1453, 1041, 1011, 940, 877*cm
MS (70 eV)m/e (%) 114 (M, 0.4), 99 (1.2), 96 (7.5), 81 (70), 69
(11), 68 (30), 67 (34), 57 (22), 56 (16), 55 (100), 54 (26), 53 (14).
HRMS. Found: 114.1046. Calcd. 114.1045 foHgO.
trans-1-(2-Toluenesulfonylethyl)-2-ethylcyclopropaneTo the
solution of 1.14 g (10 mmol) oftrans1-(2-hydroxyethyl)-2-
ethylcyclopropane in 25 mL of chloroform were added 1.71 g (9
mmol) of p-toluenesulfonyl chloride and 1 mL (0.94 g, 12 mmol)
of pyridine at -5 °C and stirred under argon overnight. The
progress of the reaction mixture was monitored by TLC (hexane:
chloroform 3:2). After the reaction was complete, the reaction was
poured into a mixture of ice and conc. hydrochloric acid. Then the
reaction mixture was extracted with chloroform, and the organic
layers were washed two times with water, and dried over MgSO
After removal of the drying agent, the filtrate was evaporated in

Brinker et al.

144 (0.3, 0.9), 130 (0.2), 97 (38), 76 (14), 55 (100). HRMS.
Found: 180.0477. Calcd 180.0473 fogHG;4°Cl,. Minor isomer,
purity 97%: *H NMR (360 MHz) 6 5.89 (1H, d,J = 2.9 Hz),
1.39-1.29 (2H, m), 1.23-1.09 (1H, m), 1.19 (3H, d] = 6.6 Hz),
0.96 (3H, t,J = 7.3 Hz), 0.65-0.50 (2H, m), 0.36:0.26 (2H, m).
13C NMR (90.6 MHz) ¢ 78.8, 49.2, 26.8, 22.1, 20.6, 13.8, 13.6,
10.8. IR (film) v 3062, 2961, 2911, 2871, 1455, 1374, 1314, 1219,
1022, 882, 841, 801, 736, 696 ct MS (70 eV)m/e (%) 146,
144 (IM—HCI]*, 0.3, 0.6), 104 (12), 97 (319, 76 (14), 69 (18), 55
(100). HRMS. Found: 180.0470. Calcd 180.0473 fgHG3Cl,.

An Improved Synthesis of cis-Bicyclo[4.2.0]octane (52)(1)
cis-1,2-Dihydroxymethylcyclohexant9).5¢a cis-1,2-Cyclohexanedi-
carboxyclic acid anhydride4g; 9.2 g, 60 mmol) in THF (100 mL)
was added dropwise to a suspension of LiA{H g, 132 mmol) in
THF (60 mL) stirred under argon. Stirring was continued 0.5 h at
room temperature @3 h atreflux. The mixture was cooled to
room temperature. Wet ether (100 mL) and then Celite (10 g) were
added. Water was added dropwise slowly until hydrogen develop-
ment stopped. The mixture was filtered and the residue washed
with ether. After removal of the solvent, the concentrated oil
(7.9 g, 91%) was used directly for the next step without further
purification.'H NMR (360 MHz) 6 4.32 (s, 2H), 3.563.66 (m,
2H), 3.38-3.48 (m, 2H), 1.7#1.87 (m, 2H), 1.26-1.56 (m, 8H).
13C NMR (90.6 MHz)6 63.6 (t,J = 140 Hz), 39.7 (dJ = 125
Hz), 26.9 (t,J = 127 Hz), 23.8 (tJ = 128 Hz).

(2) cis-Cyclohexane-1,2-diyldimethyl ditosylab®)>62 The diol
(3.5 g, 24.2 mmol) in anhydrous pyridine (15 mL) was stirred in

vacuo using a Rotavapor. The tosylate was obtained as a faintan ice-water bath whilep-toluenesulfonyl chloride (11.5 g, 60

yellow oil. Yield: 2.25 g (84%)H NMR (360 MHz)6 7.78 (2H,
d,J=8.3 Hz), 7.32 (2H, dJ = 8.6 Hz), 4.05 (2H, tJ = 6.5 Hz),
2.43 (3H, s), 1.581.50 (2H, m), 1.26-:1.10 (2H, m), 0.87 (3H, t,
J = 7.3 Hz), 0.43-0.35 (2H, m), 0.19-0.11 (2H, m).}3C NMR
(90.6 MHz) 6 144.6 (s), 133.5 (s), 129.7 (d,= 160 Hz), 127.9
(d, J = 166 Hz), 70.6 (tJ = 149 Hz), 33.5 (tJ = 125 Hz), 26.8
(t, J= 123 Hz), 21.6 (qJ) = 127 Hz), 21.4 (d) = 158 Hz), 14.4
(d, J = 160 Hz), 11.2 (tJ = 160 Hz). IR (film) » 3063, 2959,

mmol) in pyridine (25 mL) was added dropwise. Stirring was
continued at room temperature for 1 h, and then the mixture was
allowed to stand overnight. The mixture was poured onto crushed
ice to afford a solid which was filtered off and recrystallized from
methanol (6.8 g, 63%), mp 78 79 °C. 'H NMR (360 MHz) d
7.73 (d, 4H,J = 8.1 Hz), 7.33 (d, 4H,) = 8.1 Hz), 3.87 (d, 4H,
J=6.8Hz), 2.43 (s, 6H), 1.962.10 (m, 2H), 1.251.45 (m, 8H).

13C NMR (90.6 M Hz)6 144.8, 132.6, 129.8 (d] = 162 Hz),

2926, 2871, 1598, 1495, 1461, 1360, 1306, 1291, 1188, 1177, 1097,127.7 (d,J = 168 Hz), 70.2 (t) = 147 Hz), 36.4 (dJ = 126 Hz),

1020, 965, 942, 908, 815, 765, 735, 664 ¢nMS (70 eV)m/e

(%) 173 (IM—C7H1J*, 7), 155 (31), 97 (5), 96 (68), 91 (70), 81

(100), 68 (43), 65 (30), 55 (54), 54 (75).
trans-1,2-Diethylcyclopropane (44p10:¢522To a two-necked

25.6 (t,J = 128 Hz), 22.7 (tJ = 129 Hz), 21.5 (qJ = 127.3 Hz).
(3) cis-1,2-Diiodomethylcyclohexanb1j.562 A mixture of the
ditosylate50 (6.6 g, 14.6 mmol), powdered potassium iodide (24
g, 146 mmol), acetonitrile (40 mL), and polyethylene glycol 400

flask equipped with reflux condenser and an argon inlet were added (0.2 g) was immersed in the water bath of an ultrasonic cleaner

0.57 g (15 mmol) of LiAlH, and 15 mL of ether. Then the tosylate
(2.5 g, 5.6 mmol) in 5 mL of ether was added dropwise. The
reaction was kept stirring at room temperature for an additional 1

(33 kHz, 120 W) and was ultrasonicated for 1 h. Then the mixture
was stirred under reflux overnight. Filtration to remove the inorganic
substance afforded a colorless oil (4.8 g, yield: 90.44)NMR

h. TLC was used to monitor the reaction (hexane:acetone 5:1) until (360 MHz) ¢ 3.05-3.18 (m, 4H), 2.06-2.10 (m, 2H), 1.5%+1.67
the disappearance of the starting material. The reaction mixture (m, 4H), 1.38-1.51 (m, 2H), 1.241.36 (m, 2H).13C NMR (90.6
was poured into crushed ice and then extracted with ether and driedMHz) 6 42.0 (d,J = 130 Hz), 29.1 (tJ = 128 Hz), 22.8 (tJ =

over MgSQ. After removal of the drying agent, the filtrate was
distilled through a Vigreux column (bp 9802 °C). Yield:
0.23 g (42%). The analytical sample and the sample for the

125 Hz), 8.33 (tJ = 150 Hz).
(4) cis-Bicyclo[4.2.0]octane5?2).5¢ A mixture of the diiodide
(2.9 g, 8 mmol) and lithium (0.6 g, 86 mmol) in THF (30 mL) was

dichlorocarbene insertion reaction were obtained by prep. GC ultrasonicated for 30 min. After filtration to remove the excess

(column 1).1H NMR (360 MHz) 6 1.27 (2H, septet) = 7.3 Hz),
1.12 (2H, septet = 7.3 Hz), 0.93 (6H, tJ = 7.3 Hz), 0.46-0.33
(2H, m), 0.14 (2H, tJ = 6.8 Hz).13C NMR (90.6 MHz)0 27.3 (t,
J =123 Hz), 20.5 (dJ = 159 Hz), 13.7 (g, = 124 Hz), 11.4 (4,
J =163 Hz).
trans-1-(2,2-Dichloro-1-methylethyl)-2-ethylcyclopropane (45a

lithium, the product was separated on column D by preparative

gas chromatography (0.82 g, 93%) NMR (360 MHz) 6 2.20—

2.40 (m, 2H), 1.781.93 (m, 2H), 1.651.78 (m, 2H), 1.551.65

(m, 2H), 1.43-1.55 (m, 2H), 1.33-1.55 (m, 2H), 1.26-1.33 (m,

2H). 13C NMR (90.6 MHz)6 33.2 (d), 28.1 (t), 24.6 (t), 22.9 (1).
cis-1-Dichloromethylbicyclo[4.2.0]octane (53)(PGC separation

45b). The general procedure for dichlorocarbene insertion reactions on column E)H NMR (360 MHz) 6 5.58 (s, 1H), 2.45 (m, 1H),

was used. The reaction was performed with 0.5 g (5.1 mmol) of

2.12-2.30 (m, 1H), 1.351.90 (m, 11H)23C NMR (90.6 MHz)5

44 (reaction time 5 h). The product shows two sterecisomers (ratio 82.3 (d,J = 177 Hz), 46.6 (s), 37.3 (d} = 134 Hz), 30.0 (tJ =

1.3:1), 0.27 g, yield 29%. The separation of the isomers was
achieved on column H. Major isomer, purity 86%: NMR (360
MHz) 6 5.88 (1H, d,J = 2.9 Hz), 1.43-1.33 (2H, m), 1.151.07
(1H, m), 1.22 (3H, dJ = 6.4 Hz), 0.95 (3H, tJ = 7.3 Hz), 0.54

0.48 (2H, m), 0.42:0.37 (1H, m), 0.350.30 (1H, m).:*.C NMR
(90.6 MHz)6 78.7, 49.3, 26.8, 22.1, 20.6, 13.9, 13.6, 11.4. IR (film)

138 Hz), 28.3 (tJ = 128 Hz,C2), 25.9 (t,J = 126 Hz), 22.2 (t,

J =128 Hz), 20.8 (t] = 126 Hz), 18.1 (1] = 137 Hz). IR (film)

v 2940, 2860, 1450, 1288, 1228, 1215, 965, 920, 882, 800, 770,
720 cnrl. MS (70 eV)ve (%) 192, 194 (M-, 0.5, 0.3), 164, 166,
168 (18, 12, 2), 157, 159 (7, 2), 129, 131 (84, 26), 121 (36), 109
(100), 93 (47), 91 (25), 81 (99.7], 79 (43), 77 (29), 67 (67), 65

v 3061, 1452, 1377, 1249, 1219, 1073, 1066, 914, 892, 816, 733 (19), 55 (15), 54 (11), 53 (19), 51 (13), 41 (30), 39 (26). Anal.

cm L MS (70 eV)n/e (%) 147, 145 (IM-CI]*, 0.2, 0.7), 146,
8450 J. Org. Chem.Vol. 72, No. 22, 2007

Calcd for GH1.Clo: C, 55.98; H, 7.31. Found: C, 55.74; H, 7.29.
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trans-Cyclohexane-1,2-dimethanol (55)° '"H NMR (360 MHz)
5 3.65-3.53 (4H, m), 2.95 (2H, s), 1.861.70 (2H, m), 1.66
1.60 (2H, m), 1.38-1.30 (2H, m), 1.28-1.18 (2H, m), 1.16-1.02
(2H, m).13C NMR (90.6 MHZz)d 67.8 (t,J = 140 Hz), 44.7 (d,)
= 140 Hz), 29.8 (tJ = 127 Hz), 26.1 (tJ = 121 Hz).

trans-1,2-Diiodomethylcyclohexane (56)" 'H NMR (360 MHz)
6 3.34-3.23 (4H, m), 1.86-1.72 (2H, m), 1.76-1.63 (2H, m),
1.41-1.30 (4H, m), 0.95-0.85 (2H, m).13C NMR (90.6 MHz)4
41.3 (d,J = 125 Hz), 32.7 (tJ = 126 Hz), 25.5 (tJ = 127 Hz),
15.5 (t,J = 149 Hz).

trans-Bicyclo[4.2.0]octane (576 'H NMR (360 MHz)6 1.82—
1.92 (1H, m), 1.64-1.74 (2H, m), 1.541.58 (2H, m), 1.46-1.48

(90) Haggis, G. A.; Owen, L. NChem. Commuril953 389.
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(2H, m), 1.18-1-31 (2H, m).13C NMR (90.6 MHz)d 45.5 (d,J =
131 Hz), 31.8 (tJ = 126 Hz), 29.4 (tJ = 134 Hz), 26.5 (t] =
125 Hz).
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