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Exploratory investigations into the effect of neighboring n electron donors on the reactivity of carbenoid

species were begun.

The neighboring oxygen atoms in the 7,7-dihalo-2-oxabicyclo- and -3-oxabicyclo[4.1.0] heptyl

ring systems were seen to direct halogen-metal interchange with methyl- and butyllithium to the more sterically

hindered (endo) halogen.

In addition, the neighboring oxygen stabilized the resulting a-halolithium compound
toward o elimination rendering it useful as a nucleophilic reagent.

This utility was investigated by reaction

with the electrophiles H, D, benzophenone, benzaldehyde, phenyl isocyanate, methy! iodide, mercuric chloride,

and carbon dioxide which afforded adducts 1¢-h, 2¢c-g, 3, 6¢c-f, and 7d in moderate to good yields.

The 3-oxa-

bicyclo[3.1.0]hexyl ring system was also investigated and found to yield the stable carbenoid 8b but in low yield.

a-Halo organometalliec compounds, particularly lith-
ium reagents, are receiving increased attention both as
proposed reactive intermediates in carbenoid reactions?
and as synthetically useful organometallic reagents.?
In brief summary, Miller and Whalen? and Closg?d
and Moss? obtained firm evidence implicating o-halo-
alkyllithium compounds, not free carbenes, as the inter-
mediates directly involved in cyclopropane formation
when aryldihalo- and -polyhalomethanes were treated
with alkyllithium reagents in the presence of olefins.
The findings of Hoeg, Lusk, and Crumbliss? essentially
reinforced the conclusions of the previous authors re-
garding cyclopropane formation.?s In addition, they
reported?® their discovery, made almost simultaneously
with Ko6brich,? that tetrahydrofuran solvent exhibited
a marked stabilizing effect on a-haloalkyllithium com-
pounds. Kobrich? has reported extensively on a vari-
ety of reactions of THF-stabilized lithium carbenoids.
The direct intermediacy of lithium carbenoids in an
intramolecular C-H insertion reaction has been indi-
cated by the results of Goldstein and Dolbier* who
showed that the formation of hexadeuterated 1,1-

(1) (a) Supported in part by Grant 970-G1 from the Petroleum Research
Fund administered by the American Chemical Society. (b) Part I: K. G,
Taylor and W. E. Hobbs, Tetrahedron Lett., 1221 (1968), a preliminary
account. (c¢) National Aeronautics and Space Administration Trainee, 1966—
1968.

(2) (a) G.L.Clossand R, A, Moss, J. Amer. Chem, Soc., 86, 4042 (1964).
(b) W. T. Miller and D. M, Whalen, tbid., 86, 2089 (1964), (¢) D.F. Hoeg,
D. I. Lusk, and A. L. Crumbliss, ¢bid., 8T, 4147 (1965). (d) G. L. Closs,
presented at the 20th National Organic Chemistry Symposium of the
American Chemical Society, Burlington, Vt., June 1967, Abstracts, p 57.
(e) Recent evidence indicates that free dichlorocarbene, however, is involved
in electrophilic reactions of trichloromethyllithium: G.Kébrich, H. Buttner,
and E. Wagner, Angew. Chem., Int. Ed. Engl., 9, 169 (1970), (f) M. J.
Goldstein and W. R. Dolbier, J. Amer. Chem. Soc., 8T, 2293 (1965).

(3) (a) G. Kéobrich, Angew, Chem., Int. Ed. Engl., 6, 41 (1967), a review;
(b) G. Kégbrich and H. Buttner, Tetrahedron, 25, 2223 (1969), a recent lead-
ing reference.

dimethyleyclopropanes from 1-halo-2,2-di(methyl-ds)-
propyllithium was accompanied by a halogen-dependent
(I, Br, Cl) deuterium isotope effect. Thus, the reac-
tions of a number of the ‘“carbenes’” produced by «
elimination are now attributable to organometallic com-
pounds, and the study of such compounds has revealed
that carbenoids can exhibit both nucleophilic and
electrophilic reactivity. In this paper we discuss some
exploratory work on the effect of oxygen as a neigh-
boring n electron donor on carbenoid reactivity and
report on a stereoselective synthesis of intramolecularly
stabilized lithium carbenoids and some of their nucleo-
philic reactions. Their thermal and electrophilic reac-
tions will be discussed at a later date.

The lithium carbenoids 1b, 2b, 6b, 7b, and 8b were
prepared by halogen-metal exchange between methyl-
or butyllithium and the appropriate gem-dihalocyelo-
propane.? The dihalocyclopropanes were, with one
exception, la, distillable and obtainable in high purity
from dihalocarbene additions to the corresponding ole-

R _Br Roa
0 0
la, R=Br 2a,R=Cl
b,R=Li b,R=Li
¢, R=H ¢R=H
d,R=D dR=D

e, R =(CH;),COH
f, R = C;H;NHCO

e, R =(G;H;),COH
f,R = C;H;NHCO

g)R—_‘-CHS g,R=Hg
h,R=Hg h, R = COOH
i, R = COOH

(4) W.R.Moore and H. R, Ward, J. Amer. Chem. Soc., 82, 6200 (1960).
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fin. Compound 1a could not survive distillation but
could be purified by column chromatography and low-
temperature crystallization.

The 2-Oxabicyclo[4.1.0 [heptyl System.—Some of the
chemistry of 1b was the subject of a preliminary com-
munication™ and can be summarized as follows. The
reaction of la with ethereal methyllithium at —80 or
—20° proceeded viz exchange of the endo bromine
giving 1b in high yield as evidenced by the formation
of 1¢ or 1d upon water or deuterium oxide quench,
respectively. The stereochemistry of lc and 1d was
deduced from features of their nmr spectra. For lc,
the C-7 H was a quartet at § 2.83 with two trans cou-
plings® (1.3 and 5.0 Hz) and the C-1 Hwas also a quartet,
at 6 3.78 with a cis (8.0 Hz) and a trans (1.3 Hz) cou-
pling. In the spectrum for 1d, with the C-7 H signal
gone, the C-1 H signal remained at § 3.78 (indicating
the same stereochemistry for Br) and was a sharp dou-
blet with J = 8.0 Hz (loss of trans coupling). At —80°,
Ic was formed in 959 yield (by vpe) and could be iso-
lated by distillation in 789, yield. At —20° the yield
of 1¢ was 60-709%, by vpe (5659, isolated). The above
results indicated the presence of 1b in the reaction mix-
ture as a stable entity, and facets of its nucleophilie
utility were studied. Reaction of 1b with benzo-
phenone, phenyl isocyanate, methyl iodide, and mer-
curic chloride gave le (75%,), 1f (379%,), 1g (~90%),
and 1h (109,), respectively, with.yields as indicated in
parentheses. The ir spectrum of le showed an intra-
molecularly hydrogen-bonded OH thereby confirming
the expected endo configuration for the diphenylear-
binol moiety. The reduced yield of 1c at —20° as op-
posed to —80° may reflect either thermal instability
of 1b or a decrease in the stereoselectivity of the ex-
change reaction with increasing temperature.

The chemistry of the chloro carbenoid 2b was similar
to that of 1b. It was prepared from the known® 2a by
exchange with ethereal butyllithium at —20°. Water
quench of 2b afforded the known®” monochloro deriva-
tive 2¢ in 709, vield, and a deuterium oxide quench gave
2d. Again, reaction of 2b with benzophenone, phenyl
isocyanate, and mercurie chloride gave the products 2e
(569%), 2f (699%,), and 2g (2%), respectively.

Carbonation of 2b gave an unexpected result in that a
neutral product, lactone 3, was isolated from the reac-
tion after work-up.

The structure and stereochemistry of 3 rests on the
following data and reasoning. Elemental analysis
indicated 3 to be isomeric with the anticipated acid 2h.
The ir spectrum of 3 had a strong band at 1780 cm~*
consistent with the presence of a v lactone (1770 em—?)
bearing an a-chloro group (+10 to 40 em~—1).5 The
nmr signals could be assigned as follows: C-9, doublet
(J = 4.0 cps), 1 H at § 5.79; C-3, doublet (J = 6.5 cps),
1 H at 4.78; C-7, multiplet, 2 H centered at 3.83. The
presence of a potential aldehyde function in 3 was indi-
cated by a positive test using acidic dinitrophenylhy-
drazine reagent. Further, a eis ring juncture was indi-

(5) W. G. Dauben and T. Wipke, J, Org. Chem., 82, 2076 (1967); K. B.
Wiberg and B. J. Nist, J. Amer. Chem. Soc., 85, 2788 (1963).

(6) W. E. Parham and E. E. Schweizer, tbid., 82, 4085 (1960).

(7) T. Ando, H. Yamanocks, and W. Funasaka, Tetrahedron Lett., 2587
(1967), reports nmr data which shows that the chlorine atom of 2¢ is exo.
This is a reversal of the endo assignment originally made (without nmr) by
Parham and Schweizer.?

(8) K. Nakanishi, “Infrared Absorption Spectroscopy,’ Holden-Day,
San Francisco, Calif., 1962, p 44.
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cated by the coupling constant (4.0 cps) of the C-9
proton located at that potential aldehyde site. An
axial orientation for the lactone oxygen would be pre-
dicted on the basis of the relative conformational ener-
gies of an oxygen function as opposed to a carbon func-
tion attached to & six-membered ring.? Such a pre-
diction found support in the ir spectrum of 3 which

showed bands at 1160 (strong) and 1130 em—! (weak).
Exactly this type of C-O stretch is seen in carbohydrate
derivatives bearing axial C-1 acetate groups.’® Inspec-
tion of a Dreiding model of 3 in the conformation shown
revealed that an exo hydrogen (endo chlorine) at posi-
tion 3 has an H-3-H-4 dihedral angle close to 30° which
would predict a coupling constant close to 6.5 Hz, the
experimental value. Conversely, an endo hydrogen
(exo chlorine) at that position should have a dihedral
angle of about 90° and, as a result, a coupling constant
close to 0 Hz.

The lactone 3 can be envisioned as arising via a rear-
rangement of the initial carbonation product, acid 2h,
as shown in Scheme I. Such a pathway might be con-

( PRomg
?t‘)/'“

0
OH

2h
Cl Cl
OH
=
g~ QLo —»
0t N\ITH 00

sidered structurally analogous to the well-known vinyl-
cyclopropane — cyclopentene and cyclopropanecar-
boxaldehyde — dihydrofuran thermal rearrangements. !
The initial carbonation product was indeed 2h. This
could be seen from the nmr and ir spectra (Experimental
Section) of the chloroform extract of the acidified car-
bonation reaction mixture. On evaporation of the
above extract, an oil was produced which slowly erystal-
lized with the evolution of considerable heat. The
crystals were 3.

Carbonation of the bromo carbenoid 1b also produced
an acidic oil which erystallized (mp 57-59°). The oil

Scueme 1

(9) E. Eliel, N, Allinger, 8. Angyal, and G. Morrison, “Conformational
Analysis,” Wiley, New York, N. Y., 1965, p 436.

(10) Reference 9, p 396.

(11) R. Breslow in “Molecular Rearrangements,” Vol. I, P. De Mayo, Ed.,
Wiley-Interscience, New York, N. Y., 1963, pp 236-239.
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had ir features similar to those of 2h, and the crystals
had ir and nmr features similar to 3. The crystals
readily liberated HBr at room temperature and decom-
position occurred while taking speetra. The crystals
had been assigned structure 1h in ref 1b prior to starting
work on 2b.

Interestingly, the anilide 2f also appeared to rear-
range under mild conditions. Thus, either warming a
CDCl; solution of 2f in the nmr probe or letting a chloro-
form solution of 2f containing a trace of acid stand at
room temperature resulted in the formation of a new
product which can be formulated as 4 (or its isomeric
iminolactone). Only spectral characterization is avail-
able for 4: ir 1703 em™! consistent with an «-chloro-
v-lactam;® nmr loss of the NH proton seen at & 8.24 in
2f; appearance of signals of § 5.9, 5.4, and 2.7 which
could be assigned to the C-9, C-3, and C-4 protons of 4,
respectively. All attempts to purify 4 by recrystal-
lization, column chromatography, or preparative tle
were unsuccessful. On one attempt to chromatograph
4 over silica gel a 159 yield of lactone 3 was obtained
as the only pure component.

A brief study of the exchange reaction of 2a with
butyllithium in tetrahydrofuran solvent was done to
allow a comparison with results in the 7,7-dichloronor-
carane system studied by Koébrich and Goyert.!? At
both —20 and —80°, 2a reacted with predominate ex-
change of its endo chlorine atom as evidenced by forma-
tion of both 2¢ and its isomer, 5,7 in a 1.6 to 1 ratio upon
water quench. In contrast, 7,7-dichloronorcarane re-
acts (at —115° in THF) with exo exchange predomi-
nating over endo exchange by a factor of 3 or 4 to 1.
The above experiment with 2a illustrates (1) the
influential role of the ring oxygen in the exchange reac-
tion, and (2) the marked stabilizing effect of THF on
lithium carbenoids (due, presumably, to strong solva-
tion of Li by the THF?%) and the stabilizing effect of the
ring oxygen on 2b. Thus, use of THF solvent stabilized
the C-7 epimer of 2b and allowed the isolation of 5.
When ether was the reaction solvent, the only mono-
chloro compound formed was 2¢ (709%) and no traces of
5 were seen, a fact which demonstrates the stabilized
condition of 2b. The stabilizing of 1b and 2b must be
due, then, to intramolecular solvation of the lithium by
the ring oxygen.

The 3-Oxabicyclo[4.1.0]heptyl System.—Inspection
of the 3-oxabicyelo[4.1.0]heptyl system indicated that
intramolecular solvation of the lithium atom should be
stronger than in the 2-oxabicyclo system. Thus, using
norcarane as a model, in the half-chair conformation A

gHH
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A

H
H H Hy

B C

the C-7 and C-3 hydrogens can approach each other to
within 2.1 A without undue strain. Inthe same confor-
mation th% C-7 and C-2 hydrogens can approach to
within 2.4 A. Further, in the boat (or twist boat) form
B, ttle (C-7-C-2 hydrogen distance can shorten to about
2.2 A, while in the boat form C, the C-7-C-3 hydrogen
distance can be as short as 1.9 A. The above would

(12) G. Kobrich and W. Goyert, Tetrahedron, 34, 4327 (1968).
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indicate that the oxygen n electrons in the 3-oxa system
have a more favorable bonding distance and geometry
for coordination with the C-7 lithium than would the
oxygen n electrons of the 2-oxa system. It was deemed
of interest, then, to determine what reactivity changes
in the carbenoid would, in fact, result from this rela-
tively minor structural change.

R _.Br R .0
0 0
6a, R=Br 7a,R=Cl
bR =Li b, R=Li
¢R=H ¢ R=H
d,R=D d R =COOH
e, R = CH;CHOH
f, R = COOH

The stoichiometry of the exchange reaction of dibro-
moecyclopropane 6a with methyllithium was seen to
change with change in reaction solvent. In ether sol-
vent (at —80°) 1 equiv of methyllithium was sufficient
to consume all of 6a. In pentane, however, use of 1
equiv of methyllithium?3 for as long as 1.5 hr left 30%,
of starting 6a unreacted. Use of 1.7 equiv of methyl-
lithium reduced the amount of unreacted 6a to about
109, and 2.0-2.5 equiv of methyllithium proved to be a
practical quantity which ensured complete reaction of
6a. On going from ether to pentane, the yield of the
monobromo 6¢ (obtained from a water quench of 6b)
increased from 609, by vpe (479 isolated) to 919 by
vpe. Inalike manner, the yield of carbonation product
6f increased from 54 to 65%,. Often, in practice, a8 3:2
pentane-ether mixture, which gave good solubility for
starting 6a, a high yield of 6b, and 1:1 stoichiometry
for the exchange reaction, was used. These yield in-
creases can logically be attributed to an increase in
stereoselectivity in the exchange reaction in pentane
solvent where the directing influence of the ring oxygen
of 6a would be more important. The change in stoichi-
ometry with change in solvent requires a longer explana-
tion. The following experiments were conducted to
shed some light on the nature of the required second
equivalent of methyllithium. The reaction of 6b in
ether—pentane (stoichiometry 1:1) with 1.equiv of benz-
aldehyde afforded the carbinol 6e as a mixture of di-
astereomers in 409 vield. In pentane (stoichiometry
2:1), successive treatment of 6a with 2.5 equiv of
methyllithium and 2 equiv of benzaldehyde gave ap-
proximately equal amounts of carbinol 6e and 1-phenyl-
ethanol. In addition, successive treatment of 6a
with 2.0 equiv of methyllithium, 1.0 equiv of water, and
1.0 equiv of benzaldehyde yielded (by vpe) about 509,
of the monobromo 6¢, about 33%, of 1-phenylethanol,
and only 0-29% of carbinol 6e. The above experiments
showed that the second mole of methyllithium required
for the exchange reaction in pentane was still reactive
toward the electrophile benzaldehyde and apparently
less reactive (less basic?) toward water than the car-
benoid 6b. The carbenoid 6b appears insoluble in pen-
tane at —80°, and most likely the second methyllithium
is coordinated with it as 6b precipitates from solution.

(13) Commercial methyllithium-lithium bromide 1.2 M in ether was used;
hence, small amounts of ether were always present,
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In ether wherein the carbenoid is soluble, the solvent
may play the solvating role that methyllithium does in
pentane.

Perhaps the most dramatie reactivity difference be-
tween 1b and 6b was seen in their reactivity toward
benzophenone. While 1b reacted smoothly at —80° to
give le in 639 yield, 6b failed to react with benzophe-
none under a wide variety of concentration, solvent,
and temperature conditions with side reactions, one of
which was hydrogen abstraction, consuming 6b.* The
reasons for this failure must be steric in origin since, as
mentioned above, 6b reacted readily with benzaldehyde
to yield 6e. The failure of 6b to react with benzophe-
none is striking when it is recalled that alkyllithium re-
agents have been seen to react ~10% times faster with
ketones than Grignard reagents,’ and also that ethereal
tert-butyllithium affords an 819, yield of tri-tert-butyl-
carbinol upon reaction with hexamethylacetone at
—65°.1% If the assumptions are made that the addition
step of 6b to benzophenone is irreversible and that the
lithium atom of 6b (and 1b) remains bonded to the ring
oxygen in the transition state,” then the following
might be suggested as an explanation for the reactivity
difference between 6b and 1b. TUsing Drieding models
to approximate the strueture of the addition produet, I,

CBI’IE\ CGH5

of 6b and benzophgnone, the geometry of the seven-
membered ring which incorporates the OLi-O link
forces phenyl A over the pyran ring to within about 1.7
A of H-5 (or phenyl B to within about 1.6 A of H-2 if the
7-ring is inverted) and causes phenyl B to almost eclipse
the bromine.® The six-membered OLi-O-containing
ring in II, conversely, allows the two phenyls and the
bromine to be staggered, and neither phenyl is forced
over the pyran ring. Thus, if the unfavorable steric
factors seen in I build up in the transition state leading
to it, the rate of addition of 6b may be retarded to the
point where other reactions?? of 6b compete successfully.

(14) In one of seven attempts, & 0.7% yield of a product, mp 91-93°, was
obtained whose faint nmr was not inconsistent with that expected for the
desired carbinol produect.

(15) 8. G. Smith, Tetrahedron Lett., 6075 (1966).

(16) P, D. Bartlett and E. B. Lefferts, J. Amer. Chem. Soc., TT, 2804
(1955).

(17) These assumptions appear intuitively valid but their importance to
the success of the reaction with benzophenone can only, at present, be sug-
gested, These suggestions, however, imply an additional significant role
for basic solvents in the usual organolithium reactions, besides that of as-
sistance in RLi aggregate dissociation,’® and charge-transfer support in a
one-electron process,1?

(18) T. L. Brown, Advan. Organometal. Chem., 8, 392 (1966).

(19) C. G. Screttas and J, F. Eastham, J. Amer. Chem. Soc., 88, 5668
(1966).

(20) An O-Li distance of 1.9 A and O-Li-O angles of 100 and 109° were
used.2t The basic geometry of the tricyclic systems of I and II is relatively
insensitive to these factors and the nonbonded interactions mentioned above
cannot be relieved without imparting angle strain to the framework of the
3-oxabicyclo[4.1.0]heptane system.

(21) P. J. Wheatley, Nature, 185, 681 (1960), reports for lithium meth-
oxide & four-coordinate lithium with Li-O distance of 1.95 and O-Li~O
angles of 131.7 and 101.7°.

(22) To be reported at a later date.
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The preparation and reactions of the chloro carbenoid
7b were only briefly investigated because the exchange
reaction of 7a with butyllithium proved quite complex
with butyl groups becoming incorporated into several
of the products formed. In fact, the monochloro de-
rivative 7¢, although identifiable by nmr, could not be
purified due to a butyl-containing impurity with a very
similar vpe retention time. Carbonation of 7b, how-
ever, gave the carboxylic acid 7d in 409 yield.

The 3-Oxabicyclo[3.1.0]hexyl System.—Again, the
chemistry of carbenoid 8b was studied only briefly due

R_ Cl

H,
H,

=8
8a,R =Cl
b,R=Li
¢ R=H
d, R = COOH

to the relative tediousness in obtaining the known 8a in
sufficient quantity and purity and due to the complex
nature of its reactions with butyllithium. A water
quench of a preparation of 8b in ether at —80°, how-
ever, did afford 8c, readily identified by its C-6 H nmr
signal at & 2.88 (triplet, Jirans = 2.5 Hz) but only in about
109, yield (starting material remained and butyl-con-
taining products were beginning to form). Carbona-
tion of a similar preparation of 8b yielded the carboxylic
acid 8d in 99 yield.

Nmr Spectra.—The nmr spectra of the 3-oxabicyclo
systems had some common features which bear further
comment on two aspects. IFirst, the nmr spectra of
8¢ and 8d were more consistent with a boat, rather than
chair, conformation for those compounds. Thus, one
hydrogen on C-2 was seen as a sharp doublet with Jgem
= —9.0 Hz and Ju = 0 Hz indicating a vicinal di-
hedral angle close to 90°. In a boat conformation the
H, hydrogen describes such an angle with Hj, and in
this conformation better staggering of the vicinal C-H’s
and cyclopropane C-C bonds occurs. In a chair con-
formation no 90° dihedral angle occurs and eclipsing
exists between H, and the vicinal (banana) bonds of the
cyclopropane ring, and between H; and Hy.  Boat con-
formations have been observed for the 3-oxa-6-aza-
bicyclo[3.1.0]hexane?® and 6-azabicyclo[3.1.0]hexane?
ring systems in the solid state. A similar analysis al-
lows the assignment of half-chair conformation III
rather than IV as the predominate one for the com-

R X
H B x
H,
0 H, '
H, H, H,
I v

pounds 6¢—f and 7¢,d. Thus H,is generally seen as a
sharp doublet, Ji; = 0 Hz and Jzs = —12 Hz, with Hs
somewhat upfield as a quartet, Ji; = 3 Hz. An Hi-H.

(23) L. M. Trefonas and T. Sato, J. Heterocycl. Chem., 8, 404 (1966).
(24) H. M. Zacharis and L. M, Trefonas, ibid., &, 343 (1968).
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dihedral angle approaching 80° can be accommodated in
chair III, but not in chair IV, without increase in non-
bonded interactions.

The second feature of the nmr spectra of the 3-oxabi-
eyclo systems that was somewhat unusual was the
chemical shift changes of Hy and Hj that occurred upon
changing the substitution on the eyclopropane ring.
As can be seen from Table I, when the substituents on

TaBLe I

Cuemrcat Surrrs (8) or Hy axp H IN THE
3-OxasicycLo{n.1.0] Rine SysTeEMs

Compd H» Hs As Hy-H,
9a 3.77 ~0
6a® ~3.98 <0.06
6¢e 4.08 3.77 0.31
7ab 4.08 ~0
7ce 4.09 3.78 0.31
10¢ 3.54 3.41 0.13
8ad-* ~4.17 ~0
8cd 4.08 3.79 0.28

¢ CCly solvent, internal TMS.
¢ Taken from ref 25, in CCL.
*In CCly, 8 4.08; ref 25.

® Neat, external TMS.
4 CDCl; solvent, internal TMS.

the cyclopropane methylene group were both halogen
(6a, 7a, 8a), the chemical shifts of Hy and H; were nearly
identical, with the signal appearing as a sharp narrowly
spaced doublet, or, as in the case of 9a, a narrow triplet
{(half-height width, 6 Hz). This held true, also, when
the substituents were both hydrogen. In the case of
3-oxabicyclo{4.1.0 Jheptane (9), the signal was a narrow
doublet, and for 3-oxabicyclo[3.1.0]hexane (10),% the
signal was reported as a narrow quartet. However,
when the substituents were not identical, as exemplified
by the monohalo compounds 6¢, 7c, and 8¢, H, always
appeared distinctly downfield from Hz.  In another way
of looking at the data of Table I, when the endo halogen
was replaced by hydrogen, it was H;, the hydrogen fur-
ther removed from the substituent change, which was
affected the most. An attempt was made to calculate
the Hy—Hj chemical-shift difference, by methods previ-
ously used with some success by others, to see if the
observed shifts could easily be accounted for.

Using the method of Tori and Kitahonoki,® the
shielding effect of the eyclopropane ring on Hy and H; of
9 and 10 was caleulated. For conformation IIT of 9 and
the boat form of 10, Hy-H, differences of 5 0.28 and 0.34,
respectively, were calculated with H; predicted to be
downfleld from H,. The effect of a neighboring ether
oxygen atom cannot be reliably calculated,? but it can
be predicted from data from numerous sources?® that Hj,
anti to a nonbonding electron pair of oxygen in the con-
formations chosen, should be shifted upfield relative to
H,. To fit the observed spectra, the compensating up-
field shifts needed to offset the calculated effect of the
cyclopropane ring are about 8 0.30 for H; of 9 and about

(25) T. 8hono, A. Oku, T. Morikawa, M, Kimura, and R. Oda, Bull.
Chem. Soc. Jap., 38, 940 (1965).

(26) K. Tori and K, Kitahonoki, J. Amer. Chem. Soc., 87, 386 (1965).

(27) L. M, Jackman and 8. Sternhell, ‘‘Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,” Pergamon Press, New
York, N, Y., 1969, pp 80-81.

(28) (a) C. Altona and E. Havinga, Tetrahedron, 22, 2275 (1966); (b)
C. B. Anderson and D. T. Sepp, tbid., 24, 1707 (1968); (¢) D.T. Sepp and
C. B. Anderson, ibid., 24, 6873 (1968); (d) F. W. Nader and E. L. Eliel, J.
Amer. Chem. Soc., 92, 3050 (1970), and references therein; (e} L. D. Hall,
Tetrahedron Lett., 1457 (1964).
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8 0.45 for H, of 10, values which are well within the usu-
ally observed range of § 0.20-0.5.%"% By way of con~
trast, for conformation IV of 9 and the chair form of 10,
H,—H; shift differences due to the eyelopropane ring of
8 1.31 and 1.07, respectively, are calculated. Here,
again, Hj is predicted to be downfield from Hs, and this
difference should be accentuated rather than cancelled
by the effect of the neighboring oxygen since H. is now
anti to a nonbonding electron pair. Thus, the observed
similarity in chemiecal shifts for Hs and H; of 9 and 10
can be readily rationalized on the basis of conformation
III for 9 and a boat for 10.

On the basis of the above, it would appear to follow
that the observed Hy—H, shift differences in 6¢, 7¢, and
8c should be attributable to the effect of the exo halogen.
Ziircher® has, with some success, calculated the chemi-
cal-shift changes of methyl groups in rigid, aliphatic
molecules. He found that, in the compounds studied,
changes induced by the neighboring chlorine could be
satisfactorily accounted for on the basis of electrical
effects alone. Caleulations by the method of Ziircher,
when applied to conformation III of 6c and the boat
form of 8¢, predicted that Hy and Hjg should be de-
shielded by the chlorine substituent to practically the
same extent (5 0.18-0.20) and consequently should differ
in chemical shift by only 8 0.02 in both compounds.
Assuming conformation IV for 6¢ and a chair for 8¢
yielded different predictions but no better a correlation.
A number of reasons could be cited for the above failure
of Ziircher’s method. Further comment, however,
should be reserved until further work, such as variable
temperature nmr studies, testing the flexibility of 6¢ and
8¢ is done.

Experimental Section

General.—All melting points were taken on s Thomas-Hoover
melting point apparatus and are uncorrected. Vpe analyses were
performed on an F & M Scientific Corp. instrument, Model 5750,
fitted with a flame ionization detector, or Model 700, fitted with
a thermal conductivity detector. The following columns were
used: A, 159 polytetramethylene ether glycol 3000 on Chro-
mosorb G-NAW; B, 109, Carbowax 20M on Chromosorb G-
NAW; C, 29, polytetramethylene ether glycol on Chromosorb
G-NAW; D, 109 silicone rubber UCW 98 on Chromosorb G-
NAW; E, 2% silicone rubber UCW 98 on Chromosorb G-NAW;
F, 29, silicone rubber UCW 98 on Diatoport 8; G, 5% ethylene
glycol adipate on Diatoport S; H, 209, SE 52 silicone on Chro-
mosorb G-NAW. When necessary, peak identification was done
by spiking with known compounds. Nmr spectra were obtained
with & Varian Associates A-60A spectrometer with tetramethyl-
silane as an internal standard and, unless otherwise specified,
deuteriochloroform was the solvent. Infrared spectra were de-
termined on a Perkin-Elmer Model 337 grating spectrophotom-
eter. Ultraviolet spectra were obtained with a Cary Model 14
spectrophotometer in 959 ethanol. Elemental ansalyses were
performed as direct analyses by Midwest Microlab, Inc., Indian-
apolis, Ind.

All the reactions which involved the use of potassium metal,
carbene addition, or the use of alkyllithium reagents were con-
ducted in an atmosphere of dry nitrogen. The methyllithium
and butyllithium reagents were titrated when required by the
method of Gilman and Haubein substituting ethylene dibromide
for benzyl chloride.®

7,7-Dibromo-2-oxabicyclo[4.1.0]heptane (la).—To 250 ml of
tert-butyl alcohol (distilled from sodium) was added 8.6 g (0.22
g-atom) of potassium. The mixture was heated until dissolu-
tion occurred. The excess tert-butyl alcohol was removed in

(29) R. F. Zurcher in ‘“Progress in Nueclear Magnetic Resonance Spectros-
copy,” Vol. 2, J. W, Emsley, J. Feeny, and L. H. Sutcliffe, Ed., Pergamon
Press, New York, N, Y., 1967, Chapter 5.

(30) H. Gilman and A, H, Haubein, J. dmer. Chem. Soc., 66, 1515 (1944),
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vacuo with mild heating, The remaining potassium zert-butoxide
was broken up and 25,22 g (0.3 mol) of 3,4-dihydro-2H-pyran in
90 ml of pentane was added. The resulting slurry was cooled to
—20° (ice-acetone) and 38.4 g (0.15 mol) of bromoform in 75 ml
of pentane was added dropwise over a period of 1 hr. The mix-
ture was stirred an additional hour at —20° and quenched with
water. The organiclayer was washed with two portions of water,
dried (MgS0.), and concentrated in vacuo. The residue was
evacuated to 0.8 mm and heated (50-60°) until vigorous boiling
occurred. The heating bath was removed and the compound
was allowed to cool under reduced pressure. The remaining
yellow oil was dissolved in pentane and passed over a column
(40.0 g) of neutral alumina. The first 150 ml of eluent was col-
lected and concentrated n vacuo. This yielded 28.8 g (75%,) of
a clear colorless oil: #%p 1.5514; nmr § 8.84 (d, J = 8.0 Hz, IT,),
8.57 (m, CH,0), 1.67 (m, 5 H).

It was subsequently found that this compound could be puri-
fled by low-temperature (—80°) recrystallization from pentane
in about & 40.0%, yield. The recrystallized material when stored
at —20° was a white crystalline solid and appeared to be stable
indefinitely at that temperature.

exo-7-Bromo-2-oxabicyclo(4.1.0]heptane (1c)—To a cooled
(—20°) solution of 10.0 g (38.4 mmol) of la in 150 ml of ether
was added methyllithium~lithium bromide (55.5 mmol) during a
period of 30 min. The solution was stirred for an additional 15
min and quenched by the slow addition of water. The organic
layer was washed with two portions of water, dried (MgS0,), and
concentrated in vacuo (the usual work-up). This yielded a yellow
oil. Distillation gave 3.97 g (55.5%) of 1c: bp 58-61.5° (0.32
mm); ir (neat) 3050 em—* (-CH, eyclopropane); nmr & 3.78 (q,
J = 1.3 and 8.0 Hz, I1,),.3.4 (mn, ~CH,0-), 2.83 (q, J = 1.3 and
5.0 Hz, Hy), 1.8 (m, 5 H); d¥, 1.55.

When the above procedure was repeated at —80° using 5.0 g
of 1a, the isolated yield was 77.8%:

The yield at —20° was determined by vpe (column A, 6 ft X
0.25 in.), using ethylene glycol as an internal standard, to be
62.0%. At —80° the yield was 05.09.

Anal, Caled for C;HyBrO: C, 40.70; H, 5.12; Br, 45.13;
0, 8.03. Found: C,40.99; H, 5.12; O, 9.28.

ez0-7-Bromo-endo-7-deuterio-2-oxabicyclo[4.1.0]heptane (1d).
—The above procedure was repeated and quenched by the slow
addition of deuterium oxide (99.8%). The major component
was collected from preparative vpe (column A, 6 ft X 0.25 in.):
ir (neat) 2270 cm~ (w) (C-D); the 3050 em™! (w) (CH, cyclo-
propane) absorption which was present in 1c was absent; nmr
83.78 (d, J = 8.0 Hz, Hy), 3.57 (m, ~CH,0~), 1.67 (m, 5 H).
ex0-7-Bromo-endo-7-(diphenylmethanol)-2-oxabicyclo[¢.1.0]-
heptane (1e¢).—To a cooled (—80°) solution of 4.0 g (15.64 mmuol)
of 1a in 60 ml of ether was added methyllithium-lithium bromide
(15.64 mmol) during a period of 15 min. A precipitate formed
after about 3 min and the slurry was stirred for an additional 7
min. After this period 2.84 g (15.64 mmol) of benzophenone dis-
solved in 20 ml of ether was added. The reaction mixture was
stirred 1 hr at —80° and quenched by addition of methanol., The
usual work-up yielded a clear colorless oil which crystallized on
standing.  Recrystallization from methanol yielded 4.20 g
(75.0%) of white prisms: mp 88-90.0°; ir (CCly) 3450 em™
(OH) which did not change upon dilution; nmr (CCly) 6 7.4
(m, phenyl H), 4.33 (s, ~-OH),4.05 (d, J = 7.0 Hz, H,), 3.58 (m,
CH,0), 1.64 {(m, 5 H).
Anal. Caled for C,HisBrOs: C, 63.51; H, 5.33; O, 8.90.
Found: C, 63.66; H, 5.45; O, 8.83.
exo0-7-Bromo-endo-7-(N-phenylcarboxamido )-2-oxabicyclo-
[4.1.0lheptane (1f).—To a cooled (—80°) solution of 4.0 g (15.64
mmol) of 1a in 60 m] of ether was added methyllithium~lithium
bromide (15.64 mmol) during a period of 15 min. The mixture
was stirred for an additional 10 min and 1.86 g (15.64 mmol) of
phenyl isocyanate in 20 ml of ether was added. The mixture
was stirred at —80° for 1 hr and quenched by addition of meth-~
anol. The reaction mixture was filtered to yield a white micro-
crystalline solid. The usual work-up yielded an additional
amount of white solid. Recrystallization of the combined solids
from methanol yielded 1.73 g (37.4%) of white needles: mp
112.5-118°; ir (CHCl;) 3400 and 3350 (broad) (-NH-), 1680
and 1600 ecm™ (amide I and II); nmr & 8.1 (broad, NH), 7.39

(m, phenyl), 4.05 (d, J = 7.5 Hz, H,), 3.64 (m, CH;0), 1.34 (m,-
5 H)

Anal. Caled for CxHuBrNOy: G, 52.70; H, 4.77; O, 10.80.
Found: C, 52.89; H, 4.73; O, 10.89.

Tayror, Hosgs, AND SAqQUuET

ex0-T-Bromo-2-oxabicyclo[4.1.0Theptyl-endo-7-carboxylic Acid
(1i),—To a cooled (~80°) solution of 4.14 g (16.2 mmol) of 1a in
60 ml of ether was added methyllithium~lithium bromide (16.8
mmol) during a period of 10 min, The solution wag stirred for
an additional 10 min and dry carbon dioxide was passed into the
stirred solution for a period of 1 hr. The reaction was quenched
by the addition of methanol. After it was washed with ether the
basic water layer was acidified with concentrated hydrochloric
acid and extracted with ether. The ether extracts of the acidic
layer were dried (MgSQ.) and concentrated in vacuo to yield an
oil [ir (neat) 3600-2300 (OH) and 1698 cm™! (C=0)] which
crystallized to a white solid. Recrystallization from cold ben-
zene-hexane yielded 3.14 g (87.5%,) of white crystals: mp 57.5~
59.5°; ir (KBr) 1750 em~! broad (C=0); nmr § 1.7, 2.6, 3.9,
3.7, and 6.9. The compound was too unstable for further char-
acterization.

¢x0-7-Bromo-endo-7-methyl-2-oxabicyclo[4.1.0lheptane (1g).~—
To a cooled (—80°) golution of 1.3 g (5.12 mmol) of 1a in 20 ml
of ether was added methyllithium-lithium bromide (5.2 mmol)
during a period of 10 min. The mixture was stirred for an addi-
tional 10 min and 5.7 g (40 mmol) of methyl iodide in 20 ml of
ether was added. The bath was removed and the solution was
allowed to attain 25°. The solution was stirred at 25° for a
period of 1 hr and quenched with water. The usual work-up
gave a major component which was collected from preparative
vpe (column H, 6 {4 X 0.25in.). The yield was about 90.0% as
estimated from vpe: nmr 6 3.82 (d, J = 8.0 Hz, H,), 3.52 (m,
CH.0), 1.79 (s, CHs), 1.88 (m, 5 H).

Anal. Caled for CH;,BrO: C, 44.00; H, 5.80; O, 8.37.
Found: C,44.22; H, 5.78; O, 8.60.

2-Ozxabicyclo[4.1.0]heptane (9). A, From 2a.—To a cooled
(—80°) mixture of 5.0 g (0.22 g-atom) of sodium in 60 ml of
liguid ammonia was added 5.96 g (35.7 mmol) of 2a in 20 ml of
ether during a period of 2 hr, The bath was removed and the
ammonia allowed to evaporate. An additional 50 ml of ether
was added followed by the careful addition of 2 ml of ethanol.
Decomposition was completed by addition of ammonium chloride.
The usual work-up gave a major component which wag collected
from preparative vpe (column A, 6 ft X 0.25 in.): n¥p 1,4489
(lit.1* n%n 1.4488); the ir was identical with that of the pub-
lished spectrum;® nmr 6 3.42 (m, 3 H), 1.84 (m, 2H), 1.41 (m,
2H), 0.72 (m, 3 H).

B. From la.—From 3 g (0.13 g-atom) of sodium, 35 ml of
liquid ammonia, and 3.0 g (11.7 mmol) of 1a in 20 ml of ether at
—80° was obtained 9 as the major component of the reaction,
collected from preparative vpe (column H, 6 ft X 0.25in.). The
ir of 9 was identical with that of 0 obtained from the reduction of
2a.

C. From l¢—From 0.5 g (21.7 g-atom) of sodium in 10 ml of
liguid ammonia and 0.39 g (2.22 mmol) of 1¢ in 10 ml of ether at
—80°, 9 was obtained and was collected from preparative vpe
{column H, 6 ft X 0.25in.), The ir of 9 was identical with that
of 9 obtained from the reduction of 2a.

Bis{ endo-7-(exo-7-bromo-2-oxabicyclo[4.1.0]heptyl) jmercury
(1h).—To a cooled (—80°) solution of 0.5 g (1.9 mmol) of la in
8 ml of ether was added methyllithium-lithium bromide (2.0
mimol) during a period of 5 min. The mixture was stirred for an
additional 10 min and 0.26 g (0.97 mmol) of mercuric chloride in &
ml of tetrahydrofuran was added dropwise. The mixture was
stirred for 45 min and quenched by the addition of water. An
insoluble yellow solid (80 mg, mp >225°) was filtered from the
two-phase reaction mixture. The usual work-up yielded an oily
white solid. Recrystallization from ethanol (95%) yielded 84
mg (10.5%) of white needles, mp 154-155°.

Anal. Caled for C.H;Br:HgO,: C, 26.08; H,2.92.
C,26.12; H, 3.14.

7,7-Dichloro-2-oxabicyclo{4.1.0 heptane (2a)® had the follow-
ing nmr: §3.78 (d, J = 8.0 Hz, H;), 3.52 (m, CH,0), 1.66 (m,
5 H).

exo-7-Chloro-2-oxabicyclo[4.1.0}heptane (2¢).—To a cooled
(—20°) solution of 1.0 g (5.98 mmol) of 2a in 15 ml of ether was
added butyllithium (5.98 mmol) during a period of 10 min, The
solution was stirred for an additional 30 min and quenched by
the slow addition of water. The usual work-up yielded an oil.
The vpe yield of 2¢ was determined (column D, 6 ft X /s in.),
using an internal standard (acetophenone), to be 69.5%. The
major component was collected: its ir was identical with that of
the published spectrum;® nmr & 3.69 (g, J = 1.3 and 8.0 Hz,
H,), 3.4 (m, CH,0), 2.91 (q, J = 1.3 and 4.5 Hz, Hy), 1.94 (m,

Found:
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2 H), 1.33 (m, 3 H), is in agreement with previously published
features.”
exo-7-Chloto-endo-7-deuterio-2-0xabicyclo{4.1.0lheptane (2d).
—To a eooled (—20°) solution of 1.0 g (5.98 mmol) of 2a in
15 ml of ether was added butyllithium (5.8 mmol) during a
period of 10 min. The solution was stirred for an additional 30
min and quenched by the slow addition of deuterium oxide
(99.8%). The major component was collected from preparative
vpe (column H, 6 ft X 0.25 in.): ir (neat) 2270 (w) (C-D), the
3050 em™t (w) ~CH band which was present in 2¢ was absent;
nmr & 3.69 (d, J = 8.0 Hz, Hy), 3.4 (m, CH,0), 1.57 (m, 5 H).
ex0-7-Chloto-endo-7-(diphenylmethanol)-2-oxabicyclo[4.1.0]-
heptane (2¢)—To a cooled (—20°) selution of 2.0 g (12.0 mmol)
of 2a in 30 ml of ether was added butyllithium (12.0 mmol) dur-
ing a period of 10 min. The solution was stirred for an additional
30 min and 2.16 g (12.0 mmol) of benzophenone dissolved in 13
ml of ether was added. The reaction mixture was stirred 1 hr at
—20° and quenched with water. The usual work-up yielded a
yellow oil. Trituration with pentane produced a white crystal-
line solid. Recrystallization from methanol yielded 2.14 g
(56.7%) of white prisms: mp 93.5-95.0°; ir 3430 em~t (OH);
nmr (CCly) 8 7.42 (m, phenyl H's), 4.33 (s, OH), 4.05 (d, J =
7.5 Hz, H;), 3.63 (m, CH,0), 1.74 (m, 5 H).
Anal. Caled for CpHisClOo: C, 72.48; H, 6.08; O, 10.16.
Found: C, 72.28; H, 6.06; O, 10.43.
ex0-7-Chloro-2-oxabicyclo [4.1.0] heptyl-endo-7-carboxylic acid
(2h).—To a cooled (—20°) solution of 2.0 g (12.0 mmol) of 2a in
30 ml of ether was added butyllithium (12.0 mmol) during a
period of 10 min. The solution was stirred for an additional 30
min and dry carbon dioxide was passed into the stirred (magnetic)
solution for a period of 1 hr. The reaction was quenched with
water. The basic water layer was acidified with concentrated
hydrochloric acid and extracted with chloroform. The chloro-
form extract was dried (Mg80,) and used for spectral determina-
tions: ir 3600-3400 (OH) and 1715 em™ (-C=0); nmr (CH-
Cly) 5 9.23 (v, OH), 3.97 (d, J = 7.5 Hz, H;).

2-Oxo-3-chlorotetrahydrofuro[2,3-b]tetrahydropyran (3).—
The chloroform extract from above was concentrated in vacuo.
This yielded a yellow oil which solidified on standing with evolu-
tion of heat to yield pale yellow crystals. Recrystallization from
ether—pentane yielded 1.17 g (55.2%,) of white needles: mp 88—
89°; ir 1780 (-C=0), 1160 (s) and 1130 em™ (w) (axial —CO);
nmr 8 5.79 (d, J = 4.0 Hz, Hy), 4.78 (d, J = 6.5 Hz, H;), 3.83
(m, CH;0), 2.72 (m, H,), 1.76 (m, 4 H).

Anal. Caled for C;H,ClO;: C, 47.60; H, 5.14; O, 27.17.
Found: C, 47.48; H, 5.07; O, 27.17,

exo-7-Chloro-endo-7-(N-phenylcarboxamide )-2-oxabicyclo-

{4.1.0]heptane (2f).—To a cooled (—20°) solution of 5.0 g (29.5
mmol) of 2a in 75 m] of ether was added butyllithium (29.5 mmol)
during a period of 15 min. The solution was stirred for an addi-
tional 30 min and 3.52 g (29.5 mmol) of phenyl isocyanate in 15
ml of ether was added. The resulting slurry was stirred for a
period of 1 hr and quenched with water. The reaction mixture
was filtered to yield a white microerystalline solid. The usual
work-up of the organic layer yielded an additional amount of
white solid. Reerystallization of the combined solids from ether
vielded 5.14 g (69.39%,) of white needles: mp 111-113°; ir 3400
and 3320 (broad) (NH), 1680 and 1601 ¢cm™ (amide I and II);
nmr § 8.23 (broad, NH), 7.37 (m, phenyl), 3.99 (d, J = 7.0 Hz,
H,), 3.62 (m, CH,0), 1.64 (m, 5 H).

Anal. Caled for C3H,,CINOQ,:  C, 62.03; H, 5.61; O, 12.71.
Found: C, 62.30; H, 5.85; O, 12.94.

2-0x0-3-chloro-N-phenylpyrrolidine [2,3-b] tetrahydropyran

(4).—To 0.5 g of 2h dissolved in chloroform was added one drop
of isopropyl aleohol saturated with hydrogen chloride. The solu-
tion was stored at room temperature for 12 hr. The solvent was
stripped in vacuo yielding 0.51 g of & tan oil:  ir 1703 em™ (-C==
O for y-lactam); nmr § 7.32 (m, phenyl), 5.85 (d, J = 1.5 Hz,
H,), 5.34 (5, Hi), 3.86 (m, CH,0), 2.27 (m, 5 H).

Bis{ endo-7-(exo-7-chloro-2-oxabicyclo[4.1.0] heptyl) imercury
(2g).—To a cooled (—20°) solution of 0.5 g (2.9 mmol) of 2a in 8
m] of ether was added butyllithium (2.9 mmol) during a period of
5 min. The solution was stirred for an additional 30 min and
0.26 g (0.97 mmol) of mercuric chloride in 5 ml of tetrahydro-
furan was added dropwise. The mixture was stirred for 15 min
at —20° and allowed to attain 25° during 15 min. The mixture
was then quenched by the addition of water. An insoluble, high
melting, grayish green solid was filtered from the two-phase mix-
ture. The ether layer was washed with two portions of water
and concentrated sn vacuo. This yielded a yellow oil which when
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triturated with pentane produced a white crystalline solid. The
crystals were filbered and reerystallized from ethanol (95%) to
yield 20 mg (1.85%) of white needles, mp 131-132°.

Anal. Caled for C1uHiClHgO: €, 81.08; H, 3.48. Found:
C, 81.12; H, 3.68.

endo-7-Chloro-2-oxabicyclo[4.1.0lheptane (3)—To a cooled
(—80°) solution of 1.0 g (5.98 mmol) of 2a in 8 ml of tetrahydro-
furan was added butyllithium (5.98 mmol) during a period of 10
min. The solution was stirred for an additional 30 min and
quenched by the slow addition of methanol. The organic layer
was washed with two portions of water, dried (MgSO,), and con-
centrated in vacuo. Vpc (column D, 6 £t X 1/gin.) showed 2¢ to
be 609, of a two-component mixture. The second component
was collected using preparative vpe (column D, 6 ft X 0.25 in.).
Tts nmr was identical with that of the published spectrum?’ for 5.

6,6-Dichloro-3-oxabicyclo[3.1.0]hexane (8a).—A modification
of the method of Anderson and Reese was used.®! A stirred
slurry of 42.4 g (0.6 mmol) of 2,5-dihydrofuran and 39.0 g (0.72
mol) of sodium methoxide in 200 ml of pentane at 0° was treated
dropwise with 134 g (0.70 mol) of ethyl trichloroacetate during 1
hr. The mixture was stirred at 0-5° for 15 hr, at room tempera-
ture for 4 hr, cooled, and quenched with water. This resulted in
a dark emulsion and it was necessary to add Norit and filter the
mixture before the layers could be distinguished. The organic
layer was washed with one portion of water, dried (MgS0O,), and
concentrated in vacuo, The residue was distilled to yield 17.12
g (18.49,) of a colorless liquid, bp 73.5-75° (17 mm). Vpe
(ecolumn C, 6 ft X 1/sin.) showed a two-component mixture in a
1:2.1 ratio. The title compound was the more abundant com-
ponent. An aliquot of 15.08 g of the above mixture was dis-
solved in 150 m] of methanol and enough water was added to
produce cloudiness. To this cooled, stirred solution was added
25 g of potassium hydroxide. The mixture was stirred at room
temperature for 6 days. Vpe (column C, 6 ft X 0.25 in.) showed
that the hydrolysis of the 2-dichloromethyl-2,5-dihydrofuran
isomer was essentially complete. The mixture was saturated
with sodium chloride and extracted with two portions of ether.
The ether extracts were dried (MgSO;) and concentrated in vacuo.
Distillation of the residue yielded 8.09 g of a colorless liquid: bp
73-77.5 (20 mm); the nmr [5 4.11 (d, 4 H), 2.55 (m, 2 H)]
agreed with published®® spectra; ir 3060 em™ (-CH, eyclo-
propane).

exo-6-Chloro-3-oxabicyclo[3.1.0]hexyl-endo-6-carboxylic  Acid
(8d).—To a cooled (—80°) solution of 0.5 g (3.3 mmol) of 8ain §
ml of ether was added butyllithium (6.6 mmol) during a period of
5 min. The mixture was stirred for 1 hr and dry carbon dioxide
was passed into the stirred solution for a period of 1 hr. The
reaction was quenched by the slow addition of methanol, The
reaction was allowed to warm and water was added, The basic
water layer was acidified with concentrated hydrochloric acid and
extracted with ether. The ether extracts were dried (MgSQ.)
and concentrated in vacuo to yield a pale yellow semicrystalline
solid, which had a strong odor of valeric acid. Recrystallization
from ether—petroleum ether (bp 30-60°) yielded 46 mg (8.6%) of
white crystals: mp 174-175°; ir (KBr) 3650-2350 (-OH), 1730
em™! (-C=0); nmr (D;0, Na,CO;, external TMS) § 2.38 (m, 2
H), 4.30 (d, Jeem = —9.0 and Jvie = 0 Hz, H,,4 endo), 3.91 (d,
Jgem = —0.0and Jvic = 1.0 HZ, H1,4 exo).

Anal. Caled for CeH,ClOs: C, 44.32; H, 4.34; 0O, 29.52.
Found: C, 44.50; H, 4.49; O, 29.26.

ex0-6-Chloro-3-oxabicyclo[3.1.0lhexane (8¢).—To a cooled
(—80°) solution of 0.5 g (3.3 mmol) of 8a in 7.5 ml of ether was
added butyllithium (6.6 mmol) during a period of 10 min. The
reaction was stirred for an additional 20 min and quenched by the
slow addition of methanol. The mixture was allowed to warm to
25° and water was added. The ether layer was washed with two
portions of water, dried (MgS0,), and concentrated in vacuo.
Vpe (column C, 6 ft X /s in.) showed starting 8a and a compo-
nent with a lower retention time. The first component was col-
lected from preparative vpe (column F, 6 ft X 0.25 in.): nmr
§4.08 (d, Jgem = —9.0 and Jvic = 0 Hz, Hy), 3.79 (d, Jgem =
—9.0 and Jeio = ~1.0 Hz, Hy), 2.88 (t, J = 2.5 Hz, Hy), 2.02
(m, 2 H).

7,7-Dibromo-3-oxabicyclo[4.1.0lheptane (6a).—A slurry of
solid potassium tert-butoxide (prepared by dissolving 6 g (0.15
g-atom) of potassium in tert-butyl alcohol, evaporating the sol-
vent, and drying under N, at room temperature #n vacuo) in 50

(31) J. C. Anderson and C, B, Reese, Chem. Ind. (London), 575 (1963).
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ml of pentane and 8.4 g (0.10 mol) of 5,6-dihydro-2H.pyran®® at
—20° was treated dropwise with 25.3 g of bromoform in 25 ml of
pentane over 45 min. After stirring overnight at room tempera~
ture, water was added and the organic layer separated, washed
with saturated NaCl solution, and dried (MgSO,). Evapora-
tion of the pentane 4n vacuo yielded 18.3 g of a yellow liquid
(which contained starting olefin, 319%,; 6a, 47%; and bromo-
form, 22%) which was fractionated in vacuo. The second frac-
tion, bp 122° (14 mm), was redistilled to yield 7.53 g (309,) of 6a,
bp 122° (14 mm), of about 95% purity: nmr (CCL) & 3.98 (t,
Wiy, = 6 Hz, Hays), 3,65 (m, 1 H), 3,10 (m, 1L H), 1.9 (m, 4 H).
A third distillation yielded an analytical sample, bp 95° (4 mm)

Anal. Caled for CeHsBr,O: C, 28.15; H, 3.15; Br, 62.44
Found: C,28.35; H, 3.20; Br, 61.46,

exo-7-Bromo-3-oxabicyclo[4.1.0lheptane (6¢).—A solution of
2.4 g (9.3 mmol) of 6a in 45 ml of ether was cooled to —80° and
ethereal methyllithium-lithium bromide (9.4 mmol) was added.
The mixture was stirred for 20 min at —80° and then quenched
with water. The organic layer was dried (MgSO,), the ether
evaporated, and the liquid residue distilled to yield 0.8 g of a
colorless liquid, bp 94° (30 mm), which was shown by vpe
(column G) to be 949, pure 6¢: yield 47%; nmr (CCl,) & 4.08
(d, Jeem = —12.0, Jvie = 0 Hz, H,), 3.77 (q, Jgem = —12.0,
Jvic =35 HZ, HS), 3.4 (m, 2 H), 2.85 (t, Jtrans = 3.0 HZ, HCBT),
1.85 (m,2H), 1.4 (m, 2H).

The vpe yield of 6¢ prepared as above was determined to be
609 (column @, with bromobenzene as internal standard)., Us-
ing 0.26 g (1 mmol) of 6a in 10 ml of pentane at —80° required
2.5 mol equiv (~2 ml) of ethereal methyllithium-lithium bromide
for complete reaction of 6a. After the resulting slurry stirred
at ~80° for 30 min, a water quench afforded 6¢ in 919, yield by
vpe (eolumns B, D, G; bromobenzene internal standard; aver-
age of three reactions). When the results were corrected for purity
of 6a, the yield of 6c was 96%,. Preparative vpc (column F)
afforded an analytical sample.

Anal, Caled for CgH,BrO: C, 40.70; H, 5.12; Br, 45.13.
Found: C, 40.67; H, 5.21; Br, 44.95.

ex0-7-Bromo-endo-7-deuterio-3-oxabicyclo[4.1.0]heptane (6d).
—A solution of 0.5312 g (2 mmol) of 6a in 10 ml of ether at
—80° was treated with 1 equiv of methyllithium-lithium bro-
mide, added all at once. After stirring at —80° for 30 min, the
reaction was quenched with D;O (99.5%). The organic layer
separated, dried (MgS0,), and evaporated to yield 0.23 g of a
colorless oil, the nmr and vpe (column F) of which indicated that
it was almost entirely a mixture of 6¢ and 6d in 33:67 ratio. Pre-
parative vpe (column F) afforded a pure sample, and nmr inte-
gration confirmed the presence of 339 of 6¢ in 6d:3 nmr (CCly)
64.08(d,J = —12H%,1H)3.77 (9, = —12and 3.5 Hz, 1 H),
3.4 (m, 2H), 2.80 (t,J = 3.5 Hz, 0.3 HCBr), 1.85 (m, 2 H), 1.4
(m, 2 H).
exo-7-Bromo-endo-7-(phenylmethanol)-3-oxabicyclo(4.1.0]-
heptane (6e).—A solution of 0.51 g (2 mmol) of 6a in 15 ml of
pentane and 10 m! of ether was cooled to —80° and treated with
1 equiv of methyllithium-lithium bromide. After stirring at
—75° for 30 min, 0.26 g (2.4 mmol) of benzaldehyde in 10 ml of
ether was added, and the mixture was allowed to warm to room
temperature during 1 hr. After a water quench, the organic
layer was washed twice with water, dried (Mg80,), and evapo-
rated to yield 0.45 g (809%,) of crude, yellow crystals of 6e, mp 69—
75°. One recrystallization from pentane-ether afforded 0.216 g
(4097) of white crystals, mp 80-83°. A second recrystallization
gave an analytical sample: mp 84.5-85.5; ir (CCly) 3550 (with
shoulder at 3370, free OH), 3440 cm ™! (broad, intramolecularly
bonded OH) which did not change upon dilution; nmr (on 6e,
mp 80-83°) 6 7.3 (m, CeHs), 5.08 (broad d, J = 6 Hz, OH), 4.37
(d, Jeem = —12 Hz, 0.3 H endo on Cy), 4.12 (d, Jgem = —12 Hz,
0.7 H endo on Cy), 3.67 (m, 2 H), 3.17 (d, J = 6 Hz, 0.3 Hben-
zylie), 2.88 (m, 1.7 H), 1.9 (m, 2 H) 1.6 (sextet, cyclopropane
H). The spectrum is best interpreted as a mixture of diastereo-
mers of 6e.

Reactions of 6b—Methyllithium Complex. A. With 2 Equiv
of Benzaldehyde.—A solution of 0.095 g (0.37 mmol) of 6a in
5 ml of pentane at —80° was treated with 2.5 equiv (about 0.9
ml) of methyllithium-lithium bromide. After stirring at —~80°

(32) J. Colonge and P. Boisde, Bull. Soc. Chim, Fr,, 824 (1956).

(38) Incorporation of H into 1d after stirring at —20° for 70 min was only
about 8%. The source of H which is incorporated into 6d is, at present, not
known.

TavLor, Hoess, aND Saquer

for 30 min, 0.079 g (0.74 mmol) of benzaldehyde in 2 ml of ether
was added, and the mixture was allowed to warm to room tem-
perature during 1 hr. A water quench followed by the usual
work-up afforded 0.075 g of a yellow 0il.  Vpe of the oil (columng
A and D, no internal standard) indicated three major compo-
nents: 6¢ (7%), 6e (409,), and 1-phenylethanol (561%).

B. With 1 Equiv of HyO Followed by 1 Equiv of Benzalde-
hyde —A solution of 0.105 g (0.41 mmol) of 6a in 5 ml of pentane
at =80° was treated with 2.0 equiv of methyllithium-lithium
bromide and stirred at —80° for 30 min. A solution of 0.0074 g
(0.41 mmol) of H,0 in 1 ml of ether was added, and the mixture
was allowed to stir without the cooling bath for 15 min, At this
point, 0.0435 g (0.41 mmol) of benzaldehyde in 1 ml of ether
was added and stirring continued for 1 hr. Work-up as in part
A yielded 0.050 g of yellow oil. Vpe (columns A and D, no in-
ternal standard) indicated two major peaks: 6¢ (50%) and 1-
phenylethanol (339%,). Less than 29 of 6e was detected.

ex0-7-Bromo-3-oxabicyclo(4.1.0]heptyl-endo-7-carboxylic Acid
(6f).— Carbenoid 6b was prepared in 20 ml of pentane from 0.43
g (1.7 mmol) of 6a at —80°. Carbon dioxide was passed through
the reaction mixture for 1 hr at —80°. A water quench, followed
by extraction with ether, yielded 0.21 g of white, crystalline 6f.
Acidification of the aqueous layer followed by ether extraction
vielded an additional 0.03 g, total yield 65%,, mp 153-155°. Re-
crystallization from ether gave an analytical sample: mp 155°;
ir (KBr) 3000 (broad, OH), 1725 ecm ! (strong, C=0); nmr §
9.35 (s, COOH), 4.58 (d, Jgem = —12 Hz, endo H on C,), 3.93
(m, 1 H), 3.87 (4, Jeem = —12 Hz, Jyic = 3 Hz, exo H on Cy),
3.28 (sextet, 1 H), 2.55 (m, 1 H), 1.8 (m, 3 H).

Anal. Caled for C;H,BrQ;: C, 38.03; H, 4.10; O, 21.71.
Found: C, 88.15; H, 4.22; O, 21.66.

7,7-Dichloro-3-oxabicyclo[4.1.0]heptane  (7a).—Using the
method of Parham,® dichlorocarbene, generated from 28.7 g of
ethyl trichloroacetate, was added to 12.6 g of 5,6-dihydro-2H-
pyran® at —15° yielding a crude product which on fractionation
yielded 8.25 g (33%) of colorless 7a: bp 103-105° (28 mm);
nmr (neat, external TMS) § 4.08 (d, Hz,s), 3.5 (m, 2 H), 2.1 (m,

4 H). A redistillation afforded an analytical sample, bp 105°
(30 mm).
Anal. Caled for CeHsCLO: C, 43.14; H, 4.82. Found:

C, 42.88; H, 4.86.

exo-7-Chloro-3-oxabicyclo[4.1.0]heptyl-endo-7-carboxylic  Acid
(7d).—A solution of 1.51 g (9.00 mmol) of 7a in 30 ml of tetra-
hydrofuran at —80° was treated with 1.4 equiv of butyllithium
in hexane. The reaction turned yellow but remained homo-
geneous during stirring for 30 min, Dry CO, was bubbled
through the reaction for 1 hr after which the reaction was quenched
with water and the aqueous and organic layers separated. The
aqueous layer was acidified and extracted with ether. Drying
(MgS0,) and evaporation of the ether yielded 0.88 g of yellow
crystals, mp 130-138°. Recrystallization from petroleam ether—
ether gave white, crystalline 7a, mp 138-141°, 0.53 g (30%,).
Further recrystallization from ether gave an analytical sample:
ir (KBr) 3000 (broad and strong, OH), 1740 em~! (C=0); nmr
(D;0, Na,COs, external TMS) & 4.42 (d, Jgem = =12 Hz, endo
Hon C), 4.10 (q, Jgem = —12, Jyic = 4 Hz, exo H on C;), 3.58
(m, 2 H), 2.13 (m, 2 H), 1.83 (m, 2 H).

Anal. Caled for CyH,Cl0s: C, 47.60; H, 5.13; Cl, 20.07;
0, 27.18. Found: C, 47.66; H, 5.12; Cl, 20.08; O, 26.91.

exo-7-Chloro-3-oxabicyclo[4.1.0lheptane (7¢).—A solution of
0.50 g (3.0 mmol) of 7a in 9 m] of tetrahydrofurar was treated at
—80° with 2 equiv of butyllithium in hexane. After stirring for
90 min at —80°, a water quench produced an organic layer which
after drying and evaporation gave 0.63 g of a yellow liquid.
Preparative vpe (column F) of the major component (64%)
yielded impure 7c, contaminated by a butyl-containing product
of identical retention time: nmr (CCly) 5 4.09 (d, Jgem = —12
Hz, Hy), 3.78 (Q, Jeem = —12, Jvic = 3.5 Hz, Hj), 3.5 (m, 2 H),
2.95 (t, Jirans = 3 Hz, HCC1), 1.9 (m, 2 H), 1.3 (m, 2 H), 0.8
(m, ~1 H).

3-Oxabicyclo[4.1.0lheptane (10).—A solution of 2.0 g of 6a in
32 ml of ether was added dropwise to a solution of 8 g of sodium
in 100 ml of liquid ammonia. After the addition the solution
was stirred at ~80° for 1 hr and at reflux (about —30°) for 30
min. Addition of NH,CI discharged the color, and evaporation
of the ammonia left a residue which was partitioned between 80
m) of ether, 5 ml of methanol, and 60 mi of H;O. The organic
layer was dried (MgS0,) and evaporated to 5 g at 0° under mod-
est vacuum. Preparative vpe (column D) of the one major com-
ponent (90% of the total excluding solvent) yielded 10: ir (neat)
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3060, 3020 ecm~* (cyclopropane, CH); nmr (CCL) & 3.77 (d,
H), 3.4 (m, 2 HY, 1.8 (m, 2 H), 0.8 (m, 2 H), 0.35 (m, 1 H).

Anal. Caled for CH,O: C, 73.42; H, 10.27; O, 16.30.
Found: C,73.11; H, 10.18; O, 16.43.

Registry No.—1a, 27024-90-4; 1c, 17879-78-6; 1d,
17879-77-5; 1le, 17879-76-4; 1f, 17879-75-3; 1g,
17879-74-2; 1h, 27024-96-0; 1i, 18022-11-2; 2d, 27024~
98-2; 2e, 27024-99-3; 2f 27025-00-9; 2g, 27062-09-5;
2h, 27025-01-0; 3, 27025-02-1; 4, 27025-03-2; 6a,
27025-04-3; 6¢c, 27025-05-4; 6d, 27025-06-5; 6e, 27025-
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2-Metalation of Dimethylaminoethylferrocene with Butyllithium
and Condensations with Electrophilic Reagents.
Synthesis of 2-Substituted Vinylferrocenes'
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N,N-Dimethylaminoethylferrocene (DMAEF) was metalated in good yield with n~butyllithium in ether—
hexane, and the intermediate 2-lithioamine was condensed with benzophenone, benzonitrile, phenyl isocyanate,

phenyl isothiocyanate, hexachloroethane, and mercuric chloride to form the corresponding 2 derivatives.

Meth-

iodides of the above 2 derivatives were formed and converted to the corresponding 2-substituted vinylferrocene

derivatives by treatment with potassium hydroxide.

butyllithium gave fair yields of the 2,1'~dilithioamine intermediate.

Metalation of DMAET for extended time with excess n~

That metalation occurred at the 2 position

was established by converting the 2-benzoyldimethylaminomethylferrocene methiodide salt with KNH,-NH; to
give via & Stevens rearrangement the identical phenone derivative obtained from metalation of DMAEF. The
suceessful 2-lithiation reported here for dimethylaminoethylferrocene is in direct contrast to the poor yield of

lithiation found in the analogous benzene derivative, N,N-dimethyl-3-phenethylamine.

The difference in be-

havior is attributed to the relative acidities of the 2 position and « protons in the respective systems.

Recently, we reported that metalation of dimethyl-
aminomethylferrocene (DMAMF) (1) with n-BuLi ap-
parently proceeded #ia the cyelic 2-lithiated species
1a.? The analogous 2 position lithiation of benzyldi-
methylamine (2) to give the lithio intermediate 2a had

CH,N(CH;), CHQ\ (CHg),:/N(CHg)z
N(CHy),
g g g
Fe Fe
l |
1 la 2a, n=1
3a, n=2

been reported earlier.® Hauser and other coworkers
also published a study of the metalation of the homolo-
gous B-phenethyldimethylamine system but record only
a tarry product from the reaction of B-phenethyldi-
methylamine (3) with n-Buli followed by treatment
with benzophenone.* In contrast to this are two recent
observations® that metalation of S-phenethyldimethyl-
amine (3) with n~-BuLi apparently does proceed through

(1) (a) Parts of this work were supported by the Office of Army Research
(Durham) and by the Petroleum Research Fund; (b) Southern Illinois Uni-
versity, author to whom requests for reprints should be directed; (c) NSF
Undergraduate Research participant; (d) NASA Fellow, Southern Illinois
University, 1986-1969; (e) Wolverhampton College of Technology, Wolver-
hampton, England; (f) Duke University, deceased Jan 6, 1970,

(2) D. W. Slocum, B. W. Rockett, and C. R. Hauser, J. Amer. Chem.
Soc., 87,1241 (1965).

(8) (8) F. N. Jones, M. F. Zinn, and C. R. Hauser, J. Org. Chem., 28,
663 (1963); (b) F. N. Jones, R, L. Vaulx, and C. R. Hauser, ibid., 28, 3461
(1963).

(4) BR. L. Vaulx, F. N. Jones, and C. R. Hauser, ibid., 80, 58 (1965).

(5) (a) N. 8. Narasimhan and A. C. Ranade, Tetrahedron Lett., 603 (1966);
(b) D. W. 8locum, T. R. Engelmann, and C. A. Jennings, Aust, J, Chem.,
21,2319 (1968).

the six-membered cyclic lithioamine intermediate (3a)
to give the anticipated carbinolamine 4 when treated
with benzophenone, although the yield of such an inter-
mediate must be very low. In a noteworthy extension
of this method, the oxygen analog of amine 1, namely,
ferrocenylmethyl methyl ether, has been found to
undergo the 2-lithiation reaction.?

CH,CH;N(CHy), CHCH,
N(CH,),
CPh,OH Li<”
Fe
|
4 5a
CH,CH,N(CH,),
@ R
Fe
|
5, R=—H 9, R =—CSNHPh
6, R=—CPh,OH 10, R=—COPh
8, R=—CONHPh 11 R=—Cl
12, R =—HgCl

We would now like to report that metalation of di-
methylaminoethylferrocene (DMAEF) (5) with n-BuLi
for 2 hr gave an optimum yield of 689, of the 2-lithio
intermediate 5a as demonstrated by its condensation
with benzophenone to produce carbinolamine 6 (cf.
Table I). Longer metalation periods brought consid-
erable concentration of dilithio intermediate 5b. Struc-

(6) D, W.8locum and B, P. Koonsvitsky, Chem. Commun., 846 (1969).



