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(2.24 g, 0.0126 mole) and a few milligrams of dibenzoyl peroxide
were added to a solution of 7-thiabicyclo{4.2.0]-1(6)-octene 7,7-
dioxide (2) (1.0 g, 0.0063 mole) in 50 ml of carbon tetrachloride.
The reaction mixture was heated at 60-65° in a oil bath until all
of the N-bromosuccinimide had been converted to succinimide
(1-2 days). The succinimide (1.3 g) was removed by filtration
and the carbon tetrachloride was washed successively with water,
59, aqueous sodium thiosulfate, and water and then dried over
anhydrous sodium sulfate. Removal of the carbon tetrachloride
under reduced pressure gave a clear oil which was treated for
12 hr at room temperature with 20 ml of triethylamine in benzene
followed by a 3-hr period at the temperature of refluxing solvent.
The triethylamine hydrobromide was removed by filtration and
the benzene removed under reduced pressure to give 1.0 g of a
brown oil. The oil was dissolved in chloroform, treated twice
with decolorizing charcoal, and chromatographed on a column of
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Florisil. Elution with chloroform gave 0.6 g of a colorless oil
which was sublimed (30°, 0.25 mm) to yield a white solid, mp

100-120°. Recrystallization from ether gave needles, mp
126-128°. The over-all yield to recrystallized product was
about 3%,.

Anal. Caled for C;HgO:8: C, 54.52; H, 3.92. Found: C,

54.58; H, 3.97.

The benzothiete sulfone had the following properties: infrared
(KBr), 3025 (w), 2040 (w), 1465 (m), 1445 (m), 1300 (s), 1195
(s), 1175 (m), 1150 (m), 1125 (s), 720 (s), 710 em™! (s); nmr
(CDCl;), 6 5.1 (singlet, 2 H), 7.55 (singlet, 4 H); ultraviolet
(CH;3CN), 260 (e 8540), 267 (¢ 13,600), 274 mu (e 13,600); mass
spectrum, m/e 154 (parent ion, 14.8%,), 137 (P — OH, 19.0%),
93 (15.8%), 91 (22.19%,), 90 (P — 80q; 56.8%), 89 (P — SO.H,
100%,), 77 (14.2%), 64 (19.5%), 63 (43.8%), 62 (17.9%), 51
(23.1%), 50 (15.3%), 39, (37.5%).
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The reaction of gem-dihalocyclopropanes with silver acetate—acetic acid yields R;R.C=CBrCR;R.OAc and/

or R1R20=CBI’CR3=CR4Rs.

The distribution of the two products depends on the number of methyl groups.
Tetramethyldibromocyclopropane yields 3-bromo-2,4-dimethyl-2,4-pentadiene as the sole product.

Reaction

of both ¢is- and trans-1,1-dibromo-2,3-dimethyleyclopropane gave trans-3-bromo-2-acetoxy-3-pentene.

Ring-opening rearrangement reactions of gem-di-
halocyclopropanes have been effected by the use of
solvents with either electrophilic or nucleophilic rea-
gents,? thermally®? or by means of alkali or alkaline
earth metals.24  Solvolysis and thermal rearrangement

(1) (a) The Borden Chemical Co., Central Research Laboratory, Phila-
delphia, Pa. 19124, (b) This research was described in part in the Ph.D.
Thesis of 8. R. 8., The Pennsylvania State University, University Park, Pa.,
1960.

(2) (a) W. von E. Doering and A. K. Hoffmann, J. Am. Chem. Soc., 76,
6162 (1854); (b) W, E. Parham and H. E. Reiff, ¢bid., 79, 1177 (1955); (¢)
W. E. Parham, H. E. Reiff, and P. Swartzentruber, ibid., 78, 1437 (1856);
(d) W. E. Parham and R. R. Twelves, J. Org. Chem., 22, 730 (1957); (e)
W. E. Parham and C. D, Wright, ibid., 22, 147 (1957); (f) P. 8. 8kell and
8. R. Sandler, J. Am. Chem. Soc., 80, 2024 (1958); (g) P. S. Skell, R, E. Glick,
S. R. Sandler, and L. Gatlin, Fourth Report of the Petroleum Research Fund,
1959, p 82; (h) 8. R. Sandler, Dissertation Abstr., 31, 61 (1960); (i) E. E.
Schweizer and W. E. Parham, J. Am. Chem. Soc., 82, 4085 (1960); (j) W. R,
Moore and H. R. Ward, Chem. Ind. (London), 594 (1961); (k) W. E. Parham,
D. A. Bolan, and E. E. Schweizer, J. Am. Chem. Soc., 88, 603 (1961); (1)
8. Winstein and J. Sonnenberg, J. Org. Chem., 27, 748 (1962); (m) E. Berg-
man, tbid., 38, 2210 (1963); (n) for a review of ring opening reactions of gem-~
dihaloeyclopropanes, see W. E. Parham and E. E. Schweizer, Org. Reactions,
18, 55 (1963); (o) A. J. Birch, J. M. Brown, and F. Stansfield, J. Chem. Soc.,
5343 (1964); (p) L. Gatlin, R. E. Glick, and P. 8. 8kell, Tetrahedron, 31, 1315
(1965); (q) 8. J. Cristol, R. M, Sequeira, and C. H. DePuy, J. Am. Chem.
Soc., 87, 4007 (1965); (r) C. W, Jefford and R. Medary, Tetrahedron Letters,
19, 2069 (1966); (s) L. Skattebgl, J. Org. Chem., 81, 1554 (1966); (t) L.
Skattebgl and B. Boulette, tbid., 81, 81 (1966); (u) W, E, Parham and R. J.
Sperley, ibid., 823, 924 (1967).

(3) (a) A. P. ter Borg and A, F. Bickel, Proc. Chem, Soc., 283 (1958); (b)
H. Winberg, J. Org. Chem., 34, 264 (1959); (¢) 8. M. McElvain and P. L.
Weyna, J. Am. Chem. Soc., 81, 2579 (1959): (d) N. P. Neureiter, J. Org.
Chem., 24, 2044 (1959); (e) N. P. Neureiter, U. 8, Patent 2,951,878 (1960);
(f) E, E. Schweizer and W, E. Parham, J. Am. Chem. Soc., 82, 4085 (1960);
(g) A. P. ter Borg and A. F. Bickel, Rec. Trav. Chim., 80, 1 (1960); (h) W. E.
Parham, R. W. Soeder, and R. M. Dodson, J. Am. Chem. Soc., 84, 1755
(1962); (i) W. R. Moore, W. R. Moser, and J. E. LaPrude, J. Org. Chem., 38,
2200 (1963); (j) R. C. DeSelms and C. M. Combs, 1bid., 38, 2206 (1963); (k)
G. C. Robinson, bid., 28, 3433 (1964); (I) C. W. Jefford, 8. Mahajan, J.
Waslynm, and B. Waegell, J. Am, Chem. Soc., 87, 2183 (1965); (m) O. M.
Nefedov and N. N. Novitskaya, Tzv. Akad. Nauk SSSR, Ser. Khim,, (2) 3905
(1965); (n) K. Dimroth, W, Kinzelau, and M. Soyka, Ber., 99, 2351 (1966);
(o) D, C. Duffey, J. P. Minyard, and R, H. Lane, J. Org. Chem., 81, 3865
(1966).

(4) (a) W.von E. Doering and P. L. LaFlamme, Tetrahedron, 3, 75 (1958);
(b) W. von E. Doering and P. L. LaFlamme, U. S. Patent 2,933,544 (1960);
(¢) W. R. Moore and H, R. Ward, J. Org. Chem., 28, 2073 (1960); (d) L.

give allyl derivatives, dienes, or alkynes; metals and
organometallics give allenes (Scheme I). The use of
boiling quinoline or pyridine leads largely to ring open-
ing concurrent with dehydrohalogenation.?®

The purpose of the present paper is to report some of
the detailed data that were only briefly described in our
earlier communication on gem~dihalocyclopropane ring
expansions.

Results

Electrophilic Rearrangement of 6,6-Dichlorobicyclo-
[3.1.0]hexane and 6,6-Dibromobicyclo(3.1.0]hexane.—
The experimental data in Table I indicate that the
electrophilic rearrangement can be carried out under
mild conditions with aqueous silver nitrate, silver
perchlorate, silver acetate—acetic acid, mercuric acetate—
acetic acid, and sodium acetate-acetic acid to give good
vields of 2-chloro-3-hydroxycyclohexene (I), 2-bromo-
3-hydroxyeyclohexene (II), or their actate derivatives

such as 2-bromo-3-acetoxycyclohexene (III). TUnder
X
(v~
OH(OAc)
X
X = Bror Cl

Skattebgl, Tetrahedron Letters, 167 (1961); (e) L. Skattebgl, Acta. Chem.
Scand., 17, 1683 (1961); (f) T. J. Logan, Tetrahedron Lelters, 173 (1961);
(g) P. D. Gardner and M. Narayana, J. Org. Chem., 26, 3518 (1961); (h)
W. J. Ball and 8. R. Landor, Proc. Chem. Soc., 143 (1961); (i) L. Skattebgl,
Chem. Ind. (London), 2146 (1962); (j) W. R. Moore and H. R. Ward, J. Org.
Chem., 37, 4179 (1962); (k) K. G. Untch, D. J. Martin, and N. T. Castellucei,
ibid., 80, 3572 (1965); (1) C. L. Osborn, T. C. Shields, B. A. Shoulders, J. F.
Krause, H. V. Cortez, and P, D, Gardner, J. Am. Chem. Soc., 8T, 3158
(1965); (m) L. Skattebgl, J. Org. Chem., 81, 2789 (1966).

(5) (a) W.E. Parham, R. W. Soeder, J. R. Throckmorton, K. Kuncl, and
R. M. Dodson, J. Am. Chem. Soc., 87, 321 (19865); (b) W. E, Parham and
R. J. Sperley, J. Org. Chem., 83, 926 (1967).



DgecemBER 1967 REACTIONS OF gem-DIHALOCYCLOPROPANES WITH ELECTROPHILIC REAGENTS 3877
ScrEME T
N Azt N\ /  B- N\ 7 N\
C=C + :CX, -—> C—C/ —_— C C —_— C C 4+ C
N/ SN 7N\ ZINZ N /N
C C B C C—~C
7\ [ l N
X X C
X X AN
alkoxy substituted heat B
SH ) p /7
KO-t-CeHy Mg, Na — C
Rid N N
N /
| /
0-{-C,Hy
TaBLE I
REARRANGEMENT OF gem-DIHALOCYCLOPROPANES
Electrophilic Reaction
1,1-Dihalocyclopropane, reagent, Solvent, temp, Time, Bp, °C np Caled, % Found, %
mmoles mmoles ml °C hr Product Yield, % {mm) it °C) C H C H
6,6-Dichlorobicyclo(3.1.0]- AgClOs, H:0, 50 90-100 5.5 CsHoCIO 84 80 (11) 1.5083
hexane, 23.1 42.5 (e (23)
6,6-Dibromobicyclo[3.1.0]-  AgNOs, H:0, 5 90-100 0.5 CeHiBrQ 47 66-74 (2) 1.5382 40.70 5.08 41.38 5.22
hexane, 31.6 58.8 and (28)
6,6-Dibromobicyelo(3.1.0}- AgClOy, H0, 100 (at 28 1 CsHsBrQ 66 62~63 (1.5~ 1,5435
hexane, 79 87.7 pH 7 using (Ind 2.0) 2n
NaOH)
6,6-Dibromobicyclo[3.1.0]- Hg(OAc):, HOAe, 50 118 8 CsHuBrO: 45 75 (2) 1.5042
hexane, 37.5 40.8 (I11) (20)
6,6-Dibromobicyclo(3.1.0]- NaOAe, HOAe, 20 90-100 4.75 CsHuBrO: 62 85 (3) 1,.5031
hexane, 33.7 100 (I11) (26)
6,6-Dibromobicyclo{3.1.0]- AgOAec, HOAe, 7 90-100 24 CsHnBrOs 46 73=75 (2) 1.5047
hexane, 42.3 56.5 (111) (20)
7,7-Dichlorobicyclo(4.1.0]- AgNOQs, HOA¢, 100 118  480° CsH1iClO: 43 (crude) 74 (0.5) 1.4890 57.30 6.90 57.20 7.17
heptane, 100 160 aw) (18)
NaOAe, 26 (distilled)
200
7,7-Dibromobicyelo[4.1.0}- AgOAe, HOAe, 50 90-100 41 CsH1sBrO: 45 92 (2) 1.5060 46.30 5.57 46.40 5.69
heptane, 93 150 V) (29)
7,7-Dibromobicyclo{4.1.0)- AgOAc, HOAe, 50 90-100 72 CsH1uBrO; 24 84 (0.45) 1.5038
heptane, 93 150 $%] (23)
7,7-Dibromobicyclo(4.1.0)» AgNQs, HOAe, 100 118 244 CsHisBrO: 100 (crude) 71-75(0.3) 1.5083 46.30 5.57 46.80 5.87
heptane, 100 150 W) (19)
NaQAc, 36 (distilled)
200
1,1-Dibromo-2,2-dimethyl- AgOAe, HOAce, 50 90-120 24 CtHuBrO: 31 48-52 (2.2) 1.4700 40.60 5.32 40.79 5.54
cyclopropane, 100 150 (VD) (23)
CiHuBrO: 50 65-66 (2.5) 1.4811 40.60 5.32 39.89 5.45
(V1D (23)
1,1-Dibromo-cts-2,3-di-~ AgOAc, HOAe, 50 110-120 2,75 CtHuBrOs 97 (crude) 60-61 (3.5- 1.4687 40,60 5.32 40.48 5.40
methyleyclopropane, 50 75 (VIIT) 69 (distilled) 4.0) (25)
1,1.Dibromo-trans-2,3-di- AgOAc, HOAce, 50 110-120 24 C:HuBrO: 100 (erude) 62-63 (3.5~ 1,4680 40.80 5.32 40.98 5.63
methyleyclopropane, 100 150 (VIII) 93 (distilled) 4.5) (25)
1,1-Dibromo-cis-2,3-di- AgNO;, H.0, 100 90-100 1.5 CsHsBrO 36 75-76 (15) 1.4933
methylcyclopropane, 63 253 (IX) (25.7)
1,1.Dibromo-trans-2,3-di- AgNO;, H:0, 100 90-100 1.5 CiH¢BrO 44 74-75(15)  1.4918 36.30 5.42 36.01 5.32
methyleyclopropane, 48 177 (IX) (26)
1,1-Dibromo-2,2,3-tri- AgNOs, HOAc, 100 100-120 16 CeHyBr 29 28-35 (8.5) 1.5147 44.70 5.59 45.07 5.78
methylcyclopropane, 170 200 (X) (20)
NaOAec, CsHi1:BrO: 13 82 (17) 1.4798 43.40 5.88 43.80 6.05
300 (XI)e (20)
1,1-Dibromo-2,2,3,3-tetra- AgOAc, HOAe, 50 100-120 0.75 C:HuBr 73 44 (13) 1.4931 48,00 6.28 48.39 6.26
methyleyclopropane, 100 150 (X1II) {21)
1,1-Dibromo-2-phenyl- AgOAe, HOAe, 50 110-120 48 CuHuBrO: 53 111-112 1.5612 51.70 4.31 52.56 4.25
cyclopropane, 50 75 (XIII) (0.3- (24)
0.35)
1,1-Dibromo-2,2-diphenyl- AgOAc, HOAc, 50 110-120 24 CuHisBrO2 91 (crude) 145 (0.15) 1.6020 61.60 4.53 62.11 4.88
cyclopropane, 50 75 Xiv)/ 72 (distilled) (22)

¢ Lit. bp 86-87° (15 mm); n®p 1.5088 (see ref 2m and M. Mousseron and R. Jacquier, Bull. Soc. Chim. France, 648 (1950).

b Lit.2

bp 74-76° (4 mm); n®p 1.5387. ° After refluxing for 24 hr some ester product began to appear in the glpc chromatograms. ¢ The
starting dibromide is 75%, converted into the ester product after 1.5 hr and 1009, after 5 hr as determined by glpe analysis. ¢ Mol wt

227 (saponification) (caled 221).
an authentic sample (undepressed mixture melting point).

the conditions used none of the 2,3-dihalocyclohexene
isomer was isolated.

Electrophilic Rearrangement of 7,7-Dihalobicyclo-
[4.1.0]heptane.—Refluxing a mixture of silver acetate—
acetic acid with 7,7-dichlorobicyclo[4.1.0Theptane for

/ Permanganate oxidation yields benzophenone as determined by comparing the melting point with

480 hr yielded 439, crude and 269 distilled 2-chloro-3-
acetoxycycloheptene (IV).

The dibromocarbene adduct of cyclohexene reacted
more readily under similar conditions and after 5 hr was
completely converted to 2-bromo-3-acetoxycyeloheptene
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(V) as determined with the aid of glpe.
was isolated in 369, yield.

The product

X

[:VLX- + AgOAc + HOAc —»
OAc

X
X = BrorCl

Electrophilic Rearrangement of Substituted 1,1-
Dibromocyclopropanes.—The  dibromocyclopropanes
having alkyl or aryl substituents rearranged in the
presence of aqueous silver nitrate or silver acetate-
acetic acid upon heating to yield either the correspond-
ing allyl alcohol, allyl acetate, or diene derivative as
shown in Table II.

TasLe I1

PRODUCTS OF THE SILVER ACETATE—-ACETIC ACID
REARRANGEMENT OF 1,1-DIBROMOCYCLOPROPANES

CH3Br
— (CHB)Q('Z—('J=CH2 + (CH3)2C==(|JCH20AC

CH, AcO Br Br

Br VII1 VI
CH;, CH,
| B H OAc

é(

Br > H)Q.—;(( CH,
CH, CH; Br

Br
V‘ VIII

CH,

CH, CH;, OAc

Br X XI
CH
CH;; H3 CH -
Br —_— 3\C" { \H
/
CH3 CH3 CHg B).'
Br XII
CeH,
"’Br . CsH5b— ((Br
¥ CH,OAc
Br XII
CeH;
Br
e (CGHS)ZC-CICHZOAC
CeH; Br
Br XIvV
Discussion

The relative ease of the silver ion catalyzed rear-
rangement of the dibromocarbene adducts of cyelo-
pentene and 2,3-dimethylbutene-2 is in sharp contrast
to the more difficult to solvolyze dibromocarbene adduets
of cyclohexene, styrene, isobutylene, and 4-methyl-
pentene-1. The thermal rearrangement of these gem-
dihalocyclopropanes also follows the same order of
reactivity.!>? Solvolysis in the absence of silver ion
or bases in most cases is very slow and allows the isola-
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tion of the thermally rearranged dihalide.2®? The
relief of steric strain of the substituents enhances the
ease of rearrangement. For example, the dibromo-
carbene adduct of ¢is-butene-2 reacts more rapidly than
the dibromocarbene adduct of trans-butene-2 as deter-
mined by analyzing the reaction mixture periodically
with the aid of a gas chromatograph or by titration of
the liberated halide ion.

The dibromocarbene adducts of cis- and trans-bu-
tene-2 both yield the same isomeric rearranged prod-
uct on reaction with silver acetate-acetic acid (VIII)
or aqueous silver nitrate (IX) as determined by gipe,
infrared, and nmr spectroscopy (Table IV).

Skattebgl?® found a similar result for the thermal
reaction in pyridine-alcohol solution for cis- and frans-
1,1-dichloro-2-ethxoy-3-methyleyclopropane in which
both gave trans-2-chloro-1,1-diethoxy-2-butene (eq 1).

CH, OC.H,
Cl
H H
al CHOH, CHS—I\('VOCZHE, o)
CH, pyridine 0C,H,
Cl Ci
a OC,H;

Woodward and Hoffmann® have suggested theoreti-
cal selection rules for electrocyelic reaction. In the
case of the ring opening of a cyclopropyl cation, sub-
stituents would move disrotatory, either both inward or
both outward. DePuy and co-workers’” further sug-
gested that in concerted ring openings the substituents
trans to the leaving group rotate outward. Dis-
rotatory opening of the frans isomer leads to a less
favorable intermediate cation in which the H and alkyl
groups are coplanar and thus interact sterically. How-
ever, disrotatory opening of the cis isomer leads to an
intermediate allylic cation with less steric constraint
in which only the hydrogen atoms interact.

In the case of c¢is- and trans-1,1-dibromo-2,3-di-
methyleyclopropane the transition states obtained by
the favored disrotatory process®®’ can be formulated as
in Scheme II.

ScueMe IT
CH3 Br tCHBﬁ' r =
>—Br + Agt — 2 -Br---Agt —
CH; &Ha
CH,
+>—Br — trans product
CH;
A
CH,
C gy 3+Br _
\Q\Br + Ag" —  --Br--Agt -—
H, H,
CHs ) — trans and
H, c¢is product
B

(6) R.B. Woodward and R. Hoffmann, J. Am. Chem. Soc., 87, 395 (1965).
(7) C. H. DePuy, L. G. 8chnack, J, W. Hauser, and W, Wiedemann, #bid.,
87, 4006 (1965).
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TasLg III
PuysicaL PROPERTIES OF THE SYNTHESIZED 1,1-DIHALOCYCLOPROPANES
Potassium  Halo-
Olefin, Solvent, t-butoxide, form,* Yield, Bp (mm) or Lit. bp (mm),
Compd moles ml moles moles % mp, °C (uncor) ap (¢, °C) np (¢), or mp, °C
6,6-Dichlorbicyclo- Cyclopentene,  None 0.75 C,0.75 20 87-90(61) 1.4907-1.4941° 69 (20), 1.4985
[3.1.0}hexane 1.0 (27.2) (20)/
6,6-Dibromobicyclo- Cyclopentene,  None 0.75 B,0.82 42 63-69(2) 1.5560-1.5594 63-63.5,1.5570
[3.1.0]hexane 1.0 (18) (25)¢
7,7-Dichlorobicyelo- Cyclohexene, n-Pentane, 1.0 C, 1.0 18  67-68 1.5038 (20) 78-79 (15),
[4.1.0]heptane 1.0 400 (6.0) 1.5014 (23)
7,7-Dibromobicyclo- Cyclohexene, Cyclohexane, 0.88 B,1.18 35 98100 1.5579°(23) 100 (8),1.5578
[4.1.0}heptane 1.0 100 (6~6.5) (20)
1,1-Dibromocyclopropane
2,2-Dimethyl- Isobutylene, None 0.4 B,0.3 28 4748 (11) 1.5136(23) 59-59.2 (20),
1.0 1.5121 (25.1)
¢is-2,3-Dimethyi- cis-Butene-2, None 0.4 B,0.3 90 55-36 1.5188-1.5206 70-70.2 (23),
1.0 (11-12) (23) 1.5170(25.1)
trans-2,3-Dimethyl- trans-Butene-2, None 0.4 B,0.3 90 55-56(11) 1.5110(25) 64 (23),1.5108
1.0 (25.1)
2,2,3-Trimethyl- 2-Methyl- None 0.6 B,0.5 50 48-50 1.5167 (23) 83 (24),1.5134
butene-2,1.0 (3.8) (25)7
2,2,3,3-Tetra- 2,3-Dimethyl- n-Pentane, 1.0 B,0.9 60 75-76 77787
methyl- butene-2,1.0 100
2-Phenyl- Styrene, 1.0 None 0.25 B,0.25 55 118-120 1.5996 (23) 94 (2), 1.5963
(3.7) (25)f
2,2-Diphenyl- 1,1-Diphenyl- n-Pentane, 0.25 B,0.26 63 146-147¢ 1511527
ethylene,0.14 100
92-sec-Butyl- 4-Methyl- None 0.25 B,0.25 52 50(1.0)  1.4992 (23) ¢
pentene-1,1.0
e ¢ = CHCl;, B = CHBr;, and I = CHI;. ?® 4nal. Caled for CsHsCly: C, 47.60; H, 5.30. Found: C, 47.98; H, 5.18. © Anal.
Caled for C;HyBre: C, 33.10; H, 4.00. Found: C, 33.06; H, 4.15. ¢ Recrystallization from isopropy! alcohol. ¢ Anal. Caled for
C;Hy;:Br,: C, 32.80; H, 4.68. Found: C, 33.22; H, 4.76. / See ref 2m. ¢ See ref 21. * See ref 2a. ¢ See ref 14. 7 See ref 15.
In agreement with the above predictions it is found  lylic carbonium ions to give a conjugated diene. When

that the cis-dimethyl isomer reacts faster than the
trans isomer in both the dibromo-, monotosyl-2 and 1,1-
dichloro-2-methyl-3-ethoxyeyclopropane.? In the case
of ¢is- and trans-1,1-dibromo-2,3-dimethyleyclopropane
and 1,1-dichloro-2-methyl-3-ethoxycyclopropane both
isomers during solvolysis lead only to the trans-rear-
ranged product. The fact that none of the cis isomer
is produced may be due to either isomerization of the
cis product during the reaction or to a preferred attack
by a nucleophile on carbonium ion B to give only the
trans product. Isomerization in another c¢is-o,vy-di-
methylallyl system has been reported to give predom-
inantly the trans product.®

As indicated by the results described in Table II it is
seen that groups capable of conjugating or hypercon-
jugating with the incipient double bond favor the forma-
tion of that double bond. These results are similar to
that observed for olefin formation »ia HX elimination
from a secondary or tertiary alkyl halide as described by
the Saytzeff rule.® For example, arylated dibromo-
cyclopropanes yield allyl derivatives with the double
bond conjugated with the benzene ring as illustrated in
the dibromocarbene adducts of styrene and 1,1-di-
phenylethylene.

Diene products are formed when starting with tri- or
tetramethyldibromocyeclopropanes because proton elim-~
ination is favored from the intermediate tertiary al-

(8) P. von R. Schleyer, G. W. Van Dine, U. Schollkopf, and J. Paust, J.
Am. Chem. Soc., 88, 2868 (1966),

() H. L. Goering, T. D. Nevitt, and E. Silversmith, bid., 77, 5026
(1955).

(10) (a) A. Saytzeff, Ann., 179, 296 (1857); (b} D. J. Cram in *‘Steric
Effects in Organic Chemistry,” M. 8. Newman, Ed., John Wiley and Sonas,
Inc., New York, N. Y., 1956, p 304,

primary or secondary allylic carbonium ions are formed
then reaction with a nucleophile accounts for the prod-
uct.

Earlier®»™ it was reported that the dibromo- and di-
chlorocarbene adducts of eyclohexene were all relatively
stable to silver nitrate at room temperature. Doe-
ring?® reported that 7,7-dichlorobicyeclo[4.1.0]heptane
was stable after refluxing for several hours with aleoholic
silver oxide. Cristol and co-workers?2 studied the rate
of solvolysis in glacial acetic acid—sodium acetate but
the structure of the product was not described.

The results of our investigation indicate that both
materials yield rearranged products after heating or
refluxing for several hours with silver acetate—acetic
acid. After 24 hr of refluxing, 7,7-dibromobicyclo-
[4.1.0lheptane yields 2-bromo-3-acetoxycycloheptene
(V) and is isolated in 3697 yield. In addition, 7,7-di-
chlorobicyclo[4.1.0]heptane under similar conditions
gives 2-chloro-3-acetoxycycloheptene (IV) in 269, yield
after 480 hr.

In the study of the epimeric 7-chlorobicyclo[4.1.0]-
heptanes, Cristol and co-workers?® suggested that the

Cl H Cl
i H H al i al

k=8 X10%sec™! Lk =1.4X10"? k=45 X 1077

sec™! sec™?

loss of the halide ion #rans to the hydrogen atoms at
C-2 and C+4 is preferred by a large factor. Schleyer®
has observed a similar order of reactivity in the solvoly-
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TasLe IV
NuMR® AND ULTRAVIOLET ABSORPTIONS OF THE NEW PRrODUCTS
Chemical shift,
Product compd 8, ppm cps Multiplicity Structural assignment Ultraviolet spectra, mu
(0]
Iv 2.05 123 1 CH;(LE—O—
5.36 } 324 } 2 (IJ
5.45 328 —CH=C—CI
6.0 361 3 —CH—CHy—
6.12 367 |
6.24 373
0
v 2.03 123 1 CH.—-g—O—
5.40 324 2 |
5.50 330 —CH=C—Br
6.26 375 3
6.37 381
6.4 387
—CH—CHg—
VI 1.90 114.5 1 (ch.),g=c<
2.02 121 1 CH.—}E—O—-
4.80 288 1 —J)—CH,—-O——
Br
(0]
VII 1.60 96.5 1 (CHb),—é——Oy}—
1.96 118 1 CH;&—O—
5.50 330 2 CH~=CBr—
5.55 332
5.79 347 2 CHy=CBr—
5.82 350
VIII 1.30 66.0 2 CH.—JJH—
1.37 69.0
1.70 85.0 2 CH—CH=
1.76 88.0
0
1.96 99 1 CH.—EO—
5.18 259 4 —CH—CH,
5.25 263 |
5.32 266
5.38 269
5.95 208 4 CH=CBr—
6.04 302
6.10 305 H,
6.16 308
H
X 1.78 89 2 CH.——(‘}= ASEI0R 9299
1.85 92 (emax 13,572)
1.91 96 1 CH.—-J}=
4.95 248 1 H=—
5.36 268 1 —éH=
5.85 293 4 =CH—CH,
5.92 296
5.99 299
6.05 302
XI 1.25 63.0 2 CH:—(IJH
1.31 66.0 ]
1.85 93.0 1 CH,—&O<
1.91 95.0 1 CH.—é}=C<
1.95 97.0 1 0111{1—3‘—0—
5.5 277 4 Hs
5.60 280 é)—c—
5.66 283 g
5.71 286
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TaBLE IV (Continued)
Chemical shift,
Product compd 5, ppm cps Multiplicity Structural assignment Ultraviolet spectra, mu
XII 1.76 88 1 CH;—A‘,=C< ASEIOH 248 210
1.84 92 1 (CH,),C=C< emax (248) 849
| €max (210) very high
4.80 240 1 HC==
4.91 246 1 H([L‘=
0
& ASH08 951
XI1I 2.02 101 1 CH;—C—0— (émax 11,985)
0
4.75 238 1 =C—CH2—OJIJ—
T
6.93 346 1 =CH—C,H;
7.23 365 Complex CsH;—CH=
E ASHIE 260
X1V 1.96 98 1 CH;—C—0— (émax 9010)
0
4.76 238 1 CHz—Og——
7.16 358 Complex (CeH3)—C==

s The integrated nmr spectra are consistant with the number of protons indicated for the compounds.

sis in the epimeric monotosylbicyclo[4.1.0]heptanes.
Cristol2a further reasoned that on the basis of the rates
of solvolysis (carried out at 124.6° in glacial acetic
acid-sodium acetate) that the same halogen leaves in
7,7-dichlorobicyclo[4.1.0]heptane.

The rate acceleration found for the solvolysis of 7,7-
dibromobicyelo[4.1.0Jheptane compared to the dichloro
analog in the presence of silver ion is not surprising
since it follows the order of reactivity observed for other
substituted alkyl halidesI > Br > CL.!! In fact similar
rate differences are found for other 1,1-dihalocyclo-
propanes as will be described at another time.!?

Experimental Section!®b

The dihalocarbene adducts were generally prepared by adding
1.0 mole of haloform to 1.0 mole of dry potassium ¢-butoxide
(M.S.A. Research Corp.) in 1.0 mole or more of the olefin in
200~-300 ml of n-pentane at 0-10°. After the addition was com-
plete the temperature was raised to room temperature and stirred
for several hours. Water was added and the organic layer sepa-
rated washed with water, dried, and concentrated at atmospheric
pressure. The crude material was weighed, analyzed by glpe,
and vacuum distilled to yield the pure product. This procedure
is similar to those described earlier.’»m.1415 The results are
summarized in Table III,

General Procedure for the Rearrangement of 1,1-Dihalocyclo-
propanes.—To an erlenmeyer flask was added 0.1 mole of the
1,1-dihalocyclopropane, 0.15 mole each of silver acetate, silver
nitrate, mercuric acetate, or sodium acetate, and 50-100 ml of
the solvent (glacial acetic acid or water). A reflux condenser
equipped with a drying tube was attached to the flask and then

(11) C. K. Ingold, “‘Structure and Mechanism in Organic Chemistry,”
Cornell University Press, Ithaca, N. Y., 1853, p 420.

(12) The rate of reaction of 7,7-dichlorobicyclo[4.1.0]heptane agrees with
that found by the authors and a more detailed account will be the subject of
another paper.

(13) (a) The elemental analyses were obtained by Dr. Stephen M. Nagy,
Belmont, Mass. (b) Melting and boiling points are uncorrected. The nmr
spectra were recorded on a Varian Associates AB0A spectrometer and the 3§
values are in parts per million from tetramethylsilane. The ultraviolet spec-
tra were obtained on a Beckman DKI recording spectrophotometer.,

(14) P, 8. Skell and A. Y. Garner, J. Am. Chem. Soc., T8, 3409 (1956).

(15) P. 8. Skell and A. Y. Garner, ibid., 78, 5430 (1956).

placed in an oil bath at 100-120° or on a steam bath for the hours
indicated. The extent of the reaction was determined by periodi-
cally checking samples with the aid of a Burrell gas chromato-
graph. Tables I and IV summarize the data for the rear-
rangment experiments,

Silver Acetate Rearrangement of 1,1-Dibromo-2,2-Diphenyl-
cyclopropane.—As a typical example of the rearrangement re-
action described above, 17.6 g (0.05 mole) of the subject com-
pound was added to an erlenmeyer flask followed by the addition
of 12.5 g (0.075 mole) of silver acetate and 50 ml of glacial acetic
acid. Silver bromide began to precipitate at room temperature
and the flask was placed in an oil bath at 100-120° for 24 hr.
The mixture was diluted with 200 ml of ether and filtered; the
silver bromide precipitate obtained weighed 14.0 g (contains
silver acetate). The ether filtrate was washed with water, sodium
carbonate solution, water, and dried over anhydrous calcium
chloride. Atmospheric distillation of the ether yielded 15.0 g
(91%) of crude material which, as indicated by infrared analysis,
was free of the starting dibromide. Vacuum distillation yielded
two fractions: fraction 1, yield 5.0 g, bp 142-145° (0.15 mm),
n?p 1.6023; and fraction 2, yield 7.0 g, bp 145° (0.15 mm),
n*p 1.6020. The total yield was 729,. The ultraviolet spectrum
of fraction 1 was AS:2°® 260 mu (emsx 8790) and of fraction 2 was
AOHISH 980 my (emax 9010), indicating conjugation. The nmr
spectral data are described in Table IV and are consistent with
the assigned structure as 1,1-diphenyl-2-bromo-3-acetoxy-1-
propene (CeH;),C=C(Br)CH:0Ac (XIV). Anal. Caled for
CyHy:BrO; (fraction 2): C, 61.60; H, 4.53. Found: C, 62.11;
H, 4.88. Gas chromatographic analysis with the aid of an F & M
Model 810 flame ionization chromatograph (2 ft 109, Carbowax
20M on firebrick, 250°, 90 ml/min of He) indicated that fractions
1 and 2 were identical and consisted of one peak.
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