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NMR (CD4CN) § 7.82 (s, aromatic, 1 H), 7.43 (s, aromatic, 1 H),
5.69 [s, CH(CN),, 1 H], 5.63 [s, CH(CN)s, 1 H], 3.75-4.37 (m,
~-CHyCHs, 5 H), 3.1 ppm (s, broad, OH, 1 H).

2-(2-Hydroxyethoxy)-5-bromo-7,7,8,8-tetracyanoquinodi-
methan. A mixture of 500 mg of 2-(2-hydroxyethoxy)-5-bromo-p-
phenylenedimalononitrile and 50 mi of bromine water was stirred
for 30 min and filtered. The filter cake was recrystallized from
benzene to give 236 mg of red crystals of 2-(2-hydroxyethoxy)-5-
bromo-7,7,8,8-tetracyanoquinodimethan, mp 213-217 °C dec.

Anal. Caled for C14H7NyBrOs: C, 49.00; H, 2.06; N, 16.33. Found:
C, 48.86; H, 2.25; N, 16.23.

Uy (CH3CN) 485 nm (e 4461), 413 (41 521), 390 (sh, 39 805), 280
(3157). .

4,4'-Bis(hydroxymethyl)tetrathiafulvalene. To a stirred slur-
ry of 6.5 g (0.0256 mol) of lithium tri-tert-butoxyaluminum hy-
dride and 30 ml of tetrahydrofuran under nitrogen cooled to —78
°C was added 1.81 g (0.00555 mol) of tetrathiafulvalenedicarbonyl
chloride. The mixture was stirred for 1 h at =78 °C and then al-
lowed to slowly warm to room temperature during which time the
purple solid became amber. After 3 h, the solvent was removed in a
stream of nitrogen and water was added to the residue under nitro-
gen. The mixture was filtered under nitrogen, and the filter cake
was stirred under argon with 10% sodium hydroxide solution for 1
h and refiltered. The filter cake was extracted with methanol, and
the extract was diluted with aqueous sodium hydroxide and con-
centrated somewhat in vacuo causing separation of rust-colored
crystals which were collected by filtration and washed with water
to give 368 mg of 4,4’-bis(hydroxymethyl)tetrathiafulvalene which
begins to decompose at 160 °C.

Anal. Caled for CgHgS409: C, 36.34; H, 3.05. Found: C, 36.67; H,
3.29.

NMR (MeySO-dg) 6.41 (s, 2 ring H), 5.39 (t, J = 5.5 Hz, OH, 2
H), 4.15 (d, J = 5.5 Hz, ~CH,0, 4 H), 3.27 ppm (s, Hz0, 1 H). Ad-
dition of DO causes disappearance of the 5.39 and 3.27 ppm peaks
and a new exchange singlet appears at 3.78 ppm while the 4.15
ppm CHjy peak collapses to a singlet.

Tetrathiafulvalene Polyurethane (7). To a stirred, refluxing
mixture of 108.9 mg of 4,4’-bis(hydroxymethyl)tetrathiafulvalene,
118 mg of 4,4’-diisocyanatotetrathiafulvalene, and 15 ml of aceto-
nitrile under argon was added 0.1 ul of dibutyltin dilaurate cata-
lyst. After 2 h, the mixture was filtered under argon, and the filter
cake was twice mixed with acetonitrile and centrifuged to give 167
mg of brown polymer. The infrared spectrum shows carbonyl ab-
sorption at 1730 cm™! and NH absorption at 3400 cm™L.

Anal, Caled for (CigH10N2SgO4)x: C, 34.89; H, 1.83; N, 5.09.
Found: C, 33.52, 33.47; H, 2.17, 2.16; N, 5.35, 5.30.

Reaction of Tetrathiafulvalene Polyurethane with Iodine.
A mixture of 30 mg of 7, 10 ml of acetonitrile, and 14 mg of iodine
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was stirred under argon for 3 h and filtered in a nitrogen atmo-
sphere to give 35.5 mg of black polymer.

Anal. Caled for CigH;0048sNaIo: C, 23.88: H, 1.25; N, 3.48.
Found: C, 23.94, 23.97; H, 1.56, 1.54; N, 4.16, 4.29.

Electrical resistivity of compaction 2 X 106 ohm cm.

Registry No.—1, 58268-29-4; 2, 58312-83-7; 3, 58312,84-8; 4,
58268-60-3; 5, 58268-30-7; 6, 58268-31-8; 7, 58268-59-0; 2,5-bis(2-
acetoxyethoxy)-p-xylylene dichloride, 58268-32-9; 1,4-bis(acetoxy-
ethoxy)benzene, 47096-64-0; 2,5-bis(2-acetoxyethoxy)-p-xylylene
dicyanide, 58268-33-0; 2,5-bis(2-hydroxyethoxy)-p-xylene dicyan-
ide, 58268-34-1; 2,5-bis[2-(tetrahydro-2-pyranyloxy)ethoxy]-p-xy-
lylene dicyanide isomer 1, 58268-35-2; 2,5-bis[2-(tetrahydro-2-
pyranyloxy)ethoxy]-p-xylene dicyanide isomer 2, 58268-36-3;
N-iodosuccimide, . 516-12-1; 1,1’-diisocyanatoferrocene, 12288-
75-4; 1,1’-bis(methoxycarbonylamino)ferrocene, 12277-09-7; 4,4'-
tetrathiafulvalenedicarbonyl ! chloride, 58268-37-4; | 4,4'-tetrathia-
fulvalenedicarboxylic : acid, *51751-19-0; 1 methylene i chloride, | 75-
19-2; 4,4'-diisocyanatotetrathiafulvalene, 58268-38-5; 2-(2-acetoxy-
ethoxy-a,a’,5-tribromo-p-xylene, 58268-39-8; 2-(2-acetoxyethoxy)-
p-xylene, 58268-40-9;  2-(2-acetoxyethoxy)-5-bromo-1-bromo-
methyl-4-dibromomethylbenzene, 58268-41-0; N-bromosuccini-
mide, 128-08-5; -2-(2-acetoxyethoxy)-5-bromo-p-xylene dicyanide,
58268-42-1; 2-(2-hydroxyethoxy)-5-bromo-p-xylylene dicyanide,
58268-43-2; 2-(2-hydroxyethoxy)-5-bromo-p-phenylenedimalono-
nitrile, 58268-44-3; 4,4’-bis(hydroxymethyl)tetrathiafulvalene,
58268-45-4; 4,4’-diisocyanatotetrathiafulvalene polymer, 58268-
58.9; 2,5-bis(hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan
1,1’-diisocyanatoferrocene polymer, 58298-32-1; 2,5-bis(hydroxy-
ethoxy)-7,7,8,8-tetracyanoquinodimethan  4,4’-diisocyanatotetra-
thiafulvalene polymer, 58268-57-8.
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Photochemical irradiation of chlorine substituted 1,5-hexadien-3-ones has led to the synthesis of 1-chloro-, exo-
5-chloro-, and endo-5-chlorobicyclo[2.1.1]hexan-2-one. The nature and utility of the photocycloaddition is dis-
cussed. Bromination of bicyclo[2.1.1]hexan-2-one has been carried out using lithium dialkylamide to form the en-

olate.

Strained bicyclic and polycyclic compounds continue to
play an important role in the understanding of many as-
pects of organic chemistry,! including theoretical studies,?
solvolytic reactivity,® thermal rearrangements,* and reac-
tivity of strained ¢ bonds.’ For this reason, synthetic ef-
forts in this area have been extensive. For some time now,
we and others have been interested in the chemistry of bi-
cyclo[2.1.1]hexanes, an area far less studied than that of
the homologous bicyclo[2.2.1]heptanes, owing to the ready

availability of the latter. In this paper we report extension
of our previously noted synthesis of bicyclo[2.1.1]hexan-2-
one® to the preparation of functionally activated bicyclo-
[2.1.1]hexan-2-ones, needed for various studies, some of
which are reported in the accompanying paper.”

Most synthetic routes to the bicyclo[2.1.1]hexane nucle-
us have involved either ring contractions from bicyclo-
[2.2.1]heptanes!a8 or bicyclo[3.1.1]heptanes®s™? or photo-
chemical cycloaddition of acyclic precursors.®i® Other



Halogen Substituted Bicyclo[2.1.1]hexan-2-ones

routes of less general utility include acyloin condensation
of a cyclobutane precursor,!! photochemical cyclization of
aryl ketones,!? and miscellaneous specialized reactions.!d
As we were particularly interested in studying interactions
between two different functional groups on the rigid bicy-
clo[2.1.1]hexane nucleus, and in the use of such derivatives
for the preparation of even more highly strained com-
pounds,’ we investigated the preparation of halogen substi-
tuted bicyclo[2.1.1]hexan-2-ones.

There are a total of five such isomers, the 1-halo, 3-halo,
4-halo, and exo and endo 5-halo derivatives. Our major ef-
fort was to extend the facile photocycloaddition of 1,5-hex-
adien-3-one (1a)® to halogen substituted dienones, 1b. It

X X
0
& 0 _hl_)
~
la, X=H 2a,X=H
¢, X = CH; ¢, X=CH,

was felt that such a study might also shed light on the na-
ture of this unusual cycloaddition which has become the
main synthetic route to bicyclo[2.1.1]hexanes, but which
has not been extended to the preparation of other ring sys-
tems. In this regard, our results are in complete agreement
with the study of Gibson and Erman,'® who investigated
the cycloaddition of the methyl dienones lc.

Results and Discussion

Synthesis of Precursors. The route previously used8
for the synthesis of la was applicable to only one of the

halodienones, the 2-chloro isomer 4, prepared from 314 by’

oxidation with Jones reagent. The yield in the oxidation
Cl

A+

4/\
(ﬁH 7 ScuMgX T
0
Cl Cl
)\(\/ - )Y\/
OH 0
3 4

was low and could not be improved by excess reagent or ex-
tended reaction time, or by use of other conditions, includ-
ing the Collins reagent, activate manganese dioxide, or di-
methyl sulfoxide, which led to either overoxidation or no
reaction. Lack of reactivity with demonstrably active man-
ganese dioxide has precedent.! A cis—trans mixture of the
1-chloro isomer of 4 could be obtained from B-chloroacro-
lein by a similar route, but again the oxidation proceeded
in low yield and the dienone underwent extensive polymer-
ization upon photolysis. The desired products, in this case
exo- and endo-5-chlorobicyclo[2.1.1]hexan-2-one, could be
prepared as shown below, so that this sequence was not
pursued.

Preparation of 4-chloro-1,5-hexadien-3-one (6a) was not
attempted since its photolysis was expected to result in «

X X
—_——
OH 0
5a, X = OH (threo and erythro) 6a,X =Cl

b, X = OAc (threo and erythro)

J. Org. Chem., Vol. 41, No. 8, 1976 1417

cleavage. The corresponding acetate 6b was prepared from
5al6 and indeed it proved to be less valuable as a precursor
for 3-substituted bicyclo[2.1.1]hexan-2-ones than the par-
ent ketone 2a (vide supra).

The Grignard route to the 5- or 6-chloro isomers of 3 was
unsuccessful as we were unable to prepare a Grignard re-
agent from either 1,3- or 2,3-dichloropropene. Such prepa-
rations have also not been reported in the literature.
Therefore, the three remaining dienone precursors, 9, 11a,
and 11b, were prepared by the Stork procedure!? from

OEt
O0—CH
OR CH,
N LRI /
?H al
2, CN (1
CN /kcmm 8
7a,R=H L
b, R =—CH—OEt 2 OH"
CHS /\“/\(
LRLi 0 qQ
2. Cl\ 9
CH,C
OEt
0—CH
CH, .
7
- W WCI
CN O
10a, cis 1la, cis
b, trans b, trans

acrolein cyanohydrin (7a).!® Treatment of 7a with ethyl
vinyl ether afforded the mixed acetal 7b which was con-
verted into its monoanion and alkylated with 2,3-dichloro-
propene to give 8, or with 1,3-dichloropropene to give 10a
and/or 10b depending on the stereochemistry of the start-
ing dihalide. Hydrolysis in dilute acid generated the free
cyanohydrins which were converted with base to the re-
spective dienones, 9, 11a, and 11b, all of which were irradi-
ated without purification. Attempts at purification of the
dienones led to extensive decomposition.

Irradiation of Dienones. Results of the irradiation
studies are shown in Table I. The exact conditions are
given in the Experimental Section and proved important in
avoiding side reactions, particularly polymerization. Hy-
drocarbon solvents were used generally. Methanol as a sol-
vent resulted in some reduction of the dienones and overir-
radiation of the bicyclic products.!® Reproducible quantum
yields could not be obtained, possibly because of minor im-
purities in the difficult to purify dienones. Low, but accept-
able, isolated yields of 12 and 13 were obtained and 15 and
16 were formed in satisfactory amounts. Since 3-substitut-
ed isomers related to 18 can be prepared from 2a as de-
scribed below, only the 4-chloro isomer 14 cannot be easily
prepared by the photocycloaddition route, which therefore
seems preferable to the alternative ring contraction of di-
or trisubstituted bicyclo[2.2.1]heptanes. In all cases except
9, side products were either very volatile or polymeric so
that product isolation was not difficult, provided that pho-
toreduction to the dienol had been avoided.
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Table I. Irradiation of Dienones
Isolated
Dienone Product yield, %
cl
o]
4 13
12
0,
6b 8
AcO
13
0
9 ~1
cl
14
+
llaor11b 52
cl
0 0 al
15 (40%) 16 (60%)

These photochemical results are in remarkable agree-
ment with those of Gibson and Erman on the photolysis of
the methyl dienones, le.1% They also noted a low yield
with the 2-methyl isomer and no cycloaddition with the 5-
methyl isomer. In the latter case they detected methyl ester
17a when the photolysis was carried out in methanol. We

hw
9 CHaoH X/lk/\/COOCHB

17a, X = CH;
b, X=Cl

likewise obtained 17b from 9 using methanol as solvent.
These results are in agreement with the “biradical” mecha-
nism for the photolysis illustrated for 9. Excitation to 18 al-

o

AN o
hy .
9 — X% HC
Cl Cl
18
o
C=0 0
I7b <— / -
d
Ql Cl
14
20 19

lows closure in either of two ways. The normal closure, pre-
dicted?® by the “rule of five”, to 14 is less favorable in this
case owing to the added stabilization of 19 afforded by the
halogen or methyl substituent. Fragmentation of 19 gives
ketene 20 which presumably polymerizes in hydrocarbons,
but affords some 17b in methanol. It is interesting to note
that Agostal® observed cycloaddition upon irradiation of
5-methyl-1,5-hexadien-3-one using a uranium glass filter.
In our hands the use of such a filter did not result in an in-
creased yield of 14. It should be noted that the structural
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assignment to 14 is based on its infrared spectrum (see Ex-
perimental Section).

A halogen (or methyl) substituent at C-6 of the dienone
should favor the normal closure, as observed. In addition,
one would expect to observe the same ratio of 15:16 regard-
less of the stereochemistry of the starting dienone 11 since
that is lost upon formation of the five-membered ring.
This, again, was observed with the methyl substituent.1%2

The remarkable similarity in product distribution from
1b and lc suggests that the cyclizations occur by a similar
mechanism. In the absence of more controlled experiments
it is difficult to choose between a singlet and triplet path-
way. Addition of standard triplet sensitizers (acetone, xan-
thone, acetophenone) did not affect the product distribu-
tion or approximate rate of product formation with di-
enones la, 9, or 11a, though Gibson and Erman found ex-
cess acetophenone to be necessary for cycloaddition of 2,6-
heptadien-4-one.l% Likewise piperylene did not quench
the reaction, though such failure in an intramolecular reac-
tion is not necessarily indicative. Perhaps the strongest
suggestion for a singlet pathway is the close similarity be-
tween the methyl- and chlorodienone behavior. Were a
triplet pathway involved, its facilitation due to the heavy
atom effect might be expected to alter the product distri-
bution.

Bromination of Bicyclo[2.l.1]hexan-2-one. A great
deal of effort was expended in developing methods for in-
troduction of substituents « to the carbonyl group of the
parent ketone 2a.” In particular, halogenation was studied
as an alternative route to the 3-substituted bicyclo-
[2.1.1]hexan-2-ones, not easily prepared directly.

Ketone 2a proved remarkably unreactive under a series
of standard bromination conditions which readily convert-
ed camphor and norcamphor into their respective deriva-
tives. In particular, bromination with Bro-HBr either
neat?! or in acetic acid at 100 °C resulted in no reaction!
Clearly formation of enol 21 is difficult, in agreement with
theory.? Normal base conditions (tert-alkoxide, sodium
amide, sodium hydride) followed by addition of bromine
also failed to give the desired 22. Sodium hydride, in fact,
reduced 2a to the corresponding alcohol. We were finally

0 1 LiNY
— 2%
2. Br,

Br HO
22 21

able to generate the enolate anion of 2a using lithium cy-
clohexylisopropylamide as the base. Quenching of the
anion in bromine afforded 22 in reasonable yield. Thus all
of the halo-substituted bicyclo{2.1.1]hexan-2-ones except
the 4 isomers are now readily available.

Experimental Section?2

General Photolysis Conditions. The dienones were irradiated
in dilute (ca. 19%) solution in pentane or in pentane—ether mixtures,
using a Hanovia 450-W lamp (679 A-36) and a water-cooled quartz
immersion well (no. 19434). Solutions were purged with nitrogen
before photolysis and were maintained under a nitrogen atmo-
sphere and magnetically stirred during photolysis. Irradiations
were usually conducted in a hood owing to the lachrymatory na-
ture of the dienones. Irradiations were followed by GLC using a
10-ft 5% DEGS column, monitoring disappearance of starting ma-
terial and formation of product, the latter always with a longer re-
tention time. Most solutions were irradiated for 10-20 h. Where
polymer formed on the well, it was periodically removed by scrap-
ing. .

1-Chlorobicyclo[2.1.1]hexan-2-one (12). A solution of 10.0 g
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(0.076 mol) of 2-chloro-1,5-hexadien-3-0l14 (3) in 500 ml! of purified
acetone was cooled to 10 °C and treated dropwise over a 30-min
period with 20.6 ml (0.053 mol) of Jones reagent?® under vigorous
stirring. The solution was stirred for an additional 1 h at 10-15 °C,
and 1.0 g of sodium bisulfite was added and then an excess of solid
sodium bicarbonate. The solution was carefully decanted and the
green residue washed with three 200-ml portions of pentane. The
organic layers were combined, washed with 5% sodium bicarbonate
and saturated salt solution, and dried over sodium sulfate. GLC

(10 ft, 10% DEGS) showed a new peak, presumably due to 4, with’

an area nine times that of unreacted 3. The crude product has Ay ax
230 nm (ethanol) and carbony! absorption at 1692 cm~! in the in-
frared. Attempts to isolate 4 led to decomposition.

This solution was added to the photolysis flask and sufficient
pentane added to bring the volume to 1.9 L. Irradiation for 11.5 h
was followed by GLC. Solvent was removed in vacuo to give a
brown residue which was molecularly distilled to give 1.61 g of a
light yellow liquid, bp 86-43 °C (0.5 mm). GLC analysis indicated
that this mixture contained 15% of 3 and 85% of 12. Pure 12 was
collected by preparative GLC. Anal. Caled for C¢H;ClO: C, 55.09;
H, 5.39; Cl, 27.25. Found: C, 54.96; H, 5.59; Cl, 27.34.

The ir spectrum shows carbonyl absorption as a doublet at 1792
and 1783 cm™!, The NMR spectrum shows a complex broad pat-
tern from 2.00 to 2.60 (6 H) and a multiplet at 2.90 ppm (1 H).

3-Acetoxybicyclo[2.1.1]Thexan-2-one (13). A stirred solution
of 5a,'6 57.0 g (0.5 mol), in 100 ml of pyridine was treated dropwise
at 0 °C with 30.6 g (0.3 mol) of acetic anhydride. After storage at
room temperature for 24 h the solution was poured onto ice-HCl
and the product isolated with ether. The washed and dried ether
was concentrated in vacuo to give a crude product which was frac-
tionally distilled through a 24-in. Teflon spinning band column to
give 40.1 g of 5b as a mixture of threo and erythro isomers, bp
89-91 °C (9 mm), contaminated with a small amount of diacetates.
This material was oxidized with Jones reagent as described above

and the crude product irradiated immediately in pentane, followed’

by GLC. After 13.5 h the solution was worked up and distilled
through the spinning band column to give, after removal of some
5b and diacetate, the product 13 as a light yellow liquid, bp 110-
113° (10 mm), yield 3.5 g (8% from 5a). Anal. Caled for CgH1004:
C, 62.33; H, 6.54. Found: C, 62.18; H, 6.71.

The ir spectrum (in CCly) shows carbonyl absorption at 1780
and 1749 cm~!. The NMR shows a complex pattern from 1.45 to
2.50 (4 H), a singlet at 2.17 (3 H), a multiplet at 2.93 (2 H), and a
broad singlet at 5.55 ppm (1 H).

1-(1’-Cyano-2'-propenoxy)-1-ethoxyethane (7b). Freshly dis-
tilled acrolein cyanohydrin!® (110.0 g, 1.28 mole), prepared and
handled in a good hood, was placed into a 500-ml three-necked
flask equipped with magnetic stirrer, dry ice condenser, and an ad-
dition funnel. The cyanohydrin was stirred and acidified with 3
drops of 5% HCI. Freshly distilled ethyl vinyl ether (100 g, 1.40
mol) was then added dropwise over the next 3 h. The solution was
allowed to stand at room temperature overnight, then distilled
through a 6-in. Vigreux column to give 7b, 134.6 g (69%), bp 52-56
°C (0.2-0.3 mm) [lit.}7 bp 42-45 °C (0.1 mm)]. The product is a
mixture of diastereoisomers as expected.

1-(3’-Cyano-5'~chloro-1/,5'-hexadienoxy)-1-ethoxyethane
(8). Lithium diisopropylamide was prepared in 400 ml of THF
from 78.4 ml (0.58 mol) of diisopropylamine and 0.6 mol of n-bu-
tyllithium. This solution was cooled in a dry ice-acetone bath and
75.0 g (0.48 mol) of 7b in 70 ml of hexamethylphosphoric triamide
was added dropwise over 1 h. The orange solution was stirred for
an additional 5 min, still at —78 °C, and then was treated dropwise
with 63.9 g (0.576 mol) of 2,3-dichloro-1-propene over a 1-h period.
An additional 300 ml of THF was added, stirring was continued for
2 h, and the solution then allowed to warm to room temperature.

Water (15 ml) was added and the solution concentrated (15 mm)
to a black slurry which was extracted with ether. Difficulty in visu-

alizing the separation was a problem. The ether layer was finally -

separated, washed, and dried. The solution was concentrated in
vacuo to a dark brown residue which was dissolved in 60 ml of hex-
ane-benzene (1:1) and passed through a chromatographic column
containing 500 g of silica gel using hexane-benzene. Four 250-ml
fractions were collected, combined, and distilled through a 6-in.
Vigreux column to give 35.5 g (38%) of 8, bp 756-85 °C (0.4 mm).
The NMR spectrum shows a complex pattern from 1.0 to 1.5 (6 H),
a multiplet at 2.8 (2 H), a multiplet at 3.4 (2 H), a quartet at 4.85
(1 H), and a complex pattern from 5.3 to 5.9 ppm (5 H). The prod-
uct is the expected mixture of diastereoisomers and was used as
such.

4-Chlorobicyclo[2.1.1]hexan-2-one (14). To a 250-ml flask
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was added 35.5 g of 8 and 85 ml of methanol. The solution was
stirred and 31 ml of 5% H280,4 added rapidly, followed by suffi-
cient methanol to afford a homogeneous solution. After 30 min the
solution was concentrated in vacuo, extracted with ether, washed,
and dried. Removal of the ether followed by distillation afforded
18.0 g (82%) of 5-chloro-1,5-hexadien-3-one cyanohydrin, bp 75-82
°C (0.4 mm).

In a 1-1. separatory flask was placed 7.2 g of this cyanohydrin,
350 ml of ether, and 40 ml of 0.5 N sodium hydroxide. The ether
was separated and treated with a second 40-ml portion of base,
shaken for 10 min, separated, washed with water, and dried. This
ether solution was diluted with pentane for the photolysis studies.
Evaporation of a small portion of the ether gave crude 9, infrared
carbonyl at 1680 em™ and NMR absorption at 3.50 singlet (2 H),
5.33 doublet (2 H), and complex two-proton patterns at 5.81 and
6.35 ppm. Attempts to distill this material led to extensive decom-
position.

The ether-pentane solution (2.1 1.) was irradiated in the usual
manner. Extensive polymer buildup was noted. Disappearance of
starting material was followed by GLC and was complete in 12 h.
The solution was washed, dried, and evaporated to a yellow
gummy residue. Molecular distillation afforded 0.38 g of a yellow
oil, GLC examination of which showed two major peaks, the sec-
ond of which was collected and assigried structure 14 on the basis
of its intense infrared carbonyl band at 1770 em™! and consistent
mass spectrum for CgH7Cl0. The other product was not identified.

Photolysis of 9 in Methanol. A second batch of 7.2 g of 5-
chloro-1,5-hexadien-3-one cyanohydrin was converted into 9 as de-
scribed above. The ether solution was diluted to 2.1 1. with metha-
nol and irradiated as before for 21 h. Solvent was removed and the
residue molecularly distilled to give 0.45 g of volatile material
which showed four peaks in the GLC. The major peak was collect-
ed and assigned the structure methyl 5-chloro-5-hexencate (17b),
based on its spectral data.

The ir spectrum shows significant bands at 8010, 1740, 1630,
1950, and 1170 em™%. The mass spectrum shows molecular ions at
m/fe 162 and 164 (C7H;102Cl). The NMR spectrum shows absorp-
tion at 1.89 (multiplet, 2 H), 2.22 (triplet, 2 H), 2.40 (triplet, 2 H),
3.55 (singlet, 3 H), and two sharp peaks at 5.14 ppm (2 H).

Two of the minor products had retention times identical with
those of the products from the pentane irradiation.

1-(8’-Cyano-trans-6'-chloro-1',5'-hexadienoxy)-1-ethoxy-
ethane (10b). Compound 10b was prepared in 39% yield exactly as
described above for 8, except that the halide used was trans-1,3-
dichloro-1-propene.

The product, bp 78-79 °C (0.4 mm), a diastereomeric mixture,
has an NMR spectrum with a multiplet at 1.2 (6 H), two doublets
centered at 2.5 (2 H), a multiplet at 3.45 (2 H), a quartet at 4.8 (1
H), and a multiplet centered at 5.8 ppm (5 H).

The cis isomer 10a was prepared in a similar manner from cis-
1,3-dichloro-1-propene, bp 75-79 °C (0.4 mm). The NMR spec-
trum has a multiplet at 1.2 (6 H), a doublet at 2.75 (2 H), a com-
plex pattern at 3.45 (2 H), a quartet at 4.8 (1 H), and a complex
pattern centered at 5.8 ppm (5 H).

trans-6-Chloro-1,5-hexadien-3-one (11b). Pure 10b was con-
verted into 11b by treatment first with acid and then base as de-
scribed above for 8. Again, the chlorodienone proved too unstable
to isolate. The crude material, 11b, exhibits carbonyl absorption at
1670 ¢cm™! and NMR. absorption at 3.33 (doublet, 2 H) and 6.05
ppm (multiplet, 5 H).

The cis isomer, 11a, was prepared from 10a in the same manner
and has carbonyl absorption at 1670 cm~! and NMR bands at 3.50
(doublet, 2 H) and complex absorption centered at 6.1 ppm (5 H).

In a similar manner a cis-trans mixture of 11a and 11b could be
obtained from 7 using the commercially available cis—trans mix-
ture of 1,3-dichloropropene.

exo- and endo-5-Chlorobicyclo[2.1.1]Thexan-2-one (15 and
16). A mixture of crude trans- and cis-6-chloro-1,5-hexadien-3-one
[obtained from 20.6 g (0.13 mol) of its cyanohydrin] was irradiated
for 7 h in 2.2 l. of 4:1 ether-pentane. Removal of solvent followed
by distillation through a 2-in. Vigreux column afforded 8.97 g
(52%) of a mixture of exo-5-chlorobicyclo[2.1.1]hexan-2-one (15)
and its endo isomer 16, bp 48-56 °C (1.9 mm), in a ratio (by GLC)
of 2:3. The mixture was fractionally distilled through a 24-in. spin-
ning band column to afford 2.97 g of pure exo isomer? [bp 44 °C (1
mm)], three fractions of mixed isomers, and a fraction of 98% pure
endo isomer, 16 [bp 48 °C (1 mm)]. Anal. Caled for C¢H7CIO: C,
54.96; H, 5.59. Found for 15: C, 54.97; H, 5.35. For 16: C, 55.50; H,
5.63.

Exo isomer 15 has its infrared carbonyl absorption at 1771 cm™1,
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The NMR spectrum?* shows a triplet at 1.77 (/ = 8.0 Hz, 1. H), a
doublet of doublets at 2.26 (J = 5, 16 Hz, 1 H), a doublet at 2.41 (J
= 16 Hz, 1 H), a multiplet at 2.74 (2 H), a multiplet at 3.24 (1 H),
and a doublet at 4.07 ppm (J = 8.0 Hz, 1 H).

Endo isomer 16 exhibits carbonyl absorption at 1777 ecm™t. Its
NMR spectrum?® shows a doublet at 1.79 (J = 8 Hz, 1 H), a multi-
plet at 1.95 (1 H), a doublet of doublets at 2.08 (J = 16, 3 Hz, 1 H),
a doublet of doublets at 2.49 (J = 16, 5 Hz, 1 H), a triplet at 3.05 (2
H), and a quartet at 4.4 ppm (1 H).

Photolysis of either 11a or 11b under similar conditions gave the
same 2:3 ratio of 15:16. This analysis is complicated by competitive
isomerization of 11b to 11a, and by overirradiation decomposition
of the products 15 and 16.

3-Bromobicyclo[2.1.1]hexan-2-one (22). A 1-1. three-necked
flask was equipped with a mechanical stirrer, an addition funnel, a
septum inlet, and a Nujol bubbler. The flask was flame dried and
placed under an argon atmosphere. A solution of 14.1 g (0.1 mol) of
cyclohexylisopropylamine in 300 ml of dry tetrahydrofuran was in-
troduced into the flask which was cooled in an ice-water bath. The
solution was stirred continuously and then a solution of n-butyl-
lithium (0.1 mol) in hexane was added dropwise over a period of 20
min by means of a hypodermic syringe. After the addition had
been completed, the solution was stirred for 10 min at 0 °C and
then it was cooled to —78 °C in a dry ice-acetone bath. A solution
of 4.80 g (0.05 mol) of bicyclo[2.1.1]hexan-2-one in 200 ml of dry
THF was added through an addition funnel over a period of 1 h.

A 2.1. three-necked dry flask with a mechanical stirrer was
charged with 54.0 g (0.3 mol) of bromine and 200 ml of dry THF
under an argon atmosphere and was cooled in a dry ice-acetone
bath. The enolate anion solution was added dropwise into the bro-
mine solution over a period of 1 h. After the addition had been
completed, the resulting solution was stirred for 1 h at —78 °C and
then was quenched with 10 ml of concentrated hydrochloric acid.
Most of the solvent was removed on a rotary evaporator and then
the residue was extracted with four 200-ml portions of ether. The
ether solutions were combined and washed with saturated sodium
bisulfite solution and sodium chloride solution, and then dried
over anhydrous sodium sulfate. After the ether had been removed
on a rotary evaporator, the crude product was distilled through a
5-in, Vigreux column under reduced pressure. The product was a
light yellow liquid, bp 60-66 °C (0.9 mm), yield 4.0 g (46%). Anal.
Caled for CgH7BrO: C, 41.17; H, 4.03; Br, 45.65. Found: C, 41.33;
H, 4.09; Br, 45.70.

The NMR spectrum (in CCly) has signals at 1.65-1.76 (doublet
of doublets, J = 7.0 and 7.5 Hz, 1 H), 2.03-2.14 (doublet of dou-
blets, J = 7.0-and 7.5 Hz, 1 H), 2.26-2.34 (multiplet, 1 H), 2.39~
2.45 (multiplet, 1-H), 2.80-3.05 (multiplet, 2 H), and 4.26 (multi-
plet, 1 H). The infrared spectrum (in CCly) shows an intense car-
bonyl absorption band at 1773 em™1.

3-Chlorobicyclo[2.1.1]hexan-2-one was also prepared in a similar
manner, though the yield was not optimized. The NMR spectrum
(in CCly) of the chloro ketone shows signals at 1.60 (doublet of
doublets, J = 7.0 and 7.5 Hz, 1 H), 2.08 (doublet of doublets, J =
7.0 and 7.5 Hz, 1 H), 2.21 (multiplet, 1 H), 2.35 (multiplet, 1 H),
2.91 (multiplet, 2 H), and 4.12 ppm (multiplet, 1 H), and the in-
frared spectrum (in CCly) exhibits its carbonyl band at 1780 ¢m~L.
Anal. Caled for CgH,ClO: C, 55.17; H, 5.40. Found: C, 54.90; H,
5.63.
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