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cis,trans- Bicyclo[6.1.0]non-4-enes have been prepared via two different routes and photoisomerized to the
“parallel” and “perpendicular” isomers of trans,trans- bicyclo[6.1.0]non-4-enes. Structures for these isomers were
confirmed and assigned by chemical and spectral means. Most noteworthy properties of these isomers include dis-
tortion from true perpendicularity in the “perpendicular” isomer and apparent severe distortion from planarity of
the “paralle]” isomer’s double bond. The latter property apparently facilitates a remarkable thermal cis—trans
isomerization of an isolated double bond. A comparison of the ultraviolet spectra of the two isomers alse supports
the postulated interaction between the cyclopropane and the = bond. Other chemistry of these isomers is dis-

cussed.

The consequences of cyclopropane ring interactions with
proximate reacting centers and unsaturated groups have
evoked considerable experimental and theoretical study. In
an attempt to probe yet another facet of such interactions,
we undertook syntheses of the “parallel” (1) and “perpen-
dicular” (2) trans,trans- bicyclo[6.1.0]non-4-enes. Molecu-
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lar models of these two isomers showed that the = and the
transannular cyclopropane bonds possessed a common axis
and that these two bonds were in extremely close proximity
to each other. Thus, as viewed from the perspective offered
by molecular models, the structural features of these iso-
mers might provide a unique opportunity to study interac-
tions between cyclopropanes and alkenes (as well as other
alkene derived products) as a function of two closely relat-
ed and possibly optimum geometries.

Effects of geometry and distance have been noted on
through-space cyclopropane-alkene interactions in other
systems (e.g., 3-5).3 In contrast to these previous studies,
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the interfunctional distances of 1 and 2 appeared to be sig-
nificantly shorter. In addition, the parallel orientation of
the p orbitals and the cyclopropane ring in 1 forces maxi-
mum possible interactions between these two structural en-
tities.

A hint at the potential importance of such orientation—
distance factors can be found in a previous study by Cope
and Whitesides.* In this study, photochemical isomeriza-
tion of the CuyCly complex of cis,cis- 1,5-cyclooctadiene (6)
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formed a product in low (1-2%) yield which was assigned
the 1,5-trans,trans-cyclooctadiene structure. Although
these authors were unable to determine whether their
product was 7, 8, or a mixture of both, they did note chemi-
cal instability and ultraviolet spectral properties apparent-

ly indicative of transannular interactions. By contrast, 6 is
relatively unremarkable in its chemical reactivity.
Synthesis. Cyclization Approach. Since the trans- alk-
ene moiety was expected to be the most reactive compo-
nent of the desired structures, we focused on synthetic ap-
proaches in which its formation would be the final step. Al-
though an isomerization of the cis isomer 9 appeared to be
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9a. R=Cl; Y=H
b.R=C Y=D
c R=H; Y=H

the simplest approach, the low yields obtained by Cope and
Whitesides in the synthesis of transtrans-1,5-cycloocta-
diene (6 or 7) made this approach initially less desirable.
An apparently attractive alternative was found in an ad-
aptation of Bestman’s symmetrical alkene synthesis.> This
synthesis involves the oxidation of diphosphonium ylides
by molecular oxygen (Chart I). Under favorable circum-

Chart 1
H H ;H O;
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stances the ylide-aldehyde reacts intramolecularly more
rapidly than further oxidation or intermolecular reaction
can occur. The appropriate precursor 13e was prepared in a
number of steps (Scheme I) from 13b. Compound 13b was

Scheme 1
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13a, X = CO,C(CH;); lla, Y=H
b, X = CO,CH; b. Y=D
¢, X =CH,0H
d, X =CH,0Ts
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g, X=CO,H
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in turn synthesized by addition of dichlorocarbene to the
corresponding trans unsaturated ester.® Simultaneous high
dilution addition of 13e and 2 equiv of sodium methylsul-
finyl methide to oxygenated dimethyl sulfoxide yielded a
single product of the desired molecular weight in 22%
yield.” The general structure of this product was estab-
lished vie ozonolysis to 13g. This ozonolysis product was
identical in all respects with a product obtained by chromic
acid oxidation of 13¢.

In order to establish the stereocchemistry of the cycliza-
tion product, 13a8 was deuterated by exchange with
(CH3)3COD-(CH3)3COK. This product was transesterified,
the tetradeuterio dimethyl ester was then carried through
steps outlined in Scheme I, and the resultant tetradeuterio
diylide 14b was cyclized to 9b as described above. A 13C
satellite nmr spectrum was obtained on the olefinic protons
of this product and this spectrum revealed a coupling con-
stant J c1e g c12.u of 11.5 Hz. Comparison of this coupling
constant with coupling constants obtained for other normal
and medium-sized rings® established that the cyclization
product had the cis stereochemistry about the double bond.
Chemical confirmation of this assignment was obtained
from the observed total unreactivity of the cyclization
product toward 1,3-dipoles such as phenyl azide.® Final
proof of structure was obtained by the reaction of the cycli-
zation product 9b with 1 mol of dichlorocarbene to give 15.
This product was identical in all respects with one pre-
pared directly from 16.

16

Formation of alkenes via the Wittig reaction ordinarily
yields a stereochemical mixture.1® Although it is difficult to
predict the composition of such mixtures, the trans isomer
is most frequently the major product. To the extent, how-
ever, that stereochemistry is governed by angle stain and/
or steric crowding in the transition state (or intermediate)
17, molecular models seemed to indicate a preference for

17

the desired trans isomers. From our observed results it is
clear that these factors do not dictate stereoselectivity in
this cyclization. This result is all the more interesting in
view of the fact that a mixture of 1 and 2 (vide infra) was
unaltered in composition (although partially destroyed)
when subjected to the cyclization reaction conditions.

Compound 9 could be prepared more efficiently by con-
trolled selective addition to the more reactive trans double
bond of 16. Thus, addition of dichlorocarbene or diazo-
methane (followed by photolysis) yielded 9a and 9¢,!! re-
spectively. The more cumbersome oxidative cyclization
route did make 9b available and this compound proved to
be exceptionally useful, as will be described subsequently.

- Isomerization Approach. Since the results of the oxi-
dative cyclization suggested that any nonstereospecific alk-
ene formation might also yield 9, we reconsidered the pos-
sibility that 9 could be photochemically isomerized to the
desired structures 1 and 2. The two major problems with
this approach were the prospects for low yields (vide
supra) and the lack of a stable complex between 9 and cu-
prous chloride. After some experimentation it was found
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that a preformed cuprous chloride complex was unneces-
sary. Observations concerning this procedure and its.appli-
cation to the synthesis of trans.cyclooctene have already
been published.1? In brief, the cuprous chloride functions
both as a sensitizer for the isomerization and also displaces
the equilibrium by virtue of the greater stability of the
complex with the more strained trans- alkene.

Irradiation of 9a and cuprous chloride at 2537 A in hex-
ane for 27 hr produced a mixture which had three compo-
nents with similar gle retention times. Extraction of this
mixture with aqueous silver nitrate left the major compo-
nent behind in the organic phase. This component was
shown to be identical with starting material 9a. Addition.of
aqueous ammonia to the silver nitrate solution liberated
the two minor products in 43% yield. These two minor
products were present in a 5 to 1 ratio before and after the
silver nitrate extractions. They were separated by prepara-
tive glc and shown by mass spectroscopy to be isomeric
with 9a. Gross structure and the location of the double
bond were confirmed by ozonolysis. In a similar manner
isomerization of 9¢ gave a mixture of two silver nitrate sol-
uble isomers in 20% yield. These isomers which were pres-
ent in a 7 to 1 ratio were also separable by preparative glc.

In order to distinguish between 1 and 2, the major isomer
from 9a was converted to its epoxide and submitted for X-
ray diffraction analysis.!® This analysis established struc-
ture 18 for the epoxide and proved that the predominent
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isomer was 2a. The most interesting structural feature re-
vealed by the X-ray analysis is the deviation from true per-
pendicularity of the two three-membered rings. This devia-
tion apparently results from minimization of transannular
repulsions between H, and Hy. The resultant angle be-
tween the planes of the two three-membered rings is thus
70.3° instead of 90°. It is likely that similar factors pertain
to 2,14

Addition of the Simmons—Smith reagent converted 2a to
19. The same product was obtained by addition of dichloro-
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carbene to the major product from 9¢, In this way both
major products were assigned the “perpendicular” struc-
ture and the “parallel” structure was attributed to the
minor isomers.

Chemical and Spectral Properties. The fact that 1
and 2 (in contrast to 9) are soluble in aqueous silver nitrate
confirms the presence of strained trans double bonds in
both of these compounds.!® Also, in another reaction char-
acteristic of olefinic strain, both 1 and 2 reacted extremely
rapidly with phenyl azide.? The resultant triazolines were
not characterized but photochemically converted to the
corresponding aziridines 20 and 21. Further important in-

Cl 1
NPh > NPh

Cl Cl

20 21
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EXPERIMENTAL SECTION
Unless otherwise noted all melting points were
determined in glass capillaries and ara uncorracted. Ligquid samples
of less than € g were genarally distilled using a het alr bath and
the boiling point reported was the temperature of the air hath.
Irraciations at 2537 & were done in a Southern New England Ultraviolet
Co. (Middletown, Connm.}) "Rayonet" Model RS Preparative Fhotochemical

Reactor. Izradiation at longer waveieagths wae Garried out using a

General Mathoda:

Hanovia 580w medium pressurs quarte meroury are lamp equipped with
a water-cacled Pyrex immersion well (Aca Glass Co., Vireland, ¥.J.).
Routine infraved spectra were measured with a Perkin-Elmer (Norwalk,
Conn.) Model 137 "Infracord" inztrument and ultraviolet apsctra wars
measured using a Cary Model 15 recording spectrophotometer (Appliad
Physics Corp., Monrovia, California). Vacuum ultravialet spectra
were recorded on a MacPherson Model 665 {MacPherson Instrument Co.,
Acton, Massachusetts) recording spectrophotometer, Nuclear magnetic
rescnance spectra were obtained on a Varian Associates (Palo Alto,
Californial type A-60 instrument. Carbon-13 Satellite Spectra were
recorded using a Varian Associates type XL-100 instrument. Chenical
shifts (§) are expressed in ppm usirg tetramathylsilane as an internal
standard. Preparative gas chromatographic separations were performed
or a Hewlett-Packard (Palo Alto, California) Model 700 3as chromato-
graph using the Model 5795 A preparative attachment. Analytical gas
chromatographs were chtalned on & Varian Associates (ralo Alto,
California) Aerograph ky-Fi Model 600-0 analytical gas

a CaCl, drying tube attached to the top Gf the condenser. The
reaction was ronitored by gas chromatography (SE-30) and required

5 days for completion, At this point, the additlon was 96% complete
and & 16-£0ld molar excess of sodiun trichloroacetate had been used.
workup consisted of diluting the very black and viscous reaction
mixture with ethex, filtering cff the precipitated ¥acl, and eva-
porating the filtrate down to & very black oil. Analysis of this
i} by gas chromatography showsd only product and a small amount of
starting material as the only volatile mazeriale. Uacuum distillation
of this 0il at 135°/1.5 mm gave 31.8 g (76%) of preduct. Triturating
the residue in boiling acetone, followad by filtration through Florex,
evaporation of the f1ltrate to ar oil and vacudm distillation of the
otl gave an additional 9.1 g Of mazerial, A total yieid of 41,9 g
(94%) of dichloro cyclopropane Lib was thus obtained, 6&Bf1; 3.75
fsinglet, éu)y 2,32 (mustiplet, 4H); 1.93 (multiplet, 4H); and 1,37
(multiplet, 2H).

3,3~pichloro=rans-1,2-di (3~hydroxypropyl)Cyclopropane (13s)

A mixture of 22.4 g (0.358 mole) of LiAlH,, 41.7 g (0.147 mole)
of 13b ang 400 Ml of anhydrous ether was refluxed for 3 hours. The
mixture was then cooled inan ice bath, stirred, and to it was cau-
tiously added 22.5 ml of H;O, 22,5 ml of 15% agueous NaOH, fullowad
by 67,5 ml more Hy0.

The mixture was then allowsd to stir in the
ice bath for 0.5 additional hours. The inorgaric salts were then

filtered off, the filtrate dried over MgSO, and evacorated to-give

asing 8' x 1/8" columns, Peak areas were measured by disc integration,
Mass spectra were reccrded on a Perkin-Elmer Hitachi
Model RMU-6E mass speckrometer.
Galbraith Laboratories, Inc.
Mizrolabs, Inc.

(Norwalk, Conn.)
Microanalyses were parformed by
(Knowville, Tennessee!
(Atlanta, Gacrgia).

and by Atlantie

3,3-Dichl £ 1,2-cyel b, ionic Agid Dimethyl Zster
{13k)

2 solution of 31.5 g (0.157 mole) of dimechyl trans-i-octene-1,
8-dicate®® in 100 m) of 1,2-dimethoxyethane (glyme), which had been

dried over molecular sisves, and 20.0 g (0.157 male) of sodium kxi-
chleroacetate was refluved for 12.0 hours. A slow addition of
crystalline sodium trichloroacetate frem 4 bottle attached to the
apparatus wag cher begun, The Liberated CO, was aliowed to vent from

L

solution Of 36,0 g (0,18 moie) of freshly purified p-toluene sulfonyl
shiorids dissolved in 100 ml benzens was added dropwise over a
periocd of 45 min. Once addition was complete, the ice bath was
removed and the mixture allowed ke sctir at room temperature for
18 hours. The mixture was then cooled in an ice bath and water
was very castiously added o the stirred mixture. Once the excess
Nalf was destroyed, the mixture was washed three times with water,
Gried over MgS0, and evaporated to an oil (37,0 g, 90%) waich could
not e crystallized. This oil, however, gave an nmr spectrum idem-
tical to the mater:al prepared earlier ané appeared quite frse from
impurities and, hence, was ueed without further purification,
3.3-Dichlors-trans-1,2-dz- (3-i0aopropyllCyciopropaze (1de)

This compound was prepaved by dissclving 30.2 g (0.19 mole)
of Nal in 200 ml of acetcne and adding this solution to 25.% g
(0,048 mole} of ditosylate 13d dissolved in 100 ml of acetone. The
flask was then swirled to give solution, flushed with nitrogen,
stoppered and placed ia the dark &t room temperaturs for 42 hours.

The solvent was then evaporated and ke the mushy crystzalline residue
was added first ether and zhen wazer. The mixture was shaken and
then separated. The aguscus layar was axtracted kwice meve with
sthex, tha athar solubions combined, dried ovex ¥gSO, and evaporated
ke an oil (21.0 g, 99%) which could not be crystallized. 55’3314
3.25 (triplet, 4H): 1.45-2.3 (mulziglet, 8H): 1.20 (muitiplet, 2E}.
3,3~Diohloxre-§Eang- &) 2-di- [3-triphenylphosphonio-gropyl) -cyclopropyl
caida (i3 1

The reaction was carrisd ous by refluxing a mixzure of 87.0 g
(0.241 role
diiedide(13a) and 100 ol of azetonitrile for 31.5 hours. The rixeure
wae then evaporated until tne oily rasidue began to fosn. Tha foaming
il was then diesolved in acetone and refluxed, After approximately
cre hour & crystalline precipitate appeared ¥hich was filtered off.
Acother crop obtained in this manner from the filtrate aiforded a
total of 40,3 g (21%) of crystalline phosphonium salt mp 215-217 (dec.}.
SEBS) 7.80 (muleiplet, 308); 3,70 (very broad sirglst, 4H)) 1,50-

2.31 {broad muleiplet, 10H).

of txiphenylphesphine, 21.0 g (0.046 mole) of the

Analysis: Caled, for C ., B,Cl,1,5 ©, 55.64; H, 4.37.
Found: €, 55,867 Hy 4.69.
H
0. 3 of the clefinic protons was 11.5 Hz.

olip o oty
Ozonalysis of §,8-Dichloro-szans-bicyelo [f.1. 0 non-gig-4-ene
Approsimately 50 mg (0,262 mmole) of 9a were dissolved in 5 ml of
absolute methanol, and ceoled to -78% in avd:y ice-acetone bath., A
mixture of 1-2% ozone in oxygen (Welsbach Ozone Oenerator Model £-408)
was bubbled through the sqlution wntil the biue color persisted (ca.
15 min.). The excess ogons was then £lushed sut with oxygen and the
meshanol solution evap:

at room olazless

to a clear
syrup: To the syrup were added 3 ml of 90% formic acid and 1.5 ml of
308 Hy0y. Gentle heat from a flame was then applisd until the oxo-
themmic reaction started; this iasted approximately 15 min. The
solution was then refluxed for an additional 25 min. and then coaled

to ~20°, From the solutlion, 66 mg (973 of crystals (mp 103-105%)
were obtained., This material had identical infrared and nmr spectra
to 13g. In addition, a mixture melting point of =he two samples gave

no depression.

attempted Addition of p-Msthoxyphenyl Azide to 9a
Approximately 250 mg (1.3 rmole) of 9a and 199 mg (1.4 mmole)

of p-methoxyphenyl azide were dissolved in 1 ml of ether and placed
in the dark under a N, atmosphere for 3.0 days at room temperature.
At the end of this time tle and nmr spectroscopy showed no reaction
had taken place. The ether was then evaporated to an oil and the oil
heated to $0° in mn 0Ll bath for 5.5 hours. Again, tle and nmr spec-
trosuopy showed tha: no reaction had taken place.

9,9.10, 10-Tetzachlora~gis, trans-crieyolo [5.1.0.1% 5 pecane (13) A:
Fr 9a

To 1¢ ml of pentane (reagent grade) were added 100 mg (0.52 mmole)
of 9a and 0.27 g (5.0 mmole) of sodium methoxide. The mixture was then
cooled to 0° in an ice bath, magnetically stirred, and placed in an

argon atmosphers. From a dropping funnel was then added, over a period
of one hour, 0.5 ml (0.69 g, 3.62 nmoles) of ethyl trichloroacetate.
After the addition, the orange mixture was allowed to stir 6 hours ad-
ditional at 0° and then overnight at room tempersture. Water was then
2dded and the mixture shaken and separated, The agueous layer vas then
extracted twice with pentane. All pentane extracts were then combined,
dried over MySO,, and evaporated to an oil. Distillation (80-908/0.2
nm) of this oil gave 131 mg (90%) of a clear oil that orystallized

(mp 73-78%), One recrystallization from ethanol gave needles (mp 94-

4
a titative yield of tha diol 13e (33 @). 6838, 3.70 imlciplet,
4H): 3.42 (singlet, 2H)s 1,71 {rul=iplet, 8H); and i.18 {maltipiet,
). Wasbing the CDC1, solution oF tiis material once with D,0

completely eliminated tae singlet at 3.42%.

3,3-Dichloro-ggana-1.2-cyclopropare Dipropionic Acid (13¢)
2

A chramic acid oxidizing solution’~ was prepared by adding 2.3
mi (0.044 mole) of conc. H,80, to 2.67 g {0.027 mele) of chromium
sriowide and dilubirg tha resulking mixkre €c a voluma of 10 ml
with H0. A solution of 0.35 g (£.0024 mole) of dinl 13p in 40 ml
of acetona wag then prepared, stirred and coal

the solutlon was then added, uader a K, atmosphere, a sufficie
quantity of the oxidizing solutiorn (gca. 3.5 M1} to cause a persis-
tence of yellow coler. The mixtire was then stirre€ at roor tenpera-
ture for 20 hours, Methamel (0,5 mi) was then added, followed by

This material was then converted te the corresponding dichloride
salt (L3f; X=CLl) by eluting it with ethanol through a column con=
taining Dowex 21K chloride anion exchange resin. Recovery of material
was quantitative and cesting the product wish dilute agueous AgHO,

indicated thmt the exchange was »37% complete. The evaporation of the

echanel solvent Left an oxl which foamed lightly. Pumping on the oil
at high vacumm (0.02 mm) converted it ints a very hygroscopic selid
amorshous mags. Although it was used at that poin: without further
purification, extrene care had to be used in handling it due to its
exzrensly hygroscogsc nature,

9,9-Dichloro-grans-nioyolo [6.1.5] non-g

A €.27 ¥ solution of sodium nethylsa was prepared
and £ilterad through sintersd glass under vacuim in order o obzain a

clear solution,

The following apparyatus Zor cxigative cyclization was constructed:
a 250 w1l 3-neck RB fiask was fltted with two Hershberg dropwing funncls
ané an oxygen bubbler. A& stopcock was attached to the pressure equali-
zation tube on each of the droppiny Funnels. The oxyger bubbler con-
sisted of a straight tube with a sintered glass (medinm Iritted) disc
attachad =o tha and through whish oxygen could ba adnitted. Attachad
to the upper parz of tha Joirt holding the tube was a ventr leading to
a mercury bubbler. Addition to rie droppirg funnels were mada via
syringe and serum stopper; ard waen the funnels were filled, the stop=
cocks OR the pressure equaiization tubes were Ciosed and the IESCTVOLFs
connested to a nalloon filled with argon. Magnetio stirring was used
and tns reaction £lask was heated by means of an oil math,

cnce the

it was zwica

e vas €c ¢.4 mm, flamed and

£illed with argon.
To the reaction flask was then added via syringe, Z0 ml of dimethyl
sulfoxide (dried over calcium nydride for 5 days) and the flask heated
o c
o 50°,

One Gropping funael was then £ilisé with a solution of 2.42 §

(3,1 mmoles) of the diphosphonium chiorids (13£; ¥=Cl) in 30 rl of draed
dimethy® sulfoxide.
tha 0.27 ¥ solution of sodium methylsuifinyl methice prepared above.
Stirring was then started and oxygen (passed first through conc. H,80,
and then KOH pellets) was aliowed to bubble at a moderate rate through
the stirring liquid. Dropwise addition from both funnels was then

The other funnel was then charged wizh 30 ml of

8
95%). Aég‘id 1,9C-2.60 (multipiet, 4H): and 0,65-1.80 (mulsiplet, 8H).
Analysis Calod. for Cygd;,Coc €, 43.8%: H, 4.1
Found: €, 43.98: H, 4.47.
8 From Authentic gig, trape-].5-cyeloootadiene (16)

The reaction of 100 mg [0.92 mroles) cf cis,trans-i,S=cyclo-
octadiene (16) wich 0.54 g {10.0 mroles) of sodiun methcxide and 1.38 g
(1.0 ml, 7.24 mmoles) of athyl trichlorcacetate was carried o1t in tne
marner deserised above. Distillation Of the crude oily product (80«
50%/0.2 mm) gave a clear oil which crystallized in zhe bulb (rp 84=30%).
The infrared and nmr spectra of this material were identical with those
of the materials prepared from 3. In addition, a mixture melting
vield: 144 mg (504).

point gave no depression.

9,8-Dichloro-trans=sicyelo[6.1.0) non-gig-d4-ene Oxide

A solution of 12l mg (0.6 mmoles) of %a in 10 ml of methylene
chloride was mixed with 0,24 g of 858 pechloroperbenzoic acad (corres—
Waer solution was complete, the
The insoluble

ponds to 1.2 mmoles of the peracid;.
flask was stoppered and cocled to 2-3° for 20 hours.
maverial formed was then filrered off and the filtrate vashed twice
th 5at'd. Na,00y, once with water, dried over MgSG, and evaporated
at room temperature to a crystalline residue. Distillation (60-80°/
©.15 wm) of the residue atforded 118 mg (90%) of a whize sclid (mp

68-70°. §5IE 1.95-2.90 (multiplet, 6); and 0.60-1.70 (Multiplet,
6H). Mass speetrum: 207 m/e (M),
Analysis: Calcd. for CgH,,C1,0: Cy 52,197 H, 5.84,

Found: €, 52,247 H, 5,81,

cis, £xans-i,5-Cyciooctadiene (1§)

This compound was first prepared from the Di~i~chlorobis igis,
cis,i,5mcyclooctadiene) dicopper (I) complex using published pro-
cedures.

A more ient preparation isted of adding 5.C ¢ (0.046

mole) cormercial (cis,gis-i,5-cyclooctadiene followed by 200 ml of

reagent grade pentane, 5.0 g o compercial cuprous chloride (0.0% mole)
and 300 rl more pentane to a 1.5 1 quartz irradiation vessel fitted
with a condenser leading to a mercury bubbler. The entire apparatus
was flushed with dry nitrogen and irradiated at 2537 &, using vigorous

magnetic stirring, for 24 hours. Tae solid material was then filtered

‘Analysis of this scluzion by gas chromatography showed 99% pure
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filtration and evaporation. Ether vas added to the residue and
than saturated agueous NaCl. The mixture was shaken and separated.
The ether layer was dried over Mgs0, and evaporated to an oil.

The oil was picked up in ether-petzoleum sther and crystallized

at ~20° to give material (339) melting at 100-101,5°, one re-
crystallization gave an analytic &8,
11.3 {singlet, 2H); 2.56 (eriplet, 4H); 1.85 (maltiplet, 4H): ¢
and 1,30 tmultiplet, 20}, ix: 2,000 (broad}; 1,785; 1,416: 1,270,
1,218; 810 and 824 em *.

sample (mp 102-1020).

Caled. for C, 42.37; B, 4,74,

Cr 424597 F, 4084,

Analysis:

3,3-Dichloro-tzaps~1, 2-did 3~tosylpropyl) Cyolopropana (33d)

This compound was first prepared by dissolving 3.8 g (0.028
mole) of diol L3c in 125 ml pyridine (distilled over CsH,) followed
by the addit:on of 19.1 g (0.100 mole} of p-toluenesulfonyl chloride
(recrystallized from CHCl, petroleun ether). The flask was then
stoppered and cooled to -20° for 43 hours.
added to 590 mi of rapidly scirred ice and H,C.
the mixture was then extracted 3 times with ether,

The mixture was then
After 15 minutes
The ether layers

were washed twice

h celd l:l HCY and once with HZC, dried over
9SO, clarifisd with Norit and eveporated. The residus was picked
up in 60 ml ether and crystallized (mp 53-54%) at -78° in a dry ice-
acatons bath, Two crops afforded 8.15 g (628) of ditesylate 13¢.
Attenpts to scala up this reaction, however, restlted ir a marked

decrease in yield. 5;’,‘;213 7.25-7.95 (quartet, BH); .08 [triplet,

4H); 2,46 (singlet, 6H); 1.67 (multiplet, 8H) ard 1,01 (multiplet,
2H)
Analysis: Caled. for ) H,,0.8,C €, 51.50: H, 5.27;
€1, 13.24,
Found: C, 31.32; H, 5.43;
Cl, 13.42.

A more sfficiant large-scale preparasion conaisted of dissolving
20.0 g {0.088 mole) diol l3e in 400 ml banzens followad by the
addition of 12.5 g (£.65 mola) of sodimm hydride (prapared from 25.0 g
of the 50% dispersion by tares washings vith penrana). Tha whola
mixtire wag cooled in an ice bath (in crder tc keep foaming down to
a minimum), ard was mechanically stirred for about 10 minutes. R

€

started and regulated so tha: at all times an equal guantity of
1iquid was being added from each finnel with the xate »F addition

constant.

tely 30 minctes were reguired for

complate addition, aZter which oxygen was allowed te sontiaue bubsling
through the stirring dark red mixtere for an additional 1§ minuzes.

Workup consisted of diluting the reaction mixture 3-fold With water

and extracting the resulting mixture 3 times with pentane. Che pentane
extracts were combined, drie¢ over MgSO,, and concentrated to ga. 15 mi
by distillation using a wire gauze column. The concentrated solution
was then filtered and evaporated at 07 to an cily residve. 7he residue
was then distilled {609/0.2 mm) to give 130 mg (223%) of a very pungent
oil (3al.

this oil wo consist of a. sangle product.

(Flicrosilicone, QF-1) showed

§ERF, 5.85 (multiplet, 2H):

Analyeis by gas chromatography

2.19 (rulzipiet, 6d); and 3.21 (broad singler, 4kl. ¥ass spectrum, 191
nre '),
analysis: Caled. for Cg 2, 56, 6.31.
2, s6. 5.46.

rans-d-octene-i,8-cicate

gi-g-butyl 2,2,7,7-Tetradeutexo:
Tc a soiution Gf 2i.2 g (0,025 mole} of di-t-butyl tran
1,6-aiodte in 75 ml oI deuterated

4-ootene-

t-butanol was added ce. 2,5 g potas~
The magnetically ezirred mixture was shen heated to

sium-g-butoxide

609 in ar oil bazh for 21 hours. Aifter svaporation of the solvent to

leration

ca. 233 of 1 volume, sther was added, followed by #

The filtrate was then evaporated to
drynass wh aryecalliearion . The crystals were then
driad under vacuur (0.05 mm) for 4 Lowrs. Recycling the mazerial three
es usirg 52 ml, 40 ml and 35 ml deuterated-t-butancl, respec-
tively, as solvent afZorded a quantizative yicld of the dlester in 963
5EFS  5.41 (muleaple, 28); 2.20

ltar-aid.

using Y360,
g 4380,

190T0pio Purity (nmrj. feziplet,

SelHz, 4H); 1.3¢ (singlet, i8H).
9,9-Dicnloro~3,3,6, 6-tetradeuzero-trans-vicyclo {§, 2. 0] non-cis-4-ene
2R

Starting wizh 20,0 g (0,07 ;mole) of di=zrbutyl 2,2,7,7-vera-

deuzero-trans-4-octene-l,6-dloate and carxying cut the previcusly
descxised synthezic sequence for the synthesis of %3, 400 mg (3% overal
was obzained.

yield) of the tesradeczerated bicyclic sroduct § sé;“{d
5.64 (singlet, 2H); 2.19 (multiplet, 2K); and 1.1§ {maltiplet, sharz,

3

off and stored in the dark under K, at room remperatura. ApFroxirately
45 g of this matevial (rhe result of 5 rune) was worked up by shaking

it with pentane and conc. ammonia until all <he golid had dissolved
sufficient sodium cyanide to

To the mixture was then added ice a
decolorize the solution, The selution was than shaken again and
sepavatad. The aquecus layex was then extracted vwice more with
pentans, and the pantane solusions wera combined and dried over Mgs0,.
Analysis of this solution by gas chromategraphy (BE-30; showed approxi-

rately syual amounts of cis,cis-l,-cycleoctadiens and gis,irans-1,5-

cyclooctadiens along with a small ameunt of fga. 18) trams,tr

cycloostadiene, The molution was then concentrated by 2is

using a wire gauze column, to ca. 200 ml. To this solucion was added

an equal amount of water containing sufficient AgNO, fusually 10-13 ¢

was required) to eliminate product peax from a gas chromatogram
of the pentane solution.

pentane and to it was added excess conc. ammonia in crcer to liberate

Che azueous layer was then washed once with
the olefin. The mixture was extracted 3 times with penzane, the
pentane solutions combined, dried over MgSO, ané concentrated ®
100 w1 by discillation of the pentane through a wire gauze column.

abo

trans-1l,5=cyclooctadiene (]'.\6,) and integrazion data gave a yield cf
§-10 ¢ (30-40%). The product was then stored in soiution at -20°
until used.
5,3-Dichloro~trans-bicyclo(s.1,0Jnon-gis-inere {3a)
To a solution of 10 g (0,093 role} of cis,tran
octadiene in 130 ml of pentane was added 5.0 g (0.165 mole) of sodium
A dropping funnel on the flask was then charged with l4.2 3
The mixture was then cooled

1,5=-cyclo-

methoxide.
(0.074 mole) of ethyl trichloroacetate.
in an ice bath and flushed with argon for 15 minutes after which the
etayl trichloroace:ate was added, with magnetic stirring, to the cold
Afrer the addition was complete, the mixture
Workns

mixture for 2 hours.
was allowed to stir an additional 2 hours in the ice bath.
consisted of adding water tc the mixture ané 2 extractiond with pentane,
The pentane solution was then dried over ¥gsO, and evaporated to an
oil. osistillation of this oil at 60°/0.25 mm afforded 6.1 g (308) of
9,9-dichlor cyciol6.1.0]non 9a. 5“‘!4 5.65 [maltiplet,
2H); 2,19 (muitiplet, 6H); and 1.21 (broad singlet, 4i)




The Isomeric trans, trans-Bicyclo[6.1.0]non-4-enes

formation concerning the nature of 1 and 2 was obtained
by preparing tetradeuterio analogs 22 and 23 from 9b. The
small amounts of matetrial available precluded separation
of 22 and 23. It was possible, however, to resolve the olefin-
ic peaks in the mixture by high-resolution nmr spectrosco-
py and to determine Jyc—cy from the carbon-13 satellites.

10

9,9-Dichloro= tzaps-bicyclos.1.0]non-4-ene (35 and z5)

The mixture of isomers was prepared from Sp by adding 2.0 3
(0.0105 mole) of §a followed by 2,0 g {0.05 role) of freshly
prepared cuprous chlerice®® and 15 mi cf pentare to a 6) mi quartz
vessel, fitted with a condenser and merctry susbler. Tae emtlre
apparatus was flushed with nitrogen ané irradiated at 2537 & for

27.0 hours. Vigorous magnetic stirring prevented raterial from
adnering to the sides of the vesssl, Workup consisted of adding

the entire mixture to conc. ammonia, decolorizing with sodium
cyanide and extracting the mixture 3 times with pentane. The petane
solutions were then dried over NgSO, and concentrated to ga. 5¢ ml
and extracted with 30 ml cf 20%

eous AgNC;. A gas chromatogram

(Fluorosilicone, QF-1) of the pentane solution showed cnly starsing

material remained and ne svidence of side reaczions was seen. The
agueous layer was thern washed once with pentane and then zreated with
excess conc, anmonia and extracted 3 times with p
©f these extracts by gas chromatography showed two com;
ratio of 5il.

nzane. Analysis

©nds in a

The pentane extracks were then evaporated at 0° s an cil,
Distillation {500/1.2 mm) of this oil afforded 2.78% g (43%)
isomer mixzure of 13 and 23. © the reaction mixtura prior
to irradiazion failed to change the yield,

LEEEH

Analysis: Calsd. for CgHy,Cly: C, 36.56; 8, 6.3,
Found: <, 36.43; H, 6.25,
This mixture was then separated by preparative gas chromazography
on a 20° by 3/8" 12% Fluorosilicone (QF-1) column to give the per~

pendicular isomer (23) as the major product, and the parailel isorer
(1g) as the minor procuct.

a: A‘t’“: 5.35 (rultiplet, 2¥): 2.43 (multiplet, &K): 1.25

ey
(brcad msltiplaet, 2H); and ¢.5 (meltiplet, 2d}

2

846; 895 (weak): 1,005: 1,030; 1,080 and 1,270 em L,

. . hexane
wve Apd 1.82 am.

la: aggf 5.50 (multiplet, 2H); 2.48 (multiplet, €H); 1,63
(malfiplet, 25} and 0.9 (multiples, 26).
ir: 8207 937; 1,048; 1,115 and 1,147 en™l,
ior 3 hexane
uvi o A 20¢ nm,

13

75°/0.2 gave a crystallire prcduct, mp 98-10¢°, A gas chromato~
gram (Flucrosilicone, QF-1) of the crystalline product showed two
products in a 5:1 ratio. After 4 recrystallizations from hexane,
the major product (mp 114~116°) was obtained pure (g} and a
crystal submitted for X-ray analysis.

Analysis [mixture)r Caled. for CgijpClp0r €, 52.105 H, 5.B4.
Found: €, 32.31; M, 5.84.

19,10-Dichloro-trans, trans tricyelo(2.1.0.1% "]pecare (19 frem 2a

cc copper coupla was preparsd as bafore.04 FPive

nulaz =z
grams (1.8 mil, 0.02 mole) cf methylens iodide was added, over a
period of 13 minutes, to & mixture of 100 mg 22 and 2.0 g (0,08 mole)
of couple in 20 mi of anhydrous ether. Once the exotherm:c reaction
was over; the mixture was refluxed for 17 hours, The mizture was

up by pourlng it into lce and IN HCL and shaking and

than work
separating the sther layer. The ether layer was washed again wath
N HCL, ence with water, drisd over MgSO, and evaporated at roem
tamperature ko an oil (19) that would no: crystallize. A gas
chromatogram (SE-30) of this material showed only 858 purizy. The

oil was finally purified by preparative gas ctromatography on a

8' % 172" 30% silicone rubber (UC-W) column. 5‘3?4 2,33 (multiplet,
6H): 1.10 {multiplet, 6H}; and 0.3 (muitiplec, 21¥). 1ir: 780; 803;
9981 1,005: 1,061; 1,220; and 1,445 on™ 1,

Analys:

Caled. for ¢ ¢, 58,557 ¥, £.38.

¢, 53.34) H, 7.01

From 2p
To a solation of 40 mg (0.33 mmoies] of the major isomer
nixture of 1b and 2z in 7 nl pantane was added 0.4 g (7.4 mncles)

the

of sodiun methoxide. The magnetically stirred reaction mixture was
placed under an argon atmosphere and cooled in an ice bath. Over a
period of &5 minutes, 0.88 ¢ (3.63 mmoles) of ethyl trichlorcacetate
was added, The mixture was allowed to stir in the ice bath for 4

hours and then overnight at room temperaturs. Water was hen added

followed by 2 extractions with pentans. The pentane solutions were
then cerbined, dried over ¥g50, and evaporated at room temperaturse
to an o:l, Distillation of the oil at 60°/0.2 mm gave a clear

prodyct that would nos cryszailize. Analysis by gas chromatography

Analysis: Caled. for CjH,NCl,: C, 83.84; H, 6.07
Found: C, €3,65; K, 6.14

aziridine 21

To a S6lution of 350 mg (1.23 mmole} of pure 28 in 5 ml of
anhydrous ether was added 216 mg (1.83 mmole) of phenyl azide.
The resulting solution was cooled in carkness to 3° far 48 hours.
Evaporation of the solvent to dryness followed by vacaum drying
{6.02 mm) in the dark for 6.0 hours gave the triazoline adduct ia
quantitative yield.

Photolyeis, for ¢ hours, of the triazoline in 5 ml anhydrous
acetone was carried out as described above.

Evaporation of the acstone solution followed by crystaliizetion
of the oll from peatans gave 256 mg (50%) of 2}, mp 124-125°.
ADeXans 278 nm (e 1,820); ir: 7005 768; 787y 9295 1,209; 1,450;
1,499 and 1,610 on™t, 5§‘§8136.7n-7.40 (maltipiet, 53)1 2.40
(quartet, 4%}; 1.87 (doublet, 2H) and 0.85-1.60 (multiplet, 6H).
Mass Spectrum: 282 m/e {M%).
Aziridine 2¢

Breparation of this material fxom 100 mg (0.525 mmole) of sure
la and 62 mg (0.525 mmole) of phenyl azide was carried oat in the

11

9zonoiysis of Isomer Mixture (la and 3a)

A solution cf 100 mg (0.52 mmoles) of the 1:5 isomeric
mixture of la and 23 in 5.0 £l of absolute methanol was cooled in
a ary ice-acetone bath and osygen containing 1-2% ozone (Weisbach
Mode. t-40B) was bubbled through the solution until the blue color
persisted (ca. 1.0 min.}. Oxygen was then bubsled through the

solution to remove the excess ozons. Tre wethanol sclition was then
evapozated at room temperatire to a clear colorless syrup. The
syrup was then refluxed in 3 ml 90% formic acid and 1.5 ml hydrogen
percxide Zor 40 minutes. Water was then added to the mixture and

es with ether, The ether was then drisd
over ¥gso, and evaporated tc a pale yellow oii. The was then
~agen up in 10 ml of sther and dried into two § al po

=he mixture extracsed 3 =

cns.
Dortion A was esterified with diazomePhane and a gas chromato-

gram (53-3C] of the crude rroduct showed that only ore substance

was present. The ratenzicn times correlated well wath 13b. Evapora-

tion of the solution to an oil gave 51 mg (B3%) of the dieszer.

corparisen of tte mmr spectra of this mezer:al aad L3b o
the sdentivy of =his material as 13k,

Portion B was svaporated to an o:l that slowly crystallized
(mp 94-202°
material gave an identical infrared spectrun to authentic lig.
Cryszaliization of his material fror ether-petrcleum ether gave
arystals, mp 1C4-105°. A mixture melting point.cf this meterial
with 139 gave no depression. In addition, the infrared spectrin
of this raterial was not changed by crystailization, .

) to give 62 mg (83%) of crystalline matariai, This

trans-Bioyelo [8.1. 0)ron~gis-d-anell (g5

An ethereal solution of diazomezhane was added to. a salution of
10 g (0.093 mole) gis,trans~1,5-cyclooctadiene in ga, 30 ml of ether
uneil che vellow color persisted for 3% minutes. The solution wae
<her. boiled on the steam bath =o remove the axcess diazomethane after
which it was evaporated to an oil that would not crystallize. The
0il was picked up in 5C0 ml of pentane and irradiated for 12 hours
using a 550 w Harovia medium pressure Hy lamp’ard Pyrex filter.
Distillation of the pentane using 2 vigreaux column followed by
rotary evaporation at ¢° gave & yellow oil, Distillation cf the oil
at 70%/29 mn gave 6.7 g (53%) of tran

14

(8E-30), however, indicated pure material. Bo:h the nmr and ir
spectra of this oil were identical with those of 1§ frem 2a.
Zrradiation of 2a with Cuprous Chloride

The 60 ml qUartz tube was charged with 0.27 g (1.4% mmoles)
63

of 23/ 0.3 g (2.9 muoles} of freshly preparsd cuprous chloride

and 5.0 ml of pentane.” After flushing the entize apparatus with

ritrogen, the stirred mixture was irradiated at 2337 R for 31 hours,

Treatment of the entire reaction mixture with conc, ammoria and

sodium eyanide was followed by pentane extracticn. Analysis of
thesa pentane extracts by gas chromatograghy (Fluorosilicone,
QP-1) showed that £0% of the matarial had been re-lsomerized back
€6 9a. The remaining 40% was found to be & 5:1 nixtura of 23 and
1a, respectively. only trace quantitles of any other volatil

materials were detect

4, A gquantitative yield of ga, 18 and Za

was recovered by distiliation (60°/0.2 mm).

Irradiation of la and 2a without Cuprous Chloride

Te a I mm quartz tube was added ca. 10 mg (0.953 mmoles) of
1p ané 23 (5:1 ratio of isorers) and 0.5 ml of pentane. The tube
was sealed and irradiated at 2537 R for 22 hours. At the end of
this time, a grey amorphous precipitate had formed. Analysis by
gas chromatography (Tiuorostlicons, QF-1i of the supernatant
solution showed only 92, Bcth lsorers of the starting material had
been completely eliminated.

Irradistion of 9a withouc Cuprous Chloride

A 3 mm quarts tube which concained ca, 10 mg (0.053 mmoles) of
93 asd ¢.2 ml pentans was first filled with argon and then sealed
irradiated at 2537 £ for 15 hours. At the end of this tire,
the light yellow solution showsd no evidence of polymer Zormation.
Analysis by gas chromatogzaphy (Fluorosilicone, F-1) showed only

arn,

starting material was present.

Thermal Stability of 9a

The determination was made by adding 40 mg (0.21 mmoles; of
92, 0.5 ml CgDgand pa. 0.2 mg of hydroguinome to a thick-wall nme
tupe. The tube was then filled with argon, sealed, and hLeated at
250°° for 12 tours. Both.rmr ard go (Fluorosilicore, QF-1) showed
no change had occurred.

same manner as described earlier for 21. Subsequent photolysis
ylelded material which could be crystallized from pantane, 37 mg
{27%), mp 72.5-73.5°, ;&;:“S 278 nm (g 1,80Q); ir: 700; 770;
805 (broad); 9231 945; 1,209; 1,320; 1,439 aad 1,610 cn ', 6308:
§.70-7.40 (multiplet, 5H); 2.41 {doublet, 7H); 2.07 (dounlet, ZR)
and 0.85-1.65 (multiplet, 6H}. Mass Spectrum: 282 m/e (®'). The
oracking pattern was ldentical tc that obtained for 39. This
material is guite difficult to crystallize.

rmal Chenistry of 2b

Ihe procedure wes carried out by dissolving ca. 100 mg (0,82
mmoles) of 2b in 1 ml of hexarns (which had been shaken with conc.
H,80,) and sealing in a € mm Syrex glass tube. The tube and contsnts
were hzazed at 138° over a stream of refluxing xylene for 84 hours.
At the end cf this time, go analysis (silizone nit:
indicated that no change had cceurred in the mixture.

nermal Chemistry of lb

The procedure was carried out using ga. 100 mg (0.82 mmoles)

e, NF~1130)

of 1 and 1 mi of hexane in a similar mannex to the pyrolysis of
235, At the ead of 24 hours, gc analysis (silicone nitrile,
XF-1152) showed 123 conversion to 9. After another 58 hours of

heating, 31t cf the material had been isomerized to Sb. Xo other
~

ioyelo[6.1.9]non-gta-4-ene (go).
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These coupling constants are summarized in Table L. It is
clear from Table I that, while the values for 9b and 23 fall
within accepted limits for the cis and trans coupling con-
stants, respectively, the coupling constant of 22 is highly
unusual for a trans double bond.8 Since it is known that
coupling constants are maximal when C-H single bonds are

trans, trans-Bicyela[6.1. 0] non=4-ene (1p and 2b)

The isomer mixture of Jp and 2b was prepared in a similar
fashion to that described earlier for 1a and Za. To a G0 ml quartz
vessel was added 2.0 g (0.0105 mole) of freshly prepared cuprous
chloride?? followed by 1.0 g (8.2 mmoles) of 3¢ and 10 ml of pentans.

After £lushing the entire apparatus with nitrogen, the stirred
mixture was irradiated at 2537 R for 28 hours. Workup was accom-
pilshed as befors using cona, ammonia and sodium cyanide. Analysis
of the pentane extracts by gas chromatcgraphy (Nitrile Silicone,
XF-1150) showed 85% starting material and 20% isomerized products

as the only volatile materials present. Sepazation of the isomerized
products was performed as before using 20% agueous AgNOs. 3n thism
case, the product ratic was found by ye to be 1i7. The pentane
solution was first distilled using a wize gauze coluns and then
evaporated to an oil. Distillation of o1l at 30°/29 mo afforded
the 1p and 2b mixture in 208 yield. Again, degassing vhe reaction

mixtura prior to irradiation failed to change the yield.

Analysis: Caled, for CgHy,i €, 88.45) H, 11.35.
Found: C, 88.18; E, 11.66.

Separation of the two isomars by preparative gas chromatography
was achieved using a 12' x 1/2" 20% vizrile Silicone (XF~1153) column
to give zb as the major product and 1b as the minor producs.

Sccl
(broad multiplet, 24); and 0.51 (eriplet, 2M).

uve lmax 197 am {vacuum}.

1 sS38 5,52 (unvesolved multiplet, 2H); 2.38 (multiples,
8H); 0.85-1.5 (multiplet, 2H); and 2.27 (quertet, 2H}.
wvs o % 205 mm (vacuwm).

nax

2b1 ¢S 5,30 (mulbipiet, 28); 2.34 (multiplet, 8H]: 0.6=1.2

9,9-Dlchloxo-trans, trane bicycic[§.1.0]non-4-ene Oxide (1)

To a solution of 1BO mg (0.95 mmoles) of 28 and la {5:1 isomer
ratic} in 10 ml of methylene chloride was added 0,35 g (&,72 mmoles}
of §5% p-chloroperbenzoic acid. When solution of materials was
complete, the flask was stoppered and coolad te 1° for 24 hours.

The insoluble material was filtered and the meshylens chloride fil-~
crate wae washed twice with saturated aquecus Na,C0y, once with water
and dried over MgE0,. Evaporation ae room temperature gave a guanti-
sative yield of crystailine rssidua. Sublimation of the residue at

vl Methide

Reaction of la and 23 with Sodium Methylaulf;

A solution of 183 mg (0.955 mmoles) of 23 and lz (5:1 mixtare

of isomers) dissolved in 5.0 ml of pantane was prepared and, at
roem temperature with magnatic stirring, 3.1 mlL {one equivalent) of
fresily prepared and filtered 0.3 ¥ zodium methyl sulfinyi methide®?
wat added. he mixture turned immediately red-black and moderate
reat evolukisr was roted. The nixture was allowed to stir for 90
minutes after which it was diluted 3~fold with water and extracted

2 times with pertane, The pentane extracts were combined, drisd

over 1gSC, ané evaporated fo an ice vath to give 145 mg of residue.
To the residue was added 5.0 mi of pentane. COmMParison of g¢
integracion data (Fluorosilicene, QF-1) hetween this soluktion and

the origlnal starting seluzion indicated only 52 mg (28%) of la

2nd 23 remained. No iscrerization of s and Ja ko 93 was desected
and attempts to identify the other components of the complex residus

failed.

W,
N-2henyl-10,10-Dichloro-trans, txans-azatricyslo(s.1.0.1 ¥)-aecane

A solution of 1.5 g (7.0 mmoles} of 2a and la ($:1 mixture
of isomars) in 10 ml of absoiute ether was combined with 0.935 g
(7.9 mmoles) of pheny. azide aleo dissolved in 10 ml of absolute
ether. The mixture was then swirled and cooled to 3° for 5 hours.
The solvent was avzporated to dryness and then further dried by
vacuum (0,05 rm) for 12 hours in the dark. The yield of triazoline
adduct was cuantitative.

To a Pyrex vacuum sthlimation spparatus whose cold-finger
condenser was cooled by recirculated ice water was added 2.2 g
(7.0 mmoles) of the triazoline adduct and $5 ml of anhydrous acetone
{the apparatus was £illed safficiently to give considerable immersion

0f the cold-finger condenser in the solution). The magnetically

stirred solution was then photolyzed using a 275w sun lamp for 12
hours. During the photolysis, the temperature of the solutien
remainad below room temperature at all times. From the photolysis,
157 ml {(36% of theory! of nitrogen was collected. The yellow
solution was then evaporated to an 0il which was picked up in

xate, 1.6 g (80%)
of crystals (mixture of isomess) were collected, mp 118.5-1180,

penzane, Ziltersd and cooled to 30. Fram the &1

reacsion prod

s were found,

Pyrolysis of 1b and 2b in the Presence of Base

To ga. 100 mg of 1p and 3b (the 7:l mixture of iscmers) was
added 1 ml of hexane and 0.5 Ml of quiroline. The mixture was
then sealed in a 6 mn Pyrex tube and heated at 138° for 35 hours
using & stream of reflusing xylene. At the end of this time, a
considerable amount of 3 had been formed.

Pyrolysis of Aziridine 21

The reac out by dissolving 50 mg {0.177 rmoles)
of 21 in L ml of hexane and sealing the mixture in a € mm Pyrex

tube. The tube and contents were then heated to 138° over a stream
of refliying xylene for 67.0 hours. When the tube had cooled, a

eryste,
(50:30 Cglg petroleum ether) to be unreacted starting mater:al.

ne substance appeared (mp 123-124%} and appeared from tlc

2yrolysis of 20

This reaction was carried out using ca. 15 mg 2‘9 {0.053 mmoles)
ard 1 ml of hexane sealed in & 6 mm Fyrex tube. The tube was
heated to 138° as before for §0 hours. Upon cooling of the tube,
o crystals formed, but tle {(50:5C CSHS- pstroleum ether) indicated
that no change had ascurred.
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Table I
Olefinic Vicinal Coupling Constants
of the Tetradeuterated Trans-Fused
Bicyclo{6.1.0]non-4-ene Isomers

Compound T2 gy, He
ob (cis) 11,5
22 (trans-parallel) 11.0
23 (trans-perpendicular) 16.5

coplanar, we believe that the reduced coupling constant for
22 indicates the presence of noncoplanar olefinic C-H

bonds.

D D
D D
al al
cl / cl
D D
D
22 23

Two possible conformations for nonplanar strained dou-
ble bonds have been proposed, discussed, and experimen-
tally observed in the literature. The first of these, exempli-
fied by structure 24, retains the sp? hybridization and re-
sults in a skewing of the substituents.!®2-¢ The second of
these, 25, involves the rehybridization of the two olefinic

carbons and retains the eclipsed arrangement of the subst-
ituents.1%¢*® Formation of either structure 24 or 25 would
effectively move the = bond further away from the cyclo-
propane ring and thereby diminish interaction between the
7 bond and the internal cyclopropane ring bond. Since such
repulsions are almost certainly greater in the case of the
parallel form, it is not surprising that the parallel isomers
show a much greater tendency to relieve such interactions.
Although the m-o interactions may be smaller in structure
25, it appears that transannular H.Hy interactions are
much less severe in 24. Unfortunately, the available data do
not allow a distinction between 24 and 235. It is also impos-
sible to relate quantitatively the magnitude of the devia-
tion to the observed coupling constants.

Structures 1 and 2 are much more stable than their diene
analogs 6 or 7. They were indefinitely stable when kept at
—20° in a dilute hexane solution and reasonably stable in
solution at room temperature under nitrogen. It was hoped
that the forced close proximity of the = bond and the cyclo-
propane might force forbidden 2 + 2 cycloadditions. In-
stead, at elevated temperatures, the parallel isomer 1b was
slowly converted to the cis,trans isomer 9c¢. For example,
when 1b was heated at 138° for 84 hr, glec analysis indicated
31% conversion to 9¢. The extent of isomerization was not
effected by the presence of quinoline which indicates that
the isomerization is not acid catalyzed. By contrast, 2b and
9c were unchanged when heated at this temperature for the
same period of time.l7 The facility of this unprecedented
thermal isomerization of an isolated double bond lends
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chemical support to the postulated weakened, distorted =
bond depicted in 24 (or possibly 25).

The photochemistry of 1 and 2 was also briefly investi-
gated for signs of internal cycloaddition. The irradiation at
2537 A of a mixture of la and 2a in hexane for 22 hr re-
sulted in conversion to the cis,trans isomer 9a along with
the formation of considerable gray polymer. No starting
material or other volatile products were formed. Similar
treatment of 9a resulted in neither change nor polymer. A
final attempt at cycloaddition in this system with aziri-
dines 21 and 20 was made. It is known that aziridines un-
dergo thermal conrotatory ring opening to azomethine yl-
ides. Although such intermediates might have added across
the cyclopropane ring bond to give products such as 26 and

Ph Ph
26 27

27, both 20 and 21 were recovered unchanged when heated
at 138° for 60 hr.

In order to further assess the nature of the transannular
interaction, vacuum ultraviolet spectra were obtained for
1b, 2b, and 9c. These spectra are reproduced in Figure 1
along with, for purposes of comparison, trans- cyclooctene.
From these spectra it can be seen that the parallel form 1b
has the longest wavelength maximum and that both the
o—c* and w—m* absorption bands are considerably broad-
ened for the parallel form. The shift to longer wavelengths
appears to be indicative of transannular resonance stabili-
zation in the excited state. A similar observation has been
made by Cram in the paracyclophane series (28) where m
and n are small (e.g.,, when m = n = 2).1° It is interesting

(CHg), (CHy),,
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to note that shifts to longer wavelengths in the paracyclo-
phane series were also associated with broadened bands
and decreased absorption intensities.

" The properties of 1 are thus vastly different from the
perpendicular isomer 2 or other analogous trans-alkenes.
The difference appears attributable to the transannular re-
pulsions between the = bond and the cyclopropane ring.
These repulsions distort the = bond and thus greatly alter
its chemical reactivity. Further studies on these and related
distorted alkenes should clarify the precise nature of the
distortion process and the chemical consequences of such
distortions. Finally, it is apparent that the unique features
of the trans,trans arrangement present in these compounds
offer many opportunities for chemical study of previously
unavailable molecular arrangements.20

Registry No.—la, 36217-82-0; 1b, 36217-84-2; 2a, 36217-81-9;
2b, 36217-83-1; 6, 1552-12-1; 9a, 36217-85-3; 9a oxide, 53447-31-7;
9b, 53447-32-8; 9¢, 36217-86-4; 13b, 53384-96-6; 13¢, 53432-89-6;
13d, 53384-97-7; 13e, 53384-98-8; 13f (X = ), 53384-99-9; 13f (X =
Cl), 53385-02-7; 13g, 36217-87-5; 15, 53447-33-9; 16, 5259-71-2; 18,
36217-88-6; 19, 53447-34-0; 20, 53385-00-5; 21, 53447-36-2; 22,
53447-35-1; 23, 53447-37-3; phenyl azide, 622-37-7; sodium methyl-
sulfinyl methide, 15590-23-5; cuprous chloride, 7758-89-6; p-
methoxyphenyl azide, 2101-87-3; di-tert-butyl trans-4-octene-1,8-
dioate, 53432-90-9; di-tert-butyl 2,2,7,7-tetradeuterio-trans-4-oc-
tene-1,8-dioate, 53385-01-6; triphenylphosphine, 603-35-0; sodium
iodide, 7681-82-5; p-toluenesulfonyl chloride, 98-59-9; dimethyl
trans-4-octene-1,8-dioate, 32456-97-6; sodium trichloro-
acetate, 650-51-1.

Miniprint Material Available. Full-sized photocopies of the
miniprinted material from this paper only or microfiche (105 X
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tained from the Journals Department, American Chemical Society,
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money order for $4,00 for photocopy or $2.00 for microfiche, refer-
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and Related Diamines!
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The preparation of N,N, 2,2-tetramethyl-1,3-propanediamine, cis- and ¢rans- 2-(dimethylaminomethyl)eyelo-
hexylamine, and 3-exo- dimethylaminomethyl-2-endo- norbornanamine has been accomplished by the Mannich
reaction on the appropriate carbonyl compound, followed by oximation and reduction. The reactions of methacro-
lein and 3-methylene-2-norbornanone with methylhydrazine gave pyrazolines whose methiodides were reduced to
N,N, 2-trimethyl-1,3-propanediamine and 3-endo -dimethylaminomethyl-2-endo- norbornanamine, respectively.

The dedeuteration of acetone-dg has been shown to be
catalyzed bifunctionally by the monoprotonated form of
N,N-dimethyl-1,3-propanediamine.2® Examination of
models of the transition state of the rate-controlling step in
the reaction showed that in the two most stable conformers
the carbon-1-nitrogen bond from the diamine was approxi-
mately eclipsed with a carbon-2-hydrogen or carbon-2-

carbon-3 bond. The greatly increased bifunctional catalytic
activity of both the cis and trans isomers of 2-(dimethylam-
inomethyl)cyclopentylamine experimentally demonstrated
the importance of conformational effects.23 To study such
effects in more detail we have synthesized several addition-
al conformationally constrained derivatives of N,N -di-
methyl-1,3-propanediamine and also two 1,4-diamines.



