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The previously unknown 5-cyclononynone (1) has been synthesized in an overall yield of 20% from 4,5,6,7-tet- 
rahydroindan (2). As part of the synthesis, a very effective method of preparing bicyclo[4.3.0]-1(6)-nonen-2-one 
( 5 )  has been developed. Fragmentation of the tosylhydrazone of the cu,P-epoxy ketone 6 gave directly the strained 
cycloalkynone 1. A number of reactions of 1 have been investigated, including partial hydrogenation to yield cis- 
5-cyclononenone (IO), which in turn could be converted by photoisomerization to trans- 5-cyclononenone (1 1). A 
Diels-Alder reaction of 1 with 2,5-dimethyl-3,4-diphenylcyclopentadienone (12) resulted in the formation of the 
novel adduct 13. Acid-catalyzed transannular cyclization of 1 gave the bicyclic ketone 5 as the only product. All 
attempts to show that the optically active 1- menthydrazone of 1 was a mixture of two diastereomers, because of 
the restricted rotation in the nine-membered ring, were unsuccessful. 

A recent review1 on the synthesis of cycloalkynes of me- 
dium sized rings indicated that no cyclononynone had yet 
been reported although 5-cyclodecynone had been pre- 
pared2 and a Diels-Alder adduct of the very reactive 2-cy- 
clooctynone had been isolated.3 This report outlines the 
synthesis of the strained 5-cyclononynone (1) and describes 
a number of its reactions. 

Synthesis of 5-Cyclononynone ( 1 ) .  The synthetic ap- 
proach employed the well-known fragmentation reaction of 
the tosylhydrazone of an @epoxy ketone.2 The required 
ketone (6) was prepared from 4,5,6,7-tetrahydroindan (2) 
as outlined in Scheme I. Ozonolysis of 2 in methanol would 
be expected to  yield hydroperoxide 3 which upon treat- 
ment with water would hydrolyze to 4, analogous to  the 
ozonolysis of 9,lO-octalin in methanol as reported by Crie- 

After this ozonolysis procedure no a t tempt  was 
made to  purify diketone 4 as previous reports8 indicated it 
very readily underwent intramolecular aldol condensation. 
Thus, treatment of our hydrolyzed ozonolysis product with 
aqueous sodium carbonate solution gave the unsaturated 
ketone 5 in 50% yield from 2. This preparation of 5 is supe- 
rior both in availability of starting material and overall per- 
centage yield to those procedures previously r e p ~ r t e d . ~  

Epoxy ketone 6 was readily prepared from 5 by treat- 
ment with alkaline hydrogen peroxide.1° Reaction of 6 with 

Scheme I 
0 
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tosylhydrazine in acetic acid-methylene chloride at -20" 
followed by warming to room temperature gave 5-cyclo- 
nonynone (1) in 56% yield. All the spectral properties are 
consistent with this structure (see Experimental Section). 
In the infrared spectrum of 1 no absorption for -C=C- 
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stretching is found in the 2200-cm-l region because of the 
symmetry of the moleculell but the reactions to  be dis- 
cussed leave no doubt that  a triple bond is present. The se- 
quence described accomplishes in an overall yield of 20% 
from 2 the synthesis of the previously unknown 5-cyclo- 
nonynone (1) .  Unlike 2-~yclooctynone,~ this strained sys- 
tem is stable a t  room temperature. Possibly 4-cyclooctyn- 
one could be prepared using the same approach and it 
would be of interest to ascertain if this compound were as 
unstable as the 2 isomer. 

Reactions of 5-Cyclononynone (I). Hydrogenation of 1 
in the presence of 5% P d  on charcoal resulted in the uptake 
of 2 mol of hydrogen and the formation of cyclononanone 
as the only product, thus confirming the carbon skeleton of 
1. When Brown's nickel boride (P2) catalyst12 was used the 
rate of hydrogen uptake decreased sharply after the addi- 
tion o f  1 mol and cis- 5-cyclononenone (10) was obtained in 
high yield. Uv irradiation of 10 with a 300-nm source re- 
sulted in the establishment of a photoequilibrium mixture 
consisting of 80% trans- 5-cyclononenone (11) and 20% 10. 
The ir spectra were particularly useful in distinguishing be- 
tween the two compounds as the cis isomer had two medi- 
um intensity absorptions at 710 and 735 cm-l while the 
trans isomer had strong absorptions a t  975 and 990 cm-1. 
Similar cis-trans isomerizations have been noted upon irra- 
diation of cis- 4 -cy~ looc tenone~~  and cis- 5-cyc10decenone.l~ 
Carlson reported15 the formation of both 10 and 11 upon ir- 
radiation of 2-cyclopropylcyclohexanone. Compounds 10 
and 11 can be separated by column chromatography using 
silica gel impregnated with silver nitrate15 or by gas chro- 
matography (gc) and thus the partial hydrogenation-pho- 
toisomerization approach provides a facile route to both of 
these medium ring enones from 1. 

10 11 

A particularly striking feature of the mass spectra of 10 
and 11  is the high intensity of the M - H20 peak (>go% of 
the base peak while in cyclononanone this peak is <lo% of 
the base peak). A number of mechanisms could be pro- 
posed to account for the enhanced M - HzO peak but it 
must be related to the fact that the hydrogens y to the keto 
group are allylic and thus abstraction of these by the car- 
bonyl oxygen would be a lower energy process than in the 
case of cyclononanone. A Dreiding model of the cis enone 
(10) shows that the carbonyl oxygen can come closer than 
1.8 A to these y hydrogens and so hydrogen abstraction 
processes such as the McLafferty rearrangement should be 
possible.16 In the trans isomer (1 1) this oxygen-y-hydrogen 
distance is greater than 1.8 A but the similarity of the mass 
spectra of the two isomers (see Experimental Section) 
suggests that  there may be significant isomerization of 11 
to 10 upon introduction into the spectrometer. Deuterium 
labeling experiments would obviously be necessary to gain 
further insight into the mechanism of these transforma- 
tions. 

Diels-Alder adducts are obtained upon reaction of either 
alkeneIs or alkynels dienophiles with 2,5-dimethyl-3,4-di- 
phenylcyclopentadienone ( 12).19 In the alkyne reactions 
the adduct normally loses a molecule of carbon monoxide 
to give a substituted o-terphenyl system. Reaction of 1 
with 12 in refluxing toluene gave adduct 13 in 42% yield. 
The novel aromatic ketone exhibited only one methyl reso- 
nance (7  8.0) in its nmr spectrum, consistent with the sym- 
metrical nature of the molecule. Formation of 13 is further 

evidence for the presence of an alkyne linkage in 1. Dreid- 
ing models suggested there might be a possibility of an 
electronic interaction between the fully substituted ben- 
zene ring of the 0-  terphenyl system and the carbonyl group 
(or an appropriate derivative). The 2'4-dinitrophenylhy- 
drazone (2,4-DNP) of 13 was prepared and its visible spec- 
trum compared with that of the 2,4-DNP of cyclonona- 
none.*O No difference in the 300-500-nm region of the two 
spectra was noted and thus there was no indication of an 
intramolecular charge-transfer interaction between the 
hexasubstituted benzene ring (donor) and the dinitrosub- 
stituted ring (acceptor). 

0 ye 
Me. 1 

1 +  

Ph 
12 Me 

13 

Two different investigations21B22 showed that 5-cyclode- 
cynone (14) underwent acid-catalyzed transannular cycli- 
zation to give bicyclo[4.4.0]-1(6)-decen-2-one (15) as the 

0 

15 0 
14 

only product. In the present case, treatment of 1 with di- 
lute acid (2 N H2SO4) in aqueous ethanol gave cleanly the 
bicyclic ketone 5. Presumably the mechanism for this cycli- 
zation uia the vinyl cation is the same as that previously 
outlined for the conversion 14 -+ 1 L 2 1  Thus the same type 
of transannular reaction that was observed with the C ~ O  5- 
cycloalkynone occurs just as effectively with the Cg homo- 

A Dreiding model of 5-cyclononynone (1) can be assem- 
bled but it is quite rigid with the carbonyl oxygen pointing 
in toward the center of the ring and either above or below 
the plane created by the triple bond and its adjacent car- 
bon atoms. By preparing an appropriate optically active 
carbonyl derivative we postulated that it might be possible 
to separate the two diastereomers formed as a consequence 
of this rigidity or restricted rotation.23 Toward this end, 1 
was reacted with I -  menthydrazide (16), an optically active 
reagent for carbonyl compounds developed by Wood- 
ward,24 to give the 1- menthydrazone (17),25 [ a ] D  -42.2'. 
All attempts to separate the two proposed isomers either 
by tlc or fractional crystallization were unsuccessful. Ap- 
parently rotation in the ring is not restricted to the extent 
that it prevents interconversion between the two isomers. 
The nmr spectrum of 17 was determined a t  -50' t o  slow or 
stop this interconversion and the sharp methyl doublets of 
the methyl ring were examined. Again there was no indica- 
tion of the existence of two compounds either because the 
interconversion is still too rapid or the chemical shifts of 
the methyl groups in the two compounds are not sufficient- 
ly different.26 

log. 

16 17 
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In conclusion, we have outlined in this report an effective 
synthesis of 5-cyclononynone (1) from readily available 
starting materials and have described a number of reac- 
tions which support the proposed structure of 1 and also 
provide easy access to a number of novel medium ring 
structures. 

Experimental Section 
Melting points were determined on a Gallenkamp apparatus and 

are uncorrected. Infrared spectra were recorded on a Beckman 
Model IR-5A infrared spectrophotometer, ultraviolet spectra on a 
Unicam S P  800 spectrophotometer, and mass spectra on a Varian 
Mat CH7 spectrometer operating at  70 eV. Nuclear magnetic reso- 
nance spectra were recorded on a Varian A-60A spectrometer 
using the internal standard tetramethylsilane (TMS, 7 10.0) and 
the following designations are used: s = singlet, d = doublet, and m 
= multiplet. Gas chromatographic (gc) analyses and collections 
were carried out on an Aerograph Autoprep Model A-700 using ei- 
ther of the following: column A, 20% Carbowax 20M on Chromo- 
sorb W, 60-80 mesh, 6 f t  X 0.25 in.; column B, 20% OV-210 silicone 
fluid on Chromosorb W high performance, 80-100 mesh, 5 ft X 
0.25 in. Peak areas were determined by triangulation and were not 
corrected for differences in thermal response. Thin-layer chroma- 
tography, tlc, and preparative-layer chromatography, plc, em- 
ployed silica gel GF 254 in thicknesses of 0.25 and 0.75 mm, re- 
spectively. The solvent system used throughout was 1% ethyl ace- 
tate-chloroform. Optical rotations were determined at  25' on a 
Bendix-NPL Automatic Polarimeter, Type 143, using a 1-cm cell 
and absolute ethanol as solvent. Photochemical irradiations were 
performed in a Rayonet Model RPR 208 preparative reactor 
equipped with 300-nm lamps. Elemental analyses were performed 
by H. S. McKinnon, Chemistry Department, University of Guelph 
or A. B. Gygli, Microanalysis Laboratory, Toronto. 

Preparation of BicycIo[4.3.0]-1(6)-nonen-2-one ( 5 ) .  A sus- 
pension of 8.0 g (66 mmol) of 4,5,6,7-tetrahydroindan (2)4 in 60 ml 
of absolute methanol was stirred rapidly at  -70' while a stream of 
ozone from a Welsbach generator (200 W) was bubbled through 
the reaction for 30 min. The suspension had cleared and the char- 
acteristic blue color of excess ozone was evident. A solution of 5 g 
of potassium iodide in 20 ml of water was added to destroy the per- 
oxide formed in the hydrolysis and the reaction was allowed to 
warm to room temperature a t  which time the iodine color was dis- 
charged with a solution of sodium thiosulfate. To this crude ozono- 
lysis mixture was added 6 g of sodium carbonate and sufficient 
water to give a total of 60 ml of water added overall. The reaction 
solution was heated to reflux for 1.5 hr, cooled, and extracted with 
chloroform. The organic phase was washed with water and brine 
and dried (MgS04). Removal of the solvent and distillation gave 
4.48 g (50%) of 5 as a colorless liquid which was >95% pure by gc 
analysis (column B, 170'): bp 49-52' (0.3 mm); ir (neat) 1665,1640 

mp 247-247.5 mp 250'). 
The I -  menthydrazone of 527 was prepared using the general pro- 

cedure previously describedz4 with a reflux period of 7 hr to give 
pale yellow needles from aqueous ethanol: mp 158-158.5', uv A,,, 

Preparation of 10-0xatricyclo[4.3.1.0]-2-decanone (6). To a 
stirred solution of 9.8 g (72 mmol) of 5 in 22 ml of 30% hydrogen 
peroxide and 70 ml of methanol a t  15" was added dropwise over a 
period of 15 min a solution of 2.1 g of potassium hydroxide in 9 ml 
of water. After stirring at  20-25' for 3 hr the reaction mixture was 
poured into 150 ml of brine and this aqueous phase was extracted 
with ether. The organic phase was washed with brine and dried 
(MgS04). Removal of the solvent and distillation gave 7.75 g (71%) 
of 6 which exhibited only one peak on gc analysis (column A, 
182'): bp 61-65' (0.6 mm); ir (neat) 2920, 1700, 1370, 1090, 915, 
880, 790 cm-l; nmr (CC14) T 7.4-8.7 (m). Anal. Calcd for C9H1202: 
C, 71.03; H, 7.95. Found C, 71.20; H,  8.22. 

Preparation of 5-Cyclononynone (1).  To a solution of 6.88 g 
(45.2 mmol) of 6 in 75 ml of glacial acetic acid and 75 ml of methy- 
lene chloride at  -20" was added 8.48 g (45.5 mmol) of p -  tolu- 
enesulfonylhydrazine. The solution was stirred for 0.5 hr at this 
temperature during which time a white precipitate formed. The 
reaction was stirred at  0' for 2 hr then at room temperature for 3 
hr to give a clear yellow solution. Solid sodium carbonate was 
added to neutralize the acetic acid and water was added to dissolve 
any solid present. To two phases were separated and the aqueous 
phase was extracted with methylene chloride. The combined or- 
ganic phases were washed with saturated sodium bicarbonate solu- 

cm-1.8 , uv Amax (EtOH) 250 nm ( e  10,600);8,9 2,4-DNP derivative, 

(EtOH) 268 ( E  26,000); [a]D -48.6' (C 1.23). 

tion and brine and dried (MgS04). Removal of the solvent and dis- 
tillation yielded 3.44 g (56%)28 of 1 which gc analysis (column A, 
182') showed to be >95% pure: bp 46-48' (0.2 mm); ir (neat) 2930, 
1695, 1430, 1340, 1190, 1095 cm-l; nmr (CC14) T 7.5-8.1 (m); mass 
spectrum m/e (re1 intensity) 136 (18, M+), 135 (191, 108 (471, 79 
(100). 

Anal. Calcd for CgH120: C, 79.37; H, 8.88. Found: C, 79.32; H, 
8.89. 

The 1- menthydrazone of lZ7 was prepared using the general pro- 
cedure previously described24 with a reflux period of 40 hr to yield 
colorless needles from aqueous methanol: mp 167-167.5"; uv A,,, 
(EtOH) 232 ( t  10,100); nmr (CDC13) T 9.18 (3 H,  d) ,  9.12 (6H, d, J 
= 5.5 Hz), 7.4-9.3 (21 H,  m), 5.3 (1 H, m), 2.5 (1 H, broad s); [ a ] D  
-42.2' (c 1.19). All attempts to isolate another derivative from the 
mother liquors or to separate this product into two compounds by 
fractional crystallization with aqueous methanol or aqueous etha- 
nol or by tlc failed. 

Hydrogenation of 1. (a)  With Pd/C. A suspension of 0.50 g 
(3.7 mmol) of 1 and 50 mg of 5% Pd on charcoal in 25 ml of ethyl 
acetate under 1 atm of hydrogen at  25' was stirred vigorously until 
185 ml (7.5 mmol) had been consumed and the uptake had ceased. 
The catalyst was filtered and the solvent was removed leaving 0.48 
g of a product which was identical in every respect (gc retention 
time, ir and mass spectrum) with an authentic sample of cyclono- 
n a n ~ n e . ~ ~  

(b) With Nickel Boride (P2) Catalyst.12 To a stirred solution 
of 249 mg (1.0 mmol) of nickel acetate tetrahydrate in 8 ml of 95% 
ethanol under hydrogen was added a solution of 38 mg (1.0 mmol) 
of sodium borohydride in 7 ml of 95% ethanol to give a finely di- 
vided black catalyst. To this stirred catalyst suspension under 1 
atm of hydrogen at  25' was added 0.50 g (3.7 mmol) of 1 in 3 ml of 
ethanol and the gas uptake was followed. After 1 hr 93 ml (3.8 
mmol) of hydrogen had been consumed and the uptake had essen- 
tially ceased. The catalyst was filtered and the solvent was re- 
moved to give 0.46 g of a colorless liquid. Gc analysis (column A, 
170') indicated 91% of 10 (retention time 3.9 min) and 9% of 1 (re- 
tention time 7.5 min). An analytical sample of 10 was isolated by 
preparative gc: ir (neat) 3010, 2930, 1700, 735, 710 cm-l; nmr 
(CC14) 7 7.5-8.4 (12 H,  m), 4.4-4.8 (2 H, m); mass spectrum m/e 
(re1 intensity) 138 (14, M+), 120 (go), 82 (63), 67 (1001, 55 (961, 54 
(98); uv A,,, (EtOH) 219 ( t  640), 278 (26). Anal. Calcd for CgH140: 
C, 78.21; H, 10.21. Found: C, 78.19; H, 10.30. 

Formation of 11 by Photoisomerization. A solution of 100 mg 
(0.74 mmol) of 10 in 10 ml of spectroquality benzene was placed in 
a Pyrex tube and degassed with dry, oxygen-free nitrogen. The 
tube was sealed with a serum cap and placed in a water-cooled im- 
mersion well and the sample was irradiated with 300-nm lamps. 
Aliquots were withdrawn every few hours and the extent of photo- 
isomerization was monitored by gc (column A, 148"). After 30 hr 
irradiation the reaction mixture consisted of 80% of 11 (retention 
time 7.3 min) and 20% of 10 (retention time 7.8 min) and contin- 
ued irradiation did not change this ratio. An analytical sample of 
11 was isolated by preparative gc: ir (neat) 3010, 2930, 1695, 1125, 
990, 975 cm-'; nmr (cc14) T 7.5-8.3 (12 H, m), 4.6-4.9 (2 H, m); 
mass spectrum mle (re1 intensity) 138 (14, M+), 120 (941, 82 (68), 
67 (loo), 55 (76), 54 (82); uv  A,,, (EtOH) 219 ( E  5601, 278 (28). 
Anal. Calcd for CgW140: C, 78.21; H, 10.21. Found: C, 78.11; H, 
10.17. 

Preparation of Adduct 13. A solution of 200 mg (1.47 mmol) of 
1 and 382 mg (1.47 mmol) of the dimer of 2,5-dimethyl-3,4-diphen- 
ylcyclopentadienone (12)19 in 2.5 ml of toluene was heated to re- 
flux for 16 hr during which time the reddish-orange solution 
changed to a cloudy yellow mixture.30 The solvent was removed 
and the residue was triturated with hot hexane leaving a powdery 
white solid which was discarded. The hexane solution was reduced 
to a volume of ca. 10 ml and upon cooling gave 225 mg (42%) of 
crystalline product. Recrystallization from hexane gave colorless 
needles of adduct 13: mp 204-205'; ir (CC14) 3040, 3020, 2940, 
1705, 1600, 1490, 1440, 700 cm-l; nmr (CClI) T 8.0 (6 H,  s), 7.5-8.0 
(8 H,  m), 7.0-7.3 (4  H, m), 2.8-3.3 (10 H, m); uv Amax (EtOH) 218 
(sh, t 24,300), 228 ( e  25,900); mass spectrum mle (re1 intensity) 368 
(100, M+), 335 (63), 297 (37), 283 (30), 269 (32); 2,4-DNP deriva- 
tive, mp 241-242°.27 Anal. Calcd for C27H280: C, 88.00; H, 7.66. 
Found: C, 88.07; H, 7.65. 

Acid-Catalyzed Cyclization of 1. A solution of 84 mg (0.62 
rnmol) of 1 in 1 ml of 4 N HzSO4 and 1 ml of 95% of ethanol was 
left a t  room temperature for 12 hr. The solution was then poured 
into 5 ml of water and extracted with ether. The organic extract 
was washed with saturated sodium bicarbonate solution and brine 
and dried (MgS04). Removal of the solvent left 80 mg of a yellow 
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o i l  which was shown by gc analysis (column B, 176') t o  be a mix -  
ture of 97% o f  5 and 3% o f  1. T h e  ident i t y  o f  the major  peak was 
confirmed by isolat ion and comparison of i t s  spectral properties 
w i t h  a n  authentic sample o f  5. 
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T h e  synthesis o f  a series o f  4-substi tuted 2-azaadamantyl compounds is  reported. T h e  r ing  system of these 
compounds was obtained via a closure reaction brought  about by spontaneous intramolecular opening o f  an epox- 
ide, a t  the former double-bond site of N-subst i tu ted bicyclo[3.3.l]non-6-en-3-ylamine (6),  by the amide nitrogen. 
Th is  unexpectedly facile closure, result ing f r o m  the unusual p rox imi ty  o f  the amide nitrogen t o  the back side of 
the  epoxide-bearing r i n g  carbon, is one o f  several herein described examples o f  enhanced reactivi ty a t  the former 
double-bond site o f  th is  endo-substituted bicyclo[3.3.l]nonane r ing  system. Acetolysis of the p -  toluenesulfonate 
ester of N- benzoyl-2-azaadamantan-anti -4-01 (8) was effected in buffered solution. The only product  was a n t i  ac- 
etate 14. Rate measurements demonstrated a slight ra te retardation when compared t o  2-adamantyl p -  tolu- 
enesulfonate, the analogous carbocyclic system. At tempts t o  obta in  the epimeric syn alcohol 18 by reduction, 
equilibration, and displacement are described. 

As part of a continuing effort in our laboratories to syn- 
thesize hetero analogs of rigid carbocyclic and in 
conjunction with our interest in adamantane c h e m i ~ t r y , ~ - ~  
we initiated a program of research directed toward the syn- 
thesis of adamantyl analogs in which the molecular frame- 

bon by a nitrogen. I t  was our intent, then, to synthesize 
compounds illustrated by structures 1. The &amino and 
@-amido sulfonate esters could then be subjected to solvo- 
lytic conditions to assess the effects of the @ nitrogen upon 
ionization. 

work has been altered through replacement of a bridge car- 1, R=PhC0.PhCH2,H,CH3; X=OH,OTs  

We wish to  report here the synthesis of this new class of 
compounds and our preliminary results on the solvolysis of 
one of them, N -  benzoyl-2-azaadamantan-anti- 4-01. 


