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by 
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ABSTRACT 

Tetra-n-butylammonium fluoride supported on glass helices was used 

to generate cyclopropenes in the gas phase from 6-halocyclopropylsilanes 

using the vacuum gas-solid reaction (VGSR) technique. 

Bicyclo[ 4.l.O]hept-1, 7 -ene (1), bicyclo[ 4.1.0]hept-1 ,6-ene (2), and 

bicyclo[5.1.0]oct-1,8-ene (3) were prepared from the appropriate 

j3-chlorocyclopropylsilanes. 
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Compounds 1 and 2 underwent ene reactions to give the same dimer 4. 

Compound 4 isomerized to 5 via cyclopropene-vinyl carbene rearrangements. 

Dimerization of 4led to the cycloaddition adducts 6 and 7 (tetramers ofl). 
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Treatment of either 4 or 5 with oxygen formed 2-(bicyclo[4.1.0]hept-1-yl)-

1-cyclohexenecarboxaldehyde (8) and 1-(bicyclo[ 4.1. O]hept-1-yl)

cyclohepten-3-one (9). 
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Hydrogenation 4 and 5 below - 20 oc yielded products identified 

provisionally as 10 and 11, respectively. Both 10 and 11 rearranged to 

meso-1-(bicyclo[ 4.l.O]hept-1-yl)bicyclo[ 4.1.0]heptane (12). 
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Cyclopropene 3 also reacted via an ene reaction to give both dimer and 

trimer. Tricyclo[5.5.Q.Q1,6]decane (13) was prepared by reduction of the 

butadiene Diels-Alder adduct of 3. Hydrogenation of 3 gave 

cis-bicyclo[5.1.0]octane and 1-methylcycloheptane. 
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INTRODUCTION* 

Small ring cycloalkenes arouse considerable interest because 

their energy content relative to their acyclic counterparts often results in 

unexpected properties. The cyclopropenes are especially interesting in 

this regard, since the high strain energy (-54 kcaVmol)l leads to unusual 

reactions including isomerization to species normally considered to be 

high energy ones (carbenes). The cyclopropenes thus represent one of 

the cornerstones of modern chemistry by virtue of the high strain of their 

ring systems and the resulting unusual bonding properties. A study of 

the chemical properties of cyclopropenes of type 1 and type 2 is presented 

in this thesis (n = 4, 5). 

(€)> (€)> 
1 2 

Cyclopropenes fused to carbocyclic rings as in 1 have been shown 

to be stable isolable compounds when n ~ 6. The elegant work of Eicher 

and Bohm is one of the early efforts in this field. 2 It showed that 

9-phenylbicyclo[6.1.0]non-1 ,8-ene (3) could be isolated in 17% yield from 

the products resulting from the decomposition of 4 as illustrated in 

Schem~ I. This route can also be used to prepare simple cyclopropenes 

as well as higher derivatives of 3. 

*This section is a summary from Billups, W. E.; Haley, M. M.; Lee, G.-A. Chern. 

Reu. 1989, 89 (5). 
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Scheme I 

Ph 

3 4 

Suda found that 9,9-difluorobicyclo[6.1.0]nonane (5) could be 

treated with n-butyllithium or methyllithium to yield the cyclopropenes 6 

and 7, respectively.3 These results can be interpreted in terms ofthe 

reactions shown in Scheme II. The addition of alkyl lithium reagents to 

cyclopropenyl double bonds is a well established process. 4 

0< RU -
5 

Scheme II o-F 
~ o: 

6 R = n-butyl 
7 R =methyl 
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More recently, Baird and his co-workers have investigated the 

reactions oftrihalocyclopropanes with methyllithium.5 These 

compounds can be dehalogenated with methyllithium and in several 

instances the product is a 1-halocyclopropene. The cyclopropane 8 can be 

purified by rapid column chromatography over alumina, and kept at 0°C 

in solution, but decomposes rapidly when neat. 

Br 
MaLi 

Br 
Br 

X= Cl, Br 8 

The parent hydrocarbon 9 can be isolated as the major product 

from the singlet photochemistry of1,2-cyclononadiene (10).6 Compound 9 

is remarkably stable and can be purified readily by preparative column 

chromatography. Diimide reduction yields bicyclo[6.1.0]nonane, 

whereas brief treatment with potassium t-butoxide in dimethyl sulfoxide 

affords the isomer 11 in high yield (Scheme III). 6a 

Scheme III 

0 h'U 
pentane 

10 9 

11 
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Cyclopropene 12 has been postulated as an intermediate when 13 

is treated with lithium diisopropylamide in tetrahydrofuran at -70 to 

0°C. 7 The anion 14 was obtained as a thermally stable, deep 

reddish-purple solution under these conditions. 

4 

LDA 
Ph 

LDA 
Ph 

Ph 

13 12 14 

The lower homolog bicyclo[5.1.0]oct-1,8-ene (15) is unknown, but 

several derivatives have been synthesized as transient intermediates. 

Compound 16 can be generated as described earlier for 8 and trapped by 

t-butyl mercaptan (Scheme IV).Sb The cyclopropene is too unstable to be 

isolated as the pure compound at 20°C. 

~Br 

\__X"sr 
X 

X =CI, Br 

Meli 

Scheme IV 

o-Br 
16 

!-BuSH 

The reactive cyclopropane 17 appears to be an intermediate in the 

reaction of 18a and 18c with potassium t-butoxide, whereas 18b is 

unreactive under the same conditions. a Thus an attempt to generate 

homocycloheptatrienylidene by dehydrohalogenation of 

8-chlorobicyclo[5.l.O]octadiene (18a,b) led instead to cyclooctatetraene, 

J 
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styrene, and heptafulvene as illustrated in Scheme V. 

SchemeV 

o· 
'~ .,, 

-0=< 
18a) X=CI, Y=H 

b) X=H, Y=CI 
c) X=Y=Br 

17 'Y=H 

Ph I ""' ~O Y=H,Br '-... 

~ -78°C "" 
Ph 

A plethora ofbicyclo[4.1.0]hept-1,7-ene (19) derivatives have been 

postulated as reactive intermediates in the reaction of 

7,7-dihalobicyclo[4.l.O]heptane and related systems with strong base.9 

Under the reaction conditions these compounds usually react by addition 

of the nucleophilic base to the strained double bond or undergo 

base-catalyzed prototropic rearrangement to less strained alkenes 

resulting from escape of the cyclopropenyl double bond into the 

six-membered ring. 
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The 7 -chloro derivative 20 was generated by Chan and Massuda 

when 21 was treated with cesium fluoride in tetrahydrofuran (Scheme 

VI, a))Oa The cyclopropene can be trapped with 1 ,3-diphenylisobenzo

furan. When 20 is generated using the vacuum gas-solid reaction 

(VGSR) techniquell in which fluoride ion is deposited on glass helices to 

effect the elimination of J3-halocyclopropylsilanes,12 2-chlorocyclohepta

diene can be isolated in 83% yield (Scheme VI, b))Ob This observation 

requires the intermediacy of carbene 22 which would result from the 

cleavage of the central bond of 20. 

~CI 

~CI 
SiMes 

21 

a.CsF 
b. VGSR 

Scheme VI 

20 

22 

The high strain energy and the expected propensity of 

bicyclo[3.l.O]hex-1,6-ene (23) to dimerize via the facile ene reaction 

suggests that spectroscopic detection of the parent hydrocarbon may be 

difficult. Nevertheless, several derivatives of 23 have been generated and 

trapped. 

6 
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The trichloride 24 reacts with methyllithium in ether at 25°C in 

the presence of furan to give 25. 5b The isolation of 25 can be explained by 

postulating the intermediacy of cyclopropene 26 followed by ring-opening 

to the carbene (in strict analogy to 20 ~ 22) which would be trapped by the 

furan (Scheme VII). 

Scheme VII 

Cl 

d-
• • Cl 

0 
26 

0 

0 

25 

The parent hydrocarbon (19) can be synthesized by passing 

compound 27 through a "fluoride column" (VGSR technique). Using this 

technique, the neat product can be separated from the co-product 

trimethylsilylfluoride and isolated at -1 00°C. The cyclopropene can be 

isolated in 85% yield as a Diels-Alder adduct of cyclopentadiene (Scheme 

VIII).12 

Scheme VIII 

Q>-cl F" column 0> 0 
25°C, 1 Omtorr 

SiMe3 

27 19 

Bicyclo[ 4.1.0]hept-1,6-ene (28), which is the first planar molecule 

of the bridged alkene of type 2,13 and several attempts have been made to 

synthesize its derivatives. Gassman proposed 28 as an intermediate in 



the reaction of1-chloro-2-methylcyclohexene (29) with alkyllithium 

reagents (Scheme IX).14 Deuterium labeling of the methyl group of29 

provided compound 30 deuterated at c7, confirming the intermediacy of 

28.14 

Scheme IX 

8 

OC~('(-~('(~()>~~A Cl ~CI v .. · v:F 
29 28 30 

R = Me - 47%, n-Bu - 52%, Ph - 90% 

7, 7 -Dimethylbicyclo[ 4.1.0]hept-1 ,6-ene (31), the only 

spectroscopically detectable derivative of28, and 

7, 7 -dimethylbicyclo[5.1.0]oct-1, 7 -ene (32) were synthesized by Closs and 

co-workers.15 The photolysis of the 3H-pyrazole 33 at -60°C in 

cyclopropane gave 31 which decomposed above -35°C. The 1 H NMR 

spectrum of 31 at -60°C showed signals at 1.21 (s, 6H); 1. 7 (m, 4H); 2.3 (m, 

4H). The appearance of a singlet for the two methyl groups of 31 confirm 

that this compound is either planar or undergoing rapid inversion. 

33 n=1 
34 n=2 

_hu_(C()>< 
31 n=1 
32 n=2 

32 was formed from the 3H-pyrazole 34 by irradiation in n-pentane at 

J 



15°C.l5 The s~ability of32 ~as ~sted by heating a solution of the 

hydrocarbon in fluorotrichloromethane to 100°C for 10 hours; no change 

was observed in the lH NMR spectrum. 9,9-Diphenylbicyclo[6.1.0]non-

1,8-ene has also been prepared16 from cyclooctyne and 

diphenyldiazomethane using the Closs procedure. 

The synthesis and epoxidation of 7, 7 -dialkylbicyclo[5.1.0]oct-

1, 7 -ene 35, which was formed by irradiation of the tosylhydrazone salt 36, 

has been investigated by Friedrich and his co-workers.l7 The 

cyclopropane reacted with ozone to give cycloocta-1,3-dione 37 and lactone 

38 and with peracid to give cyclooctanone 39 (Scheme X). 

Scheme X 

R2 Rt 
hu RCOaH 

R2 

36 3'i 

0 
I o, 

0 

R2 + 
Rt 

Subsequently, Wiberg and Bonneville reported that 28 could be 
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isolated as the Diels-Alder adduct 40 in the debromination of 41.18 In the 

absence of trapping reagent, 28 dimerizes even at -120°C to give 42 

(Scheme XI). 

~r 
~ ~Buli 

Br 

41 28 

Scheme XI 

Ph 

~0 
~ 

Ph 

40 

Compound 28 can also be generated in the gas phase using the VGSR 

technique and trapped as the Diels-Adler adduct of cyclopentadiene 

(Scheme XII).12 

Scheme XII 
Cl 

~ Fcolumn 

~ 25°C 10mtorr 

SiMe3 

0 

43 28 44 

The group of Wiberg reported that bicyclo[3.l.O]hex-1(5)-ene (45) 

could be formed from dibromide 46 by treatment with t-butyllithium in 

THF or ether at -78°C. A rapid reaction was observed. The major 

products were found to be 1-tert-butylbicyclo[3.1.0]hexane (47) and the 

dimer 48 (Scheme XIII). Compound 45 could be trapped as a Diels-Alder 

10 
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adduct with furan, 2,5-dimethylfuran, 1 ,3-diphenylisobenzofuran, or 

anthracene. 

Br 

<)> t-Buli 0> 
Br 

45 

Ph 

~0 
~ 

Ph 

48 

11 
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RESULTS AND DISCUSSION 

The vapor phase fluoride-promoted elimination ofp-halosilanes,19 

as exemplified by the following reaction, has been used previously to 

prepare various cyclopropenes in this laboratory. The undesired side 

reactions in which a nucleophile adds to the strained cyclopropenyl 

double bond can be avoided under these conditions and the method is 

therefore amenable to the synthesis of most cyclopropenes including 

those with additional strain. 

X TMS A 
Rt R2 

R1 =hydrogen, alkyl, or halogen (Cl, Br) 
R2 =hydrogen, alkyl, or halogen (Cl, Br) 

These vacuum gas-solid reactions (VGSR) can be carried out 

conveniently using the reactor depicted in Figure 1. "Fluoride columns" 

were prepared by depositing tetra-n-butylammonium fluoride (TBAF) on 

glass helices. Thus tetra-n-butylammonium fluoride trihydrate (5 g) in 

methylene chloride (30 mL) was mixed with glass helices (50 g) and the 

solvent was removed in vacuo. The coated helices were then transferred 

to the reaction tube and the residual solvent and water were removed in 

vacuo at 10 microns. The column can not be heated since the TBAF 

undergoes a fluoride promoted Hofinann elimination to give 1-butene and 

tri-n-butylamine. To minimize decomposition, the "fluoride 
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c 
A. Starting material 
B. To vacuum. gauge 
C. To vacuum pump 
D. Adsorbed reagent 
E. Glass wool 
F. Dry ice/acetone bath 
G. NMR solvent or trapping reagent 
H. Liquid nitrogen bath 

c 

G 

F H 

H 

Figure 1. Vacuum Gas-Solid Reaction (VGSR) Apparatus. 
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columns" were cooled by ice water. 

This thesis will be concerned primarily with the elucidation of the 

chemistry of 19. 

19 
The required precursor for compound 19, 7-chloro-1-trimethyl-

silylbicyclo[ 4.1.0]heptane (27), was prepared in a three step synthesis 

essentially as described earlier by Arneyl Ob from 1 ,2-dibromocyclohexane 

(49) (Scheme XIV). Thus the complex base, sodium amide-sodium 

t-butoxide, was used to prepare 1-bromocyclohexene (50) by 

dehydrobromination of 49.20 Treatment of 50 with magnesium in a 

solution of chlorotrimethylsilane in THF provided 

1-trimethylsilylcyclohexene (51). Slow addition ofmethyllithium in 

ether-methylene chloride (1: 1.1) to 51 gave 27 as a mixture of isomers 

which were isolated by distillation and separated from minor impurities 

by preparative gas chromatography _lOb 

O
Br 

''Br 

49 

NaNH2/t-BuONa 

THF 

Scheme XIV 

O~g/TMSCI OTMS 
THF, I2 

50 51 

Cl n-Bu4NF 

10 microns 

19 
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When compound 27 was passed through the "fluoride column" 

(Scheme XN) and the products analyzed by low temperature 1 H NMR 

spectroscopy (CD2Cl2, -90 °C), a characteristic cyclopropenyl proton 

resonance was found at o 6.8. This signal disappeared rapidly at -90 oc 
with the simultaneous appearance of another signal at o 6. 72. This last 

signal persisted even to room temperature, but over a period of 2-3 days 

this signal was in turn replaced by one at o 6.92. Low resolution mass 

spectra showed that the compounds containing cyclopropenyl protons at 

a 6.92 and 6. 72 ppm possessed a parent molecular ion at m/e 188, 

indicating that both were dimers of the desired species 19. These 

observations are entirely consistent with those reported earlier by Arney, 

who proposed the following scheme to account for these results. A 

crystalline tetramer was also isolated by Arney and assumed to be the 

[2+2] dimer of 52 .lOb 

+ 

19 two isomers 

15 

A detailed reinvestigation of this work has led to the following 

results. In agreement with Arney, 19 was found to dimerize rapidly to 

yield 53. Compound 53 would be formed via an ene reaction which is well 



precedented in cyclopropene chemistry.21 Compound 53 epimerizes 

above - -30 oc to give an isomer provisionally assigned structure 54 

(Scheme XV). Compounds 19, 53, and 54 would be responsible for 

displaying the 1H NMR signals at 8 6.8, 6.72, and 6.92, respectively. 

Scheme XV 

16 

Q;'~ H 

H 
86.92 

19 m 5i 

Both 53 and 54 exhibit exact masses corresponding to the proposed 

structure. The infrared spectrum of 53 shows a carbon-carbon double 

bond stretch at 17 40 cm-1. The corresponding frequency for 54 appears as 

a very weak absorption at 1780 cm-1. Additional spectral properties are 

presented in the experimental chapter. The isomerization of 53 to 54 is 

not une~pected in view ofMM2 calculations which show that the heats of 

formation are 63.97 and 61.50 Kcal/mole, respectively. Compound 54 was 

found to be 2.67 Kcal/mole less strained than 52.22 

Mechanistically, the isomerization 53 -? 54 can be rationalized in 

terms of the reversible cyclopropene-vinyl carbene reactions presented in 

Scheme XVJ.23 

Evidence for carbenes 55 and 56 can be found when the 

rearrangement is carried out in the presence of air. Under these 

conditions both carbenes were diverted to oxygen-containing products 

identified as 57 and 58, respectively. The mechanism presented in 

Scheme XVII finds ample precedent in the literature.24 Compound 57 

j 



Scheme XVI 

56 

has also been prepared by treating either 53 or 54 with aqueous silver 

ion.lOb 

A major advance in the elucidation of the chemistry of 19 came 

with the discovery that Arney's tetramer is, in fact, a dimer of 53. Thus 

when neat 53 was allowed to stand for 12 hours, tetramer 59 could be 

isolated in 84% yield. The structure of 59 was determined by single 

crystal x-ray analysis which also confirms the structure of the precursor 

53.25 An ORTEP drawing is presented in Figure 2. The x-ray data are 

presented in Appendix 1. 

A second tetramer identified as 60 could be isolated when 54 was 

allowed to stand as the neat compound at room temperature. The 

structure of this compound was also elucidated by single crystal x-ray 

analysis.25 An ORTEP drawing is presented in Figure 3. The x-ray data 

are presented in Appendix 2. These results are presented in 

17 
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l0=0 OR 
+o~o 

58 

Scheme XVII 

cY 
53or54 ~ 

cx:~H 
55 .. 

Jo=o 

t 

CXRAO-o· 
CH 

l 

OCR 0 

c:? 
I 
H 

rn 
R = bicyclo[ 4.l.O]hept-1-yl 
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Scheme XVIII. 

The structure oftetramer 60 is puzzling since it is also a dimer of 

53, but was produced from a nearly pure sample of 54. The tetramer 60 

undoubtedly arises from a small amount of 53 which is in equilibrium 

with 54. 

Scheme XVIII 

0> 
/19~ 

---Q('~ 
53 

j 
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Figure 2. ORTEP Drawing of the Molecular Structure ofTetramer 59. 
I 
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Figure 3. ORTEP Drawing of the Molecular Structure ofTetramer 60. 



The biradicals required for 53 ~ 59 and 53 ~ 60 are 61 and 62, 

respectively (Scheme XIX).26 Although 62 might be expected to be 

somewhat more stable than 61, tetramer 60 is considerably more 

congested and thus probably less stable than 59. Thus subtle effects not 

presently understood must control the regiochemistry of these 

dimerization reactions. 

R 

04]-
R 

m 
R 

-

Scheme XIX 

R = bicyclo[4.l.O]hept-1-yl 

R 
m 
R 

00 

22 

The kinetics of isomerization of 53 to 54 were also investigated 

(Figure 4). According to these data, the rearrangement is a first order 

reaction. The t112 of 53 in the absence of air at 339 ± 1 °K, 296 ± 2 °K, 294 ± 1 

°K, and 246 ± 2 °K are presented in Table 1 and Figure 5. The 

rearrangement is inhibited by the presence of oxygen. 

I 
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t=Omin t=180 min t = 375 min t = 555 min 

t =740 min t =1095 min t = 1570 m.in t =-: 1905 min t = 3045 min 

Figure 4. Isomerization of the Less Stahle Dimer 53 at 27 4 ± 1 °K. 
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Table2 

246±2°K 294±1 °K 

t (min) X lnX t (min) X In X 

0 0.802 -0.221 0 1 0 

00 0.75 -0.288 180 0.69 -0.371 

270 0.67 -0.400 375 0.59 -0.528 

450 0.615 -0.486 555 0.52 -0.654 

690 0.571 -0.56 740 0.44 -0.821 

930 0.506 -0.681 1095 0.33 -1.109 

1200 0.467 -0.761 1570 0.23 -1.47 

1470 0.41 -0.892 1905 0.20 -1.609 

1800 0.36 -1.022 

296±2°K 339±1 °K 

0 1 0 0 1 0 

125 0.72 -0.329 ID 0.83 -0.186 

245 0.55 -0.598 00 0.64 -0.446 

360 0.46 -0.777 95 0.44 -0.821 

735 0.25 -1.386 135 0.28 -1.273 

1070 0.17 -1.772 

1320 0.14 -1.966 

1745 0.067 -2.703 

X=[53]/[53]+[54] 

j 
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Figure 5. In [53] I [53]+ [54] vs Time for Isomerization of the Less Stable 

Dimer53. 

~ ....... 
+ 
fg 
~ 
~ 
.s 

a. at 246 ± 2 °K 
lnX = (-0.26 ±0.01)- (4.3 ± 0.2)e-4t R = 1.00 -0.2 """· _ ___;. ___ ~~--__;_-----. 

-0.4 

-0.6 

-0.8 

-1.0 

-1.2 -t-----r----r-----.-----t 
0 1000 

tmin 

b. at274±1 °K. 

2000 

In X= (-0.173 ±0.008)- (8.1 ± 0.4)e-4t 
R=0.99 

~ 
1:' 0 . 

m 
i 
....... -1 .s 

-2+---~---~---.---~ 
0 1000 

tmin 
2000 

I 



c. 296±2 °K 

In X= (-0.170 ± 0.008)- (0.0015 ± 0.0001)t R = 0.99 

·2 

·3 +-----r----r-----r--~ 
0 

~ ....... 0 
+ m 
i ....... .s ·1 

0 

1000 

tmin 

d. 339±1 °K 

2000 

In X= (0.029 ± 0.001)- (0.0093 ± 0.0004)t 
R=0.99 

100 
tmin 

200 

I 
I 

J 



A study of the hydrogenation of 53 and 54 was undertaken, since 

delivery of dihydrogen to the less hindered face of each molecule would 

yield the diastereomeric trans fused norcaranes 63 and 64. As members 

of the group of compounds containing twist-bent bonds, these compound 

would be of considerable interest.27 

Addition of dihydrogen to the hindered face of 53 and 54 would 

yield d,l- (65) and meso-1-(bicyclo[4.1.0]hept-1-yl)bicyclo[4.l.O]heptane (66), 

respectively. Authentic samples of these compounds were prepared as 

illustrated in Scheme XX.28, 29 

Reduction of 53 over 5% Rh/C at -30 - -60 oc yielded an unstable 

compound which rearranged to 65 upon warming. This unstable 

intermediate can most reasonably be assigned structure 63 (Scheme 

XXI). The conversion of63 to the diastereomer 66 is probably catalyzed by 

the rhodium, in analogy with the observation by Gassman who found 

that trans-bicyclo[ 4.l.O]hept-3-ene is converted to the cis-isomer in the 

presence of a Rh (I) catalyst.27a 

Reduction of 54 over 5% Rh/C at room temperature for 0.5 h 

yielded 64, 65, 66, and an over reduced compound 72 (m/e 192). 65 is 

formed from the inverting of 64 by Rh. After 2.5 h at -20 °C, 66 was the 

only observable product (Scheme XXII).27a 



Scheme XX 

Cl 

l Na/NH3 

+ 

a: 50% NaOH/H20 
CHC13 
Triethylbenzylammonium chloride 

b: MeLi 
CH2Cl2 

28 

I 

j 



~/5%Rh-C 

MeOH/C6H12 

-50--60°C lhr 
-30--40°C 3hr 

-

Scheme XXI 

Scheme XXII 

+ 

65 

+ over reduced product 
rn/e = 192 

a: H2/ 5% Rh/C, MeOH/C5H12 rt, 0.5 h. , 

b: H2/ 5% Rh/C, MeOH/C5H12 -20°C, 2.5 h. , 

I 
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The synthesis of 28 was carried out from 43 as described earlier 

(Scheme XXIII).12 

73 

H~5%Rh-C 

Scheme XXIII 

MeLi A ( -c-o.,..lu_m_n __ , TMS - Cl __ _ 

43 

74 

n-Bu4NF 
column .. 

28 

75 

Surprisingly, 28 exhibits chemical properties very similar to those 

described above for 19 (Scheme XXIV). 

A major difference is that the dimers (53 and 54) derived from 28 

yield both tetramers simultaneously. This observed is attributed to small 

amounts of impurities which play a dominant role in these [2+2] 

cycloadditions. 

I 

j 
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Scheme XXIV 

()> 
/IS" 

- C(rj):::::1 
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Cyclopropene 15 was synthesized using a route which is strictly 

analogous to that discussed above for 19. Thus using 7630 as a point of 

departure, 1-trimethylsilyl-8-chlorobicyclo[5.1.0]octane (77) was prepared 

and passed through a "fluoride column" (Scheme XXV). 

0 MeLi/CH2CI2 

TMS 
'4t) 

Scheme XXV 

~A~c1 
~s 

71 

0 
15 

The condensate from the liquid N2 trap containing 15 was 

analyzed by NMR spectroscopy. The 13C spectrum displayed eight 

signals as expected for 15. The 1 H NMR spectrum showed a 

characteristic cyclopropenyl resonance at o 6.46 ppm. This signal 

persisted at room temperature for several hours but was replaced 

gradually by one at o 6.38 (Figure 6). This new compound was shown by 

mass spectroscopy to be a dimer of15 (m/e 216). Under more controlled 

condition (0 oc in CDC13) a trimer of15 could also be detected. 

These observations are interpreted in terms of two sequential ene 

reactions as presented below: 

0 15 
--- ene trimer 

15 78 79 

Cyclopropene dimer 78 differs from 53 in that it does not dimerize 
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via a [2+2] cycloaddition. Both 15 and 78 are less strained than 19 and 53 

and are, of course, less reactive. 

4h 

8h 

2days 

I ' 
7 ppm 6 

Figure 6. Isomerization ofBicyclo[S.l.O]oct-1 ,8-ene. 
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The interesting compound tricyclo[5.5.0.01,6]dec-3-ene (80), a 

member of the group of compounds ofinterest with regard to twist-bent 

bonds,27 was prepared by trapping 15 with butadiene. Hydrogenation of 

80 over 5% Rh/C, 50 psi for 1 hour at room temperature gave 

tricyclo[5.5.0.ol,6]decane (81) (Scheme XXVI). 

0 v 

15 

Scheme XXVI 

50 psi 
1 hr 

81 
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Hydrogenation of15 over 5% Rh/C, at 50 psi for 0.5 hour at room 

temperature yielded 82 (53.4%) and 83 (28.6%). Compound 83 is thought 

to arise from the intermediate 84, since a control experiment in which 82 

was subjected to the same reaction conditions gave no 83 (Scheme 

XXVII).31 

0 
15 

50 psi 
0.5hr 

Scheme XXVII 
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EXPERIMENTAL 

General 

Proton and carbon-13 NMR spectra were recorded using a JEOL 

FX90Q (lH: 90 MHz, 13C: 22.63 MHz) or an ffiM AF 300 (lH: 300.13 MHz, 

13C: 75.5 MHz). Chemical shifts (o) are expressed in ppm downfield from 

tetramethylsilane. Coupling constants are expressed in hertz. Unless 

otherwise noted, NMR spectral data were obtained in deuterochloroform. 

Mass spectra were recorded on either a Finnigan Model 3300 GC/MS 

spectrometer (low resolution, 30 ev) or a double-focusing CEC 21-110 

spectrometer (high resolution). Infrared spectra were recorded on a 

Perkin-Elmer Model1320 spectrophotometer. A Hewlett Packard Model 

700 gas chromatograph with a thermal conductivity detector was 

operated at an outlet flow rate of60 cc of helium per min for all analytical 

and preparative gas chromatography. X-ray structures were recorded 

on a Rigaku AFC5S diffractometer with a Texsan Data Reduction and 

Intensity Analysis program. All boiling and melting points are 

uncorrected. 

Tetrahydrofuran was distilled from calcium hydride immediately 

prior to use. Pentane and methylene chloride were distilled from 

calcium hydride under an atmosphere of nitrogen if they were used as a 

solvent or reagent. Chlorotrimethylsilane was redistilled prior to use. 

Column chromatography was performed on Baker reagent grade silica 

gel (60-200 mesh). Merck precoated silica gel plates were used for 



analytical (100x50x0.2 mm) and preparative (200x200x2 mm) thin layer 

chromatography. All other chemicals were of reagent quality and used 

as obtained from the manufacturers. Reactions were carried out in an 

inert atmosphere (dry nitrogen) when necessary. 

Apparatus for Vacuum Gas-Solid Reactions. 

The reaction column (Figure 1) (21 em x 3.5 em with a 34/45 

ground glass joint at the top and a high vacuum stopcock with a #9 

0-ring joint at the bottom) was loaded with the supported reagent 

supported by 3 em of glass wool. The entire apparatus was placed under 

vacuum (1 0 microns), and the portion of the tube containing the 

supported reagent was heated using a heating tape or cooled by ice water 

when necessary. A series of2-4 traps was used to collect and/or 

fractionate the volatiles that evolved from the tube. Once the system had 

reached equilibrium, the rate of addition of starting reagent could be 

controlled by either heating or cooling the sample introduction flask. 

Preparation ofTetra-n-butylammonium Fluoride on Glass Helices. 

Tetra-n-butylammonium fluoride trihydrate (5 g, 15.85 mmol), 

methylene chloride (30 mL), and glass helices (50 g) were mixed in a 

1-neck flask. The solvent was removed under vacuum at room 

temperature with shaking to prevent formation of a solid mass. The 

coated glass helices were transferred into the reaction tube and dried 

under vacuum (25 °C) until the final pressure was 10 microns. 

J 



General Procedure for the Gas Phase Elimination of 6-Halosilanes oyer 

Su:t:morted Tetra-n-butylammonium Fluoride. 

The elimination reactions were carried out at 10-30 microns at 

either 0 oc or 25 °C using the vapor phase reaction apparatus described 

earlier. 

Preparation of Methyllithium on Glass Helices. 

A 3-neck 250 mL flask equipped with a reaction tube, vacuum 

stopcock, and a rubber stopper was charged with 60 g of glass helices. 

The system was dried under vacuum for 30 min and vented with 

40 

nitrogen. About 30 mL ofmethyllithium (1.4 Min ether) was transferred 

by a double-ended needle into the flask with the glass helices. The solvent 

was removed under vacuum at room temperature with shaking to 

prevent formation of a solid mass. The coated glass helices were 

transferred into the reaction tube which was connected to a pump. After 

about 6 h, most of the ether was removed and a final pressure of10 

microns was achieved. 

General Procedure for the Gas Phase Dehalogenation oyer Supported 

Methyllithium. 

Gas phase dehalogenations were carried out at 10-30 microns at 

25 oc using the vapor phase reactions apparatus described earlier. 



Dehydrobromination ofl .2-Dibromocyclohexane (49). 

A solution of sodium amide (50 g, 1 .28 mol) in 500 mL THF was 

cooled to -40 °0 while 52 g (0. 70 mol) oft-butyl alcohol was added 

dropwise. The mixture was then stirred 0.5 h followed by the dropwise 

addition 42 g (0.17 mol) of1,2-dibromocyclohexane in 150 mL THF. The 

mixture was stirred 1 h at -40 °0 and 1 h at room temperature. The 

mixture was filtered from the precipitated salts and the THF was 

removed. The residue was extracted with 200 mL ether. The ethereal 

extract was washed with water, brine, and then dried over anhydrous 

magnesium sulfate. Filtration and distillation gave 1-bromocyclohexene 

(80-90 °0/80 mmHg, 18.02 g, 0.11 mol, 63%). 

Silylation of1-Bromocyclohexene (50>. 

A dried 2-neck 250 mL flask was charged with magnesium 

turnings (3.25 g, 0.134 mol) and fitted with a 150 mL equilibrating 

41 

addition funnel and a reflux condenser. To the magnesium was added 

50 mL ofTHF, 15 g (0.15 mol) oftrimethylsilylchloride, and a small 

crystal of iodine, with the system under nitrogen. The mixture was 

stirred for 0.25 hand then the addition funnel was charged with 49 (12 g, 

74.5 mmol) in 75 mL ofTHF. Addition of the halide was adjusted so as to 

maintain a gentle reflux. Gentle heating of the reaction mixture 

facilitates the reaction. After the addition was completed, the mixture 

was heated to maintain reflux for 1 h and then cooled to room 

temperature. The cooled reaction mixture was filtered from the ' 

I 
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precipitated salts and excess magnesium and then the THF was 

removed. The residue was dissolved in 200 mL of ether. The ethereal 

solution was washed thrice with water, brine, and then dried over 

anhydrous magnesium sulfate. Distillation at 90-100 °C/100 mmHg gave 

1-methylsilylcyclohexene (51) (9.03 g, 58.5 mmol, 78.5%) whose spectra 

matched that of an authentic sample,lOb 

Reaction of1-Trimethylsilylcyclohexene (51) with Monochlorocarbene. 

The silylcyclohexene (5.00 g, 32.4 mmol) and 5 mL of methylene 

chloride were placed into a 250 mL 3-neck flask fitted with two 

equilibrating addition funnels, a Barrett distilling receiver with 

condenser, a magnetic stirrer, and a bubbler to maintain a positive 

nitrogen pressure. The addition funnels were charged with 250 mL of1.4 

M methyllithium in ether and 20 mL methylene chloride. Addition of 

methyllithium was performed at the rate of 2 drops per sec, while the 

addition of methylene chloride was performed at the rate of one fifth of 

the rate of addition ofmethyllithium, with vigorous stirring. When 

addition was completed, 5 mL of methylene chloride was added carefully 

to quench the methyllithium. The mixture was filtered and the solid was 

washed with 200 mL ether. The combined organic solution was washed 

with water, brine, and dried over anhydrous magnesium sulfate. The 

solvent was removed under vacuum to give an oil. Distillation of the oil 

yielded 27 (120-135 °C/100 mmHg, 3.61 g, 17.8 mmol, 55% yield ofthe 

mixture of cis and trans forms). This mixture was purified before use by 

j 
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preparative gas chromatography (5% SE-30 on chromosorb Waw' 145 °C). 

Reaction of 1-Trimetbylsilyl-7 -chlorobicyclo[4.1.0lheptane (27) with 

Supported Tetra-n-butylammonium Fluoride. 

The general procedure was used. Compound (27) (50 mg, 0.25 

mmol) was passed through the "fluoride column" at 25 °C. A 5 mm 

NMR tube had been attached to the cold trap which was cooled with 

liquid nitrogen. After product collection was completed, NMR solvent 

(CD2Cl2) was distilled into the tube which was then sealed. The 1 H NMR 

spectrum was taken at -90 °C. 

Preparation of the Less Stable Dimer (53). 

The general procedure was used. Compound 27 (50 mg, 0.25 

mmol) was passed through the "fluoride column" at 25 °C. A 5 mm 

NMR tube had been attached to the cold trap which was cooled with 

liquid nitrogen. After the product was collected, trimethylsilyl fluoride 

and butene were removed in vacuo at -50 °C. NMR solvent was distilled 

into the tube which was then sealed. The sealed sample was stored in 

liquid nitrogen until the NMR spectrum was recorded. 1 H NMR (90 

MHz) o 6.83 (t, 1H, J=1.3), 2.70-2.30 (m, 2H), 2.1-0.9 (m, 14H), 0.7-0.3 (m, 

2H), and 0.1 (dd, 1H, J=1.8 and 3.1); 13C NMR o111.5, 30.9, 28.1, 24.3, 24.2, 

24.0, 23.0, 21.9, 21.7, 17.3, and 16.6; IR v 3055,2990,2920,2850,2660,1740, 

1660,and 1448 cm-1; MS calcd for C14H2o m/e 188.1565, found m/e 
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188.1560; calcd for 13CC13H20 m/e 189.1599, found m/e 189.1595. (Figure 7) 

Compound 27 (201.4 mg, 0.993 mmol) was passed through the 

"fluoride column" at 25 °C. The same procedure was used to purify 53 

(90.2 mg, 0.980 mmol, 98%). 

Preparation of the Stable Dimer (54). 

The general procedure was used. Compound (27) (201.0 mg, 0.99 

mmol) was passed through the "fluoride column" at 25 °C. After product 

was collected, 5 mL of THF was distilled into the cold trap with exclusion 

of oxygen. After 7 days, the mixture was transferred to a flask and the 

solvent removed under vacuum. The residue was purified using a small 

column with hexane eluent to give the stable dimer (78.7 mg, 0.42 mmol, 

yield 84%). lH NMR (90 MHz) ~ 6.94 (bs, 1H), 2.40 (bs, 2H), 2.14 (bs, 2H), 

2.07-1.95 (m, 1H), 1.88-1.80 (m, 1H), 1.71-1.52 (m, 6H), 1.40-1.10 (m, 4H), 

1.05-0.90 (m, 1H), 0.64 (dd, 1H, J=4.3 and 9.2), and 0.42 (dd, 1H, J=4.3 and 

5.6); 13C NMR ~ 129.5 (C), 124.9 (CH), 30.2 (CH2), 29.0 (CH2), 26.0 (CH2), 

25.6 (CH2), 23.9 (CH), 23.6 (CH2), 23.0 (CH2), 22.0 (CH2), and 21.2 (CH2); 

IR v 3055,2990,2920,2850,2660, 1610,and 1445 cm-1; MS calcd for C14H2o 

m/e 188.1565, found m/e 188.1560; calcd for 13CC13H20 m/e 189.1599, found 

m/e 189.1604. (Figure 8) 

Reaction of the Less Stable Dimer 53 with Air (Oxygen). 

Compound (27) (130.7 mg, 0.64 mmol) was generated as described 



above and exposed to air. After seven days, the mixture was purified by 

preparative thin layer chromatography using methylene chloride as the 

eluent to give three compounds. The first compound (Rf= 0.91) is the 

stable dimer 54, the second compound (Rf = 0.46) is 

2-(bicyclo[ 4.1.0]hept-1-yl)-1-cyclohexenecarboxaldehyde (57),1 Ob and the 

third is <Rr= 0.19) 1-(bicyclo[4.1.0]hept-1-yl)cyclohepten-3-one (58). 

Spectral data of 58 are: 1H NMR (300 MHz) a 5.91 (s, 1H), 2.54 (t, 2H, 

J=6.1), 2.48 (t, 2H, J=5.9), 0.80 (dd, 1H, J=4.5 and 9.7), and 0.47 (dd, 1H, 

J=4.5 and 5.0); 13C NMR a 205.2, 167.4, 128.0, 41.7, 30.6, 29.7, 28.3, 25.5, 

23.5, 21.7' 21.0, 20.6, 18.3, and 17 .3; m v 3058, 2980, 2905, 2842, 2660, and 
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1650 cm-1; MS calcd for C14H2oO rn/e 204.1514, found rn/e 204.1513; calcd 

for 13CC13H2o0 rn/e 205.1548, found rn/e 205.1548. (Figure 9) 

Preparation ofthe Tetramer 59. 

The general procedure was used. Compound (27) (130.7 mg, 0.64 

mmol) was passed through the "fluoride column" at 25 °C. After the 

product was collected, the cold trap was warmed to room temperature. 

After 30 min the mixture was purified by vacuum distillation. A white 

solid appeared on the wall of the cold trap after one day. The mixture 

was purified by preparative thin layer chromatography (silica gel) using 

hexane as the eluent to give tetramer 59 (51.0 mg, 0.14 mmol, yield 84%). 

The tetramer was crystallized from pentane and afforded colorless single 

crystals. The x-ray structure showed that it is anti-1,8-bis(bicyclo[4.1.0]- I 
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hept-1-yl)pentacyclo[8.4.0.02,10.o3,S.o3,9]tetradecane; mp 210.0-210.5 °C. 

lH NMR (300 MHz) a 2.12-2.04 (m, 2H), 1.88-1.70 (m, 18H), 1.40 (s, 2H), 

1.38-1.10 (m, 12H), 1.10-1.00 (m, 2H), 0.40 (dd, 1H, J=9.1 and 3.6), and 0.20 

(dd, 1H, J=4.8 and 3.6); 13C NMR a 50.8 (C), 37.4 (CH), 34.4 (C), 33.6 (CH2), 

27.9 (CH2), 25.6 (CH2), 24.00 (C), 23.7 (CH), 23.6 (CH2), 22.4 (CH2), 21.6 

(CH), 21.1 (CH), 19.9 (CH2), and 14.4 (CH); ffi v 3055,3005, 2980, 2910, 2845, 

2660, and 1445 cm-1; MS calcd for C28H40 m/e 376.3130, found m/e 

376.3120; calcd for 13CC27H4o m/e 377.3164, found m/e 377.3164. (Figure 

10) 

Preparation of the Tetramer 60. 

The general procedure was used. Compound 27 (150 mg, 0.74 

mmol) was passed through the "fluoride column" at 25 °C. After product 

was collected, 5 mL of pentane was added to the cold trap, then warmed 

to room temperature. The system was kept under vacuum at all time. 

After 7 days the mixture was passed through a small silica gel column 

and the solvent was removed in vacuo. The residue was kept at room 

temperature for a week, then purified by preparative thi~ layer 

chromatography to give 60. The tetramer was crystallized from acetone 

as colorless crystals. The x-ray structure showed that it is syn-1,4-bis(bi

cyclo[ 4.1.0]hept-1-yl)pentacyclo[8.4,0.02,1 o.o3,9 .o4,9]tetradecane; mp 

181-182 °C. lH NMR (300 MHz) o 2.15-2.0 (m, 2H), 2.0-1.85 (m, 4H), 

1.83-1.54 (m, 6H), 1.40-1.05 (m, 18H), 1.12 (s, 2H), 1.05-0.85 (m, 4H), 0.8-0.7 
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(m, 2H) and 0.13 (dd, 1H, J=4.4 and 6.2); 13C NMR s 50.14, 38.15, 32.93, 

31.60, 31.59, 23.66, 23. 73, 23.35, 22.96, 22.03, 20.63, 18.66, and 15.06; m v 
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3090, 3055,3005, 2985, 2910,2845,2660, and 1445 cm-1; MS calcd for C28H.t0 

rn/e 376.3130, found rn/e 376.3136; calcd for 13CC27H40 rn/e 377.3164, found 

rn/e 377.3164. (Figure 11) 

Kinetic Study of Isomerization of the Less Stable Dimer (53). 

The general procedure was used. Compound 27 (1 00 mg, 0.49 

mmol) was passed through the "fluoride column" at 25 °C. A 5 mm 

NMR tube had been attached to the cold trap which was cooled with 

liquid nitrogen. The product was collected, warmed to -20 °C for 20 min 

and then purified by vacuum distillation for 2 h to remove trimethylsilyl 

fluoride and butene. The NMR solvent was distilled into the tube which 

was then sealed. The sealed sample was kept at constant temperature 

( -27, 1, 23, and 66 °C) and 1 H NMR spectrum was taken at various times. 

Reaction of 1.1'-Dicyclohexenyl (67) with Dichlorocarbene. 

1,1'-Dicyclohexenyl (1.0 g, 6.16 mmol), 20 mL methylene chlorine, 

10 g of 50% of sodium hydroxide, and 0.1 g ofbenzyltriethylammonium 

chloride were placed into a 100 mL flask. The mixture was stirred for 18 

hat room temperature and then 50 mL of ether and 20 mL ofwater were 

added. The water layer was extracted with ether (3 x 25 mL). The 

combined ethereal solution was washed with water, brine, and then 
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dried over anhydrous magnesium sulfate. The solvent was removed 

under vacuum to give an oil. The oil was then subjected to the same 

conditions again. The final residue was dissolved in pentane, and then 

cooled to -30 oc to give meso-7, 7 -dichloro-1-(7, 7 -dichloro

bicyclo[4.1.0]hept-1-yl)bicyclo[4.1.0]heptane (68) (1.81 g, 5.52 mmol, yield 

89.4%). The solid was recrystallized from pentane and afforded colorless 

crystals; mp 71-72 °C. lH NMR (90 MHz) o 2.3-2.0 (m, 4H), 2.0-1.6 (m, 4H), 

and 1.6-1.2 (m, 10H); 13C NMR o 70.2, 36.1, 30.9, 24.6, 20.4, 18.9, and 18.6. 

(Figure 12) 

Reduction of 7.7 -dichloro-1-(7.7 -dichlorobicyclof 4.1 .Olhept-1-yD

bicyclo[ 4.1.0lheptane (68) . 

Sodium (1.5 g, 65.2 mmol), 50 mL of diethyl ether, and 100 mL of 

ammonia were placed into a 3-neck 250 mL flask which was fitted with 

an equilibrating addition funnel, a 50 mL flask containing 5 g of 

ammonium chloride connected by a rubber tube, a nitrogen inlet, and a 

magnetic stirrer. The mixture was cooled to -78 oc (dry ice/acetone bath) 

for 0.5 h and then the addition funnel was charged with 68 (2.09 g, 6.37 

mmol) in 30 mL of ether. Compound 68 was added dropwise. After the 

addition was completed, the mixture was refluxed for 1 h. Solid 

ammonium chloride was added until the blue color was discharged. 

Pentane (1 00 mL) was added and the ammonia was allowed to evaporate. 

The mixture was filtered and the organic solvent was washed with 

water, brine, and then dried over anhydrous magnesium sulfate. The 
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solvent was removed under vacuum and the residue was purified by 

column chromatography to give meso-1-(bicyclo[4.l.O]hept-1-yl)

bicyclo[4.l.O]heptane (66) (0.85 g, 4.47 mmol, 70.2% yield). lH NMR (300 

MHz) o 0.24 (dd, 2H, J=4.4 and 9.2), and 0.00 (dd, 2H, J=4.4 and 5.3); 13C 

NMR o 28.7, 25.6, 24.3, 22.5, 21.6, 15.4, and 15.0; IR v 3045, 2980, 2905, 2840, 

2660,1458,1442,1010, and 740 cm·l; MS calcd for C14H22 m/e 190.1722, 

found m/e 190.1722; calcd for 13CC13H22 m/e 191.1755, found m/e 191.1758. 

(Figure 13) 

Preparation of 1-(Cyclohexen-1-yD-7.7 -dichlorobicyclo[ 4.1 .Olheptane (69). 

1,1 '-Dicyclohexenyl (1 0 g, 61.6 mmol), 70 mL methylene chlorine, 

76 g of 50% of sodium hydroxide, and 0.2 g ofbenzyltriethylammonium 

chloride were placed into a 500 mL flask. The mixture was stirred for 1 h 

at room temperature. 100 mL of water and 200mL of ether were then 

added. The mixture was transferred to a separatory funnel and the 

water layer was extracted with ether (3 x 200 mL). The combined 

ethereal extracts were washed with water, brine, and then dried over 

anhydrous magnesium sulfate. The solvent was removed under vacuum 

to give a mixture. The mixture was distilled to give 69 (1 00-105 °CI1.5 

mmHg, 5.6 g, 22.8 mmol, 37% ). lH NMR (90 MHz) o 5.6-5.4 (m, 1H) and 

2.3-1.0 (m, 17H ); 13C NMR o 140.7, 123.2, 71.4, 37.5, 30.2, 26.5, 25.8, 25.1, 

22.7, 22.5, 20.8, 20.3, and 19.6; IR v 2905, 2840, 2660,1700,1438, 850, 820, 

and 793 cm-1; MS calcd for C13H1aC12 rn/e 244.0786, found rn/e 244.0779; 



calcd for 13CC12H18CI2 m/e 245.0819, found m/e 245.30815; C13H1a37CIC1 

m/e 246.0756, found m/e 246.0789. (Figure 14) 

Preparation of 1-(Cyclohexen-1-ylllii<;yclo[4.1.0lheptane (70). 

00 

Sodium (2 g, 87.0 mmol), 100 mL of diethyl ether, and 100 mL of 

ammonia were placed into a 3-neck 500 mL flask which was fitted with 

an equilibrating addition funnel, a 50 mL flask containing 6.5 g of 

ammonium chloride connected by a rubber tube, a nitrogen inlet, and a 

magnetic stirrer. The mixture was cooled to -78 oc (dry ice/acetone bath) 

for 0.5 h and then the addition funnel was charged with 69 (3. 75 g, 16.9 

mmol) in 50 mL of ether. Compound 69 was added dropwise. When 

addition was completed, the mixture was refluxed for 1 h and then 

ammonium chloride was added until the blue color was discharged. 

Pentane (1 00 mL) was added and the ammonia was allowed to evaporate. 

The mixture was then filtered and the organic solvent was washed with 

water, brine, and then dried over anhydrous magnesium sulfate. The 

solvent was removed under vacuum and the residue was purified by 

distillation to give 70 (86-95 °C/5.0 mmHg, 0.85 g, 4.47 mmol, 70.2%). lH 

NMR (90 MHz) o 5.5-5.3 (bs, 1H), 2.2-1.9 (m, 4H), 1.9-1.4 (m, 8H), 1.4-1.2 

(m, 4H), 1.1-0.8 (m, 1H), 0.62 (dd, 1H, J=4.0 and 9.2), and 0.25 (dd, 1H, 

J=4.0 and 5.3); 13C NMRo 144.0, 119.8, 29.3, 26.4, 26.0, 25.3, 24.3, 23.3, 

22.9, 22.1, 21.5, 17.2, and 16.6; m v 3050, 3025, 2985, 2905, 2840, 2820, 2660, 

1660, and 1440 cm-1; MS calcd for C1aH2o m/e 176.1565, found m/e 



176.1565. (Figure 15) 

Reaction ofl-(Qyclohexen-1-yllbicyclof4.1.0lheptane (7Q) with 

Monochlorocarbene. 

Compound 70 (2.5 g, 14.2 mmol) and 5 mL of methylene chloride 

were placed into a 250 mL 3-neck flask fitted with two equilibrating 

addition funnels, a Barrett distilling receiver with condenser, and a 

magnetic stirrer, with the system under nitrogen. The addition funnels 

were charged with 250 mL of 1.4 M methyllithium in ether and 20 mL 

methylene chloride. Addition ofmethyllithium was performed at the 

51. 

rate of 2 drops per sec, while the addition of methylene chloride was 

performed at the rate of one fifth of the rate of addition ofmethyllithium, 

with vigorous stirring. When the addition was completed, 5 mL of 

methylene chloride was added carefully to quench methyllithium. The 

mixture was filtered and the solid was washed with 200 mL of ether. The 

combined organic solution was washed with water, brine, and dried over 

anhydrous magnesium sulfate. The solvent was removed under 

vacuum. The residue was distilled to give a mixture of four isomers of 

7-chloro-1-(bicyclo[ 4.1.0]hept-1-yl)bicyclo[ 4.1.0]heptane (71) (95-11 0 °C/0.2 

mmHg, 1.75 g, 55%). MS calcd for C14H2oCl m/e 224.1332, found m/e 

224.1329; calcd for C14H2o37Cl m/e 226.1302, found m/e 226.1300. (Figure 

16) 
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Preparation of meso- and dl-1-(bicyclo[4.1.0lhept-1-yllliicyclo[4.1.0lhept-

ane (66) and (65). 

Sodium (1 g, 43.5 mmol), 50 mL of diethyl ether, and 50 mL of 

ammonia were placed into a 3-neck 250 mL flask which was fitted with 

an equilibrating addition funnel, a 50 mL flask containing 3 g of 

ammonium chloride connected by a rubber tube, a nitrogen inlet, and a 

magnetic stirrer. The mixture was cooled to -78 oc (dry ice/acetone bath) 

for 0.5 h, and then the addition funnel was charged with 71 (1 .50 g, 6.67 

mmol) in 50 mL of ether. 71 was added dropwise. After the addition was 

completed, the mixture was refluxed for 1 h. Then ammonium chloride 

was added until the blue color was discharged. Pentane (100 mL) was 

added and the ammonia was allowed to evaporate. The mixture was 

filtered and the organic solvent was washed with water, brine, and then 

dried over anhydrous magnesium sulfate. After the solvent was 

removed, the product was purified by column chromatography to give 

about 1:1 of65 and 66 (1.01 g, 5.32 mmol, 79.6%). 13C NMR o 29.0, 28.9, 

25.8, 25.7, 24.4, 22.6, 22.5, 21.8, 16.1, 15.6, 15.2, and 15.0; MS calcd for 

C14H22 m/e 190.1722, found m/e 190.1722; calcd for 13CC1aH22 m/e 

191.1755, found m/e 191.1758. (Figure 17) 

Hydrogenation of the Less Stable Dimer 53. 

The general procedure was used. Compound 27 (325.8 mg, 1.61 

mmol) was passed through the "fluoride column" at 25 °C. Mter product 

collection was completed, the cold trap was warmed to -50 oc for 0.5 h 

52 
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and then the dimer was purified by low temperature vacuum distillation 

to remove trimethylsilylfluoride and butene. A mixture of pentane (2 

53 

mL) and methanol (1 mL) was added to the cold trap, and the solution 

was transferred via a double-ended needle to a high-pressure 

hydrogenation bomb which was charged with 0.1 g of 5% Rh/C and cooled 

in dry ice/acetone bath. The solution was hydrogenated at 1500 psi and at 

-50--60 °C for 3 h and -30--40 °C for 1 h, then hydrogen was released and 

the mixture was allowed to warm to room temperature. The catalyst was 

separated by filtration and the solvent was removed under vacuum. The 

residue was extracted with pentane (3 x 25 mL). The organic solution 

was washed with water, brine, and dried over anhydrous magnesium 

sulfate. The solvent was removed under vacuum and the residue was 

purified by column chromatography to give 66 (78.5 mg, 0.41 mmol, 

51.4%). 

Hydrogenation of the Stable Dimer 54 at Room Temperature. 

Compound 54 (26.4 mg, 2.11 mmo) was reduced over 5% Rh!C in a 

mixture of pentane (10 mL) and methanol (5 mL) at 50 psi for 0.5 h. The 

solution was filtered and the solvents were removed in vacuo. The 

residue was dissolved in pentane, filtered through silica gel, and the 

pentane removed. Three compounds with a parent molecular ion at m/e 

190 (64, 65, and 66) and another compound with parent molecular ions at 

m/e 192 (72) were detected by GC/MS spectroscopy. (Figure 18) 



Hydro~nation of the Stable Dimer 54 at Low Temperature. 

Compound 54 (35.1 mg, 0.17 mmol) was reduced over 5% Rh/C in 

a mixture of pentane (2 mL) and methanol (1 mL) at 500 psi and -20--30 

oc for 2.5 h. The solution was filtered and solvents were removed. The 

residue was dissolved in pentane and filtered through silica gel. The 

solvent was removed under vacuum and the residue was purified by 

column chromatography to give 66 (27.4 g, 0.13 mmol, 76.5 %). 

Preparation of 1-Chloro-6-trimethylsilylbicyclo[ 4.1.0Jheptane (43). 

54 

The general procedure was used. 

1,1-Dichloro-2-bromo-2-trimethylsilylcyclopropane (73) (2.03 g, 7.75 mmol) 

was passed through a "methyllithium column" at room temperature. 

After product collection was completed, about 10 mL ofbutadiene was 

distilled into the cold trap and then the mixture was transferred to a 25 

mL flask by using a double-ended needle. The mixture was stored at -25 

oc for 1 week, 5 oc for another week, and room temperature for 1 day. 

The crude product was reduced over 5% Rh/C in a mixture of pentane (1 0 

mL) and methanol (5 mL) at. 50 psi for 0.5 h. The solution was filtered 

and solvents were removed. The residue was purified by column 

chromatography (silica gel, pentane) to give 43. This compound was 

purified by preparative gas chromatography (5 % SE-30 on chromosorb 

W8 w, 130 °C). 



Reaction of 1-Chloro-6-trimethylsilylbicyclo[4.1 .Olheptane (43) with 

Supported Tetra-n-butylammonium Fluoride. 

The general procedure was used. The compound 43 (50 mg, 

0.25mmol) was passed through the "fluoride column" at 25 °C. After the 

product was collected, the cold trap was warmed to room temperature 

and 10 mL of the pentane was added. The mixture was purified using a 

small column. According to the 1 H NMR spectrium of the crude 

mixture, the yield of dimer 52 is about 70%. The lH NMR of the crude 

product showed that there were 4 peaks at 8 1 0.38, 6.94, 6.83, and 5.91 

which belonged to 57, 54, 53, and 58. 

Preparation of the Mixture of the Tetramers 59 and 60. 

The general procedure was used. The compound 43 (233.0 mg, 

1.15mmol) was passed through the "fluoride column" at 25 °C. After 

product was collected, the cold trap was warmed to room temperature. 

After 3 days a white solid deposited on the wall of the cold trap. The 

mixture was then purified using a preparative thin layer 

chromatographic plate (silica gel) with hexane eluent to give the 

tetramers (31.8 mg, 0.085mmol, 30 %). The lH NMR spectrum showed 

two tetramers, 59 and 60, is about 1 to 4 ratio. 

Reaction ofl-Trimethylsilylcycloheptene (76) with Monochlorocarbene. 

55 

The silylcycloheptene (76) (5.00 g, 29.8mmol) and 5 mL of 

methylene chloride were placed into a 250 mL 3-neck flask fitted with two 

j 
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equilibrating addition funnels, a Barrett distilling receiver with 

condenser, and a magnetic stirrer, with the system under nitrogen. The 

addition funnels were charged with 250 mL of1.4 M methyllithium in 

ether and 20 mL methylene chloride. Methyllithium was added at the 

rate of 2 drops per sec, while the methylene chloride was introduced at 

the rate of one fifth ofthe rate of addition ofmethyllithium, with vigorous 

stirring. When the addition was·completed, 5 mL of methylene chloride 

was added carefully to quench the unreacted methyllithium. The 

mixture was filtered and the solid was washed with 200 mL of ether. The 

combined organic solution was washed with water, brine, and dried over 

anhydrous magnesium sulfate. The solvent was removed under 

vacuum. Bulb to bulb distillation ofthe residue yielded 77 (120-142 °C/50 

mmHg, 3.21 g, 14.9 mmol, 50% yield of the mixture of cis and trans forms 

adduct). MS calcd for CuH21 ClSi m/e 216.1101, found mle 216.1105; calcd 

for 13CC10H21CISi m/e 217.1135, found mle 217.1129; C11H2137CISi m/e 

218.1072, found mle 218.1071. (Figure 19) 

Reaction of1-Trimethylsilyl-8-chlorobicyclo[5.1.0loctane (77) with 

Supported Tetra-n-butylammonium Fluoride. 

The general procedure was used. Compound 77 (50 mg, 0.23 

mmol) was passed through the "fluoride column" at 25 °C. A 5 mm 

NMR tube had been attached to the cold trap which was cooled with 

liquid nitrogen. After the product was collected, the cold trap was 
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immersed into a dry ice/acetone bath and the volatile side products were 

removed. NMR solvent was distilled into the tube which was then sealed. 

The sealed sample was stored in liquid nitrogen prior to spectral 

characterization. lH NMR (CD2Cl2, 90 MHz) 5 6.5 (bs, 1H), 2.8-2.1 (m, 

2H), and 2.1-0.9 (m, 9H); 13C NMR 5125.8, 101.1, 34.8, 29.4, 28.8, 26.8, 25.4, 

and 15.2; IR v 2660 and 1768 cm-1. The signal of cyclopropenyl 

disappeared with the simultaneous appearance of another signal at 5 6.4. 

The second compound, examined by GC/MS, is a dimer. MS calcd for 

C16H24 m/e 216.1878, found m/e 216.1873; calcd for 13CC15H24 m/e 

217.1912, found m/e 217.1908. Another compound with a parent 

molecular ion at m/e 324 was a trimer of the desired species 15. (Figures 

20, 21, and 22) 

Trapping Bicyclo[5.1.0loct-1.8-ene (15) with Butadiene. 

The general procedure was used. Compound 77 (627.7 mg, 2.89 

mmol) was passed through the "fluoride column" at 25 °C. Mter product 

collection was completed, butadiene (5 mL) was distilled into the cold 

trap. The mixture was then transferred to a 25 mL flask by a 

double-ended needle. The mixture was stirred at -30 oc for 2 h and 

refluxed another 2 h. Excess butadiene was then removed. The residue 

was purified by column chromatography to give 

tricyclo[5.5.0.o1,6]dec-3-ene (80) (458 mg, 2.82 mmol, 96%). lH NMR (300 

MHz) 5 6.67 (t, 2H, J= 1.8), 2.55-2.45 (m, 1H), 2.45-2.20 (m, 2H), 2.2-2.08 



(m,1H), 2.08-1.9 (m, 2H), 1.9-1.4 (m, 5H), 1.35-1.08 (m, 3H), 1.08-0.85 (m, 

1H), and 0.8-0.65 (m, 1H); 13C NMR a 124.2 (CH), 124.0 (CH), 39.2 (CH2), 
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32.7 (CH2), 31.4 (CH2), 29.9 (CH2), 28.4 (CH), 26.5 (CH2), 24.8 (CH2), 24.6 

(CH), and 22.8 (C); MS calcd for C12H1s rn/e 162.1409, found rn/e 162.1410; 

calcd for 13CC12H1s rn/e 163.1442, found rn/e 163.1438. (Figure 23) 

Hydrogenation ofTricyclo[5.5.0.Q1,6Jdec-3-ene (80). 

Compound 80 ( 458.4 mg, 2.11 mmol) was reduced over 5% Rh/C in 

a mixture of pentane (1 0 mL) and methanol (5 m.L) at 50 psi for 1 h. The 

solution was filtered and the solvents were removed. The residue was 

purified by column chromatography (silica gel, pentane) to give 

tricyclo[5.5.0.Q1,6]decane (81) (432.7 mg, 2.63 mmol, 93 %). lH NMR (300 

MHz) a 2.3-0.6 (m, 18H), 0.6-0.4 (m, 2H); 13C NMR a 40.1 (CH2), 32.5 (CH2), 

32.11 (CH2), 32.07 (CH2), 29.9 (CH2), 29.1 (CH), 29.0 (CH), 26.7 (CH2), 24.0 

(CH2), 23.7 (C), 21.9 (CH2), and 21.6 (CH2); Data from HETCOT and 

INEPT experiments showed C and H-attached relationships are a for 13C 

(a for lH attached); 40.1 (1.93 and 1.07), 32.5 (1.81 and 1.14), 32.11 (2.15 and 

0.88), 32.07 (1.82-1.49), 29.9 (1.71 and 1.25), 29.1 and 29.0 (0.52 and 0.55), 

26.7 (1.58 and 1.48), 24.0 (1.84 and 1.58), 21.9 (1.17), and 21.6 (1.28 and 

1.13); ffi v 3020,2935,2915,2845,2655,1440,1240, and 830 cm-1; MS calcd 

for C12H2o rn/e 164.1565, found rn/e 164.1567; calcd for 13CC12H2o rn/e 

165.1599, found rn/e 165.1595. (Figure 24) 



Hydro{Wnation of Bicyclo[5 .1 .Oloct-1 .8-ene (15). 

The general procedure was used. Compound 77 (771 .8 mg, 3.56 

mmol) was passed through the "fluoride column" at 25 °C. After product 

collection was completed, the cold trap was changed to a dry ice/acetone 

bath to pump out volatile side products. The residue was reduced over 

5% Rh/C in a mixture of pentane (1 0 mL) and methanol (5 mL) at 50 psi 

for 0.5 h. The solution was filtered and solvents were removed in vacuo. 

The residue was purified by column chromatography (silica gel, 
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pentane) to give methylcycloheptane (83) and cis-bicyclo[5.1 .O]octane (82). 

The yields of 83 and 82 were determined as 28.6 and 53.4% respectively 

using gas chromatography and toluene as an internal standard. The lH 

NMR spectrum (90 MHz) of 83 displayed resonances at 8 1 .8-1 .0 (m, 13H) 

and 0.84 (d, 3H). The 1 H NMR spectrum (300 MHz) of 82 displayed 

resonances at 8 2.2-2.15 (m, 2H), 1.85-1.75 (m, 1H), 1.75-1.6 (m, 2H), 1.4-1.3 

(m, 2H), 1.2-1.05 (ddt, 1H), 1.0-0.7 (m, 4H), 0.7-0.6 (m, 1H), and 0.1-0.0 (m, 

1H); 13C NMR spectrum displayed resonances at 8 32.7, 31.1, 29.8, 16.4, 

and 14.8. (Figures 25 and 26) 

Preparation of cis-8.8-Dichlorobicyclo[5.1 .OJ octane (85). 

Cycloheptene (1 0 g, 96.2 mmol), 50 mL methylene chloride, 40 g of 

50% of sodium hydroxide, and 0.2 g ofbenzyltriethylammonium chloride 

were placed into a 500 mL flask. The mixture was stirred for 10 h at 

room temperature. 100 mL of water and 200 mL of ether were then 

added. The mixture was transferred to a separatory funnel and the 
I 
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water layer was extracted with ether (3 x 200 mL). The combined 

ethereal solution was washed with water, brine, and then dried over 

anhydrous magnesium sulfate. The solvent was removed under vacuum 

to give an oil. The oil was distilled to give cis-8,8-dichloro-

bicyclo[5.1.0]octane (85) (85-89 °C/6.5 mmHg, 17.89 g, 92.3 mmol, 96 %). 

13C NMR (90 MHz) o 68.3, 34.1, 32.4, 28.4, and 26.6. (Figure 27) 

Preparation of cis-Bicyclo[5.1.0Joctane (79). 

Sodium (2 g, 87.0 mmol), 100 mL ofdiethyl ether, and 100 mL of 

ammonia were placed into a 3-neck 500 mL flask which was fitted with 

an equilibrating addition funnel, a 50 mL flask containing 6.5 g of 

ammonium chloride connected by a rubber tube, a nitrogen inlet, and a 

magnetic stirrer. The mixture was cooled to -78 oc (dry ice/acetone bath) 

for 0.5 hand then the addition funnel was charged with 85 (3.00 g, 16.7 

mmol) in 20 mL of ether. Compound 85 was added dropwise. When the 

addition was completed, the mixture was refluxed for 1 h. Then 

ammonium chloride was added until the blue color was discharged. 

Pentane (1 00 mL) was added and the ammonia was allowed to evaporate. 

The mixture was filtered and the organic solvent was washed with 

water, brine, and then dried over anhydrous magnesium sulfate. 

Distillation gave cis-bicyclo[5.l.O]octane (82) (42-45°C/ 8 mmHg, 1.21 g, 

11.0 mmol, 66%). 
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61. 

Hydro~enation ofcis-Bicyclo[5.1 .Oloctane(82) oyer Rh/C. 

Compound 82 (389.2 mg, 3.56 mmol) was reduced over 5% Rh!C in 

a mixture of pentane (10 mL) and methanol (5 mL) at 50 psi for 0.5 h. The 

solution was filtered and solvents were removed. The residue was 

purified by column chromatography (silica gel, pentane) to give 

cis-bicyclo[5.1 .O]octane (82) (370.4 mg, 95.2%). GC/MS showed no 

methylcycloheptane. 
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Figure 7a. lH NMR Spectrum of the Less Stable Dimer 53. 
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Figure 7b. 13C NMR Spectrum of the Less Stable Dimer 53. 
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Figure 8a. lH NMR Spectrum of the Stable Dimer 54. 
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Figure 8b. 13C NMR Spectrum of the Stable Dimer 54. 
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Figure 8d. Infrared Spectrum of the Stable Dimer 54. 
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Figure Be. INEPT NMR Experiment of the Stable Dimer 54. 
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Figure 9a. 1 H NMR Spectrum of the Ketone 58. 

Figure 9b. 13C NMR Spectrum of the Ketone 53. 



Figure 9c. Mass Spectrum of the Ketone 58. 
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Figure 9d. Infrared Spectrum of the Ketone 58. 
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Figure lOa. lH NMR Spectrum ofthe Tetramer 59. 
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Figure lOb. 13C NMR Spectrum of the Tetramer 59. 
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Figure lOd. Infrared Spectrum of the Tetramer 59. 
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Figure lOe. HETCOR NMR Experiment ofthe Tetramer 59. 



72 

- ~#u~ 1 -

.. ' 
~· " ~ ~,. 

;.,. ~ . 
. 

~ '1. ; v· ··' ~· . 
~.· .. · . . 

~ 
. 

~ 
. 

~ ~ ,. ,•'')\ 

.;A~' =~ I 

< I ~ 
. 

.... 

. ..... 
, __ 

J.W. 

·-.... 
1.~ '·- ..... ··-

.... I I ,.. 

Figure 1 Of. COSY 45 NMR Experiment of the Tetramer 59. 

\ 

j 



73 

,;"'t":W~ 
I 

ppm(o)80 70 60 ·so· 40 30 20 10 

Figure lOg. INPET NMR Experiment of the Tetramer 59. 
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Figure llb. 13C NMR Spectrum of the Tetramer 60 .. 
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Figure llc. Mass Spectrum ofthe Tetramer 60. 
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Figure 12a. lH NMR Spectrum of68. 
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Figure 13a. 1 H NMR Spectrum of 66. 
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Figure 14a. lH NMR Spectrum of69. 
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I 

_j 



00 

!DC ··ll 0 I I U 

J 
I 

l. 
I J 

'b ~ L ~I L "~ 

IZ ';,i) 10~ ! ... .: 
..... 'JI ,... 

( '-'- ' "'l 

Figure 14c. Mass Spectrum of 69. 

-- .. -r-
'-.. .... --

Figure 14d. Infrared Spectrum of69. 



81. 

I I I ' ' I ' I 
8 7 6 s 4 3 2 0 

ppm 
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Figure 18b. GC ofthe Mixture of70, 66 and 65. 
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Figure 20b. 13C NMR Spectrum of15. 
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Appendix! 

X-ray Structure Data of Tetramer 59. 

Chemical Formula: C2sH4o 

Molecular Weight: 

Crystal System: 

Color: 

Morohology: 

Lattice Parameters: 

Space Group: 

ZValue: 

Cell Val: 

Deale: 

Temp: 

J.L(MoKa): 

29 (max): 

Radiation: 

Residuals: R; Rw 

Goodness of Fit Indicator: 

376.62 amu 

Monoclinic 

Clear 

Flat Plate 

a A 
10.331 (4) 

pdeg 

105.51 (2) 

P-21/c ( #14) 

2 

1095.0 (7) A a 
1.14 g/cm3 

-80°C 

0.59 cm-1 

55.0 degrees 

hA 

8.438 (4) 

Mo ka (A.= 0.71069A) 

Graphite-monochromated 

0.091; 0.113 

2.79 

Final Fractional Coordinates: 

Atom X y z 

c (1) 0.0096 (4) 0.1341 (5) 0.1082 (3) 

c (2) -0.0814 (5) 0.1933 (6) 0.1757 (3) 

c (3) -0.2311 (5) 0.1916 (6) 0.1214 (4) 

C(4) -0.2592 (5) 0.2727 (6) 0.0142 (4) 

c (5) -0.1992 (4) 0.1801 (5) -0.0623 (3) 

c (6) -0.0635 (4) 0.1076 (5) -0.0099 (3) 

cA 

13.036(4) 

107 
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c (7) -0.0241 (4) -0.0337 (5) 0.0718 (3) 

c (8) 0.1533 (4) 0.1989 (5) 0.1541 (3) 

C(9) 0.2200 (4) 0.1356 (6) 0.2648 (3) 

C(10) 0.3687 (5) 0.168 (1) 0.3040 (5) 

C(ll) 0.4457 (5) 0.162 (1) 0.2317 (5) 

C(12) 0.3940 (5) 0.2338 (7) 0.1236 (4) 

C(13) 0.2429(5) 0.2508 (6) 0.0854 (3) 

C(14) 0.1702 (5) 0.3733 (6) 0.1356 (4) 

H(1) -0.0661 0.1283 0.2372 

H(2) -0.0564 0.2993 0.1963 

H(3) -0.2616 0.0850 0.1117 

H(4) -0.2775 0.2457 0.1648 

H(5) -0.3536 0.2806 -0.0152 

H(6) -0.2210 0.3758 0.0235 

H(7) -0.2595 0.0973 -0.0929 

H(8) -0.1892 0.2500 -0.1168 

H(9) -0.0900 -0.0933 0.0937 

H(10) 0.1771 0.1825 0.3132 

H(11) 0.2074 0.0240 0.2639 

H(12) 0.3784 0.2721 0.03336 

H(13) 0.4051 0.0934 0.3584 

H(14) 0.5285 0.2128 0.2643 

H(15) 0.4616 0.0529 0.2212 

H(16) 0.4325 0.3363 0.1250 

H(17) 0.4224 0.1691 0.0741 

H(18) 0.2060 0.2354 0.0111 

H(19) 0.0978 0.4324 0.0922 

H\~0) 0.2196 0.4383 0.1922 

Bond Distances (A): 

c (1) c (2) 1.532 (6) c (1) c (6) 1.540 (5) 

c (1) c (7) 1.505 (6) c (1) c (8) 1.545 (6) 

c (2) c (3) 1.519 (6) c (3) c (4) 1.513 (7) 

C(4) c (5) 1.523 (6) c (5) c (6) 1.514 (6) 
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c (6) c (7) 1.500 (5) c (6) C(7a) 1.578 (5) 

c (8) c (9) 1.520 (6) c (8) c (13) 1.514 (6) 

c (8) C(14) 1.509 (6) c (9) C(10) 1.509 (7) 

C(10) c (11) 1.388 (8) c (11) c (12) 1.496 (7) 

C(12) C(13) 1.513 (6) c (13) C(14) 1.525 (7) 

c (2) H(1) 0.950 c (2) H(2) 0.950 

c (3) H(3) 0.950 c (3) H(4) 0.950 

c (4) H(5) 0.950 c (4) H(6) 0.950 

c (5) H(7) 0.950 c (5) H(8) 0.950 

c (7) H(9) 0.950 c (9) H(10) 0.950 

c (9) H(ll) 0.950 c (10) H(12) 0.950 

C(10) H(13) 0.950 c (11) H(14) 0.950 

C(11) H(15) 0.950 c (12) H(16) 0.950 

c (12) H(17) 0.950 c (13) H(18) 0.950 

C(14) H(19) 0.950 c (14) H(20) 0.950 

Bond Angles (degrees): 

c (8) C(1) c (7) 124.9 (4) c (8) c (1) c (6) 127.0 (3) 

c (8) c (1) c (2) 109.7 (3) c (7) c (1) c (6) 62.4 (3) 

c (7) c (1) c (2) 111.3 (3) c (6) c (1) c (2) 114.1 (3) 

c (3) c (2) c (1) 115.7 (4) c (4) c (3) c (2) 110.2 (4) 

c (5) c (4) c (3) 111.2(4) c (6) c (5) c (4) 113.6 (3) 

C (7a) c (6) c (5) 123.0 (3) C (7a) c (6) c (1) 113.1 (3) 

C (7a) c (6) c (7) 88.0 (3) c (5) c (6) c (1) 122.7 (3) 

c (5) c (6) c (7) 130.6 (4) c (1) c (6) c (7) 57.7 (3) 

C (6a) c (7) c (1) 116.1 (3) C (6a) c (7) c (6) 92.0 (3) 

c (1) c (7) c (6) 59.9 (3) c (14) c (8) c (1) 115.1 (4) 

C(14) c (8) c (13) 60.6 (3) c (14) c (8) c (9) 116.8 (4) 

c (1) c (8) c (13) 123.4 (4) c (1) c (8) c (9) 112.8 (4) 

C(13) c (8) c (9) 118.0 (4) c (8) c (9) C(10) 114.8 (4) 

c (9) c (10) c (11) 118.6 (5) c (10) c (11) c (12) 119.9 (5) 

C(11) c (12) c (13) 115.2 (4) c (14) c (13) c (8) 59.5 (3) 

C(14) c (13) C(12) 120.4 (4) c (8) c (13) C(12) 121.2 (4) 

c (13) c (14) c (8) 59.9 (3) 



110 

Appendix 2 

X-ray Structure Data of Tetramer 60. 

Empirical Formula: C2sH4o 

Formula Weight: 376.62amu 

Crystal System: Triclinic 

Color: Clear 

Morohology: Needle 

Lattice Parameters: 

a A 

11.249 (5) 

adeg 

90.64(5) 

Space Group: P-1 (#2) 

ZValue: 2 

Cell Val: 1118 (1)Aa 

Deale: 1.12 g/cm3 

Temp: 23°C 

Jl (Mo Ka): 0.58 cm-1 

28 (max): 45.0 degrees 

hA 

16.659 (5) 

f3 deg 

102.39 (6) 

cA 

6.390 (6) 

ydeg 

106.54 (3) 

Radiation: Mo ka (A.= 0.71069A) 

Graphite-monochromated 

Residuals: R; Rw 0.089; 0.099 

Goodness of Fit Indicator: 1.89 

Final Fractional Coordinates: 

Atom x y z Atom X y z 
c (1) 0.598 (2) 0.271 (1) 0. 750 (3) C (1a) 0.278 (2) 0.248 (1) 0.472 (3) 

c (2) 0.716 (2) 0.346 (1) 0.861 (3) C (2a) 0.159 (2) 0.180 (1) 0.349 (3) 

c (3) 0.699 (2) 0.389 (2) 1.055 (4) C (3a) 0.158 (2) 0.091 (2) 0.406 (4) 

c (4) 0.591 (2) 0.419 (1) 1.023 (3) C (4a) 0.176 (2) 0.082 (2) 0.641 (4) 

c (5) 0.467 (2) 0.350 (1) 0.941 (3) C (5a) 0.312 (2) 0.138 (1) 0.757 (3) 

c (6) 0.475 (2) 0.286 (1) 0.775 (3) C (6a) 0.358 (2) 0.220 (1) 0.659 (3) 
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c (7) 0.521 (2) 0.302 (1) 0.563 (3) C (7a) 0.402 (2) 0.236 (1) 0.448 (3) 

c (8) 0.624 (2) 0.188 (1) 0.766 (3) C (Sa) 0.247 (1) 0.331 (1) 0.475 (3) 

C(9) 0.631 (2) 0.152 (1) 0.988 (3) C (9a) 0.161 (2) 0.338 (1) 0.632 (3) 

c (10) 0.747 (3) 0.128 (2) 1.073 (4) C (lOa) 0.039 (2) 0.358 (1) 0.523 (3) 

c (11) 0.815 (2) 0.100 (2) 0.945 (4) C (lla) 0.055 (2) 0.421 (2) 0.369 (4) 

c (12) 0.832 (2) 0.142 (1) 0.750 (3) C (12a) 0.104 (2) 0.398 (1) 0.183 (3) 

c (13) 0.722 (2) 0.177 (1) 0.642 (3) C (13a) 0.216 (2) 0.364 (1) 0.257 (3) 

c (14) 0.587 (2) 0.125 (1) 0.578 (3) C (14a) 0.329 (2) 0.411 (1) 0.431 (3) 

H(l) 0.7874 0.3246 0.9035 H(2) 0.7332 0.3858 0.7581 

H(3) 0.6930 0.3507 1.1640 H(4) 0.7729 0.4360 1.1039 

H(5) 0.5878 0.4438 1.1565 H(6) 0.5985 0.4605 0.9220 

H(7) 0.4437 0.3207 1.0597 H(8) 0.4035 0.3748 0.8772 

H(9) 0.5489 0.3564 0.5138 H(lO) 0.6275 0.1943 1.0867 

H (11) 0.5594 0.1044 0.9778 H(12) 0.8059 0.1752 1.1581 

H (13) 0.7229 0.0835 1.1627 H(14) 0.8979 0.1056 1.0324 

H (15) 0.7731 0.0418 0.9047 H(16) 0.9078 0.1874 0.7846 

H (17) 0.8395 0.1027 0.6482 H(18) 0.7450 0.2210 0.5503 

H (19) 0.5653 0.0669 0.5994 H(20) 0.5340 0.1339 0.4482 

H (21) 0.0861 0.1906 0.3803 H(22) 0.1558 0.1829 0.1995 

H (23) 0.0787 0.0527 0.3359 H(24) 0.2250 0.0771 0.3592 

H (25) 0.1145 0.1010 0.6929 H(26) 0.1667 0.0255 0.6693 

H (27) 0.3122 0.1497 0.9020 H(28) 0.3702 0.1060 0.7512 

H (29) 0.4049 0.1922 0.3559 H(30) 0.1382 0.2863 0.6916 

H (31) 0.2083 0.3817 0.7406 H(32) -0.0197 0.3073 0.4496 

H (33) 0.0049 0.3765 0.6316 H(34) -0.0249 0.4307 0.3150 

H (35) 0.1141 0.4718 0.4422 H(36) 0.0373 0.3551 0.0909 

H(37) 0.1288 0.4454 0.1060 H(38) 0.2368 0.3369 0.1450 

H (39) 0.3290 0.4619 0.4998 H (20a) 0.4125 0.4154 0.4144 

Bond Distances (A): 

c (1) c (2) 1.57 (2) c (1) c (6) 1.52 (2) 

c (1) c (7) 1.51 (2) c (1) c (8) 1.49 (2) 

c (2) c (3) 1.51 (3) c (3) c (4) 1.42 (3) 

C(4) c (5) 1.51 (2) c (5) c (6) 1.52 (2) 

j 
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c (6) c (7) 1.55 (2) c (6) C (6a) 1.50 (2) 

c {7) C (7a) 1.50 (2) c (S) c (9) 1.54 (2) 

c (S) C(13) 1.54 (2) c (S) c (14) 1.49 (2) 

c (9) C(lO) 1.4S (3) c (10) c (11) 1.39 (3) 

c (11) C(l2) 1.46 (3) c (12) c (13) 1.56 (2) 

C(l3) C(l4) 1.4S (2) C (la) C (2a) 1.53 (2) 

C (la) C(6a) 1.51 (2) C (la) C (7a) 1.51 (2) 

C (la) C (Sa) 1.51 (2) C (2a) C (3a) 1.53 (2) 

C (3a) C (4a) 1.4S (3) C (4a) C (5a) 1.56 (2) 

C (5a) C (6a) 1.51 (2) C (6a) C (7a) 1.53 (2) 

C (Sa) C (9a) 1.56 (2) C (Sa) C (13a) 1.52 (2) 

C (Sa) C (14a) 1.47 (2) C (9a) C (lOa) 1.53 (2) 

C (lOa) C (lla) 1.45 (3) C (11a) C (12a) 1.50 (3) 

C (12a) C (13a) 1.50 (2) C (13a) C (14a) 1.51 (2) 

c (2) H(l) 0.951 c (2) H(2) 0.951 

c (3) H(3) 0.951 c (3) H(4) 0.950 

C(4) H(5) 0.952 c (4) H(6) 0.951 

c (5) H(7) 0.950 c (5) H(S) 0.950 

c (7) H(9) 0.950 c (9) H(lO) 0.949 

c (9) H(11) 0.950 . c (10) H(l2) 0.949 

C(lO) H(l3) 0.952 c (11) H(l4) 0.951 

c (11) H(l5) 0.949 c (12) H(l6) 0.951 

c (12) H(l7) 0.951 c (13) H(lS) 0.951 

c (14) H(l9) 0.949 c (14) H(20) 0.951 

C (2a) H(21) 0.950 C (2a) H(22) 0.949 

C (3a) H(23) 0.951 C (3a) H(24) 0.950 

C (4a) H(25) 0.953 C (4a) H(26) 0.94S 

C (5a) H(27) 0.946 C (5a) H(2S) 0.951 

C (7a) H(29) 0.950 C (9a) H(30) 0.950 

C (9a) H(31) 0.951 C (lOa) H(32) 0.954 

C (lOa) H(33) 0.947 C (11a) H(34) 0.950 

C (11a) H(35) 0.951 C (12a) H(36) 0.952 

C (12a) H(37) 0.94S C (13a) H(3S) 0.949 
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C (14a) H(39) 0.949 C (14a) H (40) 0.951 

Bond Angles (degrees): 

c (S) c (1) c (7) 129(2) c (S) c (1) c (6) 125 (2) 

c (S) c (1) c (2) 113 (2) c (7) c (1) c (6) 62(1) 

c (7) c (1) c (2) lOS (2) c (6) c (1) c (2) 111 (2) 

c (3) c (2) c (1) 114 (2) c (4) c (3) c (2) 116 (2) 

c (5) c (4) c (3) 113 (2) c (6) c (5) c (4) 114 (2) 

C (6a) c (6) c (5) 121 (2) C (€a) c (6) c (1) 113 (2) 

C (6a) c (6) c (7) 90(1) c (5) c (6) c (1) 124 (2) 

c (5) c (6) c (7) 129(2) c (1) c (6) c (7) 59(1) 

C (7a) c (7) c (1) 113 (2) C (7a) c (7) c (6) S9(1) 

c (1) c (7) c (6) 59(1) c (14) C(S) c (1) 122 (2) 

C(14) c (S) c (13) 59(1) c (14) c (S) c (9) 116 (2) 

c (1) C(S) c (13) 114(2) c (1) c (S) c (9) 116 (2) 

C(13) c (S) c (9) 117 (1) c (S) c (9) C(10) 115 (2) 

c (9) C(lO) c (11) 124(2) c (10) c (11) C(12) 117 (2) 

C(11) C(12) c (13) 116(2) c (14) C(13) c (S) 59(1) 

C(14) C(13) c (12) 123(2) c (S) C(13) C(12) 120 (2) 

c (13) c (14) c (S) 62(1) C (7a) C (la) C (6a) 61 (1) 

C (7a) C (la) C (Sa) 126(2) C (7a) C (la) C (2a) 114(2) 

C (6a) C (la) C (Sa) 124(2) C (6a) C (la) C (2a) 115 (2) 

C (Sa) C (1a) C (2a) 109(2) C (la) C (2a) C (3a) 114 (2) 

C (2a) C (3a) C (4a) 112(2) C (3a) C (4a) C (5a) 109(2) 

C (6a) C (5a) C (4a) 114(2) C (5a) C (6a) c (6) 120 (2) 

C (5a) C (6a) C (la) 123 (2) C (5a) C (6a) C (7a) 130 (2) 

c (6) C (6a) C (1a) 115(2) c (6) C (6a) C (7a) 90 (1) 

C (la) C (6a) C (7a) 59(1) C (la) C (7a) C (6a) 59(1) 

C (la) C (7a) c (7) 117 (2) c (7) C (7a) C (6a) 91 (1) 

C (14a) C (Sa) C (13a) 61 (1) C (14a) C (Sa) C (la) 125 (2) 

C (14a) C (Sa) C (9a) 114(2) C (13a) C (Sa) C (la) 115 (1) 

C (13a) C (Sa) C (9a) 116(1) C (la) C (Sa) C (9a) 115 (1) 

C (lOa) C (9a) C (Sa) 114(1) C (lla) C (lOa) C (9a) 115 (2) 

C (lOa) C (lla) C (12a) 114(2) C (lla) C (12a) C (13a) 112 (2) 



C (12a) C (13a) C (Sa) 124 (2) 

C (Sa) C (13a) C (14a) 58 (1) 
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C (12a) C (13a) C (14a) 122 (2) 

C (Sa) C (14a) C (13a) 61 (1) 






