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(1). An improved method for synthesizing bicycloc(2,2,

11 hepta-2,5mdiene-7-sPiro-1i'-cyclopentane (1) has been

developed. Thermal reaction of compound (1) with neat

iron pentacarbonyl under nitrogen atmosphere affords the

corresponding cage dimer (L). Sowe aspects of the

syntheses, spectra, and chemistry of compound ( ) and

(i) are discussed.

(2). A structure isomer of decamethyldodecahedrane

(C30H40 ), molecule (jl), is expected to be synthesized

via thermal reaction of iron carbonyl complexes with

compound (J0). An intermediate in this synthesis, 2,2-

tetramethylene-1 ,4-dibromobutane () was efficiently

synthesized starting from cyclopentanone. Some aspects

of the syntheses, spectra, and chemistry of compound (U)

to (2) will be discussed.



/v,-19

SYNTHESES OF A NEW C2 2H2 8 CAGE HYDROCARBON SYSTEM

AND 2, 2-TETRAMEThYLENE.-I 1, 4-DIBROMOBUTANE

THESIS

Presented to the Graduate Council of the

North Texas State University in Partial

Fulfillment of the Requirement

For The Degree of

MASTER OF SCIENCE

BY

An-h iang Wu, B.S.

Denton, Texas

December, 1984



TABLE OF CONTENTS

Page
PART 1......................... I

Introduction....9.. ....................... 2

Results and Discussion#..................... 7

Experimental................................ 13

PART I......................28

Introduction.................. 29

Results and Discussion...................... 35

Experimental................................ 41

Bibliography.1 .............................. 58



PART I: SYNTHESIS OF A NEW C22H28 CAGE HYDROCARBON SYSTEM:

AN IMPROVED SYNTHESIS OF BICYCLO(2,2,1) HEPTA-2,5-

DIENE-7-SPIRO-1'-CYCLOPENTANE.
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CHAPTER 1

INTRODUCTION

NCSince Mondis1 discovery of the transition metal

carbonyl complexes, the art and science of organometallic

chemistry has burgeoned into a complex and varied field.

In more recent years* considerable attention has been given

to transition metal assisted reactions. These reactions

include oligomerization 2 , ole fin metathesis.', and cyclo-

dimerization4, 5 ,

Since heptacyclo (5,,1)1 0

tetradecane (HCTD) was first reported in 19616,7, this

compound has continued to fascinate organic chemists 8 1 1 0 .

The 13,14-di-tert-butoxy derivative of HCTD has been

synthesized via iron carbonyl promoted cage cyclodimeri-

zation of 7-tert-butoxyl norbornadiene 1 1 (A), and its

structure has been confirmed via single crystal X-ray

structure analysisl2. More recently, the 13,14-di4d(

benzoyloxy) (B), 13,14 -di-w (p-methyloxybeflzoyloxy) Q),

13,lk-diol (D) and 13,14-*di-one (E) derivatives of HCTD

have been synthesized.* By analogy to these syntheses, we

hoped to prepare compound (6), 13,1 4-bis-spiro-tetra-



methylenyl-hepta-cyclo(5,5,ii4s1O02,6o3i,,5,9,8,12j

tetradecane, from the reaction of bicyclofa,2,I) hepta-2,5-

diene-7-spiro-I' -cyclopentane (5) with iron pentacarbonyl.

X H 0

(A): X=0-t-Bu

(B): X=0-C(0)Ph

(C): X=0-C(0)-.- OCH

(D): X=-OH

H'' X10

(E)

The use of norbornadiene and iron pentacarbonyl for

synthesizing cage dimer (HCTD) is Iimittby the fact Wlat

the reaction affords several products. Isolation of the

desired cage dimer is effected via tedious column chroma-

tography. However, one potential substrate, compound(),

which might serve as a useful precursor to the corresponding

cage dimer (6) is particularly appealing.

The earlier observationsl-a'b that (i) 2,3-benzo-

norbonadiene reacts with iron pentacarbonyl to afford only

the corresponding dimer ketone, and (ii) the benzo-analog

of compound (5) fails to couple with iron carbonyl suggest
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that formation of bicyclo(a2,) hepta-2,5-dieneo-7-spiro-i'-

cyclopentane (5) with Fe (CO) 5 .

Fe(CO) 0(i)

(5)

Fe (CO)

Fe(CO)

no reaction

4

co roooo'14



As part of study of iron carbonyl complexes of strain

bicyclic olefin, it became desirable to prepare the

compound (Q), bicyclo(2,2, flhepta-s2,5-diene-?7spiro-I-
cyclopentane, as an example of a diene ip which the top

(exo) side of the pi bonds is effectively blocked. This

molecule was first synthesized by Wilcox and Whitneylk in

eight steps with total 1% yield, (Scheme 1):

Scheme 1:

NaNH2,Br(CH2Br

29%

NH2N2 HONO

18hoursHC1Ha0
2Et0H IHlH0~

90% ONNH2

Ag 0

(CH% )290%

methyl
acrylate

25 c
12 days

LAH

ether

90%NHCO 2"H"

HO+N(CH3)3

CO2Me
77%

~~NCH

62%

10%

15

HCO2
CH2 ;v

Al-

1121



The following reaction sequence Ugheme w) was

employed in the present study for the improved synthesis of

bicyclo p2,2,1) hepta-2,5-diene-7-?spiro-w1.-cyclopentane (.).

By using this method, the total yield of () was increased

to 20% and the sequence leading to 5 steps only.

modified
procedure

N
cl

(2)

NNHTs

(4)

(1)

0

(3)

11

(5)

6

C?



CHAPTER 2

RESULTS AND DISCUSSION

The objective of this work was to gather information

pertaining to the mechanism of the iron carbonyl induced

coupling of olefin to hydrocarbon cage dimer. To this end

we chose bicyclo(2,2, B1 hepta-.2,5ndiene-7-spiro-.1 '-cyclo-

pentane (5) as the olefin to be coupled for number of

reasons. First, this molecule possesses the ring strain

required for cage dimer formation to be acheived in

convenient quantitiJs* Secondly, it possesses a bulky

substituent at the 7-position which effectively blocks
15d.,

exo-attack by Fe(O), and thereby effectively prevents
15C

cyclic dimer ketone formation. Base on this analysis, the

only direction the metal can approach is the bottom of

molecule (2). Since competing formation of dimer ketone

in this system is unlikely, the exclusive formation of

hydrocarbon cage dimer (f) was anticipated.

Since a considerable amount of compound (5) was

required for this study, we sought to develop an improved

method for synthesizing the starting compound (2):
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IMPROVED METHOD MtR SYNTHESIS OF COMPOUND (5):

The spiro 4.43 nona-1,3-diene (1.) is synthesized from

1,5-cyclopentadiene, 1,4-di-bromobutane and sodium amide 16.

The spiroC4,4)nona-1,3-diene readily suffers thermal

[1,53 sigmatropic hydrogen and/or alkyl rearrangementa17

To minimize this undesired side reaction, the temperature

at which this material was synthesized and handled main-

tained at or below room temperature. Thus, the temperature

during distillation of (1) was kept at 0 0C, 0.02 mmHg. By

this modified procedure, we improved the yield of spirof4,4)

nona-1,3-diene (1) to 40%, 11% higher than that reported
16b

by Wilox.

For Diels-Alder' s reaction, we chose a ketene-

equivalent, o4hlaroacrylonitrille, which is a much better

dienophile than is methyl acrylate. Since the t-chlo-

roacrylonitrile is very easily added to hindered dienel ,
was shortened the yield of the Diels-Alder addition step

increased from 77% to 90%, and the reaction time was

shortened from 12 days to 2.5 days.

The resulting adduct, 2-chloro-2-cyano-bicyclo(2,2,1) -

hepta-5-ene-?-spiro-I'-cyclopentane (2), was purified by

column chromatography on Davisil 62 silica gel pentane. A

single, pure epimer was thereby isolated; the stereochemistry

of this epimer was not determined. The proton nmr spectrum

of this material (2) displayed absorption at3.o08 and 3.04

(bridgehead protons'0(19). Also, the IR spectrum of this



material displayed absorptions at 3050 cm1 (=C-H strech)

and 2210 cm" (-CN strech). Adduct (2) was hydrolyzed

using potassium hydroxide in dimethyl sulfoxide-water

mixed solvent affording the corresponding ketone (3) in 90%

yield after distillation. The McNMR spectrum of this

compound ,(3) showed a singlet at6212.26 (C=0) and another

singlet at 71.43 (quarterary spiro carbon at O7). The

proton nmr spectrum of (3) showed absorptions at62.50 and

2.40 ppm and its IR spectrum showed a strong C=0 absorption

at 1725 cm 1 .* All these results are in good agreement with

the structure suggested for (3).

Next, compound (3) was converted to the corresponding

N-tosylhydrazone (k) in 99% yield by heating (3) at 60 0C

with N-tosylhydrazide in absolute ethanol for 10 hours.

Compound (4) recrystallized from absolute ethanol to give

the pure N-tosylhydrazone () as colorless crystal, mp:

157.5-158.5 OC. The 13C nmr spectrum of (4) showed C=N

sitglet at5167.63, and its 1H nmr spectrum showed the

presence of aromatic protons atb7.9 and 7.4.

The N-tosylhydrazone Qj) was then treated with excess

lithium diisopropylamide in dry tetrahydrofuran; the

bicyclot2,2,1 ihepta-2,5-diene-7-spiro-1'-cyclopentane (5)

was thereby obtained in 60% yield. Diene (5) could be

purched via column chromatography on Davisil 62 silica gel,

pentane eluent. The boiling point of the colorless, oily

liquid (5) is 90 Oc, 15 mmHg. Its IRs pectrum showed no
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absorptions corresponding to 0=0 or C=N fuactionalities.

Due to the symmetry properties of compound (), its

C5 nmr spectrum displays only five signals. The singlet

corresponding to the quaternary (C7) carbon occurs at 5

96*18 which is much further downfield than are the

corresponding 150 resonances of compounds (2)(3), and

Qj). The proton nmr spectrum indicates that there are three

types of protons which absorb at6.5, 3.0, and 1.4 (

intensity ratio 2 :1 :4).
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THERMAL REACTION OF () WITH IRON PENTACARBONYL:

Bicyclo (2,2, 1 hepta-2,5-diene-7-spiro-1'-cyclopentane

(,) was heated with neat excess iron pentacarbonyl at 140 "C

for 72 hours under nitrogen atmosphere. The reaction

mixture was then treated with ferric trichloride hexa-

hydrate in acetone for seven days to destroy the excess

Fe(0) and its complexes13. After workup, the corresponding

cage dimer (6), 13,1 4-bis-spiro-tetramethylenyl-heptacyclo

L5,5,1,14 ",0 2 ,6 ,o3,'1j 5"9 ,08 ,12ltetradecane was obtained

40% yield.

In 1961, Bird7 and Lemal6 simultaneously reported the

isolation of an interesting cage hydrocarbon dimer of

norbornadiene. Both Bird7 and Lemal6 suggested either of

two structures (D~h and D2d) for the dimer product. They

both favored the D2d structure for this product; however,

their data was insufficient to permit the distinction

between these two structure to be made. Other evidence

supporting the D2d structure for this cage hydrocarbon

dimer has been proved by Katz8 and by Hayes12 . To our

knowledge there is no evidence that supports the D2h

hydrocarbondimer structure up to the present time.

Compound (6), like the parent hydrocarbon (HCTD),

possesses unusual symmetry properties; it is one of the

rare existing rigid, polycyclic organic molecules that

belongs to point group D2d. Compound (6) is a dendro-

asymmetric molecule with a perpen-dobiplanar structure,i.e.,
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Compound (6) possesses fourfold alternation axial symmetry

and, in addition, it contains a 02 rotation axis that

coincident with its major axis2 0 .

The melting point of compound (6) is 115-116 OC which

is much lower than that of HCTD (160 00). The explanation

is that the two bulky five-membered ring on both ends cause

the molecules to pack into the lattice very loosely; in addi-

tion , there is no intermolecular attraction other than van

der Waal's forces to bind the molecules together.

Compound (6) was first evidenced by its mass spectrum

which showed the molecular ion at m/e 292.25. Its IR

spectrum showed the absence of a C=C (olefin) absorption

band* The : s130nMr spectrum of (6) showed there are five

different types of carbon, the singlet spiro carbon is atF

67.09 which was much further upfield than that of compound

(5) because of the absence of the two C=C's in () (vis-'a-

vis). The 1H nmr spectrum of (6) indicates that there are

three different types of protons which absorb at52.53, 2.01,

and 1.52, (intensity ratios 2:1:4).

Attempted thermodynamic rearrangement of (Q)to its

stabilomer: tetramantane2 1 , with McKervey's catalyst22a or

Lewis acid22b was expected to be an exoergic process.

Unfortunately, both sealed tube reaction with AlBr3 and

flash vacuum pyrolysis with Pt(A1203) failed to afford the

tetramantane. Only starting material was recovered from

these attempts.



EXPERIMENTAL

Staexal ALL melting points were recorded on a Thomas

Hoover Melting Point Apparatus and are uncorrected.

Infrared spectra were recorded on a Perkin-Elmer Model 1330

spectrophotometer, and the absorption bands are indicated as

W: Weak, M: moderate, S: strong. Proton and 1C NMR

spectra were obtained in specified solvent on a JEOL Model

FX-900 FT NMR spectrometer. Chemical shifts are reported in

parts per million (6) downfield from internal tetramethyl-

silane. Coupling consistants (J) are expressed in Hertz;

signal multiplicity: S=singlet, D=doublet,T=triplet, M=

multiplet higher than first order. Mass spectra were

obtained on a Hewlett-Packard Model HP-5970 GC-MSsWass

spectometer (70 eV); the most dat fragments are

reported with relative intensities as a percentage of the

base peak intensity. ftax'y microanalyses were performed

either by Galbraith Laboratories, Inc. (Knoxville, TN) or

by Midwest Microlab (Indianopolis, IN).
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Stiro %43 pnona-1 . 3-dienej). In a nitrogen ttlte4 glhve

bag, 78.1 g (2.0 moles) of

finely divided sodium amide

was placed in a 1.0 L three

necked flask and then sealed

with rubber septum. The

apparatus was then removed

the glove bag, and 500 mL

dry tetrahydrofuran was added to the reaction flask.

Freshly distilled cyclopentadiene (66.1 g, 1.0 mole) was

added dropweise to the stirred reaction mixture during 30

minutes. An ice-packed double-walled addition funnel was

employed for this purpose to prevent self Diels-Alder

dimerization of the 1,3-cyclopentadiene. After the addition

of 1,3-cyclopentadiene had been completed, the solution

was allowed to stir for 30 minutes at ambient temperature.

1,4-Dibromobutane (216 g, 1.0 mole) was added dropweise to

the reaction mixture over a 3-hour period. The reaction

vessel was cooled via external application of an ice bath.

After the addition had been completed, the reaction mixture

was stirred one additional hour in the ice bath. The ice

bath was then removed and the reaction mixture was stirred

overnight at ambient temperature. To the resulting dark-

brown mixture was added water (300 mL), and the resulting

mixture was extracted with ether (3 X 200 mL). The combined

etheral layers were then washed with 10% aqueous hydrochlocie

14



acid solution (3 X 100 mL). The organic layer was dried

over anhydrous magnesium sulfate and then filtered. The

filtrate was evaporated in vacuo at ambient temperature

for 48 hours, leading a dark-brown oily residue. This oil

was distilled in vacuo at 0 OC (0.2 mm), and the distillate

was collected in a receiver which was cooled via a dry

ice/acetone cold trap. A colorless oil was thereby

obtained. This oil was stirred in vacuo (water aspirator,

9A, 30 mm) at ambient temperature for 24 hours, affording

compound (j) (48 g, 40%) as a colorless oil. (bp: 45 00,

15 mm).

1.H MR (CDC1 3,.100 tlMz): 56.13-6.39 (M, 4H), 1.64-1.99 (M,

8H).

13C NMR (CDCI3 , 25 MHz): 5 143.78(D), 127.91(D), 64.14(3),

32.40(T), 26.06(T).

15



5-chlpro-5-cyanobicycLo .2, ) hgepta-2-e-7-sirg- -
cycloentane (2): : A mixture of spiro (4,43 nona-1,3-diene-

(1; 39.0 g; 0.32 mole) and freshly

distilled chloroacrylonitrille (28.7 g;

0.33 mole) wao warmed at 70 Oc for 60

hours to afford a brown, oily liquid.

This material was distilled in vacuo
NC

1C 1 to afford compound (.2) (61.2 g; 90%

yield from L) as a colorless, liquid,

bp: 92-93.5 *C (0.2 mm). A pure epimer of compound (2)

(as judged by analytical gas-liquid chromatography and via

spectral analysis) was obtained by column chromatography

ot this oil on Davisil 62 silica gel and pentane eluent.

1H NMR (CDClI5,100MHz): 5>6.35 (M, IH), 6,16 (M, H),

3.08 (M, IH), 3.04 (M, iH), 2.85 (M, iH),

2.73 (M, 1H), 1.85 (M, 8H).

13C NMR (CDCl, 25 MHz): b138.92(D), 134.21(D), 126.66(s)

70.39(S), 61.45(D), 57.12(S), 50.13(D),

44.17(T), 33.66(T), 32.58(T), 25.75(T),

24.07(T).

IR (neat): 3050(M), 2940(S), 2860(S), 2210(M), 1440(S),

1320(N), 1140(M), 1060(M), 1000(M), 950(M),

870(M), 720(3)cmt1.

Anal. Called for C12H14 clN: C: 69.46% H:6.80%

Found: C: 69.22% H: 6.73%
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Bicyclo[21) hevta.--ene-2- ne-7-s ir -1 '-j gloen (

A warm solution of potassium hydro-

xide (8.0 g; 0.12 mole; 85%) in water C

3 mL) was added to a solution of 5-chlo-

cz0 ro-5-cyano-bicyclo[2,2,11 
hepta-2-ene-7-

spiro-1'-cyclopentane (go; 10.5 g; 51

mmole) and dimethyl sulfoxide (50 mL)

in a 500 mL flask under nitrogen

atmosphere. The reaction was stirred continuously for 24

hours at ambient temperature and then steam distilled.

The distillate was extracted with ether (3 X 100 mL), dried

over anhydrous magnesium sulfate, filtered, and the filtra-

te was concentrated in vacuo. Vacum distillation of the

resulting oil gave pure bicyclol2,2,1J hepta-5-ene-2-one-

7-spiro-1-cyclopentane (.; 7.43 g; 90% yield from Z) as

a colorless liquid (bp: 43.5-44.5O/0.2 mm).

1H NMR (CDCI O0MHz): 6.26(M, 1H), 5.77(M, 1H),

2.50(D, 1H), 2.40(D, 1H) 1 .96(M,1H),

1.78(M, 1H), . (.8H).

13C NMR (CDC1l, OOMHz): 212.3(S), 143.8(D), 130.0(D),

71.4(S), 64.0(D), 49.2(D), 36.7(T), 32.0(T),

31.6(T), 25.4(T), 24.7(T).

IR (neat): 3450(M), 3050(M), 2940(M), 2860(M), 1725

(S), 1440(M), 1410(M), 1320(M), 1260(M),

1140CM), 1110(M), 1050(M), 720(M) crM1,

17



MASS SPECTRUM (70 eV), n5 (relative intensity):

163.2 (13.3), 162.2 (M+, 10o), 161.2 (7.9), 147.2 (12.5),

134.1 (14.9), 133.1 (40.6), 121.1 (9.9), 120.1 (15.8),

119.1 (15.a), 106.1 (7.5), 105.1 (17.8), 95.1 (8.3),

94.1 (53.3), 93.1 (30.9), 92.1 (7.9), 91.1 (49.9), 81.1 (

17,4), 80.1 (29.7), 79.1 (64.0), 77.1 (27.5), 67.0 (23.6).

Compound (3) was further characterized via the

tosyihydrazone derivative (vide infra).

18



j9sylhyd2azOne (4):

A mixture of bicycloC2,2,1)-

hepta-5-ene-2-one-7-spiro-1'-

cyclopentane (Q; 7.43 g; 45 mmole),

N-tosylhydrazine (9.32 g; 50 mmole),

I s and absolute ethanol (15 mL) was

heated overnight in an oil bath at

60 0C with stirring under nitrogen

atmosphere. The white tosylhydrazone (4) was crystallized

out (14.7 g; 99% yield from I). The tosylhydrazone () was

regrystallized from absolute ethanol to cive pure (j) as

colorless crystals, mp: 157.5-158.5 C.

H NMR (CDC*3, 100MHz): 57.9 (D, 13H), 7.4 (D, 2H), 6.35 (

M, 1H), 6.1 (M, 1H), 3.0 (M, iH), 2.8 (M, 1),

2.5 (3, 3H), 1.9-2.3 (M, 2H), 1.0-1.8 (M, 8H).

13C NMR (CDCl3 , 25 MHz): 5167.63 (S), 143.47 (S),

140.44 (D), 135.35 (S), 132.26 (D), 129.26 (D),

127.54 (D), 70.77 (S)4 57.56 (D), 49.70 (D),

32.28 (T), 31.06 (Q), 25.43 (T), 25.16 (T),

24.78 (T), 21.25 (T).

IR (KBr): 3180 (S), 2920 (S), 2850 (S), 2240 (M), 1900 (M),

1775 (M), 1640 Cs), 1580 (S), 1375 (S), 1320 CS),

1150 (S), 1080 (M), 1000 (M), 900 (S), 810 (M),

725 (S).cM-1

19



Anal. Calod. for C1H22N2 02

Found:

0:65.4%

C-:*65.49%

HO:6.71%

,:6.83%



A solution of tosylhydrazone

(k; 11.7 g; 35.4 mmole) in dry

tetra-hydrofuran (10 mL) was added

slowly at -78 Oc over a period of

20 -minutes to a stirred solution

of lithium diisopropylamide C.

prepared from diisopropylamine

(14.58 g; 144 mmole) and 1.2 M

n-butyl lithium in hexane (74.9 mL)Jin dry tetrahydrofuran

(20 mL). Stirring was maintained for 10 minutes at -78 OC,

at which time the cold bath was removed and the reaction

mixture was stirred overnight at ambient temperature. The

resulting brown mixture was diluted with pentane (150 mL)

and washed successively with brine (5 X 50 mL) and then

with 1 M NaH2 PO4 solution (2 X 30 mL). The combined

organic layers were finally washed with 1 M NaH2PO4
solution (2 X 30 mL), dried over anhydrous magnesium

sulphate, filtered, and the filtrate was then concentrated

in vacuo (40 mm), affording a brown, oily residue. Column

chromatographic purification of this oil on Davisil 62

(pentane eluent) gave pure bicycle (22,1) hepta-2,5-diene-

7-spiro-1'-cyclopentane (.; 3.11 g; 606 yield from &) as a

colorless liquid, bp: 90 Oc (15mm).

1H NNR (CDCI3 , 100MHz): 66.5 (M, 4H), 3.0 (M, 2H),

1.4(M, 8H).
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13C NMR (CDC 3, 25 MHz): 6142.61 (D), 96.18 (S), 58.42 (D),

33.94 (T), 22.99 (T).

IR (neat): 3050 (W), 2910 (m), 2850 (M), 1370 (M), 1250 (m).

MASS SPECTRUM (70 eV), _f'. (relative intensity):

147.2 (0.4), 146.2 (M+,t 43), 15.2(5. .), 1321 (O4),

131.1 (10.6), 129.1 (2.8), 128.1 (2.8) , 118.2 (19.6),

117.1 (100.0), 115.1 (26.6), 105.1 (22.8), 104.1 (64.5),

103.2 (15.8), 92.1 (15.8), 91.1 (59.9), 78.1 (37.9),

77.1 (23.6), 68.1 (11.1).

Anal. Calod for C H C: 90.35% H: 9.65%

found: C: 90.37% H: 9.59%
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13.1i4-bis-snfrp-tetraethlenLy)-her4bacvclo45 .5.1,

2.,6 311. 5 8,12teadeane.(6):

To neat bicycloC2,2,13hepta-2,5-

diene-7-spiro-1'-cyclopentane ( , 2.8

g; 19.15 mmol.) under nitrogen

atmosphere was added iron penta-

carbonyl (9.38 g; 47.88 mmol.) with

stirring. The resulting mixture was

heated at 140 OC under nitrogen

atmosphere for 72 hours and then allowed to cool to room

temperature. A solution of ferric trichloride hexahydrate

(13.52 g; 50.0 mmol.) and acetone (50 mL) was added to this

reaction mixture, and this solution was stirred for 7 days.

The resulting black mixture was diluted with brine (100 mL)

and extracted with pentane (3 X 50 mL). The combined

organic layers were then washed with brine (3 X 30 mL),

dried over magnesium sulfate and filtered. The filtrate

was concentrated in vacuo (40 mm) leaving a dark-yellow

oily mixture which could be recrystallized from acetone to

afford a slightly yellow solid. Column chromatography on

Davisil 62 silica gel (pentane eluent) afforded (i)

(1.15 g; 41% yield from 5) as a colorless microcrystalline

solid, mp: 115-116 OC.

1H NMR (CDCG, 100#2z): '2.53 (S, 8H), 2.01 (S, 4H),

1.52 (3, 16H).



1C NMR (CDC], 4 MHz): 67.09 (S), 58.58 (D), 33.25 (T)

25.53 (T).

IR (KBr): 2940 (S), 2850 (S), 1450 (M), 1370 (M)cCow 1.

MASS SPECTRUM (70 eV), Lff (relative intensity):

294.2 (3.0), 293.2 (24.1), 292.3 (Mt 100.0), 264.3 (10.8),

263.2 (30.3), 250.3 (7.3), 197.2 (4.0), 184.1 (3.1),

183.1 (3.1), 169.2 (3.1), 159.1 (4.8), 155.1 (3.4),

145.2 (3.5), 143.1 (4.9), 131.1 (6.1), 117.1 (8.9),

91.1 (19.0), 67.0 (9.0).

Anal. Calod for C22H23 : 0: 90.35% H: 9.65%

Found: C: 90.26% H: 9.74%
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PART II: SYNTHESIS OF 2, 2-TETRAMETHYLENE-.1,4-DIBROMOBUTANE
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CHAPTER 1

INTRODUCTION

There is considerable current interest in the

synthesis and chemistry of polycyclic cage hydrocarbon

system. One system which has attracted considerable

attention in recent year is dodecahedrane;

Dodecahedranel and various methylated dodecahedranes2

have been synthesized; however.: these syntheses are

tedious and do not lend themselves readily to the

preparation of multigram quantities of these complex

polycyclic hydrocarbons.

Our successful synthesis of 13,14-wbis-wspiro-mtetra-o

methylenyl-oheptacyclof5,5,1014,10,o2,6,03011,05s9,08,12-

tetradecane3 has led us to consider a higher homolog

(compound J.Q, below):.

29



Fe (CO)

/

t Q)

(.n.)

30



By analogy to results of our earlier study, compound

(JQ) is expected to undergo facile cyclodimerization when

reacted thermally with Fe(CO)5 . Compound (j) is an

undecacyclic C30 system. Thermodynamic rearrangement of

compound (J.) with Lewis acid4 or with Mckervey's catalyst5

could potentially lead to the C30H40 stabilomer, which is

expected to be one or more of the many possible deca-

methyldodecahedranes. Since it is expected that compound

(jj) can be synthesized in multigram quantities, it could

appear worthwhile to attempt its thermodynamic rearrange-

ment in the hope of producing useful quantities of

decamethyldodecahedranes.

For the synthesis of compound (jQ), we plan to follow

a procedure which is closely analogous to the method used

previously for synthesizing bicyclo (2,2,1 hepta-2,5-diee-

7-spiro-1'-cyclopentane (SchgM1). The first sequence

we considered for synthesizing 2,2-tetramethylene-1,4-

butanediol (Q) involved the intermediate compound (i),

spiro P4,3]oct-6-ene* We envisioned synthesizing compound

(i) via treatment of the corresponding 0-mesylated adduct

(5) with DBU 6 . Compound (i) is expected to act as

precursor for synthesis of 2,2-tetramethylene-1, 4-

butanediol (8) via cleavage of periodic acid and potassium

permanganate, followed by the treatment of the resulting

dicarboxylic acid with reducing agents such as lithium

aluminum hydride. (Sche 2)
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Unfortunately, the DBU reaction fail to afford the

compound (i), ed another route was chosen. 2,2-Tetra-

methylene- ,4-butanediol (Q) was synthesized via Baeyer-

Villiger reaction, and the resulting lactone was reduced

with lithium aluminum hydride. From this route, the 2,2-

tetramethylene-1,4-butanediol (Q) was very e fficdently

synthesized from compound (3), and this diol was treated

with triphenyl phosphin in the presence of bromine to

afford the corresponding 2,2-tetramethylene-1 ,4-dibromo-

butane (.2), (&Schar..)

0
il OOH Br

TH Br

(3 () )+ 2

ft-4



CHAPTER 2

RESULTS AND DISCUSSION

The objective of this work is to prepare the precursor

for synthesizing the target compound (j)4 Cyclopentanone

was chosen as the first starting material because of its

ready commercial availability., Also, cyclopentanone can

be converted to methylenecyclopentane (a) in high yield

by Witting reaction7 ' 8 . Because methylenecyclopentane is

a very volatile compound with boiling point of 76 OC, the

distillate from usual fractional column distillation

always contains little amount of common chemical solvents.

The spinning-band column distillation was capable of

obtaining pure methylenecyclopentae (4.) as evidenced by

its proton NM spectrum which displayed ole fin proton

absorptions atF5.07-5.12. The 13C NM spectrum of

methlenecyclopentane displayed ole fin carbon absorption as

a singlet and triplet at4152.74 and 104.47, respectively;

its IR spectrum showed no carbonyl (C=0) absorption. All

these data are consistent with the corresponding literature

reports for methylenecyclopentane(,)9.
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Cycloaddition of dichlbroketene10 (prepared from

trichloroacetylchloride and activated zinc) to methylene-

cyclopentane (.) gave the exclusive 6,6-dichloro-spiro(4,33-

octane-7-one (20 bp: 65 0/0.04 mm) in 55% yield. The

proton NM? spectrum of compound (2) shows three types of

protons with chemical shift of 3.08, b2.07- 2.11, and

61.57- 1.80 in the ratio of 2:2:6, respectively. The

corresponding 13C NMR spectrum shows carbonyl carbon

singlet at 5192.88, dichloro carbon singlet at 591.63 and

the spiro carbon singlet at $53.49. Its IR spectrum shows

no C=0 absorption band, but there is a very strong carbonyl

absorption band at 1800 cm-C1 . All these data are consistent

with the structure suggested for compound (i).

The dechlorination of cycloadduct (Q) was carried out

by using zinc in glacial acetic acid at temperature of

70 OC for eight hours. Spiro[4,3joctan-7-one Q; bp: 53 0C

/0.02 mm) was thereby produced. The proton NMR spectrum

of compound () shows there are three singlet types of

protons at chemical shifts of 52.69, 1.59, and 1.53 with

the ratio of 1:1:1* The corresponding 13C NMR spectrum

shows there are five types of carbons: carbonyl carbon

singlet at 5207.07 which is further downfield than that of

cycloadduct (i), spiro carbon singlet at 6536.10 which is

further upfield than that of cycloadduct (g). The IR

spectrum of compound (3) shows a pattern which is very
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similar to that of compound (i): the carbonyl absorption

band occurs at 1775 cmt1.

The reduction of dechlorinated adduct, spiroL4,3]octan-

7-one (), was carried out by using sodium borohydride in

absolute ethanol at ambient temperature under nitrogen

atmosphere for one hour to give the corresponding alcohol,

7-hydroxyl-spiro(4,33octane (j; bp: 70 00/0.05 mm) in 93%

yield. The proton NMR spectrum of compound (Q) shows a

singlet hydrozyl proton at 64.63 and the other 7-position

proton at 54.15. The 13C NM spectrum of compound (4)

shows there are seven types of carbons: the only doublet

carbon at 62.16 and the spiro carbon singlet at 637.18.

The IR spectrum shows a very strong and broad hydroxyl

absorption band at 3315 cmt1. This data is consistent

with the structure suggested for compound (t).

The mesylation of 7-ahydroxyl-spiro[4,33octane (h) was

carried out with methanesulphonyl chloride in methylene

chloride solution at 0 0C under nitrogen atmosphere to

give the corresponding mesylated adduct: spiro [4,33octane-

7-0-mesylate () as colorless liquid in quantitative yield.

The proton NMR spectrum of compound (Q) shows a singlet at

52.88 (CH3 protons), and the other 7-position proton at

4.71- 5.04. The 13C NM? spectrum of compound () shows

there are eight types of carbons: the only doublet 7-

position carbon at 671.10, the spiro carbon singlet at
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P38.65and the only quartet methyl carbon at /41.95. The
corresponding IR spectrum shows there are no C=C or C-0
absorption bands. These data are consistent with the
structure suggested for compound (2).

Attempted elimination of MsOH from compound () by
using l,5-diaza-bicyclo[5,4,o0undecene-5 (DBU) in methylene

chloride failed. This reaction was carried out at first

room temperature and then at reflux for quite a long time

(ia. 15 hours), only starting material (2) was recovered

from these attempts.

The Baeyer-Villiger reaction of the dechlorinated

cyclic ketone, spiro(4,3octan-7-one (s), was carried out

by using m-chloroperoxylbenzohic acid (MCPBA) in methylene

chloride solution at room temperature for eight hours.

The exclusive product of this reaction was the corresponding

r-lactone, 2,2-tetramethylene-4-butyrolactone (2; bp: 100 OC

/0.05 mm) in 80% yield. The proton N1R spectrum of compound

(2) shows there are three types of protons in the ratio

2:2:8; the (A-protons singlet and the r-protons singlet are

at b4.21 and b2.54, respectively. The 13C NMR spectrum of

compound (2) shows there are eight types of carbons:

lactone carbonyl carbon singlet at b176.52 which is much

further upfield than the corresponding carbonyl carbon

singlet of dechlorinated ketone (Q) and the spiro carbon

singlet at 646.99 which is much further downfield than is
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the corresponding signal for the quaternary (spiro) carbon

atom in dechlorinated ketone (Q). The IR spectrum of

compound (2) shows the presence of a carbonyl absorption

band at 1770 cm*C. These data are consistent with the

structure suggested for compound (2).

The reduction of 2,2-tetramethylenee.-butyrolactone (2)

by lithium aluminum hydride was carried out at ambient

temperature in dry ether solution for I hour to give the

corresponding diol adduct, 2,2-tetramethylene-1,4-butane-

diol (Al bp: 10&OC/0.2 mm) in 78% yield. The proton NM?

spectrum of compound (Q) shows there are four types of

protons: the two hydroxyl protons at b4.41, 4-position

protons triplet at b3.67- 3.55 (J=5.4 Hz), and 1-position

protons singlet at 63.30. The 13C NMR spectrum of compound

(Q) shows there are eight types of carbons: 1- and 4-

position carbons triplets at b68.82 and b59.61, respectively,

spiro carbon singlet at b46.99 which is the same as was

observed for the corresponding quaternary (spiro) carbon

atom in 2,2-tetrametnylene-C-butyrolactone (2). The IR

spectrum of compound (Qd) shows a very strong and broad

hydroxyl absorption band at 3315 cm'1, there is no

absorption present between 2875 and 1455 cm'1. These

data are consistent with the structure suggested for

compound (Q),

39
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The bromination of 2 , 2 -tetramethylene-.1 ,4-butanedioll I
was carried out by dibromotriphenylphorane (prepared

from bromine and triphenyl phosphine) at ambient
temperature under nitrogen atmosphere for about 18 hours
to afford the corresponding dibromo adduct, 2,2-tetrame-

thylene-l,4ndibromobutane () in 85% yield. The proton

NMR spectrum shows there are three types of protons in
ratio; 2:1:4 at 63.34m 3.53, 2.07-*2.26 and 1.65-i.71
The C NMR spectrum shows there are 5 types triplet carbons
and one singlet (quaternary) carbon at 647.48. The IR

spectrum shows the absence of hydroxyl group, These
data are consistent with the structure suggested for

compound (2).
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CHAPTER 3

Experimental

General: The infrared', spectra were recorded on a

Perkin-Elmer 1330 spectrophotometer and the absorption

bands were indicated as W: weak, M1: moderate, 3: strong.

1H and 13 C NMR spectra were obtained in specified solvent

on JEOL-*FX-90Q Ft NMR spectrometer, Chemical shifts were

reported in units downfield from tetramethylsilane.

Coupling constants (J) are expressed in Hertz; signal

multiplicity: S: singlet, D: doublet, T: triplet, Q; quart.

et, M: multiplet. Mass spectra were obtained on Hawlett-

Packaid Model, HP-5970 GC-MS selective detector; the most

abundant fragments are reported with relative intensities

as a percentage of the base peak intensity. All elementary

analyses were obtained by Galbraith Lab. Inc. (Knoxville),

All solvents for anhydrous reactions were purified as

follow:tetrahydrofuran (THF) and diethyl ether were freshly

distilled from sodium metal using benzophenone as an

indicator, methylene chloride was distilled from P205' and

dimethyl sulphoxide (DMSO) was distilled from calcium

hydride.
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e thl i en ecopetne()

Dry dimethyl sulphoxide (125 mL)

was placed in a 500 mL three necked
CH2  flask containing a stirring bar and

fitted with a condenser, nitrogen

inlet, and a thermometer. The flask

was surrounded by a water bath

supported on a hot plate/magnetic stirrer unit. A steady

steam of dry nitrogen was passed through the flask while

the dimethyl sulphoxide was stirred vigorously for 30

minutes to remove oxygen gas. The condenser was removed

from the flask for a moment and 2.4 g (0.1 mole) of sodium

hydride (dry) was added, The reaction mixture was warmed

to 65 Oc on water bath and stirred for 30 minutes until

all the sodium hydride was dissolved, and then the

reaction mixture was cooled to room temperature. The

condenser was removed, and tripheylmethylphonium bromide

(35.7 g, 0.1 mole) was added in portions during 15 minutes.

The condenser was replaced, and the reaction mixture was

stirred for 45 minutes in order to complete the formation

of the phosphonium ylide. Cyclopentanone (8.4 g, 0.1 mole)

was added in one portion, and the reaction mixture was

stirred for one hour. The contents of the reaction flask

were transferred into a single-necked flask; a boiling

stick was added, and a still head and condenser for vacuum

distillation were attached. A calcium chloride drying

42



tube was placed in a line between the water pump and
receiving flask. The volitile product was distilled at
reduced pressure and collected at temperature below 80 OC
(water bath temperature) in a receiving flask which was
cooled in an acetone-dry ice bath. The distillate was
redistilled at atmospheric pressure through a fractionaling

column at the temperature 75-76 Oc (lit, 76 0C) to give
colorless liquid of methylenecyclopentane (; 6.0 g; 73
mmole; 73% yield from cyclopentane).

H NMR(CDCI): 5.07-5.12 (M, 2), 2.40-2.50 (1, 4H),

1.77-1.94 (M, 4H).
n bm (cDol9:b5i574 (S), 104.47 (T), 32.05 (T),

26.51 (T).



6. rof4A oct=.n7ne (2):

To a refluxing mixture of

0 methylenecyclopentane (10; 3.46 g;

1 4.-22 mmole), zinc (11.0 g) and

dry ether (250 mL) was added

solution of trichloroacetylchlo-

ride (7.67 g; 4.22 mmole) in dry

ether (250 mL) during a period of five hours under nitrogen

atmosphere. After the addition was completed, the reaction

mixture was refluxed overnight, (g.A. 15 hours). The

reaction mixture was then filtered to remove excess zinc

dust, and the filtrate was evaporated under reduced

pressure (80 mm), leaving a dark-brown, heavy oily residue.

The residue was extracted with pentane (200 mL X3), and the

combined pentane layers were evaporated under reduced

pressure (80 mm), leaving a slight yaflo oily residue which

was distilled 65 0C/0.04mm) to give 4.5 g colorless liquid

6,6-dichlorospiro(4,)octan-7-one (2) as a colorless oil

(4,5 g) 55% yield from methylenecyclopentane.

1H NMR (CDCI): 63.08 (S, 2H), 2.07-2.21 (M, 2H),

1.57-1.80 (M, 6H).
13C NMR (CDCl): *192.88 (S), 91.63 (3), 54.41 (T),

53.49 (S), 36.21 (T), 24,18 (T).

IR (neat): 2955 (M), 2875 (M), 1800 (8), 1455 (S),

1395 (M1), 395 (S), 990 (), 760 czm 1(M).
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Mass spectrum:(70 eV), m/e (relative intensity):
157.0(M-ca, 0.5), 155.0(0.3), 154.0xo), 153.o(2.1),
152.0(32.3), 150.0(50.4), 131.O(t2ca, 0.3), 126.0(1.3),
124.0(6.7), 122.1(9.1), 117.1(32.?), 115.1(D4-2cmo-, 10000)
113.0(6.5), 111.0(24.0), 109.0(37.3), 87.1(13.6),
79.1(53.1), 67.1(81.2), 51.1(37.6), 41.1(35.9).
Anal. Called : C: 49.77% H: 5.22% for %8H10C120
Found: C: 49.54% H: 5.12%



Sio41 a oTo a stirred suspension of

zinc (6.29 g) in glacial acetic

0 acid (9.5 mL) was added dropwise

a solution of 6 , 6 -dichloro-spiro

;i,octan-7-one (9; 3.1 g; 16.06

mmole) in glacial acetic acid

(3 mL). After the addition was
complete, the temperature was raised to 7000, and the
reaction mixture was stirred for 8 hours. The reaction
mixture was cooled to room temperature and treated with
ether, and then the inorganic residue was removed by

filtration. The etheral layer was washed with saturated
aqueous sodium earbonate solution to remove excess acetic
acid, dried over anhydrous magnesium sulfate, filtered,

and the filtrate was evaporated under reduced pressure

(80 mm) to afford crude oily material which was distilled

at 53C (o.Q2 mm) to furnish spiro(4,3joctan-7-one

(.; 1,5 g; 10.47 mmole; 65% yield from g) as a colorless

liquid.

H NMR (CDCI):%z.69(s, 4H), 1.59(3, 4H), i.53(s, 4H).
13C NMR (CDCI):b207.07(s), 56.74(T), 38.48(T),

36.10(S), 23.75(T).
IR (neat): 2955(3), 2875(M), 1775(3), 1455(S), 1210(w),

1115(M), 1085(s) cMt1,
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Mass spectrum (70 eV), j. (relative intensity):

125.05(2.9), 124.15(4, 30.3), 123.25(5.4), 110.05(2.7),
109.15(27.o), 107.15(2.2), 95.15(5.1), 91.05(3.1),
81h05(33.2), 79.05(26.2), 77.05(9.2), 67.05(16.8),
66.05(13.3), 55.05(5.3), 53.05(18.0), 51.05(8,4),

50.05(6.7), 43.05(100.0),

Anal. Calcd.: C: 77.38% If: 9.74% for C8H120

Found: 0: 7.17% H: 9.64%
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f-anroXvLe-sOIroUk.3)octane(4): To a solution of

spiro (4,5) octan-7-one (:;

0.55 g; 4.43 mmole) and
H OH absolute ethanol (10 rt),

sodium borohydride (0.2 g;

5.3 mmole) was added in

with stirring under nitrogen

atmosphere, and then kept

stirring for about one hour at ambient temperature.

The solution was concentrated under reduced pressure

(80 mm) and then dilute with water (20 mL). This reaction

mixture was extracted with ether (3 X 50 mL). The combined

etheral layer was washed with brine until the aqueous

layer became neutral, dried over anhydrous magnesium

sulfate, filtered, and the filtrate was evaporated under

reduced pressure (80 mm) to afford slightly dark oily

crude material which was distilled at 700C (0.05 MM) to

afford 7-hydroxyl-spiro(4,4 octane (Q; 0.53 g; 4.12 mmole;

93% yield from ) -as a colorless liquid.
1H NMR (CDCl): 4* 63(, 1H), 4.15(M, I1H), 1.91-2.25

(M, 211), 1.50-1.88(M, 2H), 1.43(, 8H).
13CNM (CDC): 662.16(D), 44.01(T), 40.11(T),

38.59(T), 37.18(S), 24.07(T),

23.31(T).
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IR (neat): 3315(S), 2985(S), 2885(6), 1445(M),

1340 (M), 1320(W), 1240 (s), 1215(w),

1055(S), 975(S), 935(S) cMt1 .

Anal. Calcd.: C: 76.14% H: 11.18% for C H 08 14
Found: C: 76.11% H:* 10.99%
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iro64. }octgn-?7o0-qneayate (5): To an, ice bath

accompanied mixture of

H OMs 7-hydroxy-spiroL4,3 octane

(Q; 0.40 g; 3.17 mmole)

was added a solution of

triethylamine (0.48 g;

4.76 mmole) and CH2 2
(5 mL) in one portion with stirring under nitrogen atmos-

phere, and then methanesulphonyl chloride (0.44 g; 3.80

mmole) was added dropwise to this reaction mixture with

stirring at 0 C under nitrogen atmosphere over a period

of 15 minutes. After the addition was complete, the

reaction mixture was stirred for 1/2 hour at this same

temperature (0C). The reaction mixture was transferred

to a separatory funnel and then washed sequentially with

10% aqueous hydrochloric acid (3 X 15 mL), 10% aqueous

sodium bicarbonate solution (3 X 15 mL), brine (3 X 15 mL)

and water (i X 15 mL). The reaction mixture was dried

over anhydrous magnesium sulfate, and then filtered.

The filtrate was evaporated at reduced press. (80 mm) to

afford corresponding 0-mesylate adduct (.; 0.76 g;

quantitative yield from .4) as a colorless liquid.

NM? (CDCl):#4.71-5.04(M, 1H), 2.88(, 3H),

2.00-2.39(M, 4H), 1.50(S, 8H).

10



NMP (0D013 ): b"'(D), 41.95(Q), 40.16(T),

38.65(s), 38.21(T), 38.00(T),

24.23(T), 23.37(T).

IR (neat): 2925(S), 2525(W), 2305(W), 1640(M),

1485(M), 1425(M), 1350(M), 1175(M),

1125(M) em 1 ,
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e):

To a solution of spiro 4,3)

octan-7-one (3; 1.0 g; 8.05

mmole) and dry methylene chlo-

ride (10 mL) was added a solu-

tion of meta-chloroperoxyl.

benzonic acid (MCPBA) (1.67 g;

9,66 mmole) in dry methylene

chloride (10 mL) at 0 0C (cooled by application of an ex-

ternal ice bath). After the addition was complete, the

ice bath was removed to allow the temperature of this

reaction mixture to rise slowly to ambient temperature, and

the reaction mixture was then stirred for six hours at

room temperature. A saturated aqueous solution of sodium

sulfite (10 mL) was added to this reaction mixture to

destroy excess MCPBA; iodine-starch paper was used to

verify the absence of any excess MCPBA. The organic layer

was washed sequentially with 10% aqueous sodium bicarbo-

nate (3 X 30 mL), water (3 X 30 mL), and finally with

brine (2 X 30 mL). The organic layer was then dried over

anhydrous magnesiun sulgate, and then filtered. The

filtrate was evaporated under reduced pressure (80 mm) to

leave crude oily material which was distilled (100 0C/0.05

mm) to give the corresponding 2,2-tetramethylene-r-butyro-

lactone (2; 0.9 g; 6.42 mmole; 80% yield from 3) as a
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colorless liquid.

N12 (ODd): t4.21(s, 2H), 2.54(S, 2H), 1.80(s, 81).
Cmm (Ol5 ): b176.52(s), 77.92(T), 56.85(T), 46.99

(s), 40.70(T), 38.54(T), 36.2i(T),

23.75(T).

IR(neat): 2960(S), 2880(s)', 1770(s), 1480(W), 1460(M),

1425(W),* 1380(M) , 1275(M) , 1170(S), 1120 (w)
1095(M), 1030(s), 1015(s), 920(W), 855(M),
705(W) cfMO' 1.

Mass spectrum (70 eV), (relative intensity):

141.1(?4+, 0.3), 140.1(5.6), 121.2(0.2), 99.1(0.2),
95.2(2.1), 93.1(0.5), 91.1(0.5), 84.1(0.7), 83.1(3.1),
82.1(38.1), 81.0(sz.i), 79.1(7.1), 77.1(3,3),
69.1(2.6), 68.1(21.3), 67.1(100.0), 65.1(3.9),
63.1(1.2), 55.1(18.9), 54.1(27,9), 53.1(14.1),

42.1(8.9), 41.1(31.3).

Anal. Cal cd. for C 8 H 1 2 0 2 :M 140.0837

Found (High-Resolution mass spectrometry): M 140.0841
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To a stirred suspension of

lithium aluminum hydride (0.05 g;

OH 1.32 Mmole) in dry other (0 mL).
HO was added a solution of 2,2-

tetramethylene--butyrolactone

(2; 0.10 g; 0.71 mmole) in dry

ether (10 mL) in one portion.

After the addition was complete, the reaction mixture was
stirred for j hour at ambient temperature under nitrogen

atmosphere, and then' worked up by adding saturated aqueous
NH Cl solution. The reaction mixture was filtered to

removed excess solid material and then extracted with ether

(3 X 30 mL), dried over anhydrous magnesium sulfate, and

then filtered. The filtrate was evaporated under reduced

pressure (80 mm) to furnish crude (1) which was distilled

at 100 OC (0.2 mm) to afford the corresponding 2,2-tetra-
methylene-l,4-butanediol (Q; 0.08 g; 0.55 mmole; 78% yield

from 2) as a colorless liquid.

H NMR (CD013): 64.41(S, 2H), 3.67-3.55(T, 2H, J=5.4 Hz),

3.30(, 2H), 1.65'1-31(M, 10H).

13C NM (CDC13): 668.82(T), 59.61(T), 46.99(S), 41.84(T),

34.96(T), 24.45(T),
IR (neat): 3315(S), 2955(S), 2875(S), 1455(M), 1265(W),

1035(8), 810(M) cm 1.
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Mass spectrum (70 eV), m/e (relative intensity):

127.2 (0.2), 126.1 (Mt.H20, 1.9), 125.1 (0.4),

122.2 (0.3), 113.2 (5.1), 112.1 (3.6), 108.2 (2,0),

98.1 (4.5), 97.2 (4.5), 96.2 (29.4), 95.1 (80.1),

94.2 (12.2), 93.1 (9.2), 91.1 (3.3), 83.1 (7.5),

82.2 (4.5), 81.1 (19.2), 80.1 (6.8), 79.1 (20.9),

69.1 (9.2), 68.1 (15.4), 67.1 (100.0), 66.2 (14.1),

63.1 (6.1), 55.1 (35.7), 41.1 (5i.6),
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22.-tetraMethvlene-1,-Albroobu tane91

To a solution of triphenyl-

phosphine (2.73 g; 10.41 mmole)

Br and dry benzene (20 mL) was added

B' bromine (1.67 g; 10.44 Mmole)

dropwise. After this addition

was complete, the reaction

mixture was stirred in ambient

temperature under nitrogen atmospher* for 30 minutes.

2,2-tetramethylene-1,4-butanediol (Q; 0.5 g; 3.47 mmole) in

dry benzene ( 5 mL) was added to this reaction mixture

dropwise at room temperature under nitrogen atmosphere.

After this addition was complete, the reaction mixture was

stirred for overnight (jA, 18 hours), and then was added

hexane to precipitate the phosphonium salts, and then

filtered. The clear filtrate was washed with saturated

sodium bicarbonate (3 X 50 mL), water (2 X 50 mL), and

finally brine (1 X 50 mL), dried over anhydrous magnesium

sulfate, and then filtered. The filtrate was evaporated

in vacuo to afford dark oily liquid which was distilled 
to

give the corresponding 2,2-tetramethylene-1,4-dibromobutane

(.2; 0.8 g; 85% yield from A) as a colorless liquid, (bp:

950/0.2 mm).

hH lMP (CDC1 Q: b334-3.53(M, 4H), 2.07-2.26(M, 211),

1.65-1*71(M, 8H).



13Q NMR (CDC13): 647.48 (S), 42.28 (T), 41.79 (T),

36.24 (T), 28.46 (T), 24.40 (T).

IR : 2965 (S), 2885 (s), 1460 (S), 1345 (m), 1255 (S),

1075 (W), 975 (W), 775 (W), 660 (s).

MASS SPECTRUM, (70 eV), /e, (relative intensity):

192.1 (0.2), 191.1 (2.6), 190.2 (M+-Br, 0.4),

189.1 (2.7), 177.0 (8.8), 175.0 (9.0), 163.1 (3.9),

161.1 (4.1), 149.1 (1.7), 147.1 (1.8), 119.1 (2.5),

0110.2 (M+a2Br, 8.5), 109.2 (100.0), 107.1 (3.8),

95.2 (60.3), 81.2 (62.1), 79.2 (19.3), 77.2 (9.4),

67.2 (57.1), 55.2 (27.3), 53.2 (30.6), 41.2 (63.5).

Anal Calcd. for C8H1 4Br2 : C: 35.59% H: 5.23%

Found C: 35.56% H: 5.16%
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