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Ab8tract

Three synthetic routes to the preparation of 2-methylene-3-butynal

were studied. Some success was achieved in the final route, in that 2-

methylene-4-trimethylsilyl-3-butynol was synthesized.

This preparation should be of assistance to workers performing further

studies on the preparation of 2-methylene-3-butynal.
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Introduction

The first steroid to be fully characterized was cholesterol, in the

1930's.

RO

Cholesterol

It was not until 1952 that Konrad Bloch and Robert Langdon showed that

cholesterol is biologically formed from the cyclization of the

triterpene squalene. In 1953 R.B. Woodward and Bloch postulated the

correct scheme for the cyclization of squalene to cholesterol(!). The

steroids comprise a class of lipids based on a complex framework of four

inter connected rings of carbon atoms. The various steroids differ 1n

the position and number of double bonds linking the rings, and in the

type of side groups attached to the rings. For example, the sterols

(the most abundant group), have a hydroxy group at one end of the four

ring structure (see above figure of cholesterol). Steroids perform a

wide variety of functions in the human body, and although they only

appear in trace amounts, they have regulatory effects on cells that are

far out of proportion to their low concentrations. For example the drug

digitalis is a mixture of steroid gycoside derivatives from the plant

purple foxglove (Digitalis purpurea). In anything larger than minute

amounts digitalis is a potent poison, but in 1 mg quantities it is an

important drug used for the treatment of congestive heart disease,

because it increases the the muscle tone of the heart(2). Some other

examples of the medical uses of steroids are the use of testosterone,

estrogen,and progesterone for birth control, cortisone which is used to

- - --
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treat inflammation in human tisSUe(3). and estrogen therapy is used to

treat osteoporosis whi~h affects women of menopausal age(4). The

function of steroids in the human body ranges from sex hormones to bile

acids(s). Nearly all of them have the tetracyclic ring system, shown in

figure 1.

RO
H

Figure 1

We propose that this basic ring structure can be efficiently

synthesized via two sequential Diels Alder reactions:

+ ..

RO
RO

2
H

\

RO-
H

The advantage of 2-me thy 1ene-3-butyna 1 as a dienophile is that it

not expected to dimerize as 2-methylene-3-butenal does.
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OHC
.

CHO

The carbonyl group is added to activate the double bond for the first

Diels Alder reaction. A phenylthio group could be used and then be

oxidized to the sulfone, after the first Diels Alder reaction to

activate the triple bond towards the second Diels Alder reaction. (6)

This will allow the reactions to be done at much lower temperatures, and

the double bond gained in the product can be used as a site of further

react ivi ty.

+ .

RO

..

RO RO
H

Lib

H

3b

The purpose of this 499 project was to synthesize compound ~, 2-

methylene-3-butynal, to be used in the reaction above, to synthesize the

basic steroid ring structure. This was attempted by three synthetic

routes as illustrated in scheme 1 to 3.

- - - ---
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Route 1
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Scheme 1 3

An Al ternate Route "is:

Rouie 2:

10°0

NBS hu

4 5

Scheme 2
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Scheme 2 continued

The third approach was:

8

11
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I} n-BuLi (Ether) -7800

2} TMSCI 21°C 2hr

p-TolueneSulfonic
acid monohydrate

~
Toluene 110°C
(Dean Stark)

Scheme 3
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Scheme 3 continued . 12
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Results and Discussion

Three methods were attempted in order to synthesize 2-methylene-3-

butynal g.

Scheme 1 Selenium Dioxide OKidation

The synthesis of 2-methy Iene-3-butyna I ~ in this scheme is dependent

on the success of the first reaction(5e02). This reaction was first

attempted using catalytic amounts of 5e02(7). The products of the reaction

were checked using thin layer chromatography (TLC), and a 90 MHz nmr was

run. There was no indication of a peak at ~5 o(the alkene protons) or a

peak at ~4 o(protons on an alcohol carbon and next to an alkene group),

which would be expected if 2-methylene-3-butynol ~ was present. The

oxidation of 2-methyl-l-butene-3-yne ~ was tried using stoichiometric

amounts of 5e02(81' in ethanol and dichloromethane(CH2CI2}. A TLC was run

on the ethanol mixture(against 2-methyl-l-butene-3-yne ~) and the mixture

was found to contain starting material only, so this avenue was not further

investigated. A TLC and a 90 MHz nmr was run on the CH2CI2 reaction

mixture and there appeared to be peaks at low levels at ~5 and ~4 0 so a a

silica gel column was run and a 250 MHz nmr was run, this spectra showed

that the peaks at 4 and 5 0 were not present(they were the result of noise

in the 90 MHz nmr). This reaction was repeated but the in the work up 10~

KOH was used in the wash step instead of saturated H003, to try to remove

the selenic acid group that forms in 5e02 oxidation of alkenes(91.

C=C-CH 2-OSeOH

Once again this reaction was tested by TLC and a 90 MHz nmr as there was no

peaks present at ~5 and ~4 o.

Isoprene was reacted with freshly sublimed 5e02, in stoichiometric

ra t i os ( 8 1 . Isoprene was used as the reactant because it is similaF to 2-

methyl-l-butene-3-yne~ and should react in the same manner, but it is less

expensive. Freshly sublimed 5e02 was used in order to ensure that the 5e02

- ---
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was active. There were no peaks at ~5 and ~4 o. This reaction and scheme 1

were not further investiga1ed.

Scheme 2 Bromination

The next reaction to be investigated was the bromination of isoprene

with N-bromosuccinimide(10). Again isoprene was used as an inexpensive

model compound. However the isolated product showed no peaks present at

~5 ppm(alkene protons) or at ~4 ppm (protons on an halogen carbon and next

to an alkene group). This reaction was not further investigated.

Scheme 3 Epoxidation

The 2-methyl-1-butene-3-yne ~ was silylated using trimethylsilyl

chloride(11) in order to reduce its volatility and that of subsequent

compounds. The trimethylsilyl group will also serve as a useful

functionality in the future elaboration of the tricyclic intermediate. The

product from this reaction was tested by TLC and a 90 MHz nmr was run,

which gave peaks at 5.05(d,2H,J=9Hz), 1.63(s,3H) and 0.10(s,9H) 0,

corresponding to the gem alkene protons, the methyl protons and the silyl

methyl protons of 2-methyl-4-trimethylsilyl-1-butene-3-yne ~ respectively.

Although a 9 Hz coupling constant is large for a gem coupling(12), the

coupling of the gem protons of 2-methyl-1-butene-3-yne ~ was also found to

be 9 Hz. This reaction gave a 88~ yield of 2-methyl-4-trimethylsilyl-1-

butene-3-yne ~.

2-Methyl-4-trimethylsilyl-1-butene-3-yne ~ was reacted with Magnesium

Mono Perphtalate(MMPP) in H20/EtOH(13). The nmr of the product(and TLC)

showed that the ene/yne 9 remained unreacted. This was likely due to the

fact that the ene/yne 9 did not dissolve in the H20/EtCH,and formed a layer

on the top of the solution. Therefore m-chloroperbenzoic acid in

CH2CI2(1~) was used to react the ene/yne 9. The nmr of the product- (250

MHz) showed peaks at 3.0(d,1H,J=5.1), 2.12(d,1H,J=5.1), 1.53(d,1H,J=O.5)

and 0.15(s,9H) o. The first two peaks correspond to the two hydrogen atoms
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on the carbon #1 (ie. on the epoxide group. The reason that the hydrogen

that is closest to the triple bond is shifted down field, is that the

triple bond has a shielding and a deshielding anisotropic field. The nmr

spectrum of styrene oxide shows a proton at '3.1 0 and a proton at '2.75 0

it is the closest proton to the phenyl ring that is shifted down field,

therefore as the structure of the epoxide 10 is similar to the structure of

styrene oxide it follows that the proton at 3.0 must also be in a

deshielding field. For Example

The coupling constant of two epoxide protons (to each other) is 5.7 Hz

which is normal for the coupling of an epoxide(12)_ The peak at 1.53 0 is

due to the methyl group(ie next to an oxygen) and the peak at 0.14 is due

to the trimethyl silyl group. The splitting of 0.5 Hz for the methyl group

is from long range coupling to the epoxide protons. The spectral

information verifies that 2-methyl-4-trimethylsilyl-l,2-butene oxide-3-yne

~ was synthesized.

The next step in scheme 3 was to open the epoxide to form the allylic

alcohol, 2-methylene-4-trimethylsilyl-3-butynol ~. First several basic

methods were attempted.

The epoxide opening was first tried with lithium diisopropylamide in

anhydrous ether, at -780C(15). The nmr of the product showed many'over

lapping peaks from 0 to 3 0, but no peaks at '5 o(alkene protons) and '4 0

(protons on an alcohol and next to a double bond). This reaction was

---- - ---
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then repeated with tetrahydrofuran(THF) as the solvent. A silica gel

column was run on the sample, and a 90 MHz nmr check on the fractions did

not show the peaks at 4 and 5 o. The final basic method that was tried was

the reagent prepared from methylmagnesium chloride and isopropylcyclohexyl-

amine(16)' As magnesium is a better oxygen chelator than lithium it was

felt that it could help in the opening reaction. A very similar nmr

spectrum as the above base opening attempts resulted,ie no peaks at ~5 and

~4 0, and there were many peaks from 0 to 3 O. These spectra are likely

due to the polymerization of the epoxide fO by these basic methods, as

propene oxide polymerizes in the presence of strong bases(ie. KOH), to

polymers up to 1200 units long(17)_

It was decided to try acidic methods to open the epoxide 10. Boron

trifluoride was used to try to open the epoxide 10 (in CH2C12) , at ooC. No

peaks at ~5 and ~4 0, and there were many peaks from 0 to 3 O. Both p-

toluenesulfonic acid-monohydrate and concentrated hydrochloric acid in 3:1

methanol:water were tried. Both gave the diol 2-methyl-4-trimethylsilyl-

1,2-butadiol-3-yne in ~35~ yield. A 90 MHz nmr was run of this sample and

it gave peaks at 3.28(s,28), 2.47(broad s,28), 1.35(s,38) and 0.10(s,98) O.

The 3.28 0 peak corresponds to the Ctl20H group, the broad peak at 2.47 0

is due to the two alcohol protons, the peak at 1.35 0 is due to the methyl

group, and the peak at 0.10 0 is from the trimethyl silyl group.

This diol was refluxed in toluene for 16 hours with a Dean Stark

apparatus(with activated molecular sieves in the Dean Stark apparatus), in

order to remove any water from the mixture and induce the tertiary alcohol

to eliminate. The nmr of the refluxed mixture showed no diol or allylic

alcohol 11 present.

The epoxide 10 was refluxed with p-toluenesulfonic acid-monohydrate

in toluene with a Dean Stark apparatus (activated molecular sieves present)

in toluene for 16 hours. After work up a 90 MHz nmr was run on the crude

------ --- -- --- - - - ----
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product. From this nmr it was determined that the allylic alcohol 11 was

present and a 250 MHz nmr was run. The peaks from this spectra were

5.74(d,2H,J=5.6Hz), 4.60(s,2H), 2.44(s,IH), and 0.41(s,9H) o. These peaks

correspond to the alkene protons at 5.75 0, the CH20H protons at 4.60 0,

the alcohol proton at 2.44 0, and the trimethyl silyl group at 0.41 o.

This reaction gave the allylic alcohol in a 34~ yield.

The p-toluenesulfonic acid.monohydrate reaction was repeated in

benzene for one hour with the Dean Stark apparatus, The allylic alcohol 11

was found but only in a 15~ yield.

--- - - ---
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ExPeriaen-tal

General Details The IR spectra were recorded on a Bruker IFS 25 FT Infrared

Spectrometer in CDC13. Proton nmr were recorded on a Perkin Elmer R32 (90

MHz,cw) spectrometer in CDC13, with external TMS as the standard,and a

Bruker WM250 NMR (250 MHz,IR). The mass spectra were recorded on a

Finnigan 3300 Gas Chromatogram/Mass Spectrometer with methane chemical

ionization.

Attempted Catalytic SeO? OKidation of 2-Methyl-l-Butene-3-yne(7)

Selenium dioxide(249mg,3.78mmol) was added to a solution of 3M t-BuOOH

in CH2CI2(7ml), at room temperature. The solution was stirred for 15 min.

Then 2-methyl-l-butene-3-yne~(500mg,7.56mmol) was added slowly and the

reaction stirred for 30 hr. Then KOH(2.3ml,4.05mmol), brine(20ml),

CH2CI2(20ml), and saturated Na2S03(3ml) was added to the mixture and

stirred for 24 hr. at room temperature. Then CH2CI2(20ml) was added and

the organic layer was separated, this layer was washed with distilled water

and dried over MgSO~. The CH2Cl2 was gently distilled off, and a TLC and a

90 MHz nmr run on the crude product. The 2-methylene-3-butynol~ was not

present in the nmr(no peaks in the 4 to 5 ppm region).

Attemoted Stoichiometric OKidation of 2-Methvl-l-Butene-3-Yne with SeO?(8)

Selenium dioxide(0.5987g,9.012mmol) and t-BuOOH(I.636g,18.15mmol) were

added to 40ml of solvent(CH2Cl2or ethanol), and stirred for 0.5 hr at room

temperature. 2-Methyl-l-butene-3-yne~(500mg,7.56mmol) was added over

several minutes, and left to stir at room temperature for 22 hr and checked

with a TLC. The CH2Cl2 was evaporated under reduced pressure, 40ml of

ethanol was added, and this solution was washed with saturated sodium

bicarbonate, dried over MgSO~ and filtered. The solution was evaporated

under reduced pressure to dryness, a silica gel column(15:1 hexane:ethyl

acetate) run to clean up the mixture and a 90 MHz nmr taken. As 2-

methylene-3-butyno12 appeared to be present only in trace quantities a

t

I
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250 MHz nmr was taken. This reaction was repeated using 10H KOH in the
..

washing procedure instead of sodium bicarbonate.

Bromination of Isoprene(10)

Isoprene{681.2mg.10mmol) was dissolved in OCI4{1.2ml). then N-

bromosuccinimide{2.314g,13mmol) was dissolved in the OC14. The reaction

mixture was cooled in an ice bath, and two ultra violet lamps{100watts)

were placed 2 to 3 inches from the reaction flask and the reaction

irradiated for 2 hr keeping the reaction below 10°C. The reaction was

checked with a TLC , and a 90 MHz nmr ~un.

Formation of 2-Methvl-4-Trimethvlsilvl-1-Butene-3-vne 9(11)

A solution of 2-methyl-1-butene-3-yne~{lg,15.1mmol) in ether was

treated consecutively at -78°C, with a solution of 2.5 M n-butyl lithium

in hexane{6.16ml,15.4mmol) (stirred for 15 min.) and trimethylsilyl

chloride(l.95ml,15.4mmol). The reaction mixture was brought to room

temperature, stirred for 2hr and quenched with ice water. The two layers

were separated and the aqueous layer was extracted with pentane. The

combined organic layers were washed with distilled water, and brine, then

dried over MgS04. This mixture was distilled under vacuum with the 2-

methyl-4-trimethylsilyl-l-butene-3-yne9, distilling at 50°C. This gave a

yield of 1.8357g{88~). NMR (90 MHz,CDCI3) in 0: 5.05{d,2H,J=9Hz),

1.63{s,3H) and 0.10(s,9H), IR (cm-1) 2889{aliphatic C-H) , 2138{C2C

stretch), 1608(C=C stretch conjugated), and 979,683(C=C-H OOP)

Formation of 2-Methvl-4-Trimethvlsilvl-l.2-Butene OKide-3-vne 10 (14)

The )2-methyl-4-trimethylsilyl-l-butene-3-yne~(200mg,I.45mmol was

dissolved in 1.5ml dry CH2Cl2 and the MCPBA(O.477g,l.45mmol)(50-60~) was

dissolved in 3.0ml dry CH2Cl2 in separate flasks.(note all solvents were

anhydrous) The solution of 9 was cooled to OOC, and the MCPBA mixttlre was

canulated into the solution of 9 flask. This mixture was stirred for 3 hr,

1hen worked up by washing the CH2Cl2 layer with saturated sodium

---- -- ----
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bicarbonate, then the CH2CI2 layer was dried over MgSO., and evaporated in

vacuo giving 135.8mg of JJl (61~). NMR(250,CDOI3) in~: 3.0(d,lH,J=5.7},

2.72(d,IH,J=5.7), 1.53(d,IH,J=0.5), 0.15(s,9H) IR cm-1 2885(aliphatic

stretch), 2134(cac stretch), 1252(symmetric stretch of the epoxide),

929(asymmetric stretch of the epoxide), and 846(due to the epoxide) mass

spectra (m/z) 155, 139 and 125

Attempted openin~ of the Epoxide with Acidic conditions

The epoxidel0(100mg,0.648mmoI0 was added to p-toluenesulfonic

acid-monohydrate(22mg,0.13mmol)(or 2 drops COnc HOI), in 4m1 of 3:1

methanol:water. The reaction was stirred for 2 hr and followed by TLC.

The reaction mixture was evaporated under reduced pressure until most of

the methanol was removed, the aqueous phase was extracted with diethyl

ether, this organic phase was washed with brine and distilled water, dried

over MgSO., and evaporated in vacuo. NMR(90 MHz,CDCI3) in~: 3.28(s,2H},

2.47(broad s,2H), 1.35(s,38), 0.10(s,9H}; IR cm-1 3560 sharp(free o-H),

3430 broad(H bonded OH), 2880(aliphatic H), 2134(C2C stretch),

1244(tertiary OH stretch), and 1045(primary OH stretch). The yield of this

compound was 29.4mg for the pTSOH reaction and 39.4 mg for the HOI

reaction, 15 and 20~ respectively.

The diol was refluxed in the presence of acid(2 drops COnc HOI) with

activated molecular sieves in the reservoir of a Dean Stark apparatus, for

22 hr. The elimination did not occur.

Formation of 2-Methvlene-4-Trimethvsilvl-3-Butvnol 11

The epoxidel0(200mgO.648mmol) was added to solution of p-TSOH

(44mg,O.26mmol) in 50ml toluene, then heated to reflux in a Dean Stark

apparatus with activated molecular sieves in the reservoir to remove H20.

This was refluxed for 16 hours, the reaction was followed by TLC. The

toluene was washed with brine and distilled water, dried over MgSO., and an

Ii 90 MHZ nmr W~~ run. ~ 5ilica gel column was run on the mixture to isolate

l -- - - --------- - ---- ---
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the allylic alcohol 11{15:1 hexane;ethyl acetate}. NMR{250 MHz.CDCI3} in ~:
;

5.74{d,2H.J=5.6Hz}, 4.60(s,2H}, 2.44{s,IH}, and 0.41(s,9H) ; IR cm-1

3600sharp{free OR), 3446{H bonded OR), 2886(aliphatic H), 2132{C=C

stretch}, and 1708(C=C stretch conjugated); mass spectra (m/z) 155 This

reaction gave a yield of 68mg {34~)of the allylic alcohol 11.

This reaction was run using benzene as the solvent giving a yield of

30 mg (15~)of the allylic alcohol.

- --
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