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Introduction

This research was carried out in order to determine the effects
of both the etherate and enhydrous forms of BF 3mmmzmh-
methylebepenten-2-one (I).
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It was hoped that eyclization could be induced to occur due to
the presence of the neighboring elefinic beond. Our proposed synthesis
of the eyelic product, 3-methyl-2-cyclopentenone, included the following
steps:
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3~Methyl~2-cyclopentenone, itself has been synthesized by a much
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Hstorical

A Germsn chemist, Ludwig Worte(™), is the firet known to bave
investigated diazoketone reactions. Wolff found that diazoketones
undervent either replacement or rearrangement, depending on the type
of catalyst used, i.e.
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It was the year 1935 before a really practical method of
diazoketone synthesis was developed. At that time, Arndt and Eistert
found the most effective wethod to be sddition of dlazomethane to an
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diazoketones occurred without catalyst in the presence of alcohols at
high temperatures. In 1953, M. 8. Hewman, db.d.,(“ obtained a ring
closure using w as catalyst. No rearrangement was reported.
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At Columbia in 1961, Stork snd Fieinni(®) successtully obtainea
the non-aromatic bicycloheptanone~2 (4-1-0) with eleven hour's refluxing
in the presence of copper-bronze catalyst.

A. L. Wilds and associates(?) effected ring closure of l-diason
3,3,3 triphemyl~2-propancne in 1962, Rearrangement occurred in the
presence of ywmwm,mmmmmusmm,am
was completed without rearrangement.

m,l%a,.MnrmmmemwaMMo
in intremolecular eyclization. In contrast to Bronstead acids, the
mamawsmsmmwewmmuwmm
nueleophilic groups present on the parent diazoketone. In the systems
studied by Wilds, the presence of six ortho positions was an apparently
favorable probability factor in determining the type of product.
Sheffer and Moore, however, were unable to close a less probable
(2 ortho-position) avomstic system (II), although they were

// “—mz C o8- NeN (11)

highly successful with e methoxy group present in the ortho-position
of the ring (IIT).
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fhe nethod of synthesis ves that deseribed by R. B. Wagnerl!)

magnesiun were reacted in dry etber for ten hours at room Lemperature
with stirring. The resction was carried out twice vith no eatelyst,
wes added due to low yields en the firet and second trials. Vagner
had used a copper vessel rather than glass. With copper present, the
reaction was vigorous and an ice bsth was necessary Lo bring the
temperature below 30°C, In each run, & five<liter flask was used,
equipped with stimer, thermometer, and reflux condenser.
Grigoards over crushed dry ice (20-fold excess) with stirring. The
reaction was earvied out over a four hour period in & ten-liter pyrex
water bath, and stirred by hand with a large poreelain stirver. When
the dry ice was gone, excess hydrechloric acid vas added (to pE 1.5)
%o hydrolize the couplex to the scid.

Ether layer separation wss performed by first saturating the
aqueous layer with Nefl, then using & two-liter separatory fuunel.
In sone cases, the ether layer was treated with mmerous porticas of
106 NaOH, then the slksline layer scidified, selted, snd extracted



 again with cold ether. In other cases, the original ether layer wes
merely stripped leaving crude seid (later distilled) as residue.
Distillation of crude acids were performed under vacuum using
a 100 ml capacity, six-inch Vigreux column with ground-glass
connections. Fractions were collected in a rotating "cow«".
Literature gave the boiling point of 3J-methyl-3-butenoic acid at
5m as 68°% This wes caleulated to be approximstely 84° at
15 mm.
The following table summarizes conditions and yields for the
three runs.

Notebook HNo. 0=1 0=2 0-3
3-chloro-2-methylpropene 100 g. 300 g 300 g
Magnesium 27 g &1 g. 81 g.
Ether (Liters) 1 3 3
Temperature 20-30°  20-30°  20-35°
Catelyst - - en
Carbon dioxide 3 1b. 10 1b. 10 1b.
Extraction basic strip strip
Crude yleld of aecid he5% 5.5% 144

The 3-methyle3-butenoic scid (N.E. cale. 100) from the above
three runs were combined and redistilled to give two fractions as

follows:



Frection 3.15 Whe HeZa

141 3° 33,5 g 160 624 21 0.21
1.2 8385° 35. 112 89%

Oxalyl chloride wes used inm preparing the olefinic aeid chloride
according o the method deseribed by Wilds'®) and the originel vork of
R Admms'Z),

Oxalyl chlowide (50 gn) was sdded to mecid fraction -1 in 200 m!
of benzeme, and sllowed to stand im & 500 m! resction flask (equipped
with thermometer snd reflux condenser) for two hours. Excess oxalyl
chloride and benzene (2-8) were distilled from the mixture at atmospheric
pressure. The fraction boiling sbove ozalyl chloride and benzeme (82°)
was distilled under vacuum to give 3-methyl-3-butenoyl chloride
(2455 Dyg 50-54°) and excess aeid (265 Byg 80-95°), Fraction 2-5
vas saved, and the recovered aeid (2.6)was combined with seld fraction
1.2, The combined scids were then refluxed at 55-65° for three hours
with 50 gm of fresh oxalyl chioride plus the recovered acid chloride-
‘vemzens fraction (2-8). The fraction of this un boiling between 4o°
end 56° at 75 mn. (2+2) was coubimed with fraction 2+5 to give 240 gn.
3emethyl-3-butenoie acid boiling between 49° and 56° at 75 mm.

To a mixture of 600 m £ mmﬁmu 2«(2 ethoxyethoxy)-
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ethanol end two liters of ether (at 5°C), ves added 180 gms W, He
dinitroso -N, N+ dimethyl tevepthalamide. The mixbure wes then shaken
end the flask heated by use of & hesting mantle. The Pive-liter flask
mwuaammmxamwuwm.
ummwmmawmmwmm
of a small amount of ether in another five-liter flask, cooled in ice.
mwmwnaammnwmmﬂm
end of ¥he run. Since diszomethame is both toxic and explosive, all
work wes done in the hood.

(mzm.)«wusuwmmnmmm.

umm,gm.wuzmﬂmuw
diazoketone in ether. Dmmediete reaction oceurred with evolution of
nitrogen. Collection of nitrogen (3.3 ) gave 70% of the volume
expected for 0.2 moles. When the gas evolution diminished (about
1 hr.) the mixture vas weshed with 150 m! of water and 200 m!
of NeHCO, to vemove BF. These aqueous extractions were washed with

3
ether several times to reclaim any water-soluble ketones. The total



 ether layer was then stripped under vecuum (0°-10°C) to a volume of
around 75 mf .

A total of six fractioms (5-1 to 5-6; 14.3 gms) vere collected
between the renge of 28° at 50 mm. end 82° at 18 mm.  The frectioms
boiling between 78° and 80° (5-h and 5+5) corresponded to the
litersture value for 3-methyl-2-cyclopentenone (bs T4°).  Chromato-
graphy of all high-voiling fractions (5-2 through 5-6) on a Perkin-
Elmer 154 Vapor Fractemeter (colum type R, 1 meter by 1/6",
propylene glycol-UCON LB-550-X) showed four major comstituemts present
in nearly equel proportions. The lowest boiling freetion (5-1)
eppeared alse as an azeotvope in fraction 5-2, appearing to be
essentially pure (965 by VePeCs)e

Practions 5-2 to 5-6 were redistilled using & 75 theoretical
plate insulated colum, equipped with a solencid-comtrolled vepor take-
off, Due to wmoticed combaminstion of the coluwm, however, sbout
f£ifty percent of the produch was lost in hendling. Five fractions
(7-1 %o T<5) wewe finslly obteined, boiling between 75° and 82° et
18 mu. An abtempt had been made to form semicarbazomes of 5-1 and
5a3, but without success (1it. for 3-methyl-2-cyclopentenone 220°¢).
So little product vas left after distilletion (k.32 g), thet it vas
decided to go through the synthesis onee move and combine products

mmml



The Grignard reaction wes carried out as before; in the presence
of copper catalyst. Instead of carboneting the mixture with dry ice
1tself, gas was generated over ether, dried, snd bubbled through the
Grignard in the original reaction flask. mmamamnw
over a five-hour period with mechanical stirring, Work-up of the
product by the base extraction method yielded mo aeid. Upon standing
for more than a week over concentrated HCl, the previously extracted
ether yielded a crystalline solid (8+1) when evaporated. The solid
sppeared in approximately 40% yield (70 gm.). Recrystellization from
methanol geve & solid (8-3) melting at 64.5+65° (V.P.C. shows only 75%
purity, however). Immediate workeups of other runs had given mo such
solid, but gave high yields of an olefin (b. 110-112°) proposed as
2e5-dimethyl 1-5-hexsdiene (1it. b 113~114%). This olefin wes also
present in the mother liquor yleldimg the sbove solid. Infra~red
analysis of the liquor showed peaks corresponding to 2-5 dimethyl-
LeSehexndfons given in the Literetuve (6:9n, Tetu, 13.80)(3), of
which the 11l.2: peak was found missing in the spectrum of the solid.
Since the 11.2p peak corresponds to the end vimyl grouping, it hes been
proposed that the solid be of cyelie strueture.

mmm%mwymummynuum
third run (0~3). From 300 g of 3-chlovo-3-methyl propene wes produced
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3449 gme of crude aeid (Nos. 121 o 1244, N.E. 193). Calculated
- 524 pure, the actual yield was 6.1%.

The crude 3-methyle3-butenoic seid, 100 m1 of benzene,

50 gme of oxalyl chloride, and 22.6 gm. of exalyl chloride left over
from the first run (2+3) were refluxed for six hours st 60-70°C.

After distilling off the benzene et atmospheric pressure, the remainder
was distilled in the Vigreux column. Volitilisation of the seid
chloride fvom the receiver flasks ab low pressure resulted in a yleld
of only 3.7 g (No. 1he2; b 36<46°, 221k mm.)  Having N.E. = 87
(cale. 45), the 3-methyl-3-butenoyl ehloride wes 52f pure. The
mancmeter trap yielded 20 gms. of & product which wes redistilled to
give 10 gus. botling 50-52° at 70 mm. (No. 16-2; NeB. 200; 206 pure).

Fraction 14-2 ves added to diszomethene in ether (prepaved es
before), end allowed to stand for two days. On the second day,
frection 16-2 vas added. Reaction was noted with each sddition.
of & few milliliters of water, the l-diazo-henethyl-k-penten-2-one
wtmmmﬁtxrnmw then by benzene - azeaw A
mmmmmmmmﬁﬁmc(wﬂa Yo



attempt ves made at distillation of the oil due to the chance of
 decomposition. mmmmmmmnﬂ.

Tt vas declded to luvestigate the effect of BF; upon the diazoketone
in a solvent other then ether. In ether, the oxygen linkage can compete
s a mucleophile, leading to the formetion of an ethoxy ketone (Sheffer
and Moore, ref. 5). In solvents such ss cyclohexene and chloroform,
no nueleophilic center is present to offer competition with the olefinie
bond.

The resction mixture consisted of 2.5 gms. l-disszo-4emethylel-penten~
2-ome (16-3), 5 ml. cyclohexane, and 40 ml. chloroform. Anhydrous BF,
vas bubbled through the mixture contained in a two-foot by one-ineh tube.
Polymerization with evolution of heat was immediate, the polymer coating
the walls of the tube. wsmwwmuummwm:
evolveds MWmemmmmﬁ&mmm
mmuymwmmmmmhmwmmm
sielded mo fractions boiling higher then eyelohexsne (bygy 80%). The
Wemwmmmmlwam'mmv
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Since no more ketone materisl was obtained, further analysis
was performed on fractioms Tl to 7«5« A chromatographic preparation
colum of type "A" ( diisodecyl phthalate vesin) was tried for separation
of products without success. We then returned to the previously-used
"R" (polyglyeol) column for amslysis. A distinet inmereese im the
of the fractions. Fraction 7-5 comtained only the fourth component
and vash efher as major conpeuents, This vas run {n $he T.R. agatiuet
ether to show peaks et 3u (hydroxy), 61 (keto), and 3.2, 6.2u, 10.54
and 11.3p (vinyl)e

The low-boiling azeotrope (5-1) was water-soluble, but showed
no pesk enhancement upon addition of water for V.P.C. asnalysis. It
was found to freeze at =20 to -30°C, and showed I.R. pesks es sbove,
with the sddition of & strong pesk at 9.3-9.8y, tending to signify
fluorine (9461)s

A sample of crude 3-methyle3-butenoic 2cid (from ecombined
fractions 12-1 o 12-4) was yun on V.P.C. All major componemts
sppearing had retemtion times less than that of ether. ILess than
one percent of the eomponents had retemtion times comparable with
produgt fractions 51, or T-1 through 7-5 &t compaveble tempereture
end carrier-gas flow (175°C, flow 3). It is believed that the low-



the meid itself was noted over a two-hour period.



17

Due to difficulties with the synthesis of 3-methyl-3~butencic
acid, analysis of final produets hes been limited both by time and
by lack of sufficient product yields. Reports by Sheffer and Moore
wm,m,w&mmmzummwuwmm
that these are presemt as components of 5-1, and Tl through T-5.
hydvoxy ketones. Proof of such would be dependent upon the iselation
and charscterization of derivatives. There is also the possibility
of isomeric forms sccownting for pealks shown on V.P.C.

mmwlmmwmumm
of sulydrous BF, could stend further study. It is proposed that
Wmmuwmamwmtmwo’c)
ummmmwwm,mmwmmu



1.

Sumeery.

Copper catelyst for the Grignard reaction of 3-chloro-2-methylpropene

regulted in improved yields of 3emethyl-3-butencic acid.

Crystalline solid, proposed to be of eyelic nature, was formed
hydrochlorie acid.

Mw:mmwmumaw
temperature renge. A lower-boiling, immiseible fraction was
also presente

mmnsmmwmwxawh
h-penten~2-one in cyclohexane and chloroform. No other products
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