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Introduction

In recent years studles of dlazoketones have been inten=
gified because of their peculiar ability to under go cyclization
under the proper acid oondxﬁicaa. The eyelic products have

generally been of the form:

(CH)m — € --
1 > (CHe)e L
R O

The eyclization itself is an interesting reaction and has
come of some importamce lately in the synthesls of drugs and
normenes; especially those containing an arometic ring(s)
incorporated in a sterold systen,

Heretofore studles of the cyelization have generally been
confined to the synthesis of compounds similar to I where R
is an aromatic ring and (m) and/er (n) have varied from Q
to 2, (1)s (2), (4). At least one instance of the synthesis
of a spirc compound is known, (3). These reactions have been
reported as transpiring, with few exceptions, with better
than 50% yields,

It 1g then the object of the present research, %o extend
the previous work to an aliphatic system by replacing the
aromatic ring by one or more alkyl groups. Specifically, it
is the object of this work to effect the elosure of the ring
compounds O

© 5

(C Hz)s CH= .

No



from its respective diazoketozye:

Q
CHz w= O mwgz}}mgmuﬂmmx III

The synthesis will proceed through the methoxyseid to IIl.
Ring closure will be attempted by catalysis with BFs.

Because of the presence of more than one nucleophile in
golution during ring closure there is the posibility of obialn-
ing more than one product, Among the other products expected
ares 0

(1) OBymeOmm (GHp) gomGoum Clpie OH

}
{2) ﬂﬂwﬁm (GK@ ) 5*L0Hgﬂ§ﬂ2ﬁ5

. e
The direction in,smnd the extent to which the reasctlon proceeds
in a given direotion, is then, a measure of the strengih of the

competing nueleophilies im solution.



History

Diazoketones were dlscovered at about the turn of the century
by a german chenlst, L. wb1££¢6 Hls synthesis ls now considered
laborious. Iater studles by Wolff and his workers led to what
15 now known as the Wolff d&asgxmaannﬁrearrangnmant? in which
diazoketones rearrange to thelr aarr&ubnnﬂ&ng acids or esters

in the presence of silver lon,.
O 9 @ HaO

R“C*C_ VNEIN —= RK-CH ~Coor '3
H Ay ™
@9 e RoH
R-C~-C —N=N ;—... R-CH, ~CooR’' -
H ‘ aq*

In the late 1930's, Arndt and Bistert discovered the modern
method of preperation of 4iazakﬁtanaa;$ that of converting the
carboxylic scid chleride (or bromide) to the corresponding
diazoketone by reaction with a cold ethereal $blutlon of excess
diazomethane, Further investigations of this proceedure today
mekes possible rapid preparation of diazoketones in better than
80% ylelds,

In 1942 Elderfield, Kuch and Masrshall found that wedlazo-
o-acetoxyleacetophenone would generously yleld coumaronone upon
treatement with glaecial acetilc acld;? VII, while reaction of
the corresponding meta compound, produced w-acetoxy-meascetoxyl

acetophenone., VIII. -
(@] M
H NN ir
z/’\uc ChNe e R s
X/ "o-g-CH, X7 ~0
G
v i
' l[
/N ~C -CHNg /N -C~CHy ~O~C-CHs
S o Lo LR et
\l i CH N/ 8
6-~6 = = i, -¢ ~CHs
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Ten years later Bose and Yates (1) observed the same
effect when they treated dlazo-o-methoxy acetophenone with'a

catalytic amount of hydrogen lon to produce coumarsesnone.

B - &
1] < i
Qre.—-c_wv,_ I//\”—c_ ~au e 3" {0
~OtH3z ’ x No—

A similiar effect was observed by Hermen who substituted an
o-hydroxy group for the methoxide group. Marshall and Walker
were able to affect closure of the spiro compound l-oxaspiro-
(%,5)=-nonan-3-one by treating 1,l(acetoxy-w-diszoacetyl)cyclo-
hexene X and l-hydroxy-l-w-diazoaceto cyclohexane Xa with

glacilal acetic acld in alcoholic KOH

0 ('_. Q“’ \O“ ‘—K‘
C( C HMNg O »

O\QHQHN St O‘Q\UJ‘ fee

Most recently, Sheffer and More, at the University of
Delaware, found that BF would also catalyze ring closure
es in V (4). They extended their work to ineclude compounds

having n equal to 1 or 2.

O

O i

P SARGY YRR oVl U
*"'\‘C>CH3 T e RN,

It 18 interesting to note that they were also able to isolate
a fluoroketone from the ?gfction mixture.

\/j — (W), ~C - CHF prars

<

The reaction mechanlsm of these cyclizations seems to be

generally

XT



understood as protination of the carbon adjacent to the diazo
group, loss of nitrogen, nucleophyllic attack of a neighboring
group and finally, hydrolysis of the resulting oxonium ion.

Elderfield and workers proposed the this mechanism as

followef(l) ? ’? B i
‘ e . - -
/\ c_-a.H-gEN o '//\” C—-CHy ~/V=N =
4 f = VLR L HO
ﬁ’ | o
//\/ Seu o "C”\ 1724
\/\ -~ z e et [ I/ CHg
&5 e gl S
C“z .(.)‘H
e W oy o

Marshall and Walker subseguently proposed the same

mechamism for the formation of their spiro compound (%),

O“OH N iy _N,
Q_ C N N g \ A =

,.é-u Y At e
\&-c‘_: O\c_/dﬂ N
o A

Most recently, Sheffer and Moore proposed an enalogous

mechanism for the closure of the ring using BF as a catalyst.

@ © e 6,
/\ —CH .-'c~c ‘:"N N O- |: ~Nzo
| I/ - + B ( —'Cuz\ [) B‘ —

N s e X

ey Sy Co,fs <I:l‘/l-rN-.
Pl e e N
l I < Q_‘O'Bf‘; / _C'Hl\c:o

OBl Ho. | ) / =L

- \ -0 —CH,
ol 8



Experimental

reparation of Sodiume e

(1) In a liter, three necked reaction flask with
provisions for reflux, stirring and heating, 86 grams of
&ubntyrolwtam were placed. Sodium hydroxide in the amount
of 40 grams and 150 milliliters of water were lntroduced.

The mixture was stirred with refluxing for three hours,

At the end of this time the resultant coffee colored solution
was evaporated to dryness under heat and vacuum and the residue
dissolved in 500 milliliters of bolling absolute ethanol.

The product, recrystallized from ethanol, melted at 143-144 O,
The resction ylelded 85 grams of sodiume y ~hydroxy-butyrate,
(1-1) with a yleld of T4 %,

(2) To 640 grams of { ~butyrolactone, proportionally
larger amounts of sodium hydroxide and water were added as
above, The reaction product was evaporated to dryness and
dissolved in a liter of boiling absolute ethanol. The pfoduot.
recrystallized from ethanol, was 720 grams of sodiume ¥ =
hydroxy~butyrete; imelting at 143 0, (1-2). Batches (1-1)
aﬂd'(l*?) wgre~oembinnd to give (1-3), The addition of
alkall in the above proceedure should be undertaken slowly

i

as the reaction is very exothermic,

(1) To a three liter Gringard (three necked) reaction
flask, with provisions for heating, stirring and reflux,



were added 125 grams of (1e3), sodiume ) ~hrdroxy-butyrate.
The entire apparatus was placed in a strong hood., To this were
pdded 150 milliliters of 40% sodium hydroxide and the
mixture was stirred untill complete solution was effected.
Three 60 gram additions of dimethyl sulfate followed with
50 milliliters of 40% sodium hydroxide wira spaced at one-
half hour &ntarvalu. The mixture was stirred vigerously
for opne and ann“hgxx hours at 50»60 0, The resulting milky
solution was codled to 25 C ana neutraxizod to weak base,
extracted with one £ifty milliliter portion of ether and
acidified further, The acid solution was extracted with
ten « one hundred gilliliter portions of ether, The ether :
from the first extraction contained unrescted dimethyl
nulfatu and was disgarded., The remaining extracts were
combined and then evaporated, The reslidue was dlstilled
to give 34 grams of crude product bolling from 212-233 C,
(2-1) accompanied by a yield of 29%,

(2) A second bateh of 250 grams of (1~3) were weacted

given above with correspondingly larger amounts of

dimethyl sulfate and 40% sodium hydroxide. The ethereal
extracts yielded 31 grams of product bolling from 220
to 230 ¢, (2«2).



Preparation of )X 'y hlori
(1) To 34 grams of (2-1), 35 grams of thionyl chloride
were added in a well ventilated hood in a flask equipped

with reflux condenser and heating mantle, The mixture was
refluxed for one half hour and distilled to give a fraction
voiling at 172-174 G. and weighing 23.5 grame(3-1). The
reaction was accompanied by a 60% yleld,

(2) Bateh (2-2) was reacted in entirety, simlliarly,
witﬁlﬁﬁ grams of thiomyl chloride, After a fifteen ninute
rnflux period, the dark brown mixture was distilled %o glive

four fractions.

Eraction # Boiling Point Welght
I=2 == 1 20 = 120 C 4,20 grams
Ful ww 2 120 « 172 © s.10 *

el we 3 172 - 174 ¢ 11.00 °¢
Bl we & 174 - 200 © 19 ¢

Fractions (3=1) and (3-2 <= 3) were combined to give (3~5).

A five liter, three necked flask was equipped with a heating
mantle, goose neck, and a long water condenser, The condenser
was fitted with s long adapter provided with a stopcock (see
fig. 1), The receiver was surrounded by an ice~-salt bath cap-
aﬁio of maintaining the five liter receiver at 0 ¢ or lower.

The ground glass joints were left ungreased.
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The receiver was filled with enough annhydrous ether to
ecover the bottom of the adapter: about three hundred milliliters.
In the reaction vessell wara'plaaud'threo liters of ether, 450
milliliters of 2( 2-ethoxy, ethoxy)-ethanel, 600 milliliters of
30% sodium hydroxide and 180 grams of bis-(n,n' dimethyl, dinitroso,)
terephthalamide (avallable from Dupont Company). The above were
mbzled to 9 O before admixture., The reaction mixture 1s heated
until the reaction proceedes moderately, about 35 O, and the
yellow diazomethane emherate starts to distill, Initlally, the
reactints turn a deep yellow., As the dlazomethane distills, the
slury like mixture looses its color and, at the terminatlon of
the process, is a light crean qoler. At this point or shortly
‘betoro the heat is removed. When the distillate has lost the
charscteristic yellow color the stopoock is opened and the
aperatus cautlously disengaged from the receiver which is sube
sequently provided with a rubber stopper and calecium chloride
drying tube. The drying tube 1s an essential which protects the
annhydrous diazomethane etherate from moisture. The etherate
can be kept in the referigerator for from several hourssto a day.
Iight and heat tend to decompose the diazomethene.

Diezomethane is an unstable, extremely toxlc gas. For these
reasons 1t should be synthesized and handled in an efficlent hood
behind saféty ghields,

At room temperature the acid chloride (3=5) in 50 milliliters
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of annhydrous ether was s8lowly added to the dlazomethane etherate.
The addition was accompanied by a slow, steady, evolution of

gas, The gas was presumed to be methyl chloride. The ether

was drawn off the golden reaction product at room teliperature

on & water aspirator to give (4~1). The product was stored

in the referigator,

Borontrifluoride Reactlion

One hundred milliliters of annhydrous ether were added
to (4=1) , which was still in the five liter reclever at 9 C.,
and standing in the hood. Borontrifluoride (28 grams ) etheratc
was dissolved in 450 milliliters of annhydrous ether and slowly
added to the above to give (4«2): No noticeable gas evolution
accompanied the reaction. The product (4=2) was;flltered
and washed with one hundred milliliters of water, one hundred
milliliters of 30% sodium bicarbonate solution and finally
one hundred milliliters of water. The ethereal solution was
dried by filtration through annhydrous sodium sulfate and the
etherate was evaporated at room temperature under reduced
pressure on s water aspirator. The resulting golution was
designated (7-1l). Distillation of (7-1) at 12 mm. ylelded

geveral fractlons}



i.

Fraction #  Bath Temperature Head Temperature  Volume

Tw2 70 Gu . 30 0. 1 8%, drop
w3 85 Co 52 C. «2 ml,
T»@ QQ GQ 64 6. ',.2 mlp
7“5 &9 53. 66 Q. ,’6 mln
Tw6 98 ¢. 68 G, 4,0 ml.
7"7 1 C'w 69 cg 6&0 mla
Tw8 100 C. 68 . 10,0 ml.

The infrared spectrum of (7«8) showed strong evidence
of the presence of resonably pure Y -methoxy~bulyric acid,
The characteristic absorbtions of the expected products were
not in evidence, For this reason another acid batch was
synthesized to determine the purity and the nature of the
products, '

one hundred and fifty grams of the sodium salt (1=3)
were reasted with dimethyl sulfate as before. The ether was
stripped and the syrupy residue (6-0) fractionally
distilied. (12 mm. )

Ersction # _ Bath Temperature Head Temperature Volume

6«1 85 C. 34 Cs 4,0 ml.
6«2 120 C. 50 Q. 3.0 ml.
6*‘3 13"0 Co 99"’107 0. #4.0 ml.
6*“ l55 G¢ 1@8 Qp 05 ml.

Fractlon (6-3) welghed 10 grams (7.0% crude yleld ). Its
infrared showed the presence of strong alcoholic hydroxyl
absorbtion. Two neutralization equivalence titrations showed
the purity of methoxy acid to be 31,5% and 23,3% respectively.
It was then concluded that the presently used method of
synthesis (methoxylation) was inadequate because of the

large amounts of Xfwhydraxy-butyric acid contaminating
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the reaction product and the small ylelds incurred, A new
search of the litersture was carried out and the following

gynthesis preformed.

To 600 milliliters of absolute methanol, 37 grams of
metallic sedium were sdded in a three necked, three llter
flask with stirrer, reflux condenser and heating provisions.
To the above 141 grams of Yebutyrolactone were added and
the batoh was let stand 48 hours. At the end of this time
1% was refluxed at 75 G. for 24 hours, evaporated to dryness
with heat under reduced pressure and redissolved in water
upon the addition of 175 milliliters of comcentrated
hydroghloriec acid. The resulting solution was gxtracted
with ether. The extract was evaporated down to a thlck
syrup and redissolved in two hundred milliliters of water
and forty milliliters of 40% sodium hydroxide solution, The
resulting solution was extracted wiﬁhleﬁhar and the ethereal
solution disgarded. The aqueous layer was acidified and extracted
with eghs¥s The ethereal solution was stripped and fractionally

distilled as given below. (15 mm. pressure)

Fraction # Bath Tewpersture Head Temoerature  Volume
T8 Cs 30 Ou 1 8%, erp
11w 100 C. 30«88 C. 5 ml.
ll=? 134 C. 88-102 G, 5 ml,

11-3 150 C. 102-120 0, 20 ml.
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Fraction (11-3) gave 17 grams of VYemethoxy-butyric acid
having & neutralization equvalent of 137 (yield 8.7%) .

To 1200 milliliters of absolute methanol, proportionally
larger (equimolar) amounts of metallic sodium and J «~butyro-
lactone were addeds The reaction product was worked up
as before to give a fractlon boiling between 110 and 130 C.
and welghing 33 grams (13-9). (8.5% yield) Sample (13-9 )
was combined with (11-3) to give (14«1}, The neutralization
equivalent of the mixture was 139, Bateh (14«1) was distilled

as below. (15 mm. )

Praction # Bath Temperature Head Tempersture YVolume
123 C. 44 ¢, 1 8t. drop
14"3 125 Gn #4"‘90 G. laG mlo
L4a3 130 C, 90=91 C, 1.0 ml,
L hwd 135 ¢, 91130 G, 10.0.ml.
14w5 regidue 30.0 ml.

Fractin (14«5) welghed 39 grams and had a neutralizatien
equivalent of 130, The yield was 78% based on recovery.

Preparation of V¥ «ke ) :
To 39 grams of Ye-methoxy-butyric acld (14-5) , 40

gramg of thionyl chloride were admixed, .the resultant, black
gsolution was immediately distilled.
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Fraction §  Bolling Hange Helght
17=1 50«1T70 C. 7,00 gns,
17=2 170-180 C. 25.8 gms.
17=3 residue

yield; 57% based on 1T7~2.

Pr@:aration of

To one hundred milliliters of annhydraus ether, at room
temperature, Y ~mathaxy~butyrirl chloride (17~2) was added
and the resultant solution was slowly added to an annhydrous
.5 mole bateh of diazomethane etherate, prepared as stated
earlier. The addition was accompanied by vigerous evelution
nf Z6.9. the gas was taken to he methyl chloride, The golden
yellox solution was filtered ana the ether taken off at room
temperature on & water aapiratar to give (18«1).

The diazoketone (18~1) was disaelved in one hundred
milliliters of annhydrous ether, To this solutlon, 28 grams
of borontrifluoride-ether complex were added in four-
nundred milliliters of annhydrous ether., Thif addition
was accompanied by the slow evolutlon of nitrogen. The
resulting sclution was washed three times with forty
milliliters of water and t@wn with forty milliliters of 30%
sodium bicarbonate soluticButo give (18-2).



To one liter of absolute methanol, 94 grams of
metallic sodlum were added followed by 350 grams of butyrolactone.
The mixture was stirred at 79 ¢. under reflux for 24 hours
and worked up as given earlidr to yield 10 grams of the above
boiling from 105-115 C. at 12mm. The fraction was denoted (20-2)
and had & neutralization equivalent of 127, yield; 2.1%.

To (20=2) 11.0 grams of thionyl chloride were added and
the mixture fractionated as follows. (1 atm, )

Praction #  Bath Tempersture  Head Temperature YVolume
21l-1 20~200 C. 20=169 0, 5 ml,.
21=2 200-210 C. 170178 C. 15 ml.
21=3 210=220 O, 178-182 €, 6 ml,

Fraetions (21«2)and (21~3) were combined and thelr
neutralization equivelent showed 95,8% purity, yleld; T74%.

fo a previously prepared .5 mole batch of diazomethane
in ether, (21«2) and (21~3) were added bhaving first been dissolved
in 30 milliliters of sunhydrous ether. The steady evolution of
a gas was noted. The mixture was let stand for 24 hours,
filtered and the ether taken off at room temperature. The
volume of the solution was reduced to one half its original

slze,

To the above dlazoketone, 18 grams of borontrifluoride~
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ether complex were ad&ed'slawly. The profuse evelutlion of
nitrogen was noted. After shgnding 20 minutes the reaction
mixture was extracted with fifty milliliters of water
zallmwad by £ifty milliliters of 307 sodium blearbonate
gsolution. The resulting ethereal solution was Iiltered through
annhydrous godium sulfate to give (23-1).

Samples (18-2) and (23-1) were stripped of ether on a
fractionating column and fractionaly distilled separately.
The results follow:

| ctiona ; atlo ] (13 mm. )

Practionf Bath Tgmgeratuge Head Temperature Volume

100 G, 50 Q. 1 8t. drop
24=] 100-12% Q. 50~70 € 1 =l.
242 125«135 Cs T0=80 C. 10 ml.
24wd 135«150 C. 80=~84 C. 5 ml.

Lonal Distillation of (1842)

Practiong Bath Temp. Head Temp, Volume Pressure
24wy 65«100 C, 3360 ©, 1 st.drop 1l atm,
245 100120 C. 60-70 C. "
246 120-200 O, T0=T6 . "
24.7 (contents of cold trap)
24«8 20«100 C. 20=59 C, 30 mm.,
24=9 100=145 0. 59«80 G, »
24-10 145«200 C, - BO=86 0. g

24e11 (éontents of cold trap)

Results obtained by virtue of the vapor phase chromatograph
indicated that fractlomns (2455). (24-9) and (24-10) were
generally free from more than one component, The other fractlons

needed further separation. Because of the small guantities
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of these fractions the only feasible method would be column
chromatography eor, preferrably, vapor phase chromatography.

The infrared spectira of (24-9) and (24~10) were similiar,
Both éhewad strong earbvonyl absorption and falnt but
definite ethoxy absorption. Sample (24-10) showed, furthermore,
two distinet carbonyl peaks. Presumably the hydroxyl group
nad shifted a carbonyl peak upwards in frequency. There was
s marked increase im hydroxy absorption in going from (24~9)
to (24-10). The spectra of (24-6) gave strong hydroxy
indications, This may be an indication of snolization of the
eyelic compound.

Samples (24-8) and (24-9) yielded 2,4=dinltrophenyl~
nydrazine derivatives. To one millimole of 2,4~-dinitro=
phenylhydrazine reagent in ethanol, 50 drops efAeach were
added, Sample (24-8) gave 130 milligrams of product, (24-9)
gave 14 milligrame, The derivatives were initialily erystallized
from ethanol, redissolved ln bolling ethanol and recrystalllzed,
They were numbered (25-1) and (25-2) respectively and melted
at 197 ¢. and 107+108 C..
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?en'ﬁieroliter samples of the preceeding fractions were
analyzed on a Perkin-Zlmer vapor phase chromatograph equilpped
with a type R column. Assuming the following inerezsing order
of retention time for the expected compoundsj

(1) 3=keto-tetrahydropyrane

(2) l«fluoro=-5-methoxy~2«pentanone

(3) 1~ethoxywﬁam@thnxyuaupentannné

_ (4) lehydroxy-S-methoxy-2«pentanone

 the following results were obtalned,

ievenvion wimne mm WOImD:
24e] 110 2.8 min. ma joxr ether
3.8 * intermediate cyclle compound
242 110 2.0 * minor ether
2.5 " minor ether
3.0 intermediate ether
&0 4 intermediste cyclic compound
8.3 * major - - fluoro Ketone
10.5 * ma jor ethoxy ketone
24~3 110 1.4 ¢ minor ether
2.0 " minor ether
2,5 * minor ether
3¢5 ma jor eyelic compound
8.0 e me jor fluoro ketone
PR $e8 = ma jor ethoxy ketone
ether 112 b ¥
2hmli 112 s~ ma jor e¢ther
246 112 4,0 ma jor eyclic ketone
L ma jor fluoro ketome
0.8 7 wa jor ethoxy ketone
248 184 1.0 ¢ ma jor _ether
T.8 ° minor o
Qﬂir—g' na jor ethoxy ketone
12.8 T ma jor hydroxy ketone
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_Fract. f# Temp,  Betentlon Wime  Zeak Gomposition
2&-—@ 184 1.1 min, ma jor ethar
9.6 " v major ethéxy ketone
12.8: " minor hydroxy
; ketone
2410 184 e ma Jor ether
9.6 wa jor ethoxy ketone
12,

7 | minor hydroxy
‘ ketone



Sumy and B b

0f the two methods tried for the synthesis of JVemethoxye
butyric acid , methoxylation was best effected with sodium
methoxide. Formation of the acid chloride is eccomplished
easily with thionyl chloride., Best ylelds wnre«obtainediith
reflux periods not in excess of ten minutes . The aecld
chloride should be distilled at , or not too much lower than,
one atmosphere preesura.due to 1ta'vblatility»

The borontrifluoride ~ dlazoketone reaction can be followed
effectively by eullceti#g the nitrogan evolved during the
course of reaction,

Tae ketones listed earlier as predieted were not found in &
thorough search of the 1itaratur§. Therefore, no primary
information was obtalned as to thelr properties. Most of the
foliowing conclusions depend on assumptlons qade earlier as
to the order of boiling and retention time aﬁd not on
any isolation of products.

The infrered spectra and vapor phase analysis of certaln
froctions scem %o indicate the presence of the ethoxy and
hydroxy ketones in the higher boiling fractlons. Indications
of the oyclic and fluoro xetones point to thelr presence in
the low boilers. |

Several methods remain untried for syntheslzing the methoxy
acid, Among these the best prospect from the standpoint of

side products is one reminiscentiof the malonic ester

synthesls,
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In future work, more should be done along the lines of
quantativa eollection of the nitrogen evolved upon
addition of boroutrifinoride to the diazoketome. Data of this
pature can lead to & caelculation of the % reactlon and weuld

slso be useful in looking into the reaction kinetics,
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