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ABSTRACT :

A series of new, substitutéd A

3

-1,3,4-oxadiazolines were synthesized by
oxidation of the corresponding hydrazones, either electrochemically or with
lead tetraacetate. 2-Methoxy-2,5,5-trimethyl~A3-l,3,h-oxadiazoline |

A{R=R'=R“=CH3), when thermolyzed in CD3OD, gave products of trapping of a

carbonyl ylide In CClu or C6H6’ which are not =fficient trapping solvents

the ylide unde vent fragmentation into carbenes .nd carbonyl compounds.

As a check that the same intermediate was inv lved in both solvent§>
~N
2—methoxy-2-(p-substituted)phenyl-S,S-dimethyI-AB-l,3,h-oxadiazolines were
tiermolyzed in CClh and in CD3OD. A Hamett correlation with o was observed
in both solvents, with similar slopes?*-furthermore, changes in substituents
at C5 also affected the rate of thermolysis of the oxadiazolines. These

results led us to conclude that, oxadiazolines of type A thermolyze with

concerted loss of nitrogen to give rise to carbonyl ylide intermediates.

Attempts to trap the intermediates (ylide and carbenes) from the thermo-
lysis of the oxadiazolines were successful. Some olefins and carbonyl

compounds can trap both intermediates.

The reaction of a carbene with a carbonyl compound to form a carbonyl
ylide is the reverse of the ylide fragmentation mentioned above. Such
reversibility was proved for one of the carbenes when it was found that thermo-

lysis of 1 (R=R'=R“=CH3) in acetone—d6 gave propene-d6 as one of the produtts.

-



Thermolysis of 2-methoxy-2,S,S-trimethyl-A3-I,3,h-oxadiazoline in CCIM
gavé acetone and methoxymethyl carbene (43%) as well as methyl acetate and
dimethyl carbene (54%). The 5,5-dicyclopropyl analogue thermolyzed in benzene
to a carbonyl ylide which fragmented nearly cleanly to methyl acetate and

dicyclopropyl carbene (>90%). In CCl“ chlorinated products, derived from the

reaction of dicyclopropylcarbene with CClu, were obtained.

Finally, thermolysis of 2-acetoxy-2,5,5-trimethyI-A3-I,3,h-oxadiazoline
in CCIA afforded l—acetoxyethyl—z-progenyl-ether (>90%) derived from a
t,4-hydrogen shift in the ylide. The 5,5-dicyclopropyl analogue gave only 20%
of the-analogous 1,4~shift product énd the major pathway involved a fragmen-

tation of the ylide to give a rare acyloxycarbsne, CH3C0AC.
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INTRODUCT ION

I.1 CARBONYL YLIDES
L1 1,3-DIPOLESH

Interest in molecules of the type R2C X CRZ’ where X is a heteroatom, was
revived about fifteen years ago. Huisgen?, recognized that molecules like (A)
would exist, and would be 1,3-dipolar species (X = NR, 0,S). If X = NR, the
molecule is an azomethine; if X = 0 then it is a carbonyl ylide, and for X = §
then it is a thiocarbonyl ylide.l

+ 4
4’X X

X
~ - -/ N
RZC . CRz*—‘*RQC

cR, “RET D CR,

X X
-~ \\\ + . .
— R CR, «— RL™ iR,

Y] N N
A 1,3-dipole may be defined as a system Z-X-Y, where Z carries a formal

positive charge and Y carries a formal negative charge. Such a 1,3-dipole can

add to a multiple bond system a=b, called a dipolarophile, to form a five-membered

ring.

X - X
Z Y > Z\ Y
=b Cl-b /

Compounds in which Z is an electron-deficient carbon, nitrogen, or oxygen atom
are usually short-lived.B’h If X has a lone pair, stabilization of the system
is made possible through resonance, by forming a double bond. Compounds of that

sort are called ''betaines."
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""Betalnes', can be referred to as octet-stabillized 1,3-dipoles.

N Y
I
!
- b
N
I
<
_l(

R
N

N e

) R .
-y e =N-—Y
7—0—Y — . Z=0-Y
> - L 4

Z—S—Y e 7=S—Y

Some examples of 1,3-dipoles and their common names are listed below:

+ ~/ & -7
-C=N—C_ ——— C= N—C_ NITRILE YLIDES
+ - r -
—~C=N—N- &—— —C= —~N— NITRILE IMINES
+ - v -
-C=N—0 +— -C=N—-0 NITRILE OXIDES
y 1 - - '
C=N—C —— C=N—C" AZOMETHINE YLIDES
7/ N / ~
A\ - \ te - .
/C——N—-N— — =N—N-— AZOMETHINE IMINES
A\t 1 - N tle. -
/C._. N—O +—m—ns ,C:N—O NITRONES
N4 =7/ -
C-0-C +—m8m !

N >
, . /C:O—C CARBONYL YLIDES



& - » -
‘c-0-N- ———— c=0-N— CARBONYL TMINES
A /
> - N * -
L~-0-0 &——(C=0-0 CARBONYL OXIDES *

In the following discussion we will concentrate on carbonyl ylides; their

generation, their elgctronical properties, and their reactions.

»

I.1.2 - STRUCTURAL AND ELECTRONIC PROPERTIES

6,7

Walsh'sS rules and newer rationalizations of these rules, allow one to

predict the geometry of small molecules in the ground state. For example, H-X-H
are linear if there are fog{ or less valence electrons (V.E.), and bent if more
V.E. are present (H-0-H, 8 V.E., bent). H-X-Y are linear with 10 or less valence
electrons, and bent with more (H-CZN, 10 V.E., linear; CH30H, 14 V.E., bent).
Z-X-Y are linear if they contain 16 valence electrons or less, and bent if they

contain more (CO., 16 V.E., linear; $0,, 18 V.E., bent). Molecules with three

2’
separated ligands on a central atom X are planar if they contain 6 V.E. or less

for XH3, 12 V.E. or less for AXH, , 18 V.E. or less for ABXH, and 24 V.E. or less

for ABCX; if these numbers are exceeded the molecule becomes pyramidal (NH3, 8 v.E.,

+

bent; (CH,).C , 24 V.E., planar). On the basis of those predictions carbonyl

3)3
ylides (> 16 V.E.) are not linear species. The following examples show different

ylides and their predicted geometries.



: : .
Z Y\ - y - -
a i He” N G He? T N CH
18 V.E.H Mg v.eH H g yv.eH
non-1linear planar non-1inear
K | 0
P S
= - ]
HEZ ¢ N CH e~ SGH
H H ] ]
18 V.E. H 24 V.E.H
planar Planar
H H
Nog ; CH,
{ z {
+ - / -
HC” T T GH HCZ * O GH
2h V.E. o v M
Planar Pyramidal

Carbony! ylides can adopt three different geometries:8 a fully planar geometry,

0°, 0° (1a) and non-planar 0%, 90° klb) and 90°, 90° geometries (lc).

oK e ol N
. O * /, O \\\
\ / \

1b

1a 1c

The parent carbonyl ylide (2).(5 predicted8 to be a planar specjes which

will rapidly invert about oxygen but only slowly rotate about the partial CO

o

Stabilization of carbony! ylide (2) Is enhanced by electron donating sub-

double bonds.

stituents on one side and electron withdrawing substituents on the other.8 A

single cyano group was found8 to be far more effective than a single amino group



at stabilizing the carbonyl ylide (-16 and -5 Kcal/mole respectively). A second
cyano group placed on the same carbon as the first has a slightly larger stabili
zing effect than when placed on the remote carbon (-28 and -25 Kcal/mole res-
pectively). The effect of placing two cyano groups and two amino groups on

opposite epnds of the ylide is an enormous stabilization8 (=76 Kcal/mole).

Rotation around the C-0 bond becomes easy as donors or acceptors are added
{
until, in the 1,1-diaifino-3,3-dicyanocarbonyl ylide, the 0°, 90° species is more

stable than the 0°, 0° planaf'épecies.

I.1.3 - SOURCES OF CARBONYL YLIDES

Carbonyl ylides can be generated in several ways:u (i) through thermolysis
or photolysis of monocyclic and polycyclic oxiranes, (ii) by carbene addition to
the carbonyl group of an aldehyde or a ketbne, (iii) by thermolysis of A3-l,3,h-
oxadiazolines, (iv) through chelotropic extrusion of carbon monoxide from oxetanes.

(Scheme 1)}.

hv
-CO

SCHEME 1



I.1.3.1 FROM OXIRANES

\
hY

The first unambiguous‘ demonstration of the existence of éarbonyl ylides
came in 1962 with the discovery of the photochemical tautomerism of an Indenone
oxide system. 2,3-Diphenyl indenone oxide (3), upon strong heating or when
exposed to diffuse daylight turned red, and the red colour faded upon cooling or
standing in the dark.‘0 The system was thoroughly investigated. Upon U.V.
irradiation at 2600-3900°A a new sharp peak in the |.R. appeared at Cm-] 1780,
suggesting a C=0 enolate-like linkage, with weaker peaks at cm-I 1252 on bleaching
the solution with visible light the original spectrum was restored. This result
provided strong evidence that the red species was photochemically reconverted
to the indenone oxide (3). Under these conditions, an equilibrium between 2,3-

diphenylindenone oxide (3) and the red benzopyrytium oxide (4) exists, eq 1.

(1) ph ph
A or h Vv 0) ¢
Ph Ph

0 0
3 &
The dipolar species (4) was rapidly destroyed when photolysis occurred in
the presence of dipolarophiles. Irradiation of indenone oxide (3) in dimethyl
acetylenedicarboxylate, and in norbornadiene did not show any sign of a red

coloured intermediate. The reactlions afforded (5) and (6) respectively.



Another system, similar to (3) was lnvestlgated”. Upon thermolysis or photolysis

of epoxyketone (7) an equllibrium with carbonyl ylide (8) was established (eq 2).

2] Ph Ph
A o hv Y

Ph™> ) Ph

7 8
The ring opening of 3 or 7 must be disrotatory to prevent the formation of a trans-
double bond. The dipolar intermediates 4 and 8 acquire a certain stability because
the thermal ring closure back to starting material is allowed only from a con-
rotatory motion.] Finally, the ring-opening of. indenone oxides may under the

e 1
proper condlttogi be accomplished by means of a nonallowed thermal process.

Photolysis and thermolysis of 5-oxabicyclo[2.1.0]pentane (9) has been reported.‘3
Epoxide (9) was stable, however traces of acid catalyzed its rearrangement to
cyclopropylketone (10). Thermal rearrangement of 10 yielded olefin 11, which

upon treatment with acid yielded dihydrofuran (12), eq 3.

2:“——» z_<; po




A solution of (9) in benzene or diglyme gave a highly coloured Intermediate,

when heated at 100°C or when Irradiated (2537 A°) at room temperature. The

colour disappeared from the i{rradiated solution with first order kinetics and

from the heated solution upon cooling. The solution of 9 in benzene became

coloured upon irradiation, with little loss of 9, suggesting a carbonyl ylide

intermediate (13) in equilibrium withQ , eq. 4.

4] Ph A OThY Ph 0 _ph

-

h

S 13

When (9) was heated at 120°C, in cyanobenzene, no colour was produced. After
50 hours the oxide had disappgared with the formation of triphenyloxazole (14)

and tetramethylethylene, eq 5. Thermolysis of (9) in the presence of the

isomeric 1,2-dicyanoethylene gave (15) and (16,17) respectively, eq 6,7.

»

§ O

« RCN — |/

Ph

\ + (CrHy), c=C (cHg,



E 0
(6] Pn CN.  H 120 . [

o

} H CN  9H ) CN

3 15

+*

P . P CN
SiePn o CNC_ ON 120 .
% B} H” H IH
Ph H
g 16
L
¥
0
Ph
N
p
17

I.1.3.2 FROM REACTION OF CARBENES WITH CARBONYL COMPOUNDS

A different and less exploited route to carbonyl ylides is the addition of
a carbene or a carbinoid to the oxygen of a carbonyl compound.‘ Carbenes can

react with compounds containing atoms with unshared electron pairs to form

L,15 16-20

and such ylides are intermediates in many carbene reactions.

1-26 27-33 34-38
ur

Ylides of nitrogen,2 sul f halogens

ylides,I
15
and other elements form

as a result of carbene interaction with a non-bonding pair of electrons on the

34,39-41

heteroatom of the nucleophilic component, eq 8.

i
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Stable ylides were only obtained from carbenes with electron-withdrawing substit-

-
\\T/r/
>+

uents. The formation of ylides from carbene addition to heteroatoms has been

15,29,42-45 14,28 ,16,47

well documented in a number of papers and monographs.

. Ly | . .
The spin multiplicity of the carbenes > responsibtle for the formation of the

ylides was determined from photochemical data. Direct photolysis of diazomalonic

esters in dimethylsulfide gave stable sulfonium ylides,25'29 in high yields.

. . . - 48
Since singlet biscarbomethoxy carbene is generated under these conditions

28,29

(90-92%), the authors initially concluded that ylide formation only occurs

from singlet carbenes. |t was later found that ylides were also formed upon

30,31

sensitized (PhZCO) photolysis of diazocarbonyl compounds. A detailed

investigation of this process led to the hypothesis that a triplet carbene goes

30

to jts singlet state prior to the formation of the ylide. The reality of such
intersystem crossing was established during the study of carbomethoxy carbene,

acetyl carbene, and other carbenes, using the CIDNP method.qs’50

During the sensitized photolysis of various diazo compounds in allyl sulfides,

53

allyl halides, allyl ethers,5‘ allyl alcohols,52 and vinyl sulfides, the ratio
of yields of ylide reaction products to cyclopropanes decreased sharply, in

comparison with irradiation without sensitizer. These data confirmed the singlet

. . . 1
electronic state of carbenes responsible for the formation of ylides. >

T T S TR WL e



The decomposition of ethyl diazoacetate in cyclohexanone in the presence of

Sh

a copper catalyst was found” to form enol ether (18) and cycloadduct (19), eq 9.

() 3 0
O~cH-~ Okt o ot
- — CH> ‘
18
0 43%0
H 0
¢ OFt
N , X
@O %
19
4%/,

The pragbsedss carbonyl ylide intermediate can undergo a 1,4-hydrogen shift to

give 18 or it can react with another mole of ketone to give 19.

4

Dihalocarbenes, generated from the thermolysis of phenyltrihalomethylmercury

. . . 6-58
precursors, add to carbonyl groups bearing highly electronegative substntuents? >
The epoxide produced in the reaction was believed to be formed from the cyclization

59

of a carbonyl ylide,

b " l
= O + PhHgCCLQBF - & - Rkafg

eq 10.




z

However,00 reactions of PhHgCXZY with substrates containing lone-pair sub-
stituents might proceed via nucleophilic attack of the heteroatom on the phenyl
. (trihalomethyl) mercury reagent. Such reactions might go through a direct transfer

of :CX2 from the organomercury reagent to the substrate; free carbenes would not
necessarily be involved in such cases.59'6]—6“
Thermolysis of benzaldehyde with mercurial (20) in benzene at 75-80°C gives

65

eq 11. Product'Zl was believed to be derived from

11 A

PhHgCClZBr + PhCHO - - - +CO + PhCHC‘Z + Other Products
20 21

21, CO, and other products,

-

carbene 22 based on previous work which established the ease with which alkoxy-
halocarbenes lose carbon monoxide.66 Because the occurrence of 22 was difficult
to envisage except from carbonyl ylide 23, the intermediacy of the l,3-di§3|e was

strongly suggested, eq 12,

[12)

Ph HgCClzBr + PhCHO ‘*—A—_" Phx*/—gCl
H" "0 |

/ “
Cl
] - -CO
PhCH-0-C-Cl PhCHCly

22 21

N 4



Hamagushi and lbata67 reported the first synthesis of a stable carbonyl
ylide generated by an intramolecular carbene-carbonyl reaction. Thermolysis of
diazocompounds 24 in the presence of Cu(acac)2 afforded a red solid identified as
2-pheny1-5 (p-nitrophenyl)-anhydro-4-hydroxy-1,3-oxazolium hydroxide (25). The

product was stable, in the crystalline state, in the air for several weeks, eq 13.

1] == N2 CHg
02N \ / C‘QNCQ —

The formation of 25 was explained67 in terms of the intramolecular attack
of the carbene generated by the thermolysis of the diazoalkane (24), on the car-

bonyl oxygen.

[.1.3.3. FROM OXADIAZOLINES

Like diazoalkanes, A3-1,3,h-oxadiazolines can be decomposed thermally and
photochemically. It was found68 that photolysis of oxadiazoline 26 in benzene
yielded diphenyldiazomethane and diphenylketone 27 (eq 14) . When hydroxylic solvents

were used, addition products were obtained, eq 15.



[15] . N=N R
Q%\ 2 ROH g?g—CNHN:C%
Z7 "0 CV 0

Hoffmann J found that 2-acetoxvoxadiazolines 28 thermolyzed to give epoxy-
acetates 29, via a trappable intermediate. A carbonyl ylide intermediate was

proposed, and trapping experiments using norbornadiene and dimethylacetylene-

dicarboxylate succeeded, eq 16,

[16]

R%— OAc  _& RK /(OAE_ _ R _OAc
R/s 0 Hg -Np R Q ~Cghg W' :O: C

H
28 29 673
FHO00CC=C000CH, ﬂb
HaCOOC  coocHy
R/  \_OAc
R/ o~ Ceh OAc



attempted to identify the intermediate from the thermal de-

) 3

Rajagopalaq70
composition of phenyl - and acetoxy - substituted A”-1,3,4-oxadiazolines. 2-
Acetyl-5,S-pentamethyIene-Z-phenyl-A3-I,3,b-oxadiazoline(30) was thermolyzed
with N-phenylmaleimide in anhydrous benzene. Product 31 was identified and it

was deduced that 31 was derived from an elimination of a mole of acetic acid

from the adduct (32), eq 7.

1171
CAA
C AN
O ‘N2 N-Phenyl raleimide

0 N0 O{N

e
Vg o oHpon \//\o o

0 32
31
Diazoalkanes are known to add to carbonyl compounds.7‘ Bartlett72 found that

3.1,3,4-

aromatic diazocompounds readily react with perfluoroacetones to give A
oxadiazolines, via cycloaddition. Thermolysis of the oxadiazolines goes through
a carbonyl ylide intermediate to give epoxides, ketones, enols, and products of

intermolecular reactions of the intermediate with traps, eq 18. Enolether (33)

was derived from a known73 1,h-hydrogen shift in the intermediate ylide.
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[.1.3.4., FROM OXETANES

74

Oxetanes are suitable sources of carbonyl ylide intermediates.u Griffin
showed that at A = 360 nm, 2,2,&:Q-tetrapbenyl-3-oxetanone (34) may be photo-
decarbonylated under conditions where the oxirane (35) is photostable eq 19. The
colored intermediate was identical to the 39; formed from the photolysis of 35
at a different wavelength. The carbonyl ylide was generated from a carbon monoxide

extrusion in 34 and from a C-C bond scission in 35.
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1.1.4-REACTIONS OF CARBONYL YLIDES

L.1.b.7: INTRAMOLECULAR NON-DISSOCIATIVE REACTIONS

Irradiation of trans-chalcone oxide 36 in acetonitrile leads to the formation
of dibenzoylmethane 37 as a major product eq 20. Formation of 37 was first
assumed75 to arise from a C-0 bond cleavage in the oxirane, followed by a 1,2~

hydrogen shift of the R-hydrogen to the m-position (path a). It was later shown

that a carbonyl ylide was formed via a C-C bond cleavage76 (path b), prior to

the formation of 37.

[20] |
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Even though epoxides which are a, a-disubstituted with two electron-withdrawing

groups have been shown] to give trappable carbony! ylides, the one derived from 38

77

was not trapped by dipolarophiles. Compound 39 was the major product, eq 22

(22] 0. @

7<:?—~~ N 74 p N 4 \\C?
3O;<d/g — 7\9/?‘5‘“_—* >\OACN

/
Yo

found that epoxide 40, upon photolysis in

78

Similarly, Muzart and Pete
benzene, gave diketone 41 and small amounts of a product of isomerization (42),
(eq 23). In the presence of acetone the intermediate was trapped by the solvent

to give 43, with a small amount of diketone 4l (eq 24).

123)

0 0 ;j' i 0 0 ) '
RV s Q
@4% o KIJ L] 7
40 gH . i
472
1.5 % 14 °/o

0
0O Z CO;QQOC}\
, 0 ’ ¥ g
N T %
43

studied the irradiation of trans-chalcone oxides 36. When 36 was

79

Lee
photolyzed in methyl acrylate a substituted tetrahydrofuran 44 was formed in

addition to the expected75 dibenzoylmethane, eq 25.



|25]
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36
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4 COOCH

The configuration of the tetrahydrofuran adduct (44) suggested that at least

83% of the intermediate carbonyl ylide was formed by disrotatory cleavage of

the Cl-C) bond, producing a trars-,;lide (L5).

0
0

g

The data also suggested that both C-0 and Cu-CB bond cleavages occured from a

45

triplet excited state of 36.

Photolysis of p-methoxychalcone oxide (46), in acetonitrile, cleanly formed
1-(4-methoxyphenyl) -3-pheny | -propanedione (47). Photolysis in methylacrylate

decreased the efficiency of the production of the dione, and no tetrahydrofﬁ}an

adduct was found, eq 26. Photolysis of L6 occured via C-0 bond cleavage only.

SR
0 0
\z/‘\/“‘_\g__bf_,%co Ecrpl-g
H3C \ Z {° ’

&7
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When the isomeric chalcone oxide 48 was irradiated, 2-(L-methoxyphenyl)-
4-phenyl-1,3-dioxole (49) was formed rapidly with small amounts of anisaldehyde
(eq 27). This result pointed to a Ca-C8 bond cleavage leading to a carbonyl
ylide, stabilized by the p-methoxyphenyl group. The reactive intermediate can

undergo ring closure leading to 48 or it can suffer photodegradation to anisaldehyde.

(27)

OCH; —

hv

e

HyC OOCHO HEO H

These results show the importance of substituent effects in controlling C-0 vs

C-C bond cleavage.

Very recently, thermolysis of epoxide 50 was reported80 to give cleanly 2,5
dihydrofuran derivative 51. %he mechanism involved a ring opening of epoxide
50 followed by an intramolecular cycloaddition reaction giving 52. Compound 52

undergoes rapid cycloreversion leading to 51, eq 28.
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50 120"

In the presence of dimethylacetylenedicarboxylate, bimolecular cycloaddition did

not compete with the intramolecular reaction.

Pete8] succeeded in detecting carbonyl ylides, generated from a-epoxyketones,
N
from their absorbtion spectra at low temperatures. When photolyzed at TRK
N
epoxyketone 53 gave rise to a colored intermediate giving structureless visible

spectra. Characterization was made from the maximum absorbtion.
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Emitting excited state

9]
0
T

oo 585 nm (navy blue)
.k 560 nm (blue)
ToomA 575 nm (blue)
P [ R A o

Ar! ar't

C6H5 -Naphthy!

Ceie :-Naphthy

R-Naphthyl 2=Naphthy]

The colored intermediates were stable for four hours in the dark at 77°K. An

increase in the temperature or irradiation with visible light rapidly bleached

the sample.
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I.1.4.2. FRAGMENTATIONS (DISSOCIATIVE REACTIONS)

Photolysis or pyrolysis of three membered rings frequently yields products

82-84

from fragmentation of 1,3-diradical or 1,3-dipolar intermediates. Low

temperature photolysis of aryl oxiranes in rigid glass gave products according

to the following scheme 85-87
R R R~ R R, R’
RJ/\ ,//‘\ w h\) — ,/\ Iﬂ . ~—bl)——-—-—4 ,/C - C: i * [O-]
07 R Ly R" 0, R @) R R
(@)
hYor A
hY || (b) (T

’t

SCHEME 7

The lst process (a or b) involves the formation of the colored carbonyl ylide
intermediate. The second step involves a recyclization to oxirane (a or b) or
the fragmentation to a carbene and a carbony!l compound (a' or b'). Alkenes are
accounted for by an intramolecular heteroatom extrusion process (a'') or from

a carbene dimerization (c). Evidence88 showed that the colored intermediate

was most likely a carbonyl ylide.
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Phenyl substituted oxiranes were found to be precursors to substituted

aryl carbenes.89 When irradiated in methanol, trans-2,3-diphenyl-2-cyano-

-
oxirane (54) gave rise to a-methoxyphenylacetonitrile (55), benzaldehyde, and
other products. It was suspected that cyanophenyl methylene was the precursor
to the ether. This was confirmed by carrying out a separate experiment, which

involved the irradiation of diazophenylacetonitrile in methanol. As a result,

ether 55 was produced, eq 29.

)

iXE)?gN L. H}o oo

54

CHyOH

g+ - 2
>N~N by — ><H
- R4
Y CHa0H N ¢/ OCH;
55
ft would be logical to expect the fragmentation to occur both ways, giving

phenylmethylene (56) and cyanophenyl methylene. The yield of benzylmethylether

(57), derived from the insertion of carbene 56 into methanol, was less than 5%.

This meant that the fragmentation occured mostly in one direction, eq 30.

o
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e e I it

e Ceoae s

. -y

P



25

130)
30 EHW W . ixo/*%u\)

Q’ N Minor

Major

4] N
CH30H H>O '
%]
>(H
oC
H/ 5 H

90

It was predicted that the photochemical ring opening of oxiranes 58 would
give heterocyclic carbenes. Photolysis of 58 in a non-protic solvent gave benz-
aldehyde and intractable products. In the presence of methanol, 60 was isolated.

The products were explained on the basis of Scheme 3.

Generation of oxopyrazoline carbene 61 from the diazoalkane in the presence
. of methanol gave azoester 62, eq 31 The absence of 62 in the photolysis of
90

58 in methanol led”” to the conclusion that the photocheﬁfcal‘fragmentation of

carbonyl ylides 59 does not occur in protic solvents, because of the efficiency

with which methanol -intercepts that intermediate.
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I.1.4.3, INTERMOLECULAR REACTIONS

The best known carbonyl ylide is probably the one derived from the ther-

9'. The ease with which TCNEO under-

molysis of tetracyancethyleneoxide (TCNEO)
goes nucleophilic attack is derived from the strong electron-withdrawing
character of the cyano groups. In the presence of iodide ion, TCNEO affords

92

cyanogen iodide and tricyanovinyl alcoholate. With pyridine, ylide 63 is

obtained, eq 32,

132

NC N —
N Ckaﬁ ) @ @ 53
Cen,

When thermolyzed ™ an alkene, TCNEO undergoes a cycloaddition reaction with

93

the olefin. Epoxides usually undergo acid catalyzed ring opening involving

a C-0 bond cleavage, but TCNEO adds to olefins by cleavage of the C-C bond. For
example, ethylene and TCNEO condense smoothly to give 2,2,5,5-tetracyanotetra-

hydrofuran (64), eq 33. The reaction of TCNEO with acetylene gives 2,2,5,5-

€ sy -\t —2—NoL
NC’ "0” CN NC/ S0
' b4

tetracyanodihydrofuran (65), eq 34. TCNEO also adds to aromatic systems

3] NC '
R e i

—\CN
NC’ Q" CN
' 65

as demonstrated by its reactions with benzene. VWith aromatics of greater
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35} NG, CN
@ * NC%N —_— <:§2
C

94

nucleophilicity, oxygen transfer may occur,

€q 36«

36}

NC

Yo
~
l ~

QD ot —CL
H 0 { |
Q00— QLI0 -« e

Examination of three separate cis-trans pairs of olefins, 2-butene, stilbene,

and 1,2-dichlorcethylene, showed that the addition of TCNEO to dipolarophiles was
93

stereospecific.
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The carbonyl ylide from TCNEO was also trapped as a metal complex,95 eq 37.

[37) NC
P‘[P(CeHs)a L* Ne o éN

Kinetic studies of the thermolysis of TCNEO showed

B

yd
g4P

P

96

that the reaction

mechanism can be represented by the reaction sequence below, scheme 4.

TCNEO —  TCNEOT

TCNEOT + Olefin —— product

Scheme 4

96

The authors viewed TCNEO as a hybrid of biradical and zwitterionic canonical

forms, generally represented as (66), eq 38.

138] NC

_oN CoNClL
M\@ﬁ : ’ Nc%oﬁN
NG
NCXO}E%N

56

The hybrid was believed to add to the olefin by a concerted or near-concerted

cyclic process.

96

When heated to about 100°C TCNEO was found”  to be in equilibrium with a

low concentration of carbonyl ylide 66, eq 39.
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Furthermore, trans-Z,3-dicyano-2,3-diphenyloxirane97’98 (67) was found to

isomerize, via a carbonyl ylide intermediate, to the cis isomer 68 when heated

at 100°C in dioxan, eq A40.

140}

NC 3 NC g
27\_67%\1 7\/(:N*——* g

324

67

NC N

75

68

The structure of the products from the addition of epoxide 67 to acetylenic and

to olefinic dipolarophiles confirmed99 C-C bond fission.

in order to check the thermal ring opening]00 of 69 and 70, imines 71 were
used as traps. The addition of the intermediate from the thermolysis of 69 and

70 to 71 afforded 72 and 73 in over 60% yields.
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\

The proposed mechanism invoived a carbonyl ylide intermediate. Support

for that structure came from the observation that the dependence of epoxide

1,1
(X)IO , 102

69 reactivity on para substituent followed the order: OCH3 >> €1 Y

H >> NOp. This result confirmed the ionic character of the intermediate.loB"Oh

I.2. CARBENES

1.2.1. INTRODUCTION

Carbenes are neutral, divalent carbon intermediates in which a carbon atom
has two covalent bonds, and two non-bonding orbitals containing two electrons.
I f the two electrons are spin-paired the carbene is a singlet; if the spins are

105

parallel the carbene is a triplet. A triplet carbene often reacts as a

diradical.20

Singlet carbenes are electron deficient, like carbonium ions, while possessing
a non-bonding pair like that of carbanions. Electrophilic or nucleophilic char-
acter of singlet carbenes depends on the ability of adjacent groups to withdraw

20
electrons from or supply electrons to the carbene carbon.

I.2.2. ELECTRONIC CONFIGURATION OF CARBENES

A great deal of attention has been focused on the nature of the electronic

106 107

configuration of carbenes. If the difference between the energies of the
non-bonding molecular orbitals is greater than the energy required to bring a

pair of electrons together in a single molecular orbital, then both electrons will
occupy the lower-energy non-bonding molecular orbital. Their spins must be paired,
giving rise to a singlet electronic state. |f, however, the difference in molecular
orbital energies is less than the increase in electron-electron repulsion energy

from non-bonding electrons when they are brought together in the same spatial

orbital, then the non-bonding electrons will occupy different orbitals. Hund's
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rule tells us that two electrons occupying different orbitals achieve minimum
energy when their spin functions are the same, and thus such a carbene is in a

triplet electronic state. A number of articles and reviews have covered the

problem extensively. 106-103

. Singlet carbenes 50 are substantially bent (e.g. lCH2(714) B =102°), ho

whereas triplet carbenes are closer to linearity although normally still bent

3 1

(e.qg. CH, (75), 6 = 136°)

L pH H\@Q
\

~H
H
74 75
f
The spin multiplicity of carbenes can be assigned by spectroscopic tech-
nique§,50,115,116 by Chemical evidence, and by theoretical calculations.]lz-llh

1.2.2.1 "FROM THEORETTICAL CALCULATIONS

Theoretical calculations showed that as a general rule the singlet carbene
appears to be the ground state for acyclic carbenes, 2 HCX and XCX, whenever X
has a lone pair m-donor atom bonded directly to C (i.e., when X=OR, F, NRZ). Electro-
negativity of the substituent is an important, 3 perhaps decisive, factor in
determining the multiplicity of the ground state of substituted acyclic carbenes.
Electronegative substituents (e.g. F) favor a singlet ground state, whereas
electropositive substituents favor a triplet ground state (e.g. Li). Results of

] . .. . .
very recent studies by Houk T4 give more complete predictions, including the

singlet-triplet energy gap.
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1.2.2.2 FROM CHEMICAL EVIDENCE

The spin mutiplicity of carbenes had been, for a long time, inferred from

50 117-119

chemical evidence. Skell argued that singlet carbenes undergo concerted

stereospecific addition to olefins and that the corresponding triplet carbene

may add non-stereospecifically, eq Ul.

)
HaC  ,C
RN *“3'*

4oy

H CHy
3 y
L=C, + YWCHp

H H

Doering and co-workers 120 demonstrated that insertion into a C-H bond with
retention of configuration is typical of singlet carbenes, whereas insertion
with loss of optical purity is typical of triplet carbenes. Nevertheless, the
application of the above mentioned chemical criteria for assigning spin multi-

50

plicities to reacting carbenes is not completely satisfactory.

I.2.2.3 FROM SPECTROSCOPIC TECHNIQUES

Molecular spectroscopy has been used to identify singlet and triplet carbenes
generated by flash-photolysis of dilute gaseous systems and to determine the

115

structures of these species. ESR spectroscopy is a powerful technique for

. . . L . 116
studying carbenes with triplet ground states at low temperature in inert matrices.

Urry and Eiszner 121 found that, when generated in CCIu, methylene afforded
pentaerythrithyl tetrachloride (76), the formation of which requires four moles

of diazomethane per mole of CClh. The formation of 76 was explained with a ten

step radical chain mechanism, eq 42.
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k2]

.CH2 + CC[[.-————» 'CHQC[ —_— —s C(CHQCl

),

’.

G0l 76
T o CH,CCl

Roth]22 carrieq‘out the reaction in the probe of an NMR spectrometer and
observed CIDNP signals of several minor products, most prominently that of 1,
1,1,2-tetrachloroethane. The observed signal directions indicated that singlet
methylene was involved in the abstraction reaction that led to the polarized
products, and that it initiated the free-radical chain reaction leading to the

tetrachloride 76. He concluded that chlorine abstraction was a major reaction

50

of singlet methylenes.

Finally, very recently, Wong, Griller, and Sca[ano|23 observed, by laser
flash photolysis, the reaction of fluorenylidene 77 with alkanes . They concluded
that the singlet carbene abstracts a hydrogen from alkanes , in a first step,

prior to the formation of product 78, eq 43.

143
D= O J2—
i ’
77 R

I1.2.3. REACTIONS AND REACTIVITIES OF CARBENES .

78

I.2.3.1. ELECTRONIC EFFECTS IN THE CARBENE

Although substituents have a great influence on nucleophilicity and electro-

-1
philicity of carbenes, most singlet carbenes behave as electrOphiles.IZA 30 A
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. | .

quarter of a century ago Doering and Hoffmann 3 reported that dichlorocarbene
and dibromocarbene add to simple alkenes generating cyclopropanes. Efforts were
made to characterize carbenic addition reactions experimentally and theoretically.

132 . 133 . . ..
Skell and Doering carried out relative reactivity measurements. Two
alkenes were allowed to compete for an insufficiency of carbene. From the product
mole ratio of the corresponding cyclopropanes, corrected for the initial mole
ratio of alkenes, the relative reactivity toward the alkene pair was calculated

CBrz]32 and CC12]33 were found to be electrophilic toward simple alkenes.

Resonance eftects, in singlet carbenes, can operate i1n one of two ways both
of which result in a net stabilization of the intermediate, relative to methylene.
When one of the substituents is an electron-withdrawing group, stabilization results

from conjugation, eq 4h.

-

o

[44] Hoo ¢ H %

N T 0Et e——— N7 Nogt
Y £ N

Carbe'thoxy carbene (79) is more electrophilic than methylene.3h Lone pair substituents
can act as electron-donating groups, stabilizing the divalent carbon through con-

jugation (eq 45), and making the carbene more nucleophilic than methylene. Relative

»

[4 5] o +

. 134
reactivities of m- and -p-substituted phenyl carbenes have been found 3 to be:

m-Cl>p-Cl>p-CH_>p-0CH. .
p-Cl>p 3p 3
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4 e . .
Some unifying concepts emerge upon examining the literature. An order of
increasing electrophilicities of carbenes has been developed by Harrison]35

:CF2>:CHF*'CH2 and .CF2>:CC12>-CBr2>:CIZ>:CH . More strongly electron-donating

2

substituents increase the nucleophilic character of the carbene and thus raise

the activation energy for electrophilic addition to olefins.‘6

Increasing carbene selectivity is generally encountered with increasing

substitution of methylene hydrogen atoms by halogens, carbalkoxyl, aryl, and
~
alkyl groups. Generally the greatest enhancement is achieved when methylene is

. . 1 . . .
disubstituted. 6 An order of reagent selectivity toward addition to olefins has

been developed by Skell and Cholod 136 CH2<.C8r2‘Me2C=C=C":CCIZ-.CFZ. Skell

also interpreted this as the order of decreasing electrophilicities of these

singlet carbenes.

A formula‘28 was developed allowing predictions of the nucleophilicity and
electrophilicity of carbenes. Only singlet carbenes were considered. The

following conventions were adopted;]37 a standard set of alkene substrates (MeZC=

CHeZ, Me2C=CHMe, He2C=CH25‘cis-MeCH=CHHe, and trans-MeCH=CHMe), with Me_ C=CMe

2 2

as the reference alkene (ko=1.00), and a standard carbene, CCIZ, were used.

Relative reactivities were measured for CXY (X and Y substituents on the carbene)

and for CC]2 at 25°C. The ''Carbene Selectivity Index't, was defined as the

ki ki . . .
least-squares slope of log (T) vs log () . Multiple linear regression
138 ko’ CXY ko CC]Z

MCXY’

analysis of the dependence of M (obs.) on ot an Op» afforded the dual

CXyY R

substituent parameter correlation (eq 46) in which & represents the sum of the

“X,Y
138 139

appropriate 3 constants

[48]

for the substituents of the carbene CXY.
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A 'carbene selectivity spectrum'', towards olefins, in which carbenes are

positioned according to experimental or calculated MCXY values was developed and

is shown be!ow.m0
PhCF CH3OCN(CH3)2
C8r
z CEC) C(OCH3)2
CCI2
BrCCOOEt PheC
CFz CH30CF
CH,CCI *

PhCB CHSOCCI
L '
0 Electrophiles 1 Ambiphiles 2 Nucleophiles 3

IS
Acxv

" = Calculated.

1.2.3.2. ELECTRONIC EFFECTS IN THE OLEFIN

Since most carbenes are eleqtrophiles, the addition to olefins would be

facilitated by electron-donating groups on the double bond.

Aryl substituents (styrenes) have a slight accelerating influence on the

addition of carbenes, which proceeds more rapidly than the corresponding addition

] . . . .
to cyclohexene. b1, 1h2 tn contrast, fluorine substitution on the olefin has a

143-146

decelerating effect on the carbene addition reaction.. Similar deactivating

effects have been found when |-carbalkoxy|ll{7 and l—acetylm8 were substituents

on the olefin.

e Bmnaon e

T Tt ey el 1 e
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The rates of addition of singlet and triplet carbenes to monoolefins are
often comparable, although a rate preference for addition by the singlet species
is sometimes observed. However, when the olefin is a diene there is a marked
preference for the triplet species over the corresponding singlet species. Step-

‘wise addition of the triplet affords a diradical intermediate stabilized via

4,129,149~-152

resonance. The addition of triplet carbenes to dienes affords

mostly' 23 1,2 addition products, eq 47.

V7] . NC CN
(NC)ZC: + . .

NC”CN
70 18/

I.2.3.3. STERIC EFFECTS IN THE CARBENE AND THE OLEFIN

Steric hindrance would be expected to be more important for carbenoid addition
to olefins than for carbenes. For carbenoids there is a greater degree of olefin
bonding to the divalent carbon in the transition state than for a free cérbenei‘su
Furthermore, the steric bulk of carbenoids can be enhanced through solvation
effects in polar solventsl29 and/or by proximity of the metal atom or the ligands

. A . - I
around the metal in a three-centre addition site in the transition state. 55

The reaction of triplet diphenylcarbene with olefins has been investigated.l56
Dipheny!l carbene (triplet) is known to react with olefins in the normal addition
way, and also by radical hydrogen abstraction and radical recombination (process

known as '‘abstraction-recombination' instead of ”insertion”h’129’157—159). Jones'56
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demonstrated that the preference of one path over the other depends on steric
factors presented by substituents in the olefin. The competing abstraction-

recombination process, observed some years ago for reactions of diphenylcarbene

. 160~ . . .
with 2-butene, 60-162 is unusual in that other triplet carbenes do not generally

undergo this reaction with olefins. Jones,|S6 study demonstrated that the

abstraction-recombination reaction is not an inherent feature of the reactivity
of triplet diphenylcarbene, but instead it depends as well upon the nature of

156

the olefin with which the carbene reacts.

I.3 CHEMICAL AN ELECTROCHEMICAL OXIDATICNS
" i

I.3,1. CHEMICAL OXIDATICONS

63

The first reported] use of lead tetraacetate (LTA) was made by Dimroth in

1923, in the oxidation of ma}onic esters and aryl substituted methanes to acetoxy

derivatives. Concurrently,Criegeel6u studied the conversion of olefins to di-

165

acetoxy compounds, and the use of LTA to cleave 1,2-diols, LTA is a versatile

reagent which reacts with sugars,l66 sterols,]67 oximes,]68 's,e.micarbazones,169"70

171 172 173

hydrazones, azimnes, and many other nitrogen compounds.

174,175

Its versatility

and its synthetic utility have been reviewed extensively.

When a suitable cyclization site occurs in the ketone substituents of the
ketone hydrazones, at the 4th or 5th atom from the methine carbon, a cyclic product
is obtained upon oxidation with LTA.]76 A probable mechanism for the cyclization

is a nucleophilic attack by the carbonyl oxygen on the sz carbon of an organolead

intermediate, eq 48.



4

48]

! -
(CHp _ | 5+ PdOAdp .+ OAc
C-0 {+

In the case of 80 the €,C double bond is not nucleophilic enough to cause

cyclization analogous to that which occurs with a carbonyl group, eq 49,

[4) PbOAC 5
Ry .
C=N-N-
]
(CHz}«Z —> no cyclization
i
CH=CH,
80
Fr ]771178 . .
eeman used LTA oxidation to generate azoacetates 81 that were used

to synthesize substituted cyclopropanes, 4q 50.

(50}

R, R '

- R OAc

Wl N N VAN
~ - 1 +

R_, g R N Lewis Acid R!, 2

81
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Hof fmann first reported that ketone-carbonyl hydrazones of type 82

readily cyclize upon treatment with LTA to A3-l,3,h-oxadiazolines 83, eq 51.

[51) _
R N
\C:N‘Nﬁ}R — LTA - R QAC

Rﬂ/ O R O
82 83

He envisaged an ionic mechanism for the formation of 83 involving a loss of acetate
ion from azoacetate, followed by attack on the resulting carbocation by the
carbonyl carbon. Norman]82 also reported this cyclization, but proposed a polar

mechanism that does not involve an azoacetate intermediate, eq 52.

(52) ,

Q(ACO) /p:O! - ’ OAC
PD N =
ACO N:(j’

N

R

I.3.2. ELECTROCHEMICAL OXIDATIONS

I.3.2.1. INTRODUCTION

196

The fundamentals of electrolysis were first proposed by Faraday in 1834

and applied to organic synthesis in 1854, Electrochemical synthesis reached a
pegk. in the 1920's and, because of a lack of equipment for further advances, was
abandoned until the early 1950's. With the growth of electronics a new interest

197

has appeared giving a new life to electrochemical synthesis.

e B A1
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Electrolysis starts with an electron transfer to form a reactive species.

198

This reactive intermediate goes on to yield a number of products. A lot of
. . \ 198-200 ,
material has been covered in the literature on electrochemical cells,
solvents, and solvent supporting electrolytes.
A brief survey of anodic substitution reactions will be presented, in this
. . 1 .
section, covering C-0 98 C-N,I98 C-Clo‘ and C-F202 bond formations.

I.3.2.2. ANODIC OXIDATIUNS

a - C-0 bond formations

The main example of (-0 bond formation is anodic alkoxylation.]98 Anodic
alkoxylation can be performed in either strongly basic systems, such as alcohol/
alkoxide, or in neutral ones, e.g. alcohol/tetraalkylammonium tetrafluoroborate.

205 06,207

Substrates like N,N-dimethylaniline and N,N—dimethylbenzylamine2 are

methoxylated in 90 and 60% yield respectively, eqs 53, 5h.

(53] CHy . CH0CH;
-2e / by
FN T N .
CH3 +OCHg CH
[&J /CH3 e gCFb/CFb CH20CH;
oHpN_ e FOHANC L g
CH3 :oc CHg NCHg
! }‘b QOO/C 800/0

203-204
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Anodic reactions of the methoxylation type often permit unusual reaction path-
ways due to the fact that carbocations are generated in strongly basic media.
The Wheland intermediate can be trapped to give the anodic addition product from

an aromatic derivative. As an example 1,4-dimethoxybenzene (84) is oxidized in

the presence of methoxide ions to form diketal (85)

(55}

in high yields, eq 55208 203

- . 2e H;CO OCH3
HACO C -
: < / g +20CHy ><)< OCH3

H3CO
84

88°/o

Synthetically useful intermediates can be prepared from anodic additions, as

shown from the anodic 1,4-bisalkoxylation that

eq 56.

56)

furans undergo with high yields,210

Ly e R0 [\ OF
0 +OR H

o~ H

Anodic nitration is an example of C-N bond formation. Nitration competes

with acetoxylation during anodic oxidation of alkylarenes in acetic acid/ammonium

nitrateZII-ZIQed 57. From alkyl arcnes only a-nitrates are formed. |[f no a-
[57] -2¢€°
AcCHy — S
3 NO; ArCHyOAC +  ACH,ONO,

CHCOOH
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position is available, o-nitrophenols are produced in low yields (eq 58). Phenol

(86) is probably formed by rearrangement of nitrateslsh.
(58] )
e
e T i 2 \ + |Isomer
+ H ~_"NO
+NO Z
3 H

86

An example of (-C bond formation is the anodic cyanation. Two types of
aromatic cyanatlonz reactions were observed from electrolysis of acetonitrile
solutions of tetraethylammonium cyanide containing aromatic substrates. One type
was the replacement of aromatic hydrogen in orientations typical of electrophilic
aromatic substitution reactions. With di - and trimethoxy benzenes, direct re-
placement of a methoxy group occurred only when methoxy groups were situated in
ortho and para positions. With anisole or meta-oriented methoxy groups reaction

of type one occurred,ZOI

eqs 59-61.

[59]

(EXNCN
\ 7 W—H\Cticr\l 7 [ on

[60]

)

HaC 0X\  /jOCH;- (EXuNCN H360<\:T>CN
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OCHg ‘- OCHg
H3CO~</T\ *‘~—<-E»Q£'-N~C—r\—j~-»~-’ H5CO 7 \\cN

d - C-F bond formation

The electrochemical method of fluorination consists of electrolyzing a liquid
hydrogen fluoride solution containing appropriate starting compounds, dissolved
or dispersed, at a voltage lower than 8 volts. Voltages between 4.5 and 6 volts
are used and are insufficient to liberate fluorine gas but sufficient to cause the

generation of fluorinated compounds at the anode.202

Organic gases (CH“, CZH6, C““S) which are not very soluble in hydrogen fluoride
5
can be fluorinated electrochemically in the presence of a conductivity additive

(potassium or sodium fluoride) to yield highly fluorinated products in the following

current efficiencies, eqs 62,63?02’ 216-219

162)

CH, ————  CF, (81%) , CHF3(1P/6), CHpfp ,CH4F

l63]

CoHg —— CQFE;OSO/O\ , C2HF5 (\5.3°/o> 7CQHZE'<[,2'/O\}, CF[‘(OBO/c>

Electrochemical fluorination of hydrocarbons occurs usually with poor yields;

n-octane was converted into perfluoro-n-octane in 11% yield,zzo-223 n-hexane gave

CGF]h in 22% yield and methylcyclohexane gave C7Flh in 16% yield.zo2 Partially

fluorinated hydrocarbons are rore soluble in hydrogen fluoride than their non

219

fluorinated counterparts. As a result, the yields of fluorinated products are
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much higher. Thus 2,2-difluorooctane, respectively, gave the perfluoro compounds

in 80%, 62%, 62% and 403 yields.2%2

Finally some examples of electrochemical fluorination of organic molecules

are shown in eqs 64-67,

164
CHiCHCH -

-2e

- C%COONQZZ[‘
HF qoc/e

165

02

(XC}‘@?)CHQ ._-‘__2,9,- — O(CF2>36F22
| — (|

HF
42 °/e
6] 0 : 0
CHyl F Mg%_e—-«*m» CRatF 202
75-85 /e

[67]

s — e CrSy +(oRpse™
57% 5.3
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RESULTS AND DISCUSSION

RD. 1 OVERVIEW

As shown in the introduction (p. 5 sec I.3.3) carbonyl ylides can be

generated from the thermolysis or photolysis of A3-l,3,h—oxadiazoline5. In
order to propose a mechanism for such a reaction, a search for potential inter-

mediates as well as an identification of the products have to be carried out.

Scheme 5§ depicts the various possible pathways in the thermolysis of
oxadiazoline B. One of our objectives was to determine how the loss of nitrogen

occurs, from the oxadiazoline, in order to et to the carbonyl ylide intermediate,

/XTOR
H3C

OR
3% A~
H.C OR H3C 0 T
N d >’+0
H3C/ "0” R ‘ b H3C
kB
f12 C: F{3(: Ff
SCHEME 5

eq 68. Once generated the ylide (scheme 5) can fragment into carbenes and carbonyl
compounds (a and b), can undergo a 1,k-hydrogen shift to give an ether (c), and

can cyclize to an epoxide (d). Because of the interest in carbenes and in their



b9

(68) H3C7zﬂ$‘;orz
H3C 0 ’

? - B ?

— - —
— (] —

H4C .~OR__, H4C £ OR H3C\, OR
H3C O/\R' ——’ chﬁo/gL (——-‘ H307\O :

reactions, oxadiazolines are an attractive source of those transient species. The
fact that ylides, under our conditions, cannot give carbenoids, makes the concl-
usions about inherent properties of carbenes more reliable. In an attempt to

4

favour one path (scheme 5) over the others, substituents n oxadiazoline B were

changed.

RD. 2 SYNTHESIS OF OXADIAZOLINES

The oxadiazolines were synthesized from the reaction of hydrazine hydrate with
the appropriate ester to give the corresponding hydrazides. The reaction of the
hydrazides with a ketone gave the hydrazones which were oxidized (LTA or electro-

chemically) to the corresponding oxadiazolines, eq 69.

[69] IQ ’Q
NHoNHp:Hy0 + R'EOCH3 —— RCNHINHY

Q1] ut ,(.J. R”
RONHNHp  + RCR" ——— RENHN=C

R

”n i

3 R LTA or -e N
RCNHN=C{ xet LR OR

R ROH RO 07 W

I N P P
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A mechanism for the oxidation of ketone hydrazones must take into account
the work done by several workers on LTA oxidations (p 41 sec. I.3.1). A big
similarity is found between the oxidation of benzoyl hydrazones to 2-acetoxy-A3-

179-181

1,3,4-0xadiazolines, reported by Hoffmann and by Normanl82, and the work
reported here. Different polar mechanisms have been suggested by each worker.
The mechanism by Norman (p 42 ) seems very attractive. Following an intramolec-
ularly promoted decomposition of the hydrazone - lead complex, the resulting
cation is attacked by an acetate ion leading to oxadiazoline 83 (p 42 ). Norman
assigned the oxonium ion mechanism on the evidence that, in methanol, a methoxy

group rather than an acetoxvy group w~as incorporated into oxadiazoline 83. In

addition to Norman's mechanism, an alternative ~echan:sm can be proposed, scheme 6

0 R .‘ \\\ R .

RCNHN=C.  +  Pb(0AQ, ——— RN .+ OAc
R

o

'R
Pb(OAc)

R y :ZXOAC O
OA
R7 ™0 ?b( %

e o
R< :xOR / + PHOAC), +HOAC —OAC

SCHEME 6
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Scheme 7 depicts a possible mechanism for the electrochemical synthesis of

oxadiazolines.

. N

) /R' -e At /R” AR
0 o+ N7 4 //

R R R/ NG
N +

H
e
. potomas ] v o
R (R L ROH__ R AP
iy / 7 I
REO scre - RUO
0. 5 EFRECT OF SOLVENT CRAMGES ON TE THERMAL DECOMPCSITIN OF Z-METHONY-,3,5

TRIUETﬁY£:;?;}iéli:OXAplfggilyg.

RD. 3.1 THERMOLYSIS IN 1, 1-DIPHENYLETHYLENE AND TN CCiy

Thermolysis]gs’zz5 of methoxyoxadiazoline 87 in 1,1-diphenylethylene gave
acetone, methyl acetate, 2,2-dimethyl-1,1-diphenylcyclopropane (88), ('H NMR{CCly/
THS) 5,1.12 (S,2H), 1.25 {S,68), 7.20 {m, 10H}), and 1 -methoxy~l-methyl-2,2-dipheny~
lcyclopropane (89), ('H NMR (CC)Q/TMS) §, 1.16 (m, 4H), 1.25 (d, J=9.0 Hz, N
3.10 (5, 3W), 7.30 (m, 10H)); mass spectrum: m/z = 238 (M+}. Those products were

readily explained in terms of dimethyl and methoxymethyl carbene intermediates,

eq /0.

0l |

H.C L oc C=CH, Q Q

3 3 2 L CHCCHy + CHCOCHg
H3C O H3 o

87 H4C, CHa H3C OCHy

gl H Y P H
. o8 B gq 1
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Thermolysis of 87, in CCIQ, followed first order kinetics (k79'S c=|.b X

]0'5 sec_l, Fig. RD.1), and gave acetone, methyl acetate, chloroform, and
chlorinated products 90 and 91. Those results provided further support for

carbenic intermediates, eq 71,

[71]
CCl, Q Q
7£‘xgm*b > CHaCCHg + CIH3COCH3 + CHCl3

CH3 OCHs /H
byt 2=
cha - 3 cti H
390 391

The =xper.~enta' evidence led tn the proposed mechanism, scheme 8.

H3C 0 H3 H3C
CHy

CHs % 0
gx . CHjDGh CHlCHg  + <;H3
- C
3 CCly, \
0oC
ccly, Cl M3
CHs C%C Hg
CCl Cl,C 0OC - HCl
fiy 3 3 o H3
H/ \H

SCHEME 8
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RD. 3.2 THERMOLYSI® IN CD3OU AND IN CH3Oﬂ

- €D
a C 3OD

Thermolysis of 87, in CDBOD, followed first order kinetics (k79’5 ‘. 5.3 x 10—6

sec"', fig RD 2) and afforded??> ketals 92 and 93, eq 72.

CH3C OD ﬁ /KOCHa H c O(,H'g
+

H3C
92
Compounds 92 and 93 were not separated, but their structures couyJd be interred
from the 'H NMR spectrum of the mixture. Thus, a singlet at § 1.19 was assigned
to the ketal gem-dimethyl groups of 93 and a multiplet at § 1.15 (3JH0=1.2H2)

was assigned to the deuterium coupled acetal methyl group of 93. Similarly, a
multiplet at § 1.00 (3JHD=L.2Hz) and a singlet at § 1.92 were assigned to the
gem-dimethyl and the orthoester methyl groups, respectively, of 92. Integrals of
the above-mentioned signals corresponded to a product ratio of 1:2, and that ratio
was used to assign the methoxy singlets at § 3.26 and § 3.56 to 92 and 93, respec-

tively. The yields of 92 and 93 were found to be 69% and 29%, respectively.

&)

- 0
b CH3 H

In an evacuated sealed tube, oxadiazoline 87 was thermolyzed at 79.5°C, in
methanol. At the end of the reaction, the tube was opened and dilute HCl was

added. The main products are shown in eq 73.

(73] _

H3C OCHa 1.A,CHgOH Q 0
3 3 .
Hae/ ooy 2L HC CHsC.CPe + CH4COCH;

87

+ (Org), CHOM + (HiCO), CHeH
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Support for the structures of the products came from GC analysis and NMR

spectra.

‘H NMR (5,c0300, TMS) : Z.II(s),CH3COCH3; 2.01 (s,3H) and 3.61 (s,3H), CHy
COOCH ;3 1.07 (d,6H, J=6.0 Hz) and 3.89 (sep, IH, J=6.0 Hz), (CHB)ZtHOH; 1.26
(4, 3H, J=5.5 Hz), 3.29 (s,6H), and 4.51 (q, IH, J=5.5 Hz), (CH3O)2CHCH3.

Isopropyl alcohol was further identified by comparing the FT-IR spectrum of
a component of the reaction products (separated by GC) to that of authentic sample.

IR (gas phase, cm_‘): 3361, 2978, 2893, 1463, 1378, 1237, 1146, and 1089.
¢ - Proposed mechanism

The proposed mechanism for the thermolysis of oxadiazoline 87 in CC\A involves
a 1,3-diradical (carbonyl ylide) which fragments to give methoxymethy! and dimethyl

carbenes (scheme 8, p 52 ). If that were the case in methano} also, the carbenes

227-23k4

would further react with the solvent by a known 0-H insertion to give the

products shown in eq 74

74 oom QCHs
CHOH 3

—_
t S

c Cfyy O

CH CH
>3 CHyOH >§H
. -y OC}_‘S
CHg CcH
. 3 94
The absence of acetone and methylacetate from the reaction in CD.0OD coupled

3
with the absence of isopropylmethylether (94) from the reaction in CHBOH indicated

that no fragmentation occured and that the carbonyl ylide intermediate was trapped

by the solvent, scheme 9.

[ RO e
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H 3678_—}%00”3 A OCH3
H3C 0 ¥h Q%pH H3C /Rg

e o
3 QC )gOCHs H3C>< XOCP&;

H+

H*

0 0
(CHy), CHOH + CHACOCH; CHCCHg + (M0}, CHeH

RCHEME 9

Houk, Griffin, and co—workerss, published results of theoretical studies of
structures and reactions of substituted carbonyl ylides. One of the questions

addressed in that paper cancerns their fragmentation, eq 75

.[75} X - /0/X>: + O:<Y
ﬁO/( b\'x Y
>IO + :<

o N
R VI



58

The authors' conclusions about fragmentation, based on their studies and on

the literature, included the following:

i) Fragmentation of carbonyl ylide (X=Y=H) is endothermic by about 38Kcal/

e

mole

ii) One amino substituent (X=NH2) decreases the thermodynamic barrier to
fragmentation in either sense and path a, leading to aminocarbene may
actually be exothermic.

iii] Thermal frdgmentation of a carbonyl ylide from a coplanar ground state

(0°, 0° comformation) is a disallowed process.

Experimental evidence for thermal fragmentation of carbonyl ylides is meager.
One unambiguous example is the observation that a photolysis-warm=-up procedure
produces more fragmentation products from aryloxiranes than does photolysis alone?8
eq 76.

The amount of fragmentation produced by this procedure was estimated to

be 20-25 times more than that originally produced by photolysis alone.

g
M PSR H>‘ * 0'<;

[n the thermolysis of methoxyoxadiazoline 87, the only direct evidence for

the formation of a carbonyl ylide pertains to methanol solvent. It is very likely

that the same intermediate is formed in CClb. The similar magnitudes of the first

order rate constants (k79'5 = 5.3 x 10-6 sec_], k79'5 = 1.4 x 1077 secdl) would é
CD3OD CCIu

have to be fortuitous if different mechanisms were In operation. It is now well

known that a small decrease in rate constant, for the thermolysis of a cis-
-

. . 235
azocompound, occurs as solvent polarity is increased. 3

b e e, e
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In order for the ylide intermediate to fragment thermally to carbenes and
carbonyl compounds, it must either have a non-planar ground state8 or else a
non-planar state must be readily accessible from a planar ground state. Cal-
CUlation58 indicate that a donor substituent reduces the barriers to rotation
of a 0°, 0° conformation to a 0°, 90° conformation. It is interesting that
there is apparently little preference for one fragmentation over the other
(CCIQ results). The theory8 foi’amino-substituted carbOnyl'ylide predicts
that the 0°, 90° conformation would have the shorter bond between amino-sub-
stituted carbon and carbonyl oxygen, and fragmentation would give mostly
aminocarbene. This feature is presumably offset, in the present case, by the
greater stabilization that the donor substituent affords to a carbene as

compared to a@ carbonyl compound.

I3

RD 4 SUBSTITUENT EFFECTS ON THE RATES OF THERMOLYSIS OF OXADIAZOLINES

RD 4.1 HAMMETT PLOT

Scheme 10 depicts the various possibilities of bond rupture and bond for-
mation occuring in the transition state for the thermolysis of oxadiazdline Bi
In the case where R=R'=R“=CH3, thermolysis in methanol goes via a carbonyl
.ylide intermediate which could be generated through a concerted or non-concerted
loss of nitrogen (path a or b). Thermolysis of the same oxadiazoline in CCIh
gives carbenes which could arise from diazoalkanes generated from concerted or

non-concerted C-N and C-0 bond ruptures (paths ¢ and d).

In order to determine if the same intermediate is involved in both solvents,
2-methoxy-2-{p-substituted phenyl)-S,S-dimethyj—AB—l,3,h—oxadiazolines(c) were
synthesized and thermolyzed in CCly and CD3OD at 49.2°C. The following results

were obtained (tables RD.1 and RD.2, figs RD.3 and RD.4).

b iy
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TABLE RD.1. FIRST ORDER KINETIC DATA OF THE THERMOLYSIS OF C AT 49.2 * 0.2°C IN CCI

4
R S k x IOSsec-‘ t1/2 min Correlation
Coefficient C.C
OCH3 ccly, 2.57 Ly7 0.9986
}
CH3 CCIQ 3.68 313 0.9991
2
M ey, 5.00 230 0.9994
3
Cl Cclq 7.56 162 0.9988
4
CF3 cely 10.40 112 0.9987
5
No2 cc1b 39.50 30 0.9984
6
TABLE RD,2. FITRST ORDER KINETIC DATA OF THE THERMOLYSIS OF C AT 49.2° * 0.2° IN ¢D,0D
R s k x 107sec] €172 min. c.C.
oan co3oo 1.57 736 0.9987
]
CH3 c0300 2.05 560 0.9996
2
H co300 3,16 365 0.9981
3
Cl CDBOD 4.76 242 0.9950
4
CF3 co3oo 9.68 119 0.9990
5
No2 CDBOD 38.30 30 0.9983
L__6_.._ —— —
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H4C OCl3 ~
1
\_/ |
C R !
The rate of decomposition of the methoxyoxadiazolines was enhanced by electron-
withdrawing substituents on the benzene ring. A linear Hammett Plot was obtained
with pCCll‘ = 0.76 and pCD3OD = 0.94 against o~ (tables RD.3 and RD.4, fig RD.S).
TARLE RD,3. HA/NETTPLOT DATA {CCIJ)
i Rt R SRR S s:
| p-R kalO kR/kH log EB. 'Ip N
? ki
.
| 0CH, 2.6 0.52 -0.28 -0.20 ‘
CH3 3.7 0.7k -0.13 -0.17
H 5.0 1.0 0 0
cl 7.6 1.5 0.18 0.23
CF3 10. 4 2.1 0.32 0.54
NO2 39.5 7.9 0.90 1.24
p=0.76
C.C = 0.9912
;
{
]
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TABLE RD.4. HAMMETT PLOT DATA (CD3OD)

p-R kg X 10° kR/ky, log kR o,
Ky

OCH, 1.6 0.50 -0.30 ~0.20

CH, 2.0 0.63 -0.20 -0.17

H 3.2 1.0 0 0

cl 4.8 1.5 0.18 0.23

CF, 9.7 3.0 0.48 0.54

NO,, 38.3 12.0 1.1 1.24

p = +0.94 )

C.C. = 0.973

The small p values (pCClh = 0,76, pCDBOD = 0.94) indicate some development
of negative charge at C2 In the transitlion state. 1t is noteworthyzu%hat even
when the p values are low, the reactivity of the p-nitrooxadiazoline Is better
correlated with ¢  than with g. Because the thermolysis of the oxazlazolines
follows a Hammett correlation, in both solvents, with similar p values, tbe

intermediate must be the sare.

2. MECHANTSH OF NITROGEN LOSS

In order to check whether the Nl’-C5 bond is also broken in the rate deter-
mining step, several other oxadiazolines were syr.thesized and were thermolyzed

In CCIQ and CD3OD. The kinetic results are shown below.
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) . ‘ " _ R
TABLE RD.5. FIRST ORDER KINETICS FOR THE THERWOLYSIS OF W

R R'
R R R k x 10"2sec”! t1/2min c.c. T°C [s]
CH3 CH3 CH3 1.4 780 0.9969 | 79.5 cc1h
t-Butyl| CH CH 34.7 55 0.9996 | 79.5 ccl
3 ;3 4

CHy CeHs CH, 5.0 230 0.9994 | 49.2 cely,
CHy CHy cyclow| 1h.1 81 0.9965 | 79.5 ccly,

propyl
CH, CHy CH, 0.5 2220 0.9973 | 79.5 cpsoo
t-Butyl CHy CHy 13.0 85 0.9994 | 79.5 go3oo
CH, C6H5 cu3 3.2 365 0.9981 | 49.2 c0300
CHy , CH3 Cyclo- 6.3 183 0.9979 | 79.5 CDBOD

propy |

¢

With methoxyoxadiazoline 87 (RnR'nR“=CH3) as the parent moleéule, the
following conclusions can be drawn: )
| - )

i) By changing R' from CH3 to phenyl, the'rate of thermolysis of the oxa-
diazoline was drastically enhanced in both solvents. With R'=phenyl, the rate

is b and 6 times faster at 49.2°C than with R'=CH3 at 79.5°C, in CCIQ and In

CD3OD respectively.

|
I

i\) Changing the substituent at C2 from Wethoxy to t-Bhtoxy enhances the

rate by 25 and 26 times in CC\h and in CDBOD ﬁespectively. This could be due

|
to steric acceleration by bulky t-butyl group.:

L}
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Substituent changes at C2 and CS affected the rate of thermolysis of

oxadiazoline 87. Furthermore, an attempt, by Dr. P.J. Smith, to synthest ze
Z-methoxy-Z,S,S-triphenyl-A3-l,3,h-oxadiazoline (R=CH3, R'=R”=C6H§) failed in

the sense that the oxadiazoline was decomposing upon work-up at 10°C. From

those results one can conclude that at the rate determining step, both CZ-N

and CS-N bond scissions are involved.

The products from the thermolysis of methoxyoxadiazoline 87, in CD,0D,

3

were those of trapping of a carbonyl ylide. Thus routes ¢ and d (scheme 10)

which do not giye rise to a carbonyl ylide intermediate can be ruled out.

Route b, which involves a CZ-N bond scission, is ruled out because of the

effects, of substituent changes, at C, and C5 (scheme 10), on the rate of ther-

molysis of the oxadiazolines.

Route a (Scheme 10) leads to a carbony! ylide which depending on the

substituents and the solyent, undergoes fragmentation, trapping, cyclization,

and/or an intramolecular 1,h-hydrogen shift.

r

RD.5. REVERSIBILITY OF THE FRAGMENTATION OF THE CARBONYL YLIDE

Carbenes are knownls to react with ketones to form carbonyl ylides. The
carbenes farmed in the thermolysis of Z-methpxy-z,S,S-trimethyl-A3-l,3,&-
oxadiazoline (87) in acetone-d, would be expected to react with the solvent

to form carbonyl ylides, 95 and 96, according to the following scheme,
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H c{ SQOCH H
3 3 s C % 0ClH
; L, H3 3

8

CHa OCHy CHs 0

> C O<C 0 =+ <¢

CHa K CHs .
0 .

VlCDggCDB Jc D4CC D,

0C,C OCH
: 3 7( 3
cD
3 D~C )EH
H3C O/g 3 0 ‘ 3

SCHEME 11

Carbony!l ylide 95 is known237 to add to acetone-d6 to give hexamethyl-1|,

3-dioxolane-d,, (97), eq 77

[77) ‘ 0 D3C CD’3

/&gc CDECDy X \Z')g

Carbonyl ylide 96 would be expected to fragment in the same fashlon as its

non-deuterated counterpart (87a) to give propene-d6, scheme 12.
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DAC OCHq * e
Fo + D/—
D3 CHa
SCHEME 12
RD.5. 1. IDENTIFICATION OF PRODUCTS

Methoxyoxadiazoline (87), upon thermolysis in acetone-ds, afforded the

products shown in eq 78.

(78]
D3C CO3
H OCH3-—-—-—-—-——) H3C OCH3 O OCH;
BC Ry ’ H ¢/ ™o cHy
C
03 4°/ +isomer 99@50/0
y [)3(: C:[}3 9
*H>:<H D)-‘—-‘QED3 HaC . (CH?)ZCDCDZ&CD;;
240/0 o/o HSC 101 <6 50/
100 (115% )
c
%gcm CH3COCI-L:; "3 O)cocoﬁcog
- 0% 46/, H4C

102 (4/s)
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a - TDENTIFICATION OF PROPENE -d6

A solution of authentic propene in CClu was injected into a 10% FFAP column
heated at 40°C (flow rate 25ml/min), and the FT-IR spectrum of the olefin was
recorded. Propene was the first eluent, The first eluent, from the injection
of the mixture of products of the reaction under the same conditions (into the
same column), had an FT-IR spectrum which contained the same bands as,that of
authentic propene, plus additional bands at cm“I 2295, 2264 and 2217, due’to

C-D stretching in propene-d, (calculated values: cm—] 2283, 2252 and 2205).
6

The 'H NMR spectrum of an authentic solution of propene in CClh was iden-
tical to that of the product from the reaction The proton and deuterium NMR
spectra were run on a 4OOMHz NMR spectrometer and the chemical shifts of

propene and propene-d, (acetone-d, solution) are reported below:
6 6

H CH3 D /CD3
I~ TN
H H D D
8 1.69 1.73
4,91 .89
4.99 5.06
5.78 5.71

Furthermore, propene, from the reaction, was converted to 1,2-dibromo-
propane by adding a Brz/CClh solution to the reaction mixture. The bromoalkane
was collected from a 20% DEGS column heated at 140°C (flow rate 40ml1/min).

The retention time, 17 min. under those conditions, corresponded to that of
authentic 1,2-dibromopropane. Mass spectra of both samples were recorded and

the following results were obtained:
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—————————————————————————

+ m/z
H.CH 1
C 2? CH3 121 23
Br
+
CHz"CH-—CH2 i

e oy e g o e o . - - -

+ m/z N
H,CHCH 121
C Zl 3 2 123
Br
+
CHZCH-CH2 4
+
1
CDZ(‘IDCD3 27 129
Br
+
CDZCD—CD2 L6

From the peak intensities of the allyl cations (m/z 46, 41), the ratio of

propene-d. to propehe was found to be 8%.

b. TDENTIFICATION OF OTHER PRODUCTS

Thermolysls of oxadliazoline 87 was carried out in acetone-dg and in acetone.
The two product mixtures will be referred to as (i) and (ii) respectively. 'H

NMR spectra were obtained for componentg of (11) except for acetone which spect-

rum was run for the component from (i). Mass spectra were obtained for the

component from (i). The mixture of products from both reactions was first .

separated by bulb to bulb distillation into a volatile and a non-volatile fraction,

then the fractions were injected into a GC column.
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VOLATILE FRACTION

-----------------

Both yolatile fractions contained acetone, methylacetate, enolether 98

and ketones 101 and 102 (p. 70 ). Acetone and methy! acetate were Identified
by comparing their 'H NMR spectra to those of authentic samples.

NMR238 spectrum and the mass spectrum239

From the 'H
of the material eluted third (after
acetone and methyl acetate) it was possible to assign the -methyl-2-pentanone

structure (JO1) unambiguously.

'H NMR Spectrum g
F13(3 (2 i
. \ cocl, (7.27 ppm) f
a 3
; C/C?CE*QCC\BB a - 0.93 (d,6H, J=7.5Hz) i
C &= D -
A 101 b - 2.01 (s,3H)

ATl .

¢ - 1.87-2.40 (m,3H)

Mass Spectrum

RN

Fragment+ m/z

H3C Q 606H60 106

“cDCD,LCD; Co0gH0 91

H3C SD3H60 88
CeDgHeO Q " H,O 7h .

3 2 b 60

s
The fourth product to elute had an 'H NMR spectrum consistent e with that

'expected of enol-ether 98. |rradiation at 1.398 ((a) protons)) caused the

quartet at 5.118 to collapse to a singlet.

‘H NMR Spectrum
7\ XOCH:; C[)Cl3 (7.27 ppm)

H3 C a - 1.39 (d,3H, J=5.4 Hz)
b - 1.84 (s,3H)
Fi g c - 3.36 (s,3H)
C5 1292 d - 3.96 (s,2H) ]
e - 5.7 (q,IH, J=5.4 Hz). i

M =116)
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4
The last fraction to elute was identified from its 'H NMR spectrum2 0 and -

its mass spectrum as U-methoxy-2-pentanone (102).
'"H NMR Spectrum
coc13 (7.27 ppm)

H3CO a - 1.11 (d,3H, J=6.0H )
d \SHCH QC}b b - 2.03 (s,3H)
H3C/ ¢ 92 b ¢ - 2.35-2.46 (m,2H)
g 102 d - 3.16 (s,3H)
| e - 3.55-3.70 (m,1H)
. Mass Spectrum
H3C %DCD;@C% Fragmen t+ m/z
H3C' C4D¢Hg0, 122
. C506H302 107
%UsHg02 20,0, 1ok
CuD3H60 76

NON-VOLATTILE FRACTIONS

e e e e D T e

The first eluent had an 'H NMR spectrum cons‘lstent237

with that of hex-
amethyl-1,3-dioxolane, and a mass spectrum consistent237 with that of hexa-
methyl—l,3.-dioxolane-d]2.

1

H3C CH3 . 'H NMR Spectrum
a 0 coct, (7.27 ppm)
3
H3C CHs a - 1.25 (s,12H)

H3C/ 07 tHgk b - 1.4k (s,6H)

[
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oxc ot -
H,C )gg% Cg0)5H50, 155 .
H3C/ 0 3 CPgM60; 152
€,Dg0 94

CqDy 2H0, CsDgH30 91

The last fraction to elute was methoxy dioxolane (99). The two isomers (99a

and 99b) eluted with the same retention time.

0 2
H,4C XOCH;; H307£ OCH
H3C’ "0” CH H3C f

O -
996 e b H3

The 'H NMR spectrum of the products showed two methoxy peaks at & 3.30 and & 3.35.
They were tentatively assigned to f and g, respectively. The relative integrat-
ions of those peaks was 99a/99b=1/2. A singlet at § 1.87 with the same integrat-
ion as g was assigned to e. The other peaks were at § 1.25 (s,6H), 1.28 (s,6H),

1.31 (s,6H), and 1.43 (s,9H), where the integrations are relative to the sum of

the methoxy integrals=6H.

The mass spectrum of the mixture 99 is given below.

+
D3C CD3 Fragment m/z (%)
0 CggHg0s 165(58)
H 3C OCH3 + lsomer C806H902 149 (24)
H3C 0 CHQ C¢DgHc0 105(92)

3¢ _D,H.0 91(100)
CPsH1 203 57673

All the results from the thermolysis of oxadiazolihe 87 are’tabulated in table

RD.6.
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Table RD.6 Products of thewmolysis of oxadiazoline 87 4in dcetone-dg

Sample

Yield %

H'NMR (ppm)

Mass spec.
(Highest mass)

oo

21

2.17(s)

cuikx}b

46

2.06(s,3H)
3.67(s,3H)

=G

24

1.69(d,d, 3H)
.91 (m,1H)
.99(m, 1H)
.78 (m,1H)

Y=

.73
.89
.06
il

(Hﬁzc'!*c*"?gdb

6.5

.93(d,6H, J=7.5Hz)
0l(s,3H)
.87-2.40(m,3H)

— N O AW AN &

106 (MW)

H3C :&EOCHg
HaC" ~07 Ciy

14

.39(d,3H, J=5.4Hz)
.8h(s,3H)
.36(s ,3H)
.96(s , 2H)
.|I(q,lH, J=5 4Hz)

W W ) s

116 (Mw)

H3CO

CHCH gc
HaC' 2LChy

J11(d,3H, J=6.0Hz)
.03(s,3H)
.35.2.46(m,2H)
.16(s,3H)
.55-3.70(m,1H) "’

s N Y —

122 (MW)

tH3C

H3C\ Z

1.5

1.25(s, 12H)
1.44(s,6H)

155 (Mw—cn3)

F‘g(: (3¥i3

»Z“ Yoo

+ Isomer

15

.25(s ,6H)
.28(s ,6H)
.31 (s ,6H)
43 (s,9H)
.87(s,3H)
.30(s ,3H)
.35(s ,3H)

W e e

165 (MW—CH3)

* = D {nstead of H for Mass Spec.

RD, 5.3 PROPOSED MECHANISM

The mechanism proposed to rationallze the products obtained from thermolysis

of 87 in acetone-d6 is shown below as scheme 13,

B T o
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As shown in scheme 13, once generated the carbonyl ylide can suffer a 1,4~
hydrogen shift to yield enol-ether 98 (path a). The same intermediate can be inter-
cepted by the solveét fo form dioxolanes 99 a and b (path b). Fragmentation of the
ylide produced dimethy! carbene and methyl acetate through path ¢, and methoxy-
methy! carbene and acetone through path d. Dimethyl carbene can undergo a |,2-
hyd;ogen shift ( ¢') to give propene, can add to acetone-d. to generate ylide
(100a) which is intercepted by the solvent to form dioxolane 100 (c'') and can
insert into the C-D bond of acetone-d, to form ketone 101 (c'"'). Methoxy methy!
carbene can add to the solvent to generate ylide (87b) which fragments to give
the precursor of propene-dé, dimethylcarbene-d6. Alternatively, methoxymethyl
carbene can insert into the C-D bond of the solvent (d'') to give ketone 101. A
low yleld of propene-d, (2%) can be rationalized in terms of what should be
expected given the various competition reactions in their known yields (eq 78,
p70 and scheme 13). 67% of the ylide fragments and dimethylcarbene
(46%), of which 24% (~ 1/2) goes to propene, is produced in the process. Methoxy-

methyl carbene (21%) insertsinto the C-D bond of acetone-d6 (4%) or adds to the

oxygen (17%) to form an ylide. Fragmentation of the yllde can produce a max-

imum of 5.5% propene-d;.

Thermolysis of oxadiazoline 87 in acetone-d6 goes via a carbonyl ylide.
Unlike methanol, aceton;a-d6 intercepted only 15% of the ylide. One of the
competing reactions of the intermediate is a known72 intramolecular 1,4-hydrogen
shift.

A
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The other competing process is the fragmentation to carbenes and carbonyl.
compounds. Because ylides can only be formed from the reaction of singlet
carbenes with heteroatoms,lS dimethyl and methoxymethyl carbenes are adding to
acetone-d6 in their singlet state. Examination of the literaturef’s’67 reveals
that carbony! ylides are obtained from the reaction of PhHgCXZBr and RZCN2
(Cu catalyst) with ketones. It is not clear if carbenes or carbenoids are
involved in the processes. The fragmentation of the carbonyl ylide generated
from the thermolysis of oxadiazoline 87 must give rise to free carbenes and the
results show that such cirbenes can add to acetone-d6 to generate new ylides.
The only other example of such a reaction, t® our knowledge is very recent
unpublished work by P.C. Wong, D. Griller, and J.C. Scaianozul in which singlet

fluorenylidene adds to ketones to generate carbonyl ylides, eq 78a.

-~

78]

@;@ - RQCO
N Av
2 OX R
X

R

RD.6. TRAPPING EXPERIMENTS'

Carbonyl ylides are known to react with alkenes and alkynes by cycloaddition.
Since the evidence presented thus far suggested that we are dealing with ylide
intermediates, it was decided to use the cycloaddition reaction as a probe for
their presence. Two different oxadiazolines (87 and 103) were thermolyzed in

several traps, and the results of those experiments are described in this section.

. k«w“&a slahialid
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HaC/ ~0” CHy ‘ H3C/ "0
g7 . 0%

RD 6.1 THERMOLYSIS OF 103 IN VARIOUS YLIDE TRAPS

Pl A g e e R e B R R T

Thermolysis of methoxyosadiazoline 103 in DAD gave over 95% of a product

d

the spectral data of which are best interpreted in terms of structure 104 (eq 79).

(7]
H3C7£:: OCH3 _ HICOOCC=CCO0OG
A N

H3C 9]
103
OCHy
el ¢¥ 'H NHR (CDC14-7.27 ppm)
HGC CO(D'G a-1.66 (s,3H)
— b - 1.68 (s,3H)
bHSC OCH3 c - 3.32 (s,3H)
D c d - 3.71 (s,3H)
H3C 0 g,n e - 3.80 (s,3H)
a #f - 382 (s,3H)
g - 6 89 (d,2H, J=9.0Hz)
h - 7.41  (d,2H, J=9.0Hz)




81 -

‘3C NMR (CDCI3-77.27 ppm)
1 - 26.95 8 - 128.23
2 - 50.96 9 - 130.72
3 -52.16 10 -~ 138.62
* = Tentative assignments : : g;'?g N :; : :g;'gg
6 -111.28 13 - 162.73
7 -113.40 14 - 163.09
Mass Spectrum
HLC 003 .
— Fragment M/Z F 4
H3C OCH3 C,4H, 0 319 100
HaC 17"19%
3 0 CISHIGOM 260 25
cth130h 245 18
' C,H.0 135 42
: OCHg 8"702
CigH2207 S C4Ho0 107 12
(MW:350) CeHs 7 5

b - VARTOUS OLEFINS

Thermolysis of oxadiazoline 103 in tetramethylethylene, in tetrachloroethylene,
and in ethylvinylether afforded over 90% of 105 (eq 80). The spectral data are

well interpreted In terms of the structure of epoxide 105.

Il
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0CHy
H.C <
p 3 ()(:P{S
OH3CL O §~:\gt
T s N /oc
A
L 3
F{3(: 5 e ()Cﬂ43
1 2 3
gt o=
/.
OCHg

105 \ /
)30% OCHg
'H NMR (coc13—7.27 ppm)
a - 1.02 (s,3H)
b - 1.54 (s,3H)
¢ - 3,21 (s,3H)
d - 3.84 (s,3H)
e - 6.93 (d,2H, J=9.0Hz)
f - 7.37 (d,2H, J=9.0Hz)
]3C NMR (CDC|3'77.21 ppm)
1 - 20.05 6 - 100.05
2 - 20.30 7 - 113.81
3 - 52.50 8 - 129.52
L - 55,35 9 - 131.86
5 - 67.33 10 - 160.14



83

Mass Spectrum

H.C OCH Fragment+ m/z (%)
3 3 C12H1603 208 (6)
H3C 0 /—= C4fl) 104 151 (100)
\L/) C11H)50, 193 (W)

C,,H, .0 177 (2)

s it s e

Ci2H1803 C,H,0 107 (4)

) CeHs 77 (9)

Scheme 14 depicts a possible fragmentation mechanism in the mass spectrum
of epoxide .1'65.

c - NCRBCORNADIENE

Thermolysis of oxadiazoline 103 in norbornadiene afforded epox’ide 105 and

cycloadduct 106 (eq 81). The spectra from which structure 106 was deduced are

the following.

81

H3C §) H3C; :O% L\
[f > 135 \\‘)
103 OCH, | \_7

500/0 m}_.b

\_ ochg
! ,. \OCH3

s H3C Chg ‘
40%/6

At w2 % -

R



H

151

OCHg

84

SCHEME 14
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'H NMR (CDC13-7.27 ppm)

.95-1.02 (m,IH)

.38 (s,3H)

.51 (s,3H)

.80-2.88 (m,5H)

.91 (s,3H)

.82 (s,3H)

.08 (b-s,2H)

.78 (d,2H, J=9.0Hz)
.36 (d,2H, J=9.0Hz)

— JU " G O O o
] t
N AW N — — — O

Norbornadiene normally forms exo-Diels-Alder addition products, two of
242

which 106a and 106b are possible in this case. Adduct 106a is probably the
x x
H H QCH Had N\
[ \0CH3 N
CHy
/
0 0
CH3 CHj
CH3 CH3
1060 , 106 b
major one because of steric hindrance in 106b. Furthermore, if 106b was the major
one, the chemical shift of H* would be at higher field.' *2%3

]3C NMR (CDC|3‘77.27)

1 - 23.93 9 - 82.02
*2 - 31.60 10 -109.43
*3 - 42.63 1 -113.16
xh - 43,61 12 -128.57
x5 - 4 17 13 -131.86

6 - 48.70 Th -139.24

] - 55.13 15 -159.05

8 - 60.10

X =
b3

= Tentative assignments.
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Mass Spectrum

Fragment+ m/3 (%)
CgMs10, 269 (35)
Cy3M150, 203 (100)
CgH,0, 135 (72)
¢.H50 107 (8)
CeHe 77 (20)

Scheme 15 depicts a possible fragmentation pattern in the mass spectrum of
106.

d - DISCUSSIQN

The different products from the thermolysis of oxadiazoline 103 in different

dipolarophiles are shown in equation 82.

(82)

H3C72i OCHgz A H3Cj;; ¥» OCHg
HaC/ N0 > H3C' "o




H4C T

203

87

R PN

SCHEME_15

T
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Two competitive processes OCcur in carbonyl ylide (103a), a cycliza{ion
leading to epoxide 105 (i and 1i) and a 1,3-dipolar addition to tbe dipolarphile
(ii and iii). In various olefins, cyclization to epoxide is the major pathway (i).
Norbornadiene, being a more reactive olefin, intercepts 40% of the ylide,<whereas,
dimet~ylacetylenedicarboxylate, known for its reactivity in 1,3-dipolar cyclo-
additngp, competes efficiently with cyclization to the extent where only cyclo-
adduct 104 is produced.

Those reactions established the evistence of a carbonyl ylide intermediate .
in an indirect method. (from the structure of the final products). Or. J.C.
Scaiano (N.R.C. Ottawa, Canada) generated the carbonyl ylide intermediate by laser-
flash-protolysis. From followirg the decay; of the inter—~ediate by UV, he was able

A

° ” .
to get the rate of cvclization fk3] ¢ 1.3 x 106 S ]
Cycl.
. 31°C v 9 -1 -1 . . .
of tracoing by DAD (kDAD = 1.0 x 10" M s (in CH3CN)). Assuming that tnere is
‘ 3

no solvent dependence, one can calculate that at a DAD concentration of 1.3 x 10 M

(in benzene)) and the rate

~

50% of the carbonyl ylide can be trapped at 31°C. On the other hand, an estimate

-]
of k80 ¢ (norbornadiene) can be made. Since kC at 80°C should not be more than

ycl
S . o -] R 80°c 6 “
2 tines k_ ) at 31°C (factor of 2 for 10 C); hence, k ) | \(32 x 1.3 x 10° sec

<§hl.6 X IO6 sec-l. Since neat diene (9.3M) trapped about 4/9 of the ylide then:

W(61.6 x 10°%] [Yiide] = S kg?;ge [Ylide] [Diene]

1 -1

k80 o 6 LI

diene - 26 x 10

Finally, oxygen trapped the carbonyl ylide very efficiently (k = 2.0 % 109
-1 -1

Mos (in benzene)), hence, exclusion of 02 is mandatory for clean trapping of

the ylide by dipolarophiles.

PR
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RD. 2. THERMOLYSIS OF 87 IN VARIOUS OLEFINS AND IN DAD

a - 2-METHOXY-PROPENE AND TETRAMETHY LETHY LENE

Thermolysis of oxadiazoline 87 in 2-methoxy-propene and in tetramethylethylene

afforded the products shown In eqs 82 and 83 respectively.

532] | (]:}43 H
Bgocm ‘{*b , H30>\ kOCH;g ,
HaC" o H3
98(25%
H4C\,0CH,
CH?SCPG i CH&% < H>:€b Hoy
19%6 39°/o 206 H
107( ‘4%) 10‘8(6%)
[83)
H3C7£ XOCHS (H3C)2C:C(C1»®2 H4C BQOCHg
H3C 9) Ha H2C
23°/
2 . H4C
“a c > GG H3C H3 H C
176 42% 27/

109 ﬁ°/o 110 3°/o

PP P
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Acetone, methyl acetate, propene and enol-ether 98 were identified by

comparing their 'H NMR spectra to those of known

and mass spectra of each of the cyclopropanes are in good accord with structures '

107, 108, 109, and 110, respectively.

'H NMR (CDC|3*7.27 ppm)
a - 0.13 (d,1H, J=lb_.gHz)
b ~ 0.49 (d,1H, J=4.9Hz)
¢ - 1.07 (s,3H)
d - 1.18 (s,3H)
e - 1.36 (s,3H)
f-3.27 (s,3H)
Mass Spectrum
H4C o
ragment m/z
H3C H C7H“’O 114
OCHg H CeH) 0 99
O]H'V.O C6HH 83
CSH7 67
'H NMR (CDC13-7.27 ppm)
a - 0.54 (s,2H)
b - 1.43 (s,6H)
c - 3.27 (s,6H)

samples,

The 'H NMR spectra

(%)
(3)
(100)
(4)
(24)

Because the two methylene hydrogens are equivalent, the product collected from

the G.C. was the trans-product.

PR

RS



H?C OCHq
HaCZ—XH

CrHy, 07

H4C
HAC
3 Hy
CHg CH
109 3

H,C,,OC
IR
H3C
3 3 CHg
H4C,,0CH,
H3C CH3
CHg
CaHre O

91

Mass Spectrum

Fragment+ m/z
C7HMO2 130
C6H”O2 115
Cetin@ 99
C5H70 83
C5H7 67
CQH3 51

"H NMR (CDC13-7.27)

0.96 (Lit?"5 0.94-cc
Mass Spectrum
Fragment+ m/z
C9HI8 126
CSHIS 111
CeHg 69

'*H NMR (CDC1.-7.27)

3
a - 1.09 (s,6H)
b - 1.21 (s,6H)
¢ - 1.41 (s,3H) N
d - 3.23 (s,3H)

Mass Spectrum

Fragment+ m/z
C9H180 142
C8H|SO 127
C8HIS 111
C7H]] 95
CEH“ 69

(2)
(1)
(100)
(22)
10)
13)
4)

o~

(15)
(100)
(29)

(2)
(2)
(100)
(13)
(23)
(7)

P
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b - DIMETHYLACETYLENEDICARBOXYLATE {DAD)

t
Thermolysis of methoxy oxadiazoline 87 in DAD afforded the products shown

in eq 84.

. N= H

H3C7ﬁ }QOCH3 tggoocc=ccooaﬁﬁ H3C>\ XOC ’
Hg ' 99 (’5°/)

00CH3.

Ftﬁ
0 9 OCHg

° 2%°/0 1M(27°7s
"o/, 3576 (27°79
H4C_OCHs
chOOAOOCH;;
12 (2°/a)

The following spectral data are best explained in terms of the structure of

111 and a compound tentatively identified as 112.

gtﬁ . OCD-QG 'H Nnah;c?clz;;.n ppm)
—_— a - 1. s,

H3C 00'13 b - 1.64 (s,3H)

-H3C 0 H’3 - ¢ - 3.27 (s,3H)

d - 3.83 (s,6H)

1



HC 00CHg
HaC/ ™ | OCH3
H3C/ 0" by

Ci2Hg%%
H-C (OCH
g’ b
H3CO0C™  COOCHy
£ 12 ¢
H4C, OCH3
Hy 00CH;
CgtH 205

93

C NMR (CDCI
26,02
26.60
51.24
53.80
83.12

3

1 1

N E -l VN [28]
] '

Mass Spectrum
+
fFragment

CllHlSDG
CIIHISOS
C8H9Oh
C7H901
C5H303

C6H502

“H NMR (CDCI1.-7.

3
a - 1.30 (s,3H)
b - 3.71 (s,3H)

c - 3.86 (s,6H)

Mass Spectrum
Fragment+
H
("0
C8H90u
C.H.0

5373

CAH3O2

C2H302

LS

-77.27 ppm)
6 - 109.39
7 - 133.64
8 - 141.24
9 - 161.06
10 - 162.88
~/2z (%)
243 (18}
227 (18)
169 {100)
167 {70)
1 (38)
109 (7)
27 ppm)
m/2 (%)
185 (16)
163 (24)
1 (100)
83 (12)
59 (80)

A e

e e R e At o

2 o me 7 g

L

R T
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c - CIS-1,2-DICHLOROETHYLENE

Thermolysis of methoxy oxadiazolline 87 in cis-1,2-dichloroethylene affor-

ded the products shown in eq 85.

-

[89)

= A A
oy XOCH"’ . 3 octs
H3C/ “0” CHy A >\

25°/o

%8%4 Cw&%y)—-(g“o,m v 114

120/0 28%6 20% 150/0
Products 113 and 114 gave the same mass spectrum.
;Fragment m/z (%)

H aa ¥ C,Hy,C1,0, 197,199 (10,6)
H.C CCHC, o 181,183 (40,28)
H3 OCHg . CH Sl 0, 161,163 (36,13)

3CY ~o Hs c./.nmcl 0 145,147 (32,10)
CHgll 0 119,121 (100,35)
C,H,C1 0 103,105 (78,24)

CaHi,C1207 C,H, 0 67 (39)

b3

L PR N
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——

The 'H NMR of 113 contained two doublets at 8§ 4.33 and & 4.75 with a
coupling constant of 4,9 Hz. From the two possible structures l13a is ruled
46

out because the trans protons should2 have a coupling constant of over 10 Hz,

whereas a coupling constant of 4-8 Hz is due to cis coupling.

'H NMR (coc13-7.27 ppm)
a - 1.39 (s,3H)

b - 1.42 (s,3H)
¢ - 1.5h (s,3H)
d - 3.30 (s,3H)
e - 4.33 (d,1H, J=4.9Hz)
f - 4.75 (d,IH, J=h.9Hz)
'"H NMR (coc13—7.27 ppm)
a - 1.38 (s,3H)
b - 1.46 (s,3H)
c - 1.50 (s,3H)
- 3.31 (s,3H)
e - 4.30 (s,2H)
s
Thus, cycloaddition reaction of the carbonyl ylide, generated from the
thermolysis of oxadiazoline 87, and cis-1,2-dichloroethylene produces two isomeric
247

cycloadducts. Because of éBe cis structure of 113 and the evidence from Huisgen's

work, that the 1,3-dipolar addition is a concerted process, the structure of 114
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seems reasonable. The fact that the two protons (e) show as a singlet (& 4.30)

would mean that they are accidentally in identical magnetic environments.

d - PSCUSSION

Equation 86 summarizes the trapping experiments in part RD. 6.2. (See below

for identities of solvents).

{86)
H3C>£:B€OCH3 A, \?‘\ /QOCHC! XOCHZS
}{:3(: 0 }f3 0 14 }12
14, / " \
. HC 06 0x¢!

CHs  ocrg A -
%oh CH3  OCHy H3C OCH3
CHj 2: + O H3C/ ~o Hy
’ C 3
1 , Cl Cl
3 ’ CH H
H 3 OCHg
HAC Hg
H,C,,0CH,
3C H4C H3
H3C 3 H3CO H CHg
| CHs H .
HLC 00CHy
- (HL),c=C(CHy, 3- HICOOCC=CCOOOHg -
cl \
2. HyC=C(OCH{CHg 4 - *,c:cfC

H W
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Thermolysis of oxadiazoline 87 generates a carbonyl ylide and carbenes.
Alkyl and electron-donating substituents on the olefin decrease the rate of
cycloaddition to 1,3-dipolar species whereas electron=withdrawing substituents
) .. 248 249
have an opposite effect, they increase the rate of addition. These gener-
alizations are supported with the observations that tetramethylethylene and 2-
methoxy-propene do not react with carbonyl ylide 87a, whereas cis-1,2-dichloro-

ethylene and DAD do.

The carbenes generated in the process are electrophilic.MO In order for
their reaction with olefins to be efficient, the double bond should be nucleophilic.
In cis-1,2-dichloroethylene the double bond is electrophilic because of the
electron-withdrawing substituents hence, no cyclopropanes were found. Presumably

the carbenes undergo a 1,2-hydrogen shift more rapidly than they add to dichloro-

ethylene.

RD. 7. THERMOLYSIS OF 5,S—UICVCLOPROPVL—2-METH0XV-2-METHVL-AS-I,3L§-0XADIAZOLINE

When oxadiazoline 87 was thermolyzed in CClq, at 80°C, the fragmentation of
. 185,226
the carbonyl ylide produced methylacetate (54%) and acetone (43%) , eq 87.

The yields of dimethyl and methoxymethyl carbenes would be 54% and 43% respectively.

H3C H3C O }ﬁ b
L ~N
C C”3 0 0CH
(31%3£1)CH43 + :>: , (zkfﬁicn43 + .
S4%7s CH3 36 cfyy
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Thus, the fragmentation occurs in both possible ways in nearly 1:1 ratio. An
attempt was made to favour one ylide fragmentation path over the other by

changing the substituents at Csrfrom methyl to cyclopropyl.
™~

RD.7.1 THERMOLYSIS IN BENZENE—d6

The main products from the thermolysis of 5,5-dicyclopropyl-2-methoxy-2-
methyI-A3—-I,3,h-oxadiazoline (115), at 79.5°C in benzene-d6, were methylacetate

(90%) and l-cyclopropyl-cyclobutene (116, 78%), eq 88.

(83]

== O
i{l OCH3 __Cbs _,  cHociy + —
0" Ty . 9% ,v

78°
15 16

Methyl acetate was identified by comparing its 'H NMR and its IR spectra to

those of an authentic sample. I-Cyclopropyl-cyclobutene had a 'H NMR spectrum
‘

identical to a published250 spectrum.

¢ c "H NMR (coc13-7,27 ppm)
: a - 0.27-0.75 (m,LH)
d——\b b - 1.10-1.43 (m,1H)
¢ - 2.20 (s ,h4H)
g d - 5.51 (s,1H)

The production of methyl acetate, from the tnermolysis of 115, is consistent
with the fragmentation of the carbonyl ylide via path a (eq 87). The carbene

generated in the process is dicyclopropyl carbene. Cyclopropyl substituted meth-
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250-252

ylenes are known to rearrange to give cyclobutenes; in this case, 1-

cyclopropyl-cyclobutene (116).

N OCHs _ CeDs : % -OCH
ig ioﬁgHg A ) 0/643 :
115 J

0
e ———_ " + CHyCOCI%
78%/% 90

RD. 7.2. THERMOLYSIS IN CCI,

a - IDENTIFICATION OF PRODUCTS

The main products of thermolysis of oxadiazoline 115 in CCIQ, at 79.5°C were

products of fragmentation of a carbonyl ylide, eq 89.

189]
ocliz  cal Q .
Bg 3 A CHiCOCH; * CHOR + CliCCoy

_ 0 !
8 88/ 20%s 22°/s

15
L1 A e
* CLCT  CHCHCH.CL + R o
|18 H §H2
37%s 18 CHoCl 120 CHyCl

7%/, 26°/6
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Separation of the mixture was done by bulb to bulb distillation. The low-
boiling fraction contained methyl acetate and chloroform which were identified by

companing their respective 'H NMR spectra to those of authentic samples.

The residue consisted of four major products which were separated by GC. Their

structures were deduced from their respective 'H NMR and mass spectra.

~

(i) MASS SPECTRUM OF CC1.CCI

(1170 ClCCCHY

33—
GaClg
+ m/z (%)
Fragment Theoretical ratio
C2CI5 199(58), 201(97), 203(60), 205(22), 207(4)
16 . 27 18 6 . !
C,Chy - 164(32), 166(39), 168(20), 170(4)
7.5 g 4,5 |
cc13 117(100), 119(98), 121(35), 123(4)
27 27 9 ]
ccl, 82(19), 84(12)
3 2
(ii) PRODUCT 118
"H NMR (Coc13—7.27 ppm)
c aq a - 2.50-3.10 (m,2H)
c l - b~ 2.78 (q,2H, J=8.0Hz)
-} ¢ - 3.40-3.80 (m,3H)
ClC”  CHCHyCH,CL -40-3.80 {m,
e b d d - 3.54 (t,2H, J=8.0Hz)

5.81 (t,IH, J=8.0Hz)

®
1

T

e
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Irradiatbon of the (e) hydrogen made the signal from (b) hydrogens a
triplet. When the (b) hydrogens were irradiated the (e) and (d) signals became

singlets. Finally, the irradiation of the (d) hydrogens changed the (b) signals

to a doublet.

\)
7 Mass specTruM: Cl3C CHCH,CH,CL (CaHpCls )
é;%gment+ m/z (%)
\ Theoretical ratio
r
CaM1oCly 246(29), 248(39), 250(19), 252(4)
7 9 : hs - |
C8H]OC|3 211 (kL) , 213(47), 215014), 217(2)
27 : 27 : 9 : ]
CaHgCl, 175(49), 177(30), 179(5)
9 : 6 : ]
CgHgC! 139(100), 141(34)
3 : ]
C7H8613 197(4), 199(4), 201(1)
3 : 3 : |
c7H7c12 161(17), 163(12)
9 : 6

C7H6Cl

125(27), 127(9)
3 : 1

e, W SRS

B e s o o
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(iii) PRODUCT 113

g
'H NMR {CDCI.-7.27 ppm)
—CL 3
H d a-0.60 - 1.20 (m,5H)
H2—\2 b - 2.65 (q,2H, J=7.0Hz)
CHACL ¢ - 3.55 (t,2H, J=7.0Hz)
EJZ d - 5.74 (t,'H, J=7.0H2)
* = irradiatio~n of
b* d and ¢ became singlets
c* b became a doublet
d* b became a triplet
—CL
Mass spectrum: 3 H ( C7H10C(2\)
Hy
HoCl .
N n/ z (%)
Fragment Theoretical ratton
(:7Hmc12 164(19), 166(12), 168(2)
9 : 6 : ]
CeHgl! 115(92), 117(30)
3 : 1
CHoC] 129(10), 131(3)
3 : |

C()H7 79(100)
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(iv) PRODUCT 120

a
CX3 "H NMR (CDC1,-7.27 ppm)
-Cl 3
H d a - 0.95 - 1.24 (m,04H)
gHZ—b b - 2.52 (q,2H, J=8.0Hz)
v - 3. ,2H, J=8.0H
C d - 5.82 (t,IH, J=8.0Hz)
= jrradiation of
*d b became a triplet
*c b became a doublet
*b d and c became singlets
Mass Spectrum: Cl (C8H9€l5 ;
H
H?2
HoCl
Fragment m/ z (%)
Theoretical ratio
c8H9c1S 280(49) , 282(80), 284(50), 286(18), 288(3)"
16 : 27 : 18 : 6 : ]
ChoCly 245(45) , 247(56), 249(29), 251(6)
7.5 : 9 : L5 . 1
CgHgCl 209(41), 211(40), 213(17), 215(2)
27 : 27 : 9 : i
CgHCl, 173€82), 175(54), 177(9)
9 : 6 : ]
C8H7C| 137(27), 139(9)
3 : I
C7H7C|h 231(23), 233(29), 235(15), 237(3)
7.5 9 : k.5 ]
CHeCly 195(61), 197(61), 199(21), 201(2)
27 : 27 : 9 : 1
C7HSCI2 159(100)-, 161(62)', 163(10)

9 6 I
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b. PROPOSED MECHAVISM .

Scheme 17 depicts the probable mechanism for the thermolysis of oxadiazoline

115 in CCI,.

4
. ﬁko(:l i3 A /*QOC% o 43800 ,
<\ 0" CHs 0~ CHy .

————

J 16
CizC aQ
123 CoL3 ol b cey,
Cl

X
L‘ . 125 }/\ ct, .CCQ
Ci3C o

(=]

—CL
- 3 |
L lcw ’§H2
Cl3C - CHZéHz H2 s L CHCly
cor | 2
C"(o cCy, 'CC\S
ClaC”  "CHCHCH,CL co .
18 ~CL " Cl3
i NG
2 127 2
HC 128

oy, Ag‘/‘:
SCHLME 17 \ﬁ‘ . \'gl
H) Hp

‘CHa HoCL
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The mechanism as proposed, involves a fragmentation of the carbonyl ylide
to give methyl acetate and dicyclopropylcarbene. The rearrangementzs‘ of the

carbene (a) yields l-cyclopropyl-cyclobutene (116). Addition of.CCI3 to the

alkene gives radical 121 which either abstract a chlorine from ccl, (a') or
rearranges to 122 which gives 118 by chlorine abstraction from CCIA. The rate

constant for ring opening of cyclopropylmethyl radicals ( DP—EHZ) is about 108

-1 253

sec at 25°C. >

The rate constant for abstraction from CClb is about 0.5 X 10
M_Isecg] and 2.0 x IOIM—lsec-I for t-butyl radicals and methyl radicals respec-

254
)22,

tively (27°C These numbers make it possible to predict the ratio of con-

centrations of 122 to 123. Therefore, 1t is not surprising to find that only

8 8
naywtwl S

(123] 0.5 «x IOB[R'][CCIA] T 0.5 x 10°[10M]

122 is produced in the reaction. Dicyclopropyl carbene can abstract a chlorine
(b) from CCT, to give 124 which rearranges prior to the abstraction of another
chlorine (trom CCIu) to give 119, Trichloromethyl radicals can first abstract
a hydrogen from 124 to give chloroform and olefin 126, then add to 126 to give
127. Radical 127 rearranges prior to reacting with the solvent to give 120,
Using the same argument, as for path a', paths ¢ and d which lead to 125 and
128 respectively, are ruled out. Ffinally, hexachloroethane is generated from

the coupling of trichloromethyl radicals.

Oxadiazoline 115, upon thermolysis, gives rise to a carbonyl ylide which,
unlike ylide 87a, fragments mostly in one direction to give methylacetate and
dicyclopropyl carbene. Changing the substituents at_CS from methyl to cyclo-
propyl appears to have selectively changed the fragmentation pattern of the

ylide, making ester formation, in this case, the major pathway (90%).
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4
As outlined from the work done by Roth 3,50 {p

10 ), chlorine abstraction
is a fast reaction of singlet carbenes. When generated in its triplet ground
state, in CCIQ, carbomethoxy carbene (:CHCOOCH3) reacted with the solvent in

255

its singlet state. It should be safe to assume that dicyclopropyl carbene
which is generated in its singlet state, from the fragmentation of the carbonyl
ylide, abstracts a chlorine as a singlet. Furthermore, because chloroform, 119,
and 120 are formed from the thermolysis, the carbene cannot be inserting, in

a concerted way into the C-C! bond of CClu This 1nsertion would have given

1,1,1,2-tetrachloro-2,2-dicyclopropylethane which was not found.

1

RO, 8. INTRAMOLECULAR 1, 4-pVDRCGEN SHITFT

The carbonyl ylide generated from the thermolysis of oxadiazoline 87 gives,
in various solvents, around 20% of enol ether 98, derived from a 1,k-hydrogen

shift 1n the ylide,

EN

]

183,184

Thermolysis of acetoxyoxadiazoline 129, in CCl“, gave l-acetoxyethyl-

] 2 propenyl ether , equ. 90.

130 (>90%)
H3C A HzC

129 BO

H,C 3 _OAc b
3 7<TT7§
11:3(: 0 }{3

The production of the enol-ether (130) from a thermal opening of 131 was

ruled out by the finding that, when thermolyzed, epoxide 131 grves ketone 132,

equ. 91.

(o
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] G

H3C OAc A > H§: ‘CCH3
Hac S0 €H3 Acgé

B1 ’ | 132

!
By changing the substituents at Cs from CH3 to cyclopropyl it would be

expected that the |,h-hydrogen shift would be less favoured, because of the

strain involved in making a cyclopropylidene.

RD. 8.1. THERMOLYSIS OF OXADTAZOLINE 133

2-Acetoxy-5,5-diCyclopropyl-z-methy]-A3—I,3,h-oxadiazoline (133) ther-
molyzed in cc1u, at 79.5°C, with first order kinetics (k = 8.0 x IOhssec_l,
C.C. = 0.9993, t 1/2 = 144 min).

The main products of the reaction are shown

in eq. 92.

97

0 00

OAc 02‘4 5 Cliglcl+ aCelorg+ Y0

- O H3 720/0 9°/° o
133 A B o "

+ CHCQ CH38080H3 N XOAC C’CL

2E5°/o 20%o

- 2
20%s HCl

134 17/

118

s



108

infrared spectra of authentic A through D were obtained (CCIQ solutions).
The carbony!l stretching frequencies were found to be: cm_| 1812(A), 1724(8B),
1838 and 1770(C), and 1693(D). The IR spectrum of the volatile fraction of the
reaction products showed five carbony! absorptions at cm—‘: 1838, 1812, 1724,
and 1693. Authentic samples were added one at a time to the vgﬁatile fraction

and each IR spectrum showed an increase in intensity of the corfesponding car-

bonyl band.

When injected through a GC column, the products in the volatile fraction

had the same retention times as those of authentic samples.

TABLE RD. 6. SPECTRAL DATA OF THE VOLATILE PRODUCTS FROM THE THERMOLYSIS OF

129 1IN CCIA
Sample Yield % 'H NMR 'H NMR*
EH3cc1 < 72 2.67 2.64
I
0
H.CCCH . 2.
C 33” 3 9 2.27 2.27
00
CH,COCCH 22 2.17 2.17
g 3
00
é;ro 50 0.70-1.03(m,8H) 0.70~1.06(m,8H)
1.70-2.10(m,2H) 1.73-2.10(m,2H)
CHCI3 25 7.30 7.30

i

*
Authentic samples

. .
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The second volatile fraction contained a product the structure of which was

deduced to be 134. The mode) compound for 134 was enol-ether 130]83.

'H NMR (c0c13—7.27 ppm)

e -
9/ 3 0A a - 0.83-1.35 (m,8H) IR (C=0)cm™!
/fi;; (é b - 1.43 (d,3H, J=6.0Hz) (‘:DCI3 solution,
-4 7427
0 }ia c - 1.88-2.25 (m,1H)
a b _t Mass spec
= 134 v d - 2.03 (s,3H) n/z 196 (M+)

e - 6.71 (qg,IH, J=6,0Hz)
'"H NMR (CDC!Q/TMS)
a - 1.50 (d,3H, J=6.0Hz)
jzf\\ ()!\c b - 1.85 (d,3H, J=1.0Hz)
H2C Fb ¢ - 2.08 (s,3H)
a d - 4.05 (m,2H, J‘=b.OHz, J
- 6.450 (q,1H, J=6.0Hz)

2=I.OHz)

e
frradiation of the protons at & 1.43 in 134 collapsed the quartet at & 6.7] to a
singlet and irradiation at § 6.71 turned the doublet at & 1.43 into a singlet.

Finally, the residue contained product 119.(p 107)

RD., 8.2 PROPOSED MECHANTSM

Scheme 18 depicts the probable mechanism of the fragmentation of carbonyl
ylide 133a.

Acetoxyoxadiazoline 133 (p 10) givesrise, upon thermolysis, to carbonyl ylide
133a. The ylide can undergo an intramolecular 1,4-hydrogen shift to give 134 (path a).
Fragmentation of the ylide gives acetic anhydride and dicyclopropylcarbene (path b),
and dicyclopropyl ketone and acetoxymethyl carbene (path c). Acyloxy carbenes
are known256-258 to rearrange to |,2-diketones, which explains the production of

biacetyl. Acyloxycarbene 135 can also react instead with CCIu as shown by the

following scheme (19). C I
{
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| OAc a OAc
- ﬁ\o/@g Q\oj@b
134
c §: ’CH38080H3

S A

k 4

=0 + ;>>-
CHB
SCHEME l§
0 Q
0CClg CCly, ) QL Q 0
, _, CCh 4 YOl — CHCCL + CHgC:
Cria ¢ lCCllo

Q
Cl3CCL

SCHEME 19
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tn order to check this proposal, Z-acetoxy'S,S-dicyclopropy]-Z-ethy]‘AB‘
1,3,b-oxadiazol ine was thermolyzed at 79.5°C, in CCIq and the volatile fraction
was analyzed. The 'H NMR spectrum showed a quartet centered at § 2.92, a sin-

glet at &6 2.67 and a triplet centered at § 1.23. The 'H NMR spectrum of a mixture

of authentic acetyl and propionyl chloride showed a singlet at § 1.23, a quartet
and a triplet centered respectively at § 2.96 and 1.23. When injected through

a GC column, the products of the reaction had the same retention times as those of
authentic acetyl and propionyl chlorides. The FT-IR (vapour phase) spectra of the

products and those of authentic samples were identical (E, cm-l 1801 and 1805

T~
respectively) .

0 Q |

0CCH cc R Q Q
o . 1,700l 4 WO, CHLCH,CoL + CH:

CHyCHa CH,CHy lCCLl'

CH4CCL
SCHEME 20

This result confirmed the proposed scheme (19) which involves a chlorine
abstraction by the carbene, followed by a radical fragmentation which gives acetyl

chloride and acyl radical 136. The radical then can abstract a chlorine from CClh

to give another mole of acetyl chloride.



112

Changing the substituents at CS from methyl to cyclopropyl caused the new
carbonyl ylide to behave‘differentiy than the one generated from 129, Thermol-
ylis of 133 gave 20% 1,4-hydrogen shift product instead of 90% for 129 because
cyclopropyl hydrogen abstraction would increase an already targe angle strain.

Oxadiazoline 133 is a precursor of an acyloxy carbene. These carbenes are

very little known256’257

and being able to generate them, under mild conditions,
would be a nice way to study them and elucidate their chemistry.

256,257

R.F.C. Brown et. al proposed the intermediacy of acyloxy carbenes

to explain the formation of |,2-diketones, eq 93. They did not observe any dir-

ect reaction of the carbenes, namely, addition to double bonds, dimerization, or

[s]
R Me 460 °c R\C: R,
ook A ’

insertion into C-H bonds. They assumed that the rearrangement involves a carbene

4

t

i
OO

rather than some earlier transient species.256’257 Thermolysis of oxadiazoline
133 gives rise to acetoxymethyl carbene which rearranges to biacetyl. Unlike
the thermolysis of 138, the reaction of 133 is in the liquid phase which explains
the lower yield of rearrangement product. Furthermore, the production of acetyl
chloride and propionyl chloride from the tnermolysis of 2-acetoxy-5,5-dicyclo-
propyl~2*ethyl-A3-l,B,Q—Oxadiazoline in CCIQ can hardly be explained without in-

volving a carbene intermediate.
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Upon thermolysis, oxadiazolines of type A lose nitrogen in a concerted
process. The carbonyl ylide generated in the process can, depending on the sub-
stituent: cyclize to give an epoxide (R'=p-0CH3C6H;), undergo a 1,k-hydrogen
shift ( R‘=R”=CH3, R=8CH3), be intercepted by a dipolarophile, and fragment into

carbenes and carbonyl compounds.

The fragmentation can occur in two directions (d and e). By making R'" =

cyclopropyl, fragmentation via path d was favoured to over 90%.
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In the case of acetoxyoxadiazolines, with R''=cyclopropyl, the |, k-hydrogen
shift was reduced to 20% (as compared to 90% with R”-CHB), thus gliving rise to

a practically unknown new type of carbenes: acyloxy carbenes.

Because of the source of the carbenes,(fragmentation of a carbonyl ylide),
there is no confusion about their identity. They must be free carbenes, not carb-

enoids. The acetone-d6 reaction confirmed that free carbenes add to ketones to

[

form carbonyl ylides,

Finally, singlet carbenes do not insert into C-Cl bonds but they abstract a

chlorine, as a first step, to generate a pair of radicals from which the final

products are formed.
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EXPERTMENTAL

E.1 INSTRUMENTAL

The spectrometersused to record proton magnetic resonance (pmr) spectra
were Varian's T-60 and EM-390, and Bruker's WP-80 and WM-400. Tetramethyl-
silane (TMS) was used as an internal standard unless otherwise specified.
Carbon-13 spectra were taken on a Bruker WP-80 instrument, and internal stan-
dards are specified in each case. Deuterium spectra were recorded on a
Bruker WM-400 instrument with acetone-dé as internal reference. Fluorene spectra
were taken on a Bruker WH-90 instrument with CFC!3 as internal reference. The
chemical shifts are reported in 5 values (ppm), followed in brackets by the
multiplicity symbol (s = singlet, d = doublet, t = triplet, q = quartet, se =
septet, m = multiplet), the relative proton integral, and the coupling constant

when appropriate.

Infrared (IR) spectra (CClq solutions unless otherwise specified) were
obtained on a Perkin-Elmer model 283 spectrophotometer, using 0.1 mm NaCl cells.

Only the major bands (transmittance) are reported.

Gas phase FT-IR spectra were obtained from a Nicolet, model 799, Fourier
transform infrared spectrophotometer equipped with a Varian Aerograph model 920
gas chromatograph, with a thermal conductivity detector and model 485 integrator.

Preparative gas chromatography (GC) was performed on a Varian Aerograph model

A90-P3 instrument.

Mass spectra (MS) were recorded on a VG 7070 mass spectrometer (VG Micro-
mass, Altrincham, UK.). Samples were introduced via a direct insertion probe
system or through a Varian Aerograph model 920 GC via a jet separator. The

spectra were acquired and processed with the VG 2035 data system.
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Melting points were determined on a Thomas Hoover capillary melting point

apparatus, and are not corrected.

The laser flash photolysis experiments were conducted by Dr. J.C. Scaiano
at NRC, Ottawa. The equipment and the experimental procedures have been

259

discussed elsewhere. Briefly, Tight pulses (8 ns, 338.1 nm, 1-10 mJ) were

obtained from a Molectron UV-24 nitrogen laser and were used to photolyze the

sample. Transient intermediates were detected using a sample monitoring system
260

capable of Micro - to nanosecond time resolution. All of the laser flash

photolysis experiments were carried out using deoxygenated solutions.

The direct current (DC) source used 1n the electrochemical oxidation of
hydrazones was a Fisher, model 40, controlled-potential electroanalyzer.
Voltages from 0 - 10 volts can be provided. Controlled potential oxidations
can be performed up to 3 volts. The electrochemical cell was a screw cap
bottle (500 ml) fitted with two platinum electrodes (fig. E1). The reaction

vessel was mounted on a '""Thermoelectrics'' stirrer-cooler unit, model SK.12.

Bulb to bulb distillations were performed using a ''T'" joint attached to

the vacuum line, a round-bottomed flask and a receiver tube (fig. E2).

The purity of the oxadiazolines was checked by spotting the compounds on

thin layer plates (basic alumina) and eluting with three or more different

solvents.

Yields of products of thermolysis of oxadiadiazolines were calculated from
pmr peak heights and from GC peaks, by the cut and weigh method, or from pmr

integrals.

In all kinetic runs where CClh was used as solvent it was washed with

NaHCO3 solution and dried over NaZCO3 prior to use
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The chemicals ysed came from Aldrich, J.T. Baker, Matheson, Fisher, or
BDH unless otherwise indicated. Chemicals were purified prior to use, where-

ever appropriate

E.2 SYNTHESIS

L. SYNTHESIS OF LEAD TETRAACETATE (L.T.A.)

The method used was that of Fieser.26] Acetic acid (1200 m1) and acetic
anhydride (800 ml1) were mixed in a three litre, three-necked, round-bottomed
tlask, fitted with a mechanical stirrer and a thermoneter. The mixture was
heated to 55°C and stirred viqorously Red lead oxide (1400 g) was added in
portions of 15-20 g over a period ot five hours A fresh addition was made only
after the orange colour due to the preceding portion had almost disappeared.
The temperature was maintained between 55° and 60°C. At the end of the
additions, the reaction mixture was cooled to room temperature and the thick

o
slurry was filtered, washed with cold acetic acid, and recrystallized from hot
acetic acid (700 g, 77% yield). Lead tetraacetate was stored in a nitrogen-

filled glove bag.
0

]
2. SYNTHESIS  OF  HYDRAZONES (RCNHN=(

~R"

\Ru)

a. ACETONE-N-ACETYL HYDRAZONE

The procedure of Allen and Bel1262 was followed, except for minor modif-
ications. Hydrazine hydrate (100 g, 99%), was added to a solution of ethyl-
acetate (150 mlz in ethanol (150 ml, 95%) in a three-necked, round-bottomed
flask. The mixture was refluxed for 48 hours, after which ethanol was evapor-
ated with a rotatory evaporator leaving behind the hydrazide and resrdual hydra-

zine. The hydrazide was recovered from vacuum distillation (10 Torr, fraction
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collected between 120° and 130°C), while heating the condensor with steam, to
prevent solidification of the product. Recrystallization from ethanol gave

263

acethydrazide of satisfactory purity; m.p.: 65° - 66°C (lit. 66° - 67°C,

108 g, 754 yield); ]H NMR (CDCI3 solution), &1 90(S); lR(CDCl3 solution): 3482,
3328, 3200, 1679, 1632, 1370, 1000.

The hydrazide (36 g, 0.48 mole) was dissolved in acetone (80 ml), and
the solution was left stirring for two hours. Removal of the unreacted ketone
with a rotatory evaporator afforded crude acetone-N-acetyl hydrazone, which was
then recrystallized from ethanol, (51 q, 937 yield). Spectral data are reported

in Table £1
b SUNTHESTS OF OTHER HYDRAZONES

Dicyclopropylketone-N-acetyl hydrazone (R'=CH3, R''=cyclopropyl) and dicyclo-
propy! ketone-N-propionyl hydrazone (R'=CH3CH2, R''=cyclopropyl) were synthesized

by the same procedure as in (a). Recrystallization of the crude productsfrom

ethanol-water gave materials with the spectral data listed in Table El.

The reaction of p-substituted methyl benzoates with hydrazine hydrate
afforded the corresponding p-substituted benzoyl hydrazides. The addition of
acetone to the hydrazides gave the corresponding acetone-N-(p-substituted)
benzoyl hydrazones, which were recrystallized from ethanol. The synthetic
procedure described in (a) was followed except for the purification of the
hydrazide. Excess hydrazine and ethanol were removed by distillation and acetone
was added to the crude solid left behind. Spectral data of benzoyl hydrazones

are listed in Table E2.
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"t AC
3. SYNTHESIS OF ACETOXY OXADIAZOLINES a:><ﬁ;§x</o
R ]

R

a. 0-ACETOXY-2,5,5-TRIMETHYL-a3-1, 3, 4-OXADIAZOLINE (R=R"=CH,)

Acetone-N-acetyl hydrazone (11.4 g, 0.10 mole) was dissolved in a solution

of L.T.A. (50.0 g, 0.11 mle) in CHCl, (100 ml). The solution was Teft

stirring at 0°C until the colour generated by the compounds upon dissolving in
dichlomethane, was discharged. The solution was then filtered by suction
through a bed of Celite, and the solvent was evaporated with a rotatory evapor-

ator. The remaining liquid was mixed with 5% NaHCO, and the aqueous solution

3

was extracted with CH2C|2. The organic fraction was dried over CaCIZ, and

evaporation of the solvent, with a rotatory evaporator, afforded the crude
oxadiazoline, which was purified by bulb to bulb distillation (IO-2 Torr, room

temperature, 14.0 g, 85% yield). Spectral data are listed in table E3.

b. OTHER OXADIAZOLINES "

2-Acetoxy-5,5-dicyclopropyl-2-methyl and 2-acetoxy-5,5-dicyclopropyl-2-

3

ethyl-A"-1,3,4-oxadiazolines were synthesized from the corresponding hydrazones

and were purified by the procedure described above. Spectral data are shown in

Table E3.

" R
L. SYNTHESIS OF ALKOXYOXADTAZOLINES =

R R'
a. Z-METHOXV-Z,S,5-TRIMETHVL-A3—L,3,4-0XADIAZOLINE

Lead tetraacetate (44.3 g, 0.10 mole) was dissolved in absolute methanol
(300 ml), giving a yellow solution. Acetone-N-acetylhydrazone (11.4 g, 0.10
mole) was added to the stirred solution and the temperature was maintained at

0°C. The discharge of the colour was taken as evidence for the completion of



Flats

SAMPLE YIELD IH NMR 13¢c NMR (PPM) IR
2 ppm, J(Hz) CDCl,, -20°C cm !
R=CH 1 85 | a=1.60(s,6H) 22.17 2995,2940, 1760, 1460
RI=CH, b=1.92(s, 3H) 22.96 1385,1370,1225,1130
c=2.11(s,3H) 24.56 1110,1010, 985, 920
24.87
124.26(Cs)
129.74(C5)
i 168.55(C¢)
R=CH 5 85 | a=0.30-1.60(m,10H) 1.34 3104,3012,2952,1768
R'=cyclopropyl b=1.93(s,3H) 1.56 1445 ,1403,1370,1209
c=2.03(s,3H) 2.08 1115,1052,1010, 942
16.25 930
22.10
128.21(Cs)
129.74(cC,)
163.33(C¢)

a' 80 | a=0.30-1.53(m,10H) 1.56 3105 3012, 2952 1768
R=CH,CH; a'=1.04(t,3H,J=7.5) 1.78 | 1465,1405,1370,1205
R'=chclopropyl c=2.01(s, 3H) 2.00 1112,1068,1010, 918

b=2.40(q,2H,J=7.5) 16.33
22.03
27.94
127.91(c S)
131.86(C,
L | 168.25(cq - _w-“__~J

TABLE E.3 ACETOXY OXADIAZOLINES

. 3Py
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the oxidation. At the end of the reaction, KOH pellets (10.0 g) were added to
the mixture to hydrolyse the acetoxyoxadiazoline biproduct, and the solution was
left stirring for 2 hours at 0°C. The solvent was then evaporated with a
rotatory evaporator and water was added. The aqueous solution was extracted
with CHZCIZ. The organic layer was washed with water several times, and dried
over CaClZ. Evaporation of the solvent followed by bulb to bulb distillation

-2

(10 © Torr, room temperature) afforded pure methoxyoxadiazoline (8.5 g, 60%

yield). Mass spec. CI/NH3 162 (MT). Other spectral data can be found in

Table E&4.

b. OTHER OXADIAZOLINES

3‘1,3,h-oxadiazoline (R=R'=CH3,

R''=cyclopropyl), was prepared and purified by the procedure described above.

2-Methoxy-5,5 dicyclopropyl-2-methyl-2

Spectral data are found in Table EL.

2-t-Butoxy-Z,S,S-trimethyl-A3

-1,3,4-oxadiazoline { R=t-butyl, R'=R"=CH3)
was synthesized and purified by the same procedures in t-butanol. Spectral

data are found in Table EL,

2-Methoxy-2-p-substituted phenyl-A3—I,3,4-oxadiazolines (R=R”=CH3, R'=
(p-X-C6Hu)) were also synthesized by the method described above. The crude
products were purified using a cooled (water)column, packed with basic alumina,

which was eluted with a 5% ether in hexane solution. The oxadiazolines eluted

first.

In the case of 2-methoxy-2-p-nitrophenyl-AB-I,3,h-oxadiazoline, evaporation
of the dichloromethane extract afforded a yellow solid, which was washed with

petroleum ether and stored in the freezer.

A St o

PArE-Y
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TABLE E.4 ALKYL-ALKOXY OXADIAZOLINES

b,c
SAMPLE YIELD IH NMR 13¢ NMR(PPM) IR
% ppm, J(Hz) CDC14-T.M.S. cm !
J(Hzg, -20°C
| R=R'=R'"=CH, 60 =1.43(s, 3H) 23.42 2918,2892,2837,1558
=1.55(s,6H) 24.05 1459,1370,1192,1116
=3.06(s,3H) 25.17 1050, 990, 890, 850
50.41(Cg) 598, 550
119.92(Cs)
133. 73(C2) L
R=CH,CH, 87 1.15(t,3H,J=7.0) 15.08
=1.42(s,3H) 24,22
a' =1.54(s,6H) 25.3] -
=3.19(q,2H,J=7.0) 58.8 (ca)
R'=R'"=CH 4 119.82(Cs)
133.47(C,)
— -4 J— e
R=(CH3) 5C 55 d=1.29(s,9H) 24.92 2998,2990,2940, 1458
a=1.42(s,3H) 25. 14 1380,1200,1172,1149
R'=R"=CH, b=1.53(s, 3H) 25.58 1009, 985, 899, 834
c=1.62(s,3H) 30.84
77.20(Cg)
120.26(Cs)
132.48(C,)
R=R'=CH; 7 =0.17-1.47(m, 10H) 1.13 3098, 3020,2950,2839
.60(s,3H) 1.34 1468,1379,1200,1170
R'=cyclopropyl .27(s, 3H) 2.37 1156,1057,1049, 888
16.47 850
55.96(Cs)
12k, 33(Cs)
132-23(C2)
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All spectral data of the p-substituted phenyl oxadiazolines are found in

Tables ES5 and E6.

5. ELECTROCHEMICAL OXIDATION OF HYDRAZONES

a. SYNTHESIS OF OXADIAZOLINES

R=CH
3

Acetone-N-acety! hydrazone ( 11.4 g, 0.10 mole) was dissolved in methanol
(300 m1). Ammonium perchlorate {5.0 g) was added to the solution, which was
electrolyzed for 7 days at a constant anode potential of 1.0 volt against a
standard calomel electrode. The temperature was maintained between 5° and 10°C.
At the end of the electrolysis period the solvent was evaporated. Carbon
tetrachloride (10 ml), which only dissolves the oxadiazoline, was added to the
residue, and the mixture was filtered. Evaporation of CCIA afforded the oxa-
diazoline which was purified by bulb to bulb distillation (IO-2 Torr, room

temperature, 7.5 g, 90% yield based on 60% conversion).

Chloraform (20 ml), which dissolves the hydrazone, was added to the solid
from the filtration. The mixture was filtered and chloroform was evaporated
on a rotatory evaporator, leaving behind crude unreacted hydrazone (4.5 g, 40%).

Spectral data are found in Table Eb.

R=CH2CH3

The analogous procedure was followed, but with ethanol solvent instead of
methanol. The ethoxyoxadiazoline was purified by bulb to bulb distiltation

(10_2 Torr, 87% yield, 55% conversion). Spectral data are found in Table E4.

b. SYNTHESIS OF METHYLPHENYLAZODIPHENY LMETHYL ETHER

Benzophenone-N-phenylhydrazone (2.7 g, I.OxIO-2 mole) was dissolved in



R YIELD IH NMR 13¢ NMR (PPM)
MW % ppm, J(Hz) CDC13-T.M.S.
-20°C

H 47 . a=1.043(s,3H) 25.13(c7) 129.71(C12)
b=1.60(s,3H) 24.50(C8) 133.29(c2)

206 c=3.13(s,3H) 50.96(C6) 135.70(C9)
d,e, f=7.14-7.70(m, 5H) 122.17(cs5)

126.78(c10)
128 s54(C11)

OCH4 59 a=1.40(s, 3H) 24.06(c7) 121.81(cC5)
b=1.56(s,3H) 24.50(c8) 128.24(cC10)

236 c=3.06(s,3H) 50.74(c6) 133.22(C2)
d=3.67(s,3H) 55.28(cC13) 160.24(C12)
e=6.73(d,2H,J=9.5) 113.69(c11)  127.81(c9)
f=7.43(d,2H,J=9.5)

CH3 55 a=1.40(s,3H) 24.35(c13)  126.80(c10)
b=1.56(s, 3H) 24.20(cC7) 129.27(C11)

220 d=2.30(s, 3H) 24.57(c8) 132.85(C2*)
c=3.08(s,3H) - 50.89(c6) 133.84(C9%)
e=7.10(d,2H,J=8.0) 122.03(cs) 139.72(C12)
f=7.50(d,2H,J=8.0)

cl 55 a=1.41(s, 3H) 24.05(c7) 128.61(Cl1)
b=1.60(s, 3H) 24.35(C8) 132.63(C2)

240 c=3.10(s, 3H) 50.82(C6) 134.17(C9)
e=7.27(d,2H,J=8.5) 122.32(c5) 139.72(cC12)
f=7.55(d,2H,J=8.5) 128 17(c 0)

CF; 54 a=1.43(s, 3H) 24.3&( 7) 127. h3(c10)
b=1.61(s,3H) 24.56(C8) 132.69(C2)

274 c=3.10(s, 3H) 51.10(C6) 139.64(C9)
e,f=7.26-7.83(m,L4H) 122.97(c5)
I8F NMR 62.66(s) 125.61(C11)

NO, 29 a=1.43(s,3H) 24.35(c7) 128.03(C10)
b=1.67(s,3H) 24.38(c8) 132.19(c2)

251 c=3.1h4(s,3H) 51.11(Cé) 142.50(c9)
e=7.58(d,2H,J=8.0) 123.70(cCS) 148.35(C12)
f=8.03(d,2H,J=8.0) 123. 7§(c1n

*Tentative asscgnments

TABLE E.5 ARVL-ALKOXY OXADIAZOLINES




R IR L M.S.

M em ! m/z;E1

H 2990,2837, 1452,1380,1367 136 (CeHgCOOCH;) "
1315,1278,1233,1205,1178 + +

206 111110821025, 976, 915 105(Y) " 77(c-C0)
902

0CH 2998,2939,2838,1612,1509 135(v)"
1452,1382.1368,1312,1238 e

236 12081197, 11081054, 1036 107(¥-C0)

. 975, 922, 905 )

CH, 2990,2938,2837,1615,1510 150 (pCH4CeHSCO0CH ;)
1458 ,1437,1380,1365, 1310 +

220 1276.1232,1208,1196,1178 119(Y) .
1107,1065,1021, 902 91 (Y-C0) |

cl 2995,2938,2838, 1600, 1460 139,161 (v) "
1435.1382.1365,1278, 1231 o+

240 1205,1196 117111121089 1, 113(y-co)
1064,1012, 902

CF,y 2992,2938,2835,1621,1467 173()"
1434,1381,1365,1323,1278 ) +

274 1230,1207,1195,1168,1132 145(v-co)
1113,1105,1022, 1013, 903

L 835

NO, 2995,2930,2857,1607, 1525 150(y)"
1464, 1435, 1382, 1368,1351 o+
1276,1235,1195,1115,1074 104 (Y-NO2) .
1076, 915, 907 L 76 (Y-NO>-CO)

TABLE E.6 ARYL-ALKOXY OXADIAZOLINLS
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methanol (300 ml). Ammonium perchlorate (5.0 g) was added to the solution which
was then electrolyzed for 24 hours in the dark at a constant anode potential
of 1.0 volt against a standard calomel electrode. The solvent was then evapor-

ated, water was added, and the aqueous solution was extracted with CH The

2C12.

organic fraction was then dried over Ca012 and the solvent was evaporated. The

crude azoether was recrystallized from petroleum ether (2.3 g, 90% yield, based

on 85% conversion).

b IV:hkﬁib
oCHy -~
@

'H NMR. 5 3.34 (s,3H), 5 7.11 - 7.88 (m,I5H)

IR- 3097, 3017, 3045, 2845, 1975, 1960, 1602, 1529, 1495, 1452, 1310, 1210, 1180,

1096, 1005, 907, 695, 685, 647.

p
E.3 CHEMISTRY OF 2-METHOXY-2,5,5-TRIMETHYL-5 -1, 3, 4-OXADIAZOLINE

1. THERMOLYSIS

Methoxyoxadiazoline (20 mg, l.&xlo-h mole), methanol-d4 (0.5 ml) and benzene

(1 drop), were mixed together in a medium-walled NMR tube. After three cycles
of degassing, at liquid nitrogen temperature, and thawing at room temperature,

the tube was sealed under vacuum (IO-2 Torr). The thermolysis was carried out
in a constant temperature oil bath, maintained at 79.5 + 0.2°C, for 8 days. At
the end of the reaction, the products were not separated, but their structures
were deduced from the pmr spectrum of the mixture. The yields were calculated
from the integrals of the ]H NMR peaks, by using benzene as internal standard

to normalize the integrals. Spectral data can be found in Table E7.

Another thermolysis was carried out with the methoxyoxadiazoline (20 mg,
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I.hxlO_u mole) in methanol (0.5 ml), in a sealed tube for 7 days. At the end
of the reaction, aqueous HCl (3 drops) was added to the solution. Acetone,
acetaldehyde dimethyl acetal, isopropyl alcohol, and methyl acetate were
separated and collected form gas chromatography columns (a 15% SE-30 and a 10%
FFAP heated at 40°C, flow rate 14 mi/min.). Addition of authentic samples

one at a time showed an increase in the corresponding peak on the GC trace.

.4 KINETIC STUDIES

The oxadiazolines (20 mg) and CH2C12 (3 drops) were dissolved in the solvent
(0.5 ml, CDBOD or CCIQ). The solutions were transferred to NMR tubes which

were put through three freeze-pump-thaw cycles (vacuum line pressure 10

Torr), prior to sealing.

In the case of the aryl substituted oxadiazolines, thermolysis was per-
formed in a controlled temperature oil bath, at 49.2 + 0.2°C. In the case of
the alkyl substituted oxadiazolines the temperature was 79.5 + 0.2°C. The
reactions were monitored by following the decrease in the integrals of the
methoxy signals (methoxyoxadiazolines) or acetoxy signals (acetoxyoxadiazolines),

in the ]H NMR spectrum.

For the aryl substituted axadiazolines, the reaction was stopped by
cooling the tube at liquid nitrogen temperature, prior to running the spectrum

at the probe temperature (35°C).

-

In all cases, the time outside the bath was not counted, and the reactions
were followed to, at least, 80% of completion. Ali the kinetic runs were

done at least twice and the average rates are tabulated in Tables RDl through

RDS.
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TABLE €.7. PRODUCTS OF THERMOLYSIS OF 87 IN CD.0D

PRODUCT Tiewo T4 NMR(ppm)

% CD3OD-T.M.S.

4 e T —————————

a=1.00(t,6H,J=1.2Hz)
\ﬁ CH3 59 b=1.92(s,3H)
)€ c=3.26(s,3H)

a=1.15(t,3H,J=1.2Hz)
29 b=1.19(s,6H)

c=3. 56(5 3H)

TABLE E.8. HYDROLYSIS OF THE PRODUCTS OF THERMOLYSIS OF 87 IN CH3Qﬂ

el

PRODUCT * TH NMR (ppm) FT-IR
i CH,OH-T.H.S. (GAS-PHASE

e T L .

0 a=2.01(s,3H)
CH3COCH3 | b=3.61(s,3H) )

a=T.26(d, 30,0550z} | ]
(M), CHEHy | b3, 25(5.1) '

¢=4.51(q,1H,J=5.5Hz)

-

(CH\})Z CHoy | T1-07(d.6H,=6.0h2) | 3361,2978,2893
b=3.89(sep,1H,J=6.0Hz) 1463,1378,1237

1
I S | 11461089
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E.5 CHEMISTRY OF Z—METHOXV-ZLQI5—TRZMETHVL-&5ilL3Li:OXADIAZOLINE IN ACETONE -d6

I.  THERMOLYSIS IN ACETONE -dé

The methoxyoxadiazoline (100 mg, 7.0x30-“ mole) was dissolved in acetone
-d6 (3.0 ml) in a thick-walled tube. Heating was carried out, for 8 days at
79.5°C, At the end of which the tube was cooled at liquid nitrogen

temperature and opened.

2. IDENTIFICATION OF PROPENE -ds

The reaction mixture was distilled by bulb to butb (IO—2 Torr) distillation
and the disttllate was injected on a 5/ FFAP column heated at 40°C (flow rate
10 ml/min). The FT-IR spectrum of the first eluted compound contained the same
bands as those of authentic propene with additional C-D bands at cm-] 2295,
2264, and 2217. The IH NMR spectrum of authentic propene was identical to the
one of the first eluted compound and the ZH NMR spectrum showed peaks identical

in chemical shifts to the ones in the ]H NMR spectrum of propene.

The olefin was converted to the dibromoalkane, by adding a bromine/CCIh
solution to the mixture of products. Purification of 1,2-dibromopropane was
done by preparative GC using a 20% DEGS column, heated at 140°C (flow rate 40 ml/

min). All spectral data are tabulated in table RD6. (p 76)

3. IDENTIFICATION OF OTHER REACTION PRODUCTS

The product mixture from the thermolysis was distilled, bulb to bulb (IO-2 Torr),
at room temperature. The distillate and the residue were injected through a 3%
OV-17 column heated at 35°C for 5 minutes, followed by 1°/min rise up to final
temperatures of 100°C (volatile) and 200°C (non-volatile). Mass spectra of

each eluent were obtained (GC-MS). The distillate and the residue were
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injected on a larger scale (30 ul) on a 103 OV-17 column heated at 35°C for
5 minutes (flow rate 30 mi/min), after which the temperature was raised manually.
The different products were collected and lH FT-NMR spectra were obtained. All

spectral data are tabulated in Table RD6 (p 76).

E.6 TRAPPING EXPERIMENTS

Table €.9 lists the traps used,the boillng range at which they were
distilled,and their |H NMR data.

TABLE E.9 TRAPS USED IN TRAPPING EXPERIMENTS

" |
SAMPLE BOILING RANGE H NMR
’C cclb-T.M.s.
P-—»---_~—~-~«—7~~‘~~ﬂ~~—---v-~-‘~---r-~*~‘——--«A~‘-~-.‘o
HICOOCC=CCOO0HR|  105-107(20Torr)  3.78
1.94(m, 2H)
) 3.53 (m, 2H)
88-90 6.71 (m, )

a
\C:C’Cl 119-122 -

(HOpc=CleHyy | o 162

a o
pat 58-61 6.38
mHa /H 1.74(s, 3H)
&C 14-36 3“7(5.3“)

3.73(s,2H)

The oxadiazoline was dissolved in the freshly distilled trap in a tube, and

the tube was sealed under vacuum (IO_ZTorr). Heating of 2-methoxy-2-{o-methoxy-
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phenyl)-S,S-trimethyl-A3-I,j,h-oxadiazoline (a,b,c) and 2-methoxy-2,5,5-

trimethyI-AB-l,3,h-oxadiazoline (d,e,f) were carried out at 80°C for 24 hours

and 7 days respectively. At the end of this time the mixture of products was

distilled by bulb to bulb distillation (IO-zTorr).

a. DIMETHYLACETYLENEDICARBOXYLATE (DAD)

The volatile fraction from the bulb to bulb transfer contained DAD. The

residue was chromatographed on a column packed with basic alumina using a 20%

ether in CClu solution. Two fractions were collected and identified. The

first fraction contained DAD and the second fraction contained cycloadduct

124 (p 135 )

> VAFIQWS U170 ARy

ES

The volatile fractions contained the traps (tetramethylethylene, tetra-

chloroethylene and ethylvinylether). The residue was chromatographed on 2 mm

thick silica plates and eluted with a §% ether in CC|“ solution. The mobile

band which contained the epoxide (p 135) was extracted with CHZCIZ.

c. NORBORNADIENE

The volatile fraction contalned norbornadiene and the residue a mixture of

the epoxide and the norbornadiene adduct (p |35). The two products were

separated by preparative thin layer chromatography (as in b) and the plates

showed two mobile bands. The first band contained the epoxide and the second

band the norbornadiene adduct.

-

The yields from the trapping experiments (a-c) are shown in Table E10,

and the spectral data can be found in section RD6. (p 79).
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TABLE E.10 THERMOLYSIS OF OXADIAZOLINE 103{p79 )1!I TRAPS

TRAP PRODUCY {Y1CLD
3

HX 0003
DAD H3C ~ \_OCHz | 9
H3C 0)

0CH;

_— e ——

H3C OCHs
— N‘? 90
>——< H3C QO /—=
L/)

\
OCH;

50
ARD AND

oC

NN ok

H

T
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d. 2-METHOXY-PROPENE AND TETRAMETHYLETHYLENE

The mixtures of products from both reactions were separated from any
polymeric materials by bulb to bulb distillation (10_2 Torr, 80°C). The
distillates were injected into a 3% OV-17 column heated at 40°C for 5 min.,
followed by 3°/min rise in temperature up to a final temperature of 120°C.

Mass spectra of the different eluents were recorded (GC-MS). The same mixtures
were injected into a 10% OV-17 column and the temperature was raised manually
(40°C - 120°C, flow rate 35 ml/min) and the different products were collected.

]H NMR spectra and mass spectra are reported In Sec RD 6.2 (p89).

The volatile fraction collected from bulb to bulb distillation (10_2 Torr,
50°C contained) acetone, methyl ‘acetate, propene and enol-ether 98 (p137 ),

which were identified by MS and ]H NMR as in d.

The residue was injected through a 10% OV-17 column heated at 120°C

(flow rate 40 mi/mn) and contained dihydrofuran 11l and cyclopropene 112 (p 92 ).

f. CIS-1,2-DICHLOROETHYLENE

The volatile fraction from bulb to bulb distillation (IO_2 Torr, 50°C)
contained acetone, methyl acetate, propene, enol-ether 98 (p 137) and cis-1,2-
dichloroethylene. These products were isolated and identified as in part d.
The residue contained 113 and 114 (p 94 ) which were isolated (10% OV-17

column heated at 100°C, flow rate 35 ml/min) and were identified as in d.

All the yields from trapping experiments (d-f) are tabulated in Table Ell

and the spectral data can be found in section RD6.(p 79).

JE P
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TABLE E.11 THERMOLYSIS OF OXADIAZOLINE 87(p79) IN TRAPS

TRAP
PROOUCT | 2 3 4
ocHa
H’ZJ\ 25 23 25 15
:>:£ﬁ 20 27 20 29
% OCH3
\ﬁ /g 20 27
H3C }-b
1 1
H4C OCHy
i 5 6 3 -
- - - 2
0:< 39 42 28 35
CHg
0 19 17 12 14
Crg

L

- CA
o 2_(HC,C=C(CHq}» 3- "C=C ,4-DAD
1-c=clocHicHy 2- (M), (cHy, DU

z 2, e e
PSS R O

[ P
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E.7 CHEMISTRY OF 2-METHOXV—5,5-DICVCLOPROPVL-Z—METHVL—A3—113,4-0XADIAZOLINE

1. THERMOLYSIS IN Q626

The methoxy oxadiazoline (20 mg, I.OxlO-b mole) was dissolved in C606
(0.5 m1) in a medium-walled NMR tube. The solution was frozen, pumped, and
thawed three times, and the tube was sealed. The thermolysis was done at
79.5°C, in a controlled temperature oil bath. After 48 hours the tube was

opened and the products were separated by bulb to bulb distillation (10_2 Torr). }

The volatile fraction (distillate), contained methyl acetate and l-cyclo-
propylcyclobutene. The ester was identified by comparing its ]H NMR and IR b

spectra to those of an authentic sample. The olefin's |H NMR spectrum was

250

identical to the published one. Spectral data and yields can be found in

section RD.7.1.(p 98).

2. THERMOLYSIS IN CCL,

The methoxyoxadiazoline (100 mg, 5.0x10 " mole) was dissolved in cCly
(5.0 ml) in a thick-walled tube. The same procedure, as before, was fol lowed
for sealing the tube. After three days at 79.5°C, the tube was cooled at
liquid nitrogen temperature and opened. The mixture was separated by bulb to
bulb distillation (IO-2 Torr). The :istillate contained methy} acetate and
chlorofq;m. Methyl acetate was identified by comparing its NMR and IR spectra

to those of an authentic sample. Chloroform was identified from its NMR

spectrum.

The residue was separated on preparative thin layer chromatography plates
(Silica gel, 60F-254, 2 mm thick) which were eluted with CHZCIZ, and the first

band (fastest) was then extracted with dichloromethane. The solvent was evap-

PO

T e
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orated with a rotatory evaporator, and the residual mixture was injected into
a 15% carbowax column (70°C for § min, 1°/min raise up to a final temperature
of 200°C, flow rate 25 mi/min.). Mass spectra of the different products were
obtained on the fly with the GC/MS instrument. The different fractions were
also collected to obtain ‘H NMR spectra. All the yieLdijaqg the spectral data

Ay

can be found in section RD7.2. (p 99).

E.8 CHEMISTRY OF 2-ACETOXY-5,5-DICYCLOPROPYL-2-METHYL-a°-1,3, 4 OXADIAZOLINE

A
I THERMOLYSIS TN CCL,

The acetoxy oxadiazoline (100 mg, Q.SxIO-u mole) in CCIQ (5.0 ml) was de-

gassed (10 2 Torr) and sealed into a thick walled tube.

After three days at 79.5°C, the tube was cooled at liquid nitrogen temp-
erature, and opened. The products were separated by bulb to bulb distillation
-2

(10 ® Torr) and the first distillate was collected by cooling the receiver

flask at liquid nitrogen temperature, while the other end was at room temp-
erature. This fraction will be referred to as the first fraction. The second

fraction was the one collected from warming the pot to 60°C, at lO-2 Torr.

The first fraction contained acetyl chloride, biacetyl, acetic anhydride,
dicyclopropyl ketone, and chloroform. The carbonyl stretching frequencies
in the IR spectrum of the reaction products matched those of authentic samples.
Addition of authentic samples, one at a time, to the reaction products mixture

showed an increase in the corresponding carbonyl intensity.

A 10% 0V-17 column, (40°C, 25 ml/min), was used to separate and isolate

the different products whose lH NMR spectra matched those of authentic samples.

The second fraction was separated by preparative thin layer chromatography.

Silica plates (60F-254, 2 mm thick) were eluted with 20% ether in CClb. The

e e -
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first band (fastest) contained dicyclopropy! ketone, and the second band contained

l-acetoxyethyl cyclopropylidenecyclopropylmethyl ether.

The residue was worked up as in part €.5.2, and contained 119 (p 99 )
and other chlorinated products. All yields and spectral data can be found in

section RD.8.1. (p 107).

2. TDENTIFICATION OF PROPIONYL CHLORIDE

Z-Acetoxy-S,S-dicyclopropyl-Z—ethy]-AB-I,3,b-oxadiazo]ine (100 mq, h.beO_u
mole) was thermolyzed in ccly, (5.0 ml), in a sealed thick-walled tube, at 79.5°C.
After 3 days the mixture of products was separated by bulb to bulb distillation
(IO‘2 Torr), and the volatile fraction was analyzed. The IH NMR spectrum of
the acid chlorides, from the reaction, matched that of authentic acetyl and
propionyl chloride (authentic propionyl chloride was prepared by reaction of
thionyl chioride with propionic acid). Authentic acid chlorides were injected
on a 5% SE-30 solumn heated at 40°C (flow rate 25 ml/min) and their FT-IR

spectra and their GC retention times were the same as those of the products from

the reaction. All spectral data can be found in section RD.8.2. (p 109).
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