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CARBENE CHEMISTRY

PART I. STEREOCHEMICAL INTEGRITY AT C, IN
KETONE TOSYLHYDRAZONES

INTRODUCTION

Interest in the chemistry of p-toluenesulfonylhydra-
zones has grown appreciably in recent years. Tosylhydra-
zones, as well as their alkali metal salts, have come into
their own as important synthetic intermediates. For the
purpose of providing the background for the chemistry in-
vestigated, a brief summary of current literature as it
portrays tosylhydrazone chemistry will be discussed. The
examples presented are by no means exhaustive. Considera-
tions for the basis of selection include mechanistic in-
terest, synthetic usefulness, and timeliness. Since the
examples cover an extremely wide range of application, a

meaningful classification scheme is somewhat difficult in a

paper of this size. For our purposes, tosylhydrazone
chemistry will be discussed in terms of four functional
areas: (1) those reactions which are known to proceed
through carbenes or dianions and generally produce products
of increased unsaturation; (2) those reactions which in-
volve reduction, including alkylative reduction, at the :

carbonyl carbon; (3) reactions involving molecules

prsrs
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containing heteroatoms other than oxygen and nitrogen; and
(4) reactions involving deuterium incorporation.

The first example of the first class of reactions
(those producing greater unsaturation in the carbon skele-
ton) is the well known and synthetically useful conversion
of a ketone to an alkene via the tosylhydrazone. This
sequence was developed primarily by Shapiro (3, 6). Treat-
ment of the tosylhydrazone with two equivalents or more of
an alkyllithium reagent (usually MeLi or n-BuLi) affords

the olefin in excellent yields. In situations where it is

Quantitative
—_— >

] NHTs

Quantitative _

—

TsHNN

possible to form more than one alkene, the less substituted
alkene is formed almost exclusively (3, 6). It is quite
apparent from the following examples that acidity of the a
protons is not as important as once thought. Shaphiro has
postulated that "regiospecificity is largely controlled by

the configuration of the carbon-nitrogen double bond ...
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>98%

Ph-CHz-ﬁT—CH3 —_— Ph-CHZCH=CHZ

NNHTs
100%

an a-hydrogen syn to the tosyl group is selectively elimi-
nated" (6). The mechanism proposed for the formation of

the alkenes involves a dianion intermediate 2 shown in

scheme 1.
. 5 =fm
\CgN—I\—Ls cé\l\lj-N—Ts
g L
APH R —
1 2
N\ A NER i ot Na-H
[ =
N 7Ny s
3 4
Scheme 1

Loss of N, from 3 produces the mono anion 4 which abstracts
a proton from the solvent. It was once believed that the
abstraction of a proton from 1l and the loss of Ts were

concerted (thus bypassing the dianion 2). Recently, how-
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ever, Shapiro (6) has been able to successfully trap the
dianion 2. Depending upon the trapping agent, a wide range

of synthetically useful compounds are available:

CH,I

3
ph-CHz-f-cuz-cu3
NNHTSs

i

Ph-CHz—C—CHZ-C—OH

2 MeLi
ph-cuz-f-cn3

NNHTs acetone

NNHTs CH3

A second reaction series which generally gives products
of increased unsaturation within the carbon skeleton pro-
ceeds via a carbene intermediate. In recent years tosyl-
hydrazones and their lithium salts have been a favorite
route to alkyl and dialkyl carbenes (4, 5, 32). The tosyl-
hydrazone decomposition which affords the carbene can be
accomplished by a dry salt pyrolysis of the lithium or
sodium salt, pyrolysis of the salt in an aprotic solvent,
and photolysis of the salt in an aprotic solvent. The
carbene 5 may react in a variety of ways to create an
alkene 6 or cyclopropane species 7 via an intramolecular
reaction. An intermolecular cyclopropane adduct 8 may
also be formed. These possibilities are depicted in

scheme 2 and the equations which follow (1, 2, 4, 5, 8, 32).

i i i
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5
Scheme 2
Na+ :
- dry salt % -
[>— CH=NNTs — [>— CH ——» :
F pyrolysis
aprotic L
—A——> —
NNTs i
Na+ - i1
NNHTs :
aOMe A :
~aprotic ' e
LA T OB AU —
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If the decomposition is conducted in protic solvents

the reaction proceeds through a carbonium ion mechanism (1,
2, 4, 5, 8). This mechanism is illustrated for the case of

camphor tosylhydrazone (8) in scheme 3.

-Ts protic -Nj
e — —_ — >
slow H+ H
—-—Ts +
] n +N=N
Na \

e

— - =2

Scheme 3

Similarly, decomposition of cyclopropanecarboxaldehyde

tosylhydrazone in protic solvents yields bicyclobutane (4,

protic
[>—- CH=NNLiTs >
A

Along a similar vein, Shapiro (7) has investigated the

5) s

action of trivalent metal cations upen tosylhydrazones.
Treatment of camphor tosylhydrazone with LiAlH‘ in THF gives
a 60:40 mixture of camphene 11 and tricyclene 10. The tri-

cylene arises from the insertion of the carbene 9 while the
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7
camphene results from reaction of the metal with diazocam-

phane 12. The proposed mechanism is shown in scheme 4.

-'I‘SH
N!N
Ts

-M-

e

S A
X-H i
Scheme 4

Additional work using LiBH4 led to an increased amount of
tricyclene due to the decreased ability of boron to inter-
act with diazocamphane 12. The reaction with LAH has been
applied to various steroids, generating the rearranged pro-
duct as the major component (7).

The final reaction of the first classification group
offers a convenient and versatile route to a,B-unsaturated
aldehydes (11). The tosylhydrazone is treated with four

equivalents of n-BulLi which eventually gives the mono anion
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4 (scheme 1). A nucleophilic attack on the carbonyl carbon
of dimethyformamide, followed by hydrolysis affords the un-

saturated aldehyde in acceptable yields (ca. 60%).

(o] NNHTs CHO
1) n-Buli
’ 2) DMF ch
3) B0
0 NNHTs CHO
X
e >~

The second class of reactions is that in which there is

some sort of reduction at the original carbonyl carbon. 1In
the simplest case the carbonyl center is converted to a
methylene. Catecholborane (25), lithium aluminum hydride
(27) , sodium borohydride (27), and sodium cyanoborohydride

(28) have all been used very successfully for this purpose.




1) @I:;BH

4¢9\\//A\]//’ 2) NaOAc-3H20 3

NNHTs i
LiAlH4 or
CH,-C=NNHTs > CH,-CH,-CH
3 NaBH, - e
CH3
NNHTs
NaBH 3CN

i
B

92%

A mechanism for the catecholborane reaction has been pro-
posed by Kabalka (25) in which there is an initial addition
of the borane across the carbon-nitrogen double bond. This
mechanism is shown in scheme 5.

A second example of reduction with hydrogen is one in
which there is migration of a double bond. a,B~-Unsaturated
tosylhydrazones when treated with catecholborane (29) or
sodium cyanoborohydride (26, 28) yield rearranged alkenes
as products. This reaction might be particularly useful in
the generation of exocyclic and non-conjugated double bonds.
In view of the high percentage of rearranged alkene (exclu-

sive in some cases) it is likely that the first step of the

JURRSPeSER———— AR
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10

>c=NNHTs : C_?_gb NaOAc - 3Hz0
c b B—
o) ?:
Ts
o §4 4
e é {"’ | OAc
RN ————> C-C-N=NH ——o——p
i
g o H
] i ]
5 -N H,0
c-<|:3-‘N§N : c-cI:‘ i c-cl:-a
H H H

Scheme 5

reaction is a 1,4-addition. This hypothesis might be
checked by simply using catecholborane-d1 and looking for

vinyl protons in the NMR spectra.

NNHTs NaBH 3CN

79% ;
|
O’A o 4 QL
77%
NaBH3CN |
CH=CH~CH=NNHTs CH,-CH=CH
98%

S
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The third and fourth examples of the reduction class
are alkylative reductions. The reductive alkylation of
aldehyde tosylhydrazones has been studied by Vedejs (12).
He has found that the addition of alkyllithium reagents
does not produce the dianion (as it does with ketone tosyl-
hydrazones) but rather adds across the carbon-nitrogen
double bond, due in part to decreased steric interactions
and increased positive charge at the carbonyl carbon.
Yields to date have been only moderate (30-60%). Vedejs'

mechanism is shown in scheme 6, followed by a typical reac-

tion.
RY Li Li
R'Li S G ~-LiTs
R-C=NNLiT8 ——>» R - C~N~N-—T§ ——p
H H
R' R' R'
-N2 | H0 1
R-C-N=NLj-——> R-(|:-Li -3 R-C-H
H H H
Scheme 6
1)t -BuLi/THF
Ph-CHZCHZCH-NNHTs > PhC1{2CHzCH2-C(CH3)3
2)HZ0
61%

The reductive alkylation of fluorenone tosylhydrazone
13 is the final example of the second class. Shapiro (9)
! has employed the tosylhydrazone as a successful precursor

to the 9,9-disubstituted fluorenes. Since there are no a

s < —————— i A — a1 A A S S 53 AN A . W

TR
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hydrogens to abstract, treatment of the tosylhydrazone with

two equivalents of MeLi yields the anion 14 which then

reacts as a typical nucleophile. This sequence is depicted

in scheme 7.

/P
13 NNHTs Me ~ N) or
N\N-Ts
O = O
& &
‘\ -
Me N= Me
. 14

Me CO,H Me coz' Me Et

Scheme 7

The third class of tosylhydrazone chemistry deals with
molecules containing the heteroatoms phosphorus and sulfur.

The discussion of this class will be brief but will i;lus~

trate some of the innovative uses of tosylhydrazones.

B e o S PR Y
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Rosini (22) has successfully reduced ketophosphonates via
the tosylhydrazone and has additionally synthesized various
l-diazoalkane phosphonates which are readily converted to

alkene phosphonates upon treatment with a suspension of Cu/

Benzene.
o]
NaBH , /THF |
NNHTs
N2
> R-C-P- (OCH3) 2
NaBH4/MeOH I
(0]
o) Cu/CGH6

RZ—CH=CH-P—(0CH3)2'**

The addition of HCN across the tosylhydrazone C,N double
bond is the first step in the preparation of alkyl thiocar-
boxylates in the method of Caglioti (23):
Ro R2
HCN (
Rl-CaNNHTs -——"Rl—C-NHNHTs
CN

1) CaHsSH,HCl

?2 2) HZ0
R, ~C-H 3 4

| - |

C

o? “s-cjis

e e e A L SRR Tk T N T TN A R TRy A 03 TN WGP B e N 1o AN S O A
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The fourth and final class of reactions are those

which utilize the tosylhydrazone as an efficient means of
incorporating deuterium. The use of deuterium labeling is
extremely important in organic mechanistic studies and
examples presented offer some attractive means of incorpora-
tion. Mechanisms for these reactions have been covered in
the discussion of classes one and two and will not be
covered here. The first example comes from Shapiro (6).

Dianion 2 (scheme 1) may be trapped with D,0:

1) 2 Meli
PhCH,-C=NNHT§ ————> PhCH.,-C=NNDTs
2 2
‘ 2) DZO
: CH3 CH,D

15

An interesting contrast is seen when 15 is treated with
sodium methoxide in MeOD (6) resulting in perdeuteration at
the benzylic position.

D

NaOMe/MeOD |
PhCHZ-C=NNHTs 3 Ph—?-?=NNDTS
D

80°

1 Shapiro has also trapped anion 14 (scheme 7) with D,0 in

reductive alkylation sequence of fluorenones (9):

QO = OO
5 B o B
Me D

NNHTs

FaRel L 7 Al ae 0 SRR




borane-d

deuterium atoms.

!

2) NaOAc-3D
| T

D

0
1) @: :BH
0

A method of deuterium incorporation successfully used
by Kabalka (25), utilizes various combinations of catechol-
1 and Dzo to effect the placement of one or two
These are shown in scheme 8.

using LiAlD4 are well known and will not be discussed.

R*C—CH3 —_— R—C—CH3

NNHTs

o) 3 D20
Joe
O/
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Scheme 8
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DESIGN, RESULTS, DISCUSSION

The question of Ca stereochemical integrity in
sequences employing ketone tosylhydrazones is a very real
one. The conditions used for the initial formation of the
tosylhydrazone vary widely, ranging from EtOH/H+ (cat) to
pyridine. If the ketone a-carbon has enolizable hydrogens,
the formation of a small amount of enol 16 or enolate 17

is a definite possibility (30, 31) and is depicted in

scheme 9.
base v
H3C-F—CH3 ——f:—* H3C—F—CH2 D H3C-?=CH2
0 - 0 o_
17

—~

+
H3C—T -CH3 ——i:+ H3C-?—CH2
0 " 0
/ /
H H
16
Scheme 9

Even in the apparent absence of acidic or basic conditions
enolization is possible. This was nicely demonstrated by
Maynez (18) when he simply combined ketone, tosylhydrazide,

and acetone-d6. The recovered ketone was perdeuterated.
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Assuming that ca is able to maintain stereochemical
integrity during tosylhydrazone formation, rather drastic
conditions (usually NaOMe or MeLi) are then employed in the
formation of the alkali metal salt and its subsequent de-
composition (a common preparative carbene sequence). As

previously seen, stereochemistry at Ca could be affected.

B
R-CH-C-R' ——» R-C-C-R'
o e e
A NNHTs A NNTs

2

Quite obviously, Shapiro's elimination procedure (3, 6)
(scheme 1) destroys Cq stereochemical integrity intentional-
ly on one side for sure, and possibly both sides.
Considering the wide range of tosylhydrazone usage,
there are a large number of situations in which it is
desirable to maintain stereochemical integrity at Ca‘ This
research group alone has had numerous occasions arise in
which a knowledge of the Cq stereochemistry was critical.
(One such instance is described in Part Two of this thesis.)
It would be very desirable then to have some method avail-
able for the determination of Ca stereochemistry. The
paramount consideration 1s, of course, that whatever
analytical method is chosen, it must be completely passive
with respect to Ca. Of lesser importance are such factors

as cost, convenience, simplicity and speed.
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Practically speaking, there are two alternatives. The
first is a direct comparison of ketone and tosylhydrazone
spectra (uv, ir, nmr). Mass spectral data is not likely
to be of much help (even when Cq contains deuterium) since
molecules containing more than one or two heteroatoms
generally produce erratic results (33). Additionally, the
tosyl portion of the spectra may dominate or entirely
mask any information concerning Ca’ The use of shift
reagents may be of some help in these cases (nmr).

The second approach involves the conversion of the
tosylhydrazone back to the ketone followed by spectroscopic
analysis of the two ketones. Spectra may now be compared
directly without interference. The obvious disadvantage is
that one runs the risk of having the cleavage reaction
affect the stereochemistry at Cu. In fact if the stereo-
chemistry does turn out to be different, the change may
have occurred during the formation of the tosylhydrazone,
its cleavage, or both. Although the literature offers an
abundarce of cleavage methods, there are no studies which
were concerned with the question of Ca stereochemistry.
Several methods of tosylhydrazone cleavage are shown in
Table 1.

The basic approach used was to look for a cleavage
reaction whose conditions were mild enough so as not to
cause enolization at Ca. Additionally; a reaction of high

yield was desirable. The stereochemical trap chosen was

e
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Table 1. Tosylhydrazone Cleavage Methods.

General Method Specific Reagents

exchange methods pyruvic acid (21)
acetone (18)

acetone/BF3 (19)

oxidative methods ozonolysis (14)
sodium hypochlorite (16)
N-bromosuccinimide (17)

sodium peroxide (20)

non-redox titanous ion (15)

simple but very conclusive. Through the use of deuterium
labeling at Ca (which is easily accomplished) the initial
ketone and final ketone (that which had been to tosylhydra-
zone and back) could be conveniently compared by low voltage
mass spectroscopy (Appendix B). No loss of deuterium would
mean that enolization takes place in neither the formation
nor cleavage of the tosylhydrazone. Furthermore, stereo-
chemical integrity at Cq is maintained. However, if there
is a loss of deuterium, further experiments would be neces-
sary to determine which step contributed to the loss of

deuterium. Since neither of the two reactions are capable

of increasing the amount of deuterium, there is no way for

one reaction to coincidentally negate the effect of the

other,.

s
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Eight methods in common use were applied to the
cleavage of camphor tosylhydrazone. The results are sum-

marized in Table 2.

Table 2, Camphor Tosylhydrazone Cleavage Results.

Method $ Conversion? Additional Productsb

acetone or acetone/Ht 30-40 yes
cyclopentanone 55 yes
CH3I/95% EtOH 0 yes
NaOCl 20 yes
ozone 5 no
NBS/MeOH, Acetone 20-40 yes
NBS/HZO, Acetone 50-70¢ yes
pyruvic acid 50-70 yes

aypc analysis; p-cymene used as internal standard
bAdditional products were not identified

©86-100% with diisopropyl ketone tosylhydrazone; 98% with
6,6-dimethyl-norbornan-2-one tosylhydrazone

Exo-3-deuteriocamphor (36) 18 and 2-deuterio-2,4-

dimethyl-3-pentanone 19 (diisopropyl ketone) were selected

as representative ketone substrates.

D D )I( H
5 SR
X . l 19 I
8 c—
AL a) X=0 a) X=0

b) X=NNHTs b) X=NNHTs




21
In the case of l8a it has been shown (35,36) that the exo-
3-deuterium should be lost in preference to the endo-3-
hydrogen (even considering the isotope effect). Thus enoli-
zation of either 18 or 19 should result in a loss of
deuterium.

Two cleavage methods were also selected for use in the
initial phase of experiments. These were chosen strictly
on the basis of yield of ketone (Table 2). The first
method was the exchange with pyruvic acid after the method
of Hershberg (21). The second was a modification of
Rosini's NBS reaction (17) using H,0 in place of MeOH. The
substrates and processes of interest are summarized by the

following equations:

Equation 1:

H NNHTS NBS or &
H H pyruvic =
0 EtOH/H NNHTs 2¢id
Equation 2:
D H D NNHTs D H
o 0 R W T A
l l | [ l |

Mass spectral results for equations 1 and 2 are summarized
in Tables 3 and 4 respectively.

It was also of interest to know whether or not any
deuterium may have been lost from Ca during the formation

of the lithium salts of tosylhydrazones since these salts




m AR AR T

22

Table 3. Mass Spectral Results for the Camphor Sequence
(Equation 1).

d Content of Initial Ketone d Content of Final Ketone
pyruvic acid NBS
$dy 7.0t 0.4° 63.1 + 1.0 7.1 ¢+ 0.4
% d1 79.3 + 0.4 32.8 + 1.0 79.2 * 0.4
$ d2 13.7 * 0.3 4.1 £+ 0.5 13.7 = 0.2

4standard deviation

Table 4. Mass Spectral Results for the Diisopropylketone
Sequence (Equation 2).

d Content of Initial Ketone d Content of Final Ketone
NBS
$.d, 27.4 ¢ 0.6° 7.t & 1.1
% dl 49.1 + 0.6 49.8 *+ 1.1
$ dy 23.5 * 0.5 22.5 ¢ 0.9

3standard deviation

are widely used as carbene precursors. The lithium salt of
camphor tosylhydrazone was prepared using exactly an equiva-
lent of MeLi. The salt was converted back to the tosylhydra-
zone with 0.1 N acetic acid. NBS was then used to regener-
ate the ketone. This sequence is summarized in scheme 10.
The mass spectral results are summarized in Table 5.

In looking at the pyruvic acid cleavage (Table 3) of
camphor tosylhydrazone, it is readily apparent that Ca has

been altered as indicated by the large increase in % do

T g TR
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P peem.pt D Meri D(?)
>
b HoNNHTs H

(0] NNHTs NNLiTs
AcOH
D(?)
NBS ( ?)‘—l
\ Acetone,H20
HTs
Scheme 10

Table 5. Mass Spectral Results for the Lithium Salt
Sequence (Scheme 10).

d Content of Initial Ketone d Content of Final Ketone
% 4, 7.0 £ 0.4% 7:-4 ¢ 0.4
$dy 79.3 ¢ 0.4 78.8 + 0.6
$dy 13.7 £ 0.3 13.8 + 0.8

aStandard deviation

(7.0% ~ 63.1%). Percent d1 and d2 show a corresponding de-
crease. At this point one could only conclude that enoliza-
tion had occurred either in the tosylhydrazone formation or
subsequent cleavage (or in both). However, when coupled
with the results from the NBS cleavage some definite con-
clusions may be drawn. In the NBS reaction there is no

loss of deuterium and therefore no enolization at Ca in

o i s
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either the tosylhydrazone formation or cleavage. Further-
more, since the tosylhydrazones were all prepared in the
same manner, we know that the pyruvic acid exchange method
of cleavage does cause enolization. The formation of the
lithium salt of camphor tosylhydrazone also is free of any
enolization at Ca as evidenced by the data in Table 5. The
do, dl, and d2 composition is the same before and after the
reaction sequence. What do the results indicate in rela-
tion to the original problem? There does exist a suitable
method for checking the stereochemistry at Ca in ketone
tosylhydrazone sequences. The method of Rosini (17) using
N-bromosuccinimide is simple, fast, and no detectable eno-
lization at Cu occurs. From a theoretical standpoint,
Rosini envisions the mechanism in Scheme 11.

Br

NBS | -HBr
R'-C=NNHTS$ ——> R'~-C=N-N-T§ ——>

R Rxﬁ
?—cn3
20 H
R' OCH
~Nj s Haot
CH30-C-N=N-T§ ———— R'-C-OCH3 ——— R'-C=0
| \ -HTs | l
R R R
6-cH4 22
‘ r—
2—1 H
Scheme 11

v
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Presumably the NBS serves as a Br' transfer agent (30,
31) in the formation of the N-bromotosylhydrazone 20. HBr
is then easily expelled following a nucleophilic attack by
MeOH on the carbonyl carbon leading to the mono-ether 21.
The next step is rather curious, however. It may be in-
ferred from the representation presented that Rosini views
the second attack by MeOH and expulsion of Nz as a con-
certed (SNZ) process. In view of the reaction conditions
(polar, ionic), the tertiary center, the excellent leaving
groups, and the presence of a methoxy group to greatly
stabilize the incipient carbonium ion, an SNl mechanism

seems much more reasonable (Scheme 12).

gocty *ocH, ocrx;m1
R'—c':—\zg;-n—'r"; —_— R'-!'I: ‘—— R'-(|:+
k k &
21 508 -
MeOH
OCH3
R'-C-0OCH3
X
Scheme 12

In the case of camphor, where an Sy2 displacement is
especially unlikely due to steric considerations, a car-
bonium ion of some sort is almost certain. It could be

asked whether a non-classical carbonium ion 24 might be

W e
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involved. Based upon the most likely configuration of the
methoxy group (exo), the answer is probably not, since the

leaving group must necessarily be endo.

Me ;f Aéj; =

3 N=N-Ts 24

~
OMe

Even if the non-classical ion is not formed directly, the
classical ion may "leak" over to the non-classical. There
is also the possibility that the classical ion may rearrange
to a different classical ion. An analogous case was covered
earlier. When camphor tosylhydrazone is treated with
LiA1H4, a high percentage of camphene is formed, presumably
proceeding through a rearranged carbonium ion. In the

event of the generation of either non-classical or re-
arranged carbonium ions, a mixture of products might well

be expected. Scheme 13 depicts some of these possibilities.

On the other hand, it could be argued that since the
classical ion 25 is probably formed initially, rearrange-
ments are not too likely due to the fact that the methoxy
group stabilizes 25 and thus leads only to 26. The experi-
mental facts are that Rosini's procedure always leads to a
large number of unidentified products (up to ten according
to VPC analysis). 1In fact the ketone rarely accounted for
more than 30% of the product mixture. Our modification of

Rosini's procedure (using H50 in place of MeOH)
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—> MeO
OMe

oM
26 OMe 24 OMe "

Scheme 13

significantly reduced the number of additional products and
consequently gave us much better yields of the desired
ketones.

As for further experimentation, the most interesting
work focuses around a more precise understanding of the NBS
reaction. Numercus unidentified peaks need to be charac-
terized, some of which may reveal details of the mechanism.
A kinetic study of this reaction would be an interesting
challenge, especially since the reaction goes to completion
in something less than 60 seconds. In the light of the suc-
cess of tosylhydrazone cleavage (NBS), a logical step would
be to extend this reaction to other classes of similar com-
pounds: hydrazones, 2,4-dinitrophenylhydrazones, oximes,

or semi-carbazones for instance. Cqu stereochemistry is
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important in these cases as well. Rearranged products

could well be of interest here also.

‘;2
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EXPERIMENTAL

Melting points were measured using either a Buchi
melting point apparatus or a Mel-Temp device and are uncor-
rected. NMR spectra were recorded at 100 MHz with a Varian
HA-~100 or at 60 MHz with a Varian Anaspec EM-360. Infrared
spectra were obtained with either a Beckman IR-8 or a
Perkin-Elmer Model 621. Vapor-phase chromatographic analy-
ses were carried out using a Varian Aerograph A-90-P, an 18
ft. x 0.25 in. 5% OV-17 on 60/80 chromosorb G column;
yields were determined using p-cymene as an internal stan-
dard; the VPC detector was interfaced with a Hewlett
Packard 3373B digital integrator.

Deuterium analyses were accomplished via a low-voltage,
mass spectral technique using a Varian MAT CH-7 spectro-
meter, interfaced with a PDP-8/m computer. Before analyz-
ing a deuterated sample, the non-deuterated sample was run
in order to determine the exact intensities of P, P+1, and
P+2 at a voltage that eliminated the P-1 peak (usually 18-
20 eV). The molecular ion region was scanned 10-20 times;
the mean and standard deviations are reported. (For a more
complete description of the technique, see Appendix B.)

Spectral grade CDCl3 was supplied by Merck, Sharp, and
Dohme; CCl4 by Mallinckrodt; D20 by Stohler Isotope Chemi-
cals. Pyruvic acid was purified by distillation in vacuo

using a Kugelrohr distillatic pparatus.

—
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2-Deuterio-2,4-dimethyl-3-pentanone. CH30D was pre-

pared by the general method of Streitwieser (34). Using
carefully dried apparatus, a solution prepared from 15 ml
of CH,0D, 3.0 g (0.026 mol) of ketone, and 0.08 g of Na was
stirred for 9 hr at room temperature. The solution was
then quenched with Dzo, extracted with ether, washed with
H,0, and dried over MgSO,. NMR (CCl,) 6 2.7 (heptet, 0.9
H, J=7 Hz), 1.06 6 (M, 12 H); mass spectrum % d0 = 27.4 #
0.6, ¥ dy = 49.1 + 0.6, % dy = 23.5 * 0.5.

2-Deuterio-2,4-dimethyl-3-pentanone tosylhydrazone.

Ketone (2.2 g, 0.019 mol), tosylhydrazine (3.56 g, 0.019
mol), 40 ml of ethanol (95%), and 1 drop con HCl were com-
bined and the resulting solution placed on a steam bath for
4 hr. The solvent was largely removed by evaporation.
Refrigeration produced 3.5 g (65%) of a white crystalline
solid which was used without further purification, mp 95-
99. An analytical sample of undeuterated tosylhydrazone
had a mp of 106.9-~108.7°C.

Anal calcd for C14H22N2028:C, 59.54; H, 7.85. Found:
C, 59.66; H, 7.87.

3-Deuteriocamphor. An adaptation of the procedure of

Tidwell (35d) was used. In a dry 250-ml round-bottom flask,
60 ml of reagent grade dioxane and 30 ml of D,0 were com-
bined. The flask was cooled to 0°, and 0.08 g of Na was
added in three portions. The ice bath was remcved and the

solution was allowed to come to room temperature. Camphor
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(2.0 g, 0.013 mol) was dissolved in 5 ml of dioxane and
then added to the above solution. After 30 hr of stirring,
the solution was extracted with ether, washed with H,0, and
dried over MgSO4. Mass spectrum % do = 7.0 % 0.4, % d1 =
79.3 £ 0.4, % dy = 13.7 + 0.3,

The Tosylhydrazone 18b and the Lithium Salt of
Tosylhydrazone 1l8b. Tosyl!hydrazone 18b was ;repared as

described above for 2,4-dimethyl-3-pentanone, giving a 75%
yield, mp 157-159° (2). The lithium salt of the tosylhydra-
zone was prepared by treating 18b (0.2916 g, 0.908 mmol) in
10 ml of THF with 1 equiv of methyllithium (2 M solution in
THF). The lithium salt was then reconverted to tosylhydra-
zone by neutralization with 0.1 N acetic acid. This mix-
ture was extracted with ether, washed with H,0 and dried
over Mgso4. Eveporation of solvent gave 80% recovery of
18b.

The Tosylhydrazone to Ketone Conversion Using N-

Bromosuccinimide (NBS). This procedure is an adaption of
4

the method of Rosini (17). Tosylhydrazone (10 ° mol) and

internal standards, if desired, were dissolved in a mixture
of 14 ml of acetone and 4 ml of water. When dissolution
was complete, the mixture was cooled to 0° using an ice/

water bath. N-Bromosuccinimide (4 x 10”4

mol) was then
added. Stirring, using a teflon coated stir bar, was con-
tinued for 2 min. (Evolution of N, was apparent after 10-

15 seconds, and the resulting solution was yellow). The
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reaction was quenched with 1-2 ml of saturated sodium bi-
sulfite. The ice bath was removed and the stirring con-
tinued while adding ca. 10 ml of water. The ketone was
extracted with ether, and the combined organic extracts

were washed with water, 10% Na2C03, and then dried over

MgSO0, .
The Tosylhydrazone to Ketone Conversion Using Pyruvic
Acid. Tosylhydrazone (10™% mol) was combined with 10~4 mol

p-cymene (internal standard), 4 ml of glacial acetic acid,
1 ml of H,0, and 0.5 g of purified pyruvic acid. The solu-
tion was heated at reflux for 2 hr. After cooling it was
extracted with ether; washed with H0, 10% Na,CO,, H,0, and

dried over MgSO4. Yields were typically ca. 75%.

SN
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CARBENE CHEMISTRY

PART II. HYDROGEN MIGRATION IN
2-CARBENA-6, 6-DIMETHYLNORBORNANE

INTRODUCTION

Part II of this thesis investigates the behavior of
2-carbena-6,6-dimethylnorbornane. Examining the chemistry
of this carbene could aid considerably our understanding of
non-classical intermediates and the stereochemistry of 1,2
hydrogen migrations. This introduction provides the back-
ground material pertinent to these areas and consists of
three sections: (1) the possible existence of non-classi-
cal carbenes, (2) theoretical aspects of the 1,2 hydrogen
migration, and (3) experimental findings as they relate to
the stereochemistry of the 1,2 hydrogen migration.

Since the hybridization of the carbonium ion and the

2

singlet carbene are both sp“, delocalization utilizing the

empty p-orbital of the carbene analogous to delocalization
in carbonium ions might be expected. Non-classical deloca-
lization of the carbonium ion is most widely accepted in
systems where there is participation by either cyclopropyl
or pi bonds (55-59). Evidence is growing that this may also
be true in the case of carbenes. Moss and co-workers (62)
have reported on the thermal decomposition of 7-norbornenone

tosylhydrazone 27 which gives 28 (67%) and 29 (7%) as the
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major products. A bishomocyclopropenyl interaction is
advanced to account for the formation of 29 as shown in

scheme 14.

6— -
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Scheme 14

Intuitively, it is expected that a delocalized (non-
classical) carbene should be of lower energy and thus more
selective in its reactions than the non-delocalized carbene.
Two independent studies confirm this. The Klumpp and
Vrielink (64) treatment of 7,7-dibromobicyclo[4.1.0]heptane
30 with MeLi gives tricyclo[3.l.1.06'7]heptane 31 as the
major product in 50% yield. On the other hand, treatment
of 7,7-dibromobicyclo[4.1.0)lhept-3-ene 32 with MeLi pro-
duces only 1-5% of the tricyclic compound 31. The major
product involves an intermolecular insertion into the C,H

bond of the ether solvent. The authors suggested that the
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31 50%

Br

pi-bond is able to stabilize the carbene through the boat

OC2Hs

Br |
32 Bx 31 1-5% CH

conformation, making it more selective.

3

Streng evidence for carbene delocalization by a cyclo-
propyl bond has been provided by Freeman and co-workers
(67) who considered the gggg—S-carbenatricyclo[3.2.1.02’4]
octane intermediate 33. The authors postulated that an
intermolecular process involving the solvent and the de-
localized carbene was responsible for the insertion product
34. No 1,3 insertion of the initial carbene is observed
which contrasts sharply with the results of Moss and
Whittle (68) in the 7-carbenanorbornane system 35. The

complete lack of an analogous insertion product in the case
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of 33 was supposedly the consequence of a longer-lived car-

bene through cyclopropyl delocalization.
ﬂb %
a3

The 1,2 migration of hydrogen in carbenes to generate
alkenes is commonplace (53). The simplest and most studied
of all 1,2 migrations is that of methylcarbene (ethylidene)
to ethylene. This reaction could take place in a variety
of ways depending upon the electronic state of the reactant
carbene and the product ethylene. Yates et al. investigated

several of these possibilities using the principle of least r

motion (PLM) approach (46, 50). Interestingly, the pathway

of least energy is the triplet-triplet conversion. The
second lowest is singlet-singlet. 1In both th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>