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HISTORICAL

Platinacyclobutanes are one of the most studied group of metalla-

cyclobutanes. In 1955, Tipper:1 prepared the first platinacyclobutane.

0 A
¢-C3Hy + PCly-ZHCI - 6H,0 —2—> ( LA -ptCl, iy
s

L+ @ ———> PtCly(C3H, )Py,
N <

Originally, it was proposed that compound (1) was a platimum(II)-
cyclopropane complex. But later in 1961, Adams?"3 deduced that the
structure of 1 was a chloride-bridged polymer built from dichloroe-
(trimethylene)platinum(IV), (;p.

Cl~
Pt
c—

3

o
—_—

Adans' formulation was based on the low solubility of 1 suggesting
a polymeric platinum(IV) complex, and on IR and NMR studies of 1 and
its bis(pyridine) adduct, PtClz(CjHé)(C 5H5N)2 (2). For example, the
14-195p¢ MMB coupling constant J(Pt-CH,) for 2 was found to be can-
parable with similar values for methylplatinum compounds and suggested
the ring-opened foma.tion.3 Numerous X-ray examination of 2 have
established the platinacyclobutane as the true ss‘t.ructm.n::.'e.L‘"'9 Further
support came from the mass spectrum of 1 which indicated that it was
a tetrameric structure P*c,c:LZ(cBHé)LF analogous to that of (MethI}q_.

McQuillin and P::weil.lm’11 extented Scheme 1 to monosubstituted

cyclopropanes. A series of moncsubstituted cyclopropanes had been

shown to displace ethylene from Zeise's dimer, [Pt(CZHQ)CIEIZ’ with



formation of substituted (propane-1,3-diyl)PtCl. derivatives. This

2
kind of displacement was impeded or inhibited by electron-withdraw-
ing substituents. From the 1H--NMR spectra of the bis(pyridine)
derivatives, (chﬁj)PtC12(PY)2' it was postulated that the insertion
occurred preferentially into the less-substituted cyclopropane bond
when R was n-hexyl, benzyl, nitrophenyl, and phenyl. However, when

R was p-tolyl, the principle product arose from insertion into the
more-substituted bond of the cyclopropane. The reactivity sequence
implied that this insertion reaction depended upon the electron donor
capacity of the cyclopropane ring, and that the Ptﬂl2 residue acted

as an electrophile. In 1976, Puddepha.ttlz

reported that reaction of
Zeise's dimer with phenylcyclopropane gave [PtCIZ(CJH 5Ph)] y which
with pyridine gave [Ptﬂlz(Py) 2(93}1 5Ph)] . When freshly prepared, the
latter complex had structure 4 (@-isomer). But readily to give an
equilibrium mixture of 4 and 5 (B-iscmer) in relative proportions

1:2.320,3. The isomerization was completed in 45 min at 50°C in

G]:}Cl3 solution.
of Cll
|
::T 3:7 P
Ci L ci
A =

A number of mechanisms have been proposed for the rearrangement
of g to 5. A carbene-olefin mechanism (Scheme '1) had been suggested,
but was discounted by Puddepha.‘tt12 since styrene was not found among
the reaction products. The formation of Q_ requiring the loss of

pyridine, has been demonatrated, 217



Scheme 1
-Py CHy
Clg(Py)z —_ PtCIz(Pv) E— ==‘MJt«L:Iz(Py)
Ph Ph Ph
4 £
—_— Ph—<>tC|2(Py) —-Py% Fh—-<>FtCIQ(Pv)2

5
=

An alternative mechanism proposed by Puddephatt inveolved a con-
certed rearrangement (Scheme 2). This mechanism involves an intra-
molecular rearrangement with concerted cleavage and formation of a

gset of C~C and Pt-C bonds.

Scheme 2_
tClof Py)z %é thu(!’y)
Ph Ph




Johnson15 considered two pessible modes by which phenyleyclo-
propane might participate in the rearrangement of 4 to 5 (Scheme 3

and &), He established that neither 4 cor 5 could be prepared from

Scheme 3
Ph
4 = A T G Ph<>tc'z(Pv)z
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§ghemgd
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4 = py + & qm-—A--*‘- PtClz(Py) = <]/—Ptc;2(py)
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cis- or trans-dichlorobis(pyridine)platinum(II) and phenylcyclopropane.
Thus, the mechanism given in Scheme 4 was ruled out. He also ob-
served only very modest phenylcyclopropane exchange (%) by reacting
4 with phenylcyclopropane-d, (89% enriched), 1:1, in chloroform
under the rearrangement conditions. Clearly, a phenylcyclcpropane
exchange does occur, but the amount of exchange was too modest to
account for the observed amount of rearrangement. Johnson pointed
out that the data was consistent with the mechanism in Scheme 2. His
results ruled against a mechanism requiring phenylcyclopropane ex=-
change as a step in the rearrangement.
Theoretically, chloride ion could also be dissociating during
the rearrangement. To test for possible chloride ion disseociation,
a sample of fl-_; was treated with radicactive 3801‘ under the rearrange-
ment conditions. Recovery and subsequent analysis of the platina-
¢yclobutane revealed no incorperation of 3&31'. Therefore, Johnson
pointed cut that under rearrangement conditions, chloride ion does
not appear to dissociate.15
Recent work by Puddephatt indicated that the rearrangement also
occurs with other mono~ and di-substituted platinacyclobutanes.13
It was reported that Zeise's dimer did not react with electron-
deficient cyclopropanes.11 But Yarrow and Iber316 found that (PPhB)th
readily reacted with 1,1,2,2,~tetracyanocyclopropane to give a platina-
c¢yclobutane.,
McQuillin and Powell11 pointed out that in terms of the bent-
bond model for cyclopropane, insertion of PtCl2 may be rationalized
as a process of rehybridization as the electrons of the C-C bond

overlaps with a hytrid vacant orbital of platinum.



Thermal decomposition of dichlorobis(pyridine)(propane-1,3~diyl)-
ﬁlatinum(IV) produced cyclopropane and propene. If the decomposition
was carried out in the solid state, the ratio of propene/cyclo-
propane was greater than 1.17 However, the reverse was true in

18

solution. The photolysis of dichlorobis(pyridine)(propane-1,3-

diyl)platinum(IV) at 25°C also gave cyclopropane and propene.ig’20
Varying the ligands about a platinacyclobutane will vary the pro-
portion of cyclopropane to propene.

Dominelli and Oehlschlager21 used compound 10 and 11 to investi-
gate the stereochemistry of addition of cyclopropanes to Zeise's

dimer. There are three stereochemical courses which could be ob-

served during the addition of Zeise's dimer to the C_-C, bond of the

273
CeHia H Ceth3 D
H D
D H
18 48!
trangs-1-n-hexyl-gcig — cis—-1-n-hexyl-¢cis—
2,3 ~dideuterio - 2,3 ~dideuterio -
cyclopropane cyclopropane

cyclopropane, These are shown in Scheme 5: (a) retention of con-
figuration (R,R,) at both carbon centers (02 and CB)' (b) inversion
of configuration (I,I,) at both carbon centers (C2 and 03), and

(¢) retention of configuration at one carbon center, and inversion
at the other center (R,I,). It was anticipated that the distinction

between these three possibilities would be evident from examination

of chemical shifts11 and vicinal coupling COnstant322'23 of H2 and
H3 in 10 and 1l and their Pt(II) adducts.

It was shown by NMR analysis of the deuterated cyclopropanes



Scheme 5

9
H
D
H
CxHj |
6713 b Pt<
H !
10a
(R,H)
D
H
D
Cethz l CeHiz
¢ H Plt<

and the bis(pyridine) derivatives of the adducts that the structures
of the adducts from 10 and 11 were 10a and ila, respectively, It
pointed out that the Pt(II)-cyclopropane reaction was stereospecific
and involved retention of configuration at both reacting carbons.

24

Recently, Brown~ 1isolated a platinum-olefin complex from a

platinacyclobutane which in turn liberated the free olefin upon



warming. This observation established the intermediacy of a platina-
cyclobutane in the rearrangement of a cyclopropane to an olefin by
platinum. (Scheme 6) Brown suggested that this reaction might in-
volve either a direct 1,2-methyl migration, or a prior rearrange-
ment to an isomeric platinacyclobutane which then isomerized to

the olefin via a hydride shift.

Scheme 6

ZE 2 [Pr(czm)cu]z -—7\-_42‘{,0 tClPy2

2 13
—_— <}PtCI2Py2 %Js\tcizpy _2_5%/’

o

14 15

Dichlorobis(tetrahydrofuran)(propane-1,3-diyl)platinum(IV) when
allowed to react with arylcyclopropanes (4—XC6H4C3H5, X=Me, OEt, H)
gave aryl-substituted platinacyclobutanes.25 The kinetic data showed
that these reactiqns were first order in both arylcyclopropane and
platinum complex. The mechanism shown below was suggested to account
for these observations. (Scheme 7)

McQ,uillin11 indicated that the chemistry of platinacyclobutanes
formed from alkyl cyclopropanes was dominated by olefin formatlon.

Recently, Johnson26 reported upon the mechanism of olefin formation



was also the dominant pathway in the decomposition of platinacyclo-

penta.nes.z?-z9

Scheme 7
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RESULTS AND DISCUSSION

The chemistry of platinacyclobutanes formed from alkylcyclo-

1 This is also the do-

27-29

propanes is dominated by olefin formation.
minant pathway in the decomposition of platinacyclopentanes.
Both aryl- and alkyl-substituted platinacyclobutanes will give cyclo=

1,11 and there

propanes upon treatment with phosphines or aqueous KCN
has been a rearrangement observed for one alkyl-substituted platina-
cyclobutane.24 In this thesis, a study-of olefin formation from
reactions of Zeise's dimer with compounds 1,i-Dimethyl-Z-methyl-dB-
cyclopropane—2,3,3,-d3(£22), 1,1aDimethyl-dj-Z-methylcyclopropane(ézgg,
1,1,Z-Trimethylcyclopropane-B,jndz(ézg), Bicycloﬁ+.1.0} heptane(18),
1-Methylbicyclo 4.1.0 heptane(1l9) and §gg,§;ngetracyclo[3.3.1.02'4.06’8]

nonane(gg).

K CDS\<31 CH?<3
D H / H D H
w \CH3 |:)/r \CH3

7

5
o
o

17¢
——

> Py

Complex 14 was decomposed in CHCl, at 25° £ 2°C to.give 2,3-

dimethyl-l-butene as the major product. The olefin could arise by

three independent routes from the platinacyclobutane shown in Scheme 8.
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These three decomposition pathways could be differentiated using

specifically labeled cyclopropanes,

The three deuterium-labeled

compounds used in this study were prepared as shown in Scheme 9.

n=

_§_gheme'8
TONZ0 IO
ey 2> :(3><>
CH3 CHy CHj3 CHs

' CHj
1) @~ hydrogen abstraction(a) \
N

2) reductive elimination

\
%
A

CH3(c)
/ H(a)
=0
/CH3(c)

1) B-hydrogen abstraction(b) . «:Hgk
(‘)H\/(a)

2) reductive elimination

X

1) B - hydrogen abstraction(c') c(tj\

—>

)
on(e

2) reductive elimination (c)H\/
")
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me 9

(CHz JacHCOsCH; 3 :‘D':g;:)?- S CDLOC(CH; ) CO,CH;

1) LAD 2) TsCl, Py

—» 17a
3) Zn. Nal. Acetamide -
NayCO3, 175°C

co;

1) NaH . DMF 2] CDal |

CH3COCH; CO2CH, CHy ) ) cos S CHyCOCCO,CHoCH;
3) NaH, DMF 4) €Dy CDy

1) LAH 2) TsCl , Py

~J
o

=

I

3) Zn, Nal . Acetamide_
NayCO3 , 175°C

cl Cl
Me; C = CHMe 7 CHCIj3 + KOH ﬂ—} i‘ ;

Na ~ .
diglyme - ==

The three deuterium-labeled cyclopropanes, 1?a.-c30, were indi-
vidually reacted with Zeise's dimer and with pyridine to give platina-
cyclobutanes 22a-c. Decomposition of these complexes in CHCl3 at

25°C gave the olefins shown in Scheme 10.



D D
oDy
PtCIz(Py)g —% E E
D
CHs
CDQH
2 ve) 24
H H D D 9 "
CHj .
’ Clz(Py)2 -%' - e
3 CD;
CD3 CH
CD3y CDj3 [ MK H
CHyD CD;
226 2 o
D D
CHs
ptClz(p,)z —>
H
CDzH
22¢ z 2

The ratio of 23:24, gg:gé and 27:28 were 1.1, 0.2, and 2.2,
respectively. The ratioc analysis and structure determination were
determined by 'H-NMR and 'C-NMR. Table I sunmarizes the NMR data

for 2,3-dimethylbut-1-ene(16).
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Table I. Chemical Shifts for Carbons and Protons
for 2,3-Dimethylbut-i-ene(16)2.

Protonb shif‘c,a’plm carhon shift,a'ppm

a 4.71¢ a 151,07
b 2,35 8 107.47
¢ 1.78° Y 20.02
d 1.00° 5 35.13

€ 21:35

*Downfield from Me,Si in CDC15. Y The proton and

carbon designation shown in Figure 1. g Singlet.

d Sentuplet. ° Doublet. J=6.5 Haz.
(a)H a Heay
€
Sy
(AN BNY
CHacw)
Hiey
€
CHsq)
Figure 1. Designation of protons (Roman) and carbons

(Greek) for 2,3—dimethylbut-1—ene(16)

In the pair of olefins 23 and Q, the 1BEI-I*TMR showed a triplet
centered at 3%.41 ppm in place of the pead at 35.13 ppm consistent
with complete deuterium substitution at Ca.(see Figure 1) The G,

Was now re;;resented by a singlet at 107.5 ppm and a pentuplet centered
at 106.9% ppn consistent with a mixture of 23 and 24. Both of the
peaks at 21.35 and 20.02 ppm have clusters of smaller peaks at their
baze line which overlap with one another and make the exact assign-
ment of nultiplicity difficult. COCne would expect two different

septuplets and one pentuplet in addition to the two singlets



15

for 23 andggi,

The 'H-MMR of this mixture (52 and 24) confirms the complete
deuteration at carbon § as the signal at 1.78 ppm was no longer
present, The height of the integrated area for the vinylic proton(Ha)
was 28 mno" while the height of the integrated area for the methyl
protons(Hd) was 110 mm. In this particular pair of olefins, there is
no common proton to both Q and _2;!_-' as is the case for the olefin pairs
25 and gg and 27 and 28. Therefore, this ratio detemmined for 23 and
%& will have a larger error32 than the ones determined for the other

two sets of olefins. The ratio of 23 to 24 can be determined from the
above integrals by the following procedure. The vinyl protons (Ha) are
due only to gg and correspond to 14 mm per proton. The methyl protons
(Hd) are due to both 23 and 52. The olefin %g, however, has one proton
and five deuteriums substituted on the C¢. Therefore, 14 mm (the value
for one proton--see above) was subtracted from 110 mm to give a value
of 96 mm for the protons due to 23. Compound 23 has six H, protons and
this corresponds to a height for the integrated area of 16 mm per proton.
Taking these values per proton we arrived at the ratio of 52:52 as 1.1,

In the olefin pair 25 and 22, the 1JC-NMR gave a single peak at
35.10 ppm indicating the substitution of a proton at Cgy of each iso-
mer. The iH-NMR showed a peak centered at 2.35 ppm in agreement with
the 130-NMR results. The methyl peaks were as complex as described
for ?—2 and E_‘i above., The Cq was also as described for 23 and ﬁ
In 25 and 26 the allylic proten (H ) is common to both 25 and 26 .
(i.e. both égland‘ég have a proton only substituted at Cﬁ)‘ The
height of the integrated areas for HAF Hb’ Hé, and Hy were

%8, 89, 35, and 30.mm, respectively. Using the height of



16

the integrated area for Hc as representing 100%, we found that Ha
and H, were 83-84% of the theoretical area if only 26 was present,
and Hd was only 17% of the theoretical area® This corresponds
to the ratic of 25:26 as 0.2,

The 13C-NMH of the olefin pair gz and %g looks similar to the
other two pairs for the vinylic Cy . However, clean singlets for
Cy and Ca and a singlet and a pentuplet for C. were observed con-
sistent with the structural assignments of 27 and 28. The 1H-NMR
exhibited peaks for all of the protons Ha-Hd. Protons Hc was again
common to both 27 and 28 (as was Hb) and its integrated area is
taken as 100%. The heights of the integrated areas for H , H,

Hc’ and H, were 10.5, 52, 17, and 92 mm, respectively. Using HC

d
as the standard, we found that H A was 31% of the theoretical area.
The height of the integrated area per proton for §§=is ca. 5.3 mm.

This value nultiplied by four (for the four H, protons in 28) was

d
then subtracted from the integrated area of 92 mm for the total
Hd protons gave a value of 71 mm for the six Hd protons due to 27.
This value was 9% of the theoretical area. These analyses are
consistent with ratio of 52‘%2 being 2.2,

Olefins 23, 22- and 27 are the major olefins in each set and
can be formally derived from process (b) in Scheme 9. The minor
olefins 24, 25, and 28 can be formally derived from process (e)
in Scheme 9. The olefins formed from égg and Eﬁﬁ would not dis-
tinguish between an a-hydrogen abstraction and a g~hydrogen ab-
straction process. However, platinacycle 22¢ does distinguish be-
tween these two possibilities. An olefin formed via an a~-hydrogen

abstraction route from ggg would have the structure 29. The olefin

—_—



: '

29 1s distinguishable from 27 and Eg in the following ways. First,
29 would give a triplet for the Gy and Cy in the '’C-WMR whereas

Cy was cbserved as a singlet and pentuplet and Cﬁ was observed as

a singlet. Second, the methyl C.~H's should appear as a broad singlet.

in the 1H-NHR spectrum whereas a doublet was observed indicating
the presence of a proton instead of a deuterium at Cs. It is apparent

that a mixture of 27-29 would be observable from both the 1I:i-NMR

and 130 -NMR spectra.

H D
CHj
CHj
D
CH3
29
==

Furthermore, the olefins obtained froem in' clearly indicate
that the rearrangement of 13 to 154 does not occur by a 1,2-methyl
migra.tion. Had such a migration occurred, the product olefins would

have been 31 and 32 instead of the observed olefins 25 and 26 (see

Scheme 11).
Scheme 11
]
H H
1, 2—methyl shift CD4
_ = - PtCla(Py )2
Hw_H  D~__»D €y CHa
) + 30
CD3 CD3
CcD CH
H 3 H 3
CHjy CHyD
31 32

=
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The olefins 25 and ;g could be distinguished from the olefins
2& and 25 in the following manner. The 1BC-NMR, as previously des=-
cribed, confirmed the presence of a mixture of olefins. However,
we would not be able to distinguish between a mixture of 52 and
26 vs. one containing 31 and 32 by the 13cNMR. The key difference
between the two pairs of olefins rests ﬁpon the observation that
in the olefin pair 25 and 26 the Cq and Cy always contain the same
type of hydrogen isotope, i.e. both positions are substituted with
deuteriums or both are substituted with protons. In the olefins
pair 2& and 32 the opposite case exists, i.e. one of the carbons
is substituted with protons while the other is substituted with
deuteriums. Thus, if the olefins obtained were 22 and 52- then
the integrated area for Ha to Hb must be 2:3., However, if the
olefins obtained were 2; and 25? the height of the integrated area

for H, to H, would be the same as the ratio of 31 to 32. The

b

heights of the integrated areas of Ha and H. were 58 and &9 mnm,

b
respectively. This corresponds to a 2:3 ratio in agreement with
the structural assignment of 25 and ég instead of 31 and 22. In
the case where the ratio of gi to ;% happened to be 2:3 and, there=-
fore, would give a correct integration for Ha VS, Hb’ we can
calculate that the height of the integrated area for Hd must then
be 174 mm. In fact, the value is only 30 mm, which is, again,
consistent with the structural assignment of 23 and 52 and not with
31 and 32.

McQuillin and Powell11 reported that bicyclo@+.1.0J heptane

reacted with Zeise's dimer to give an orange complex which then

was decomposed by aqueous potassium cyanide to yield methylene-
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cyclohexane (33), 1l-methylcyclohexene (34), and cycloheptene (35).

They proposed a m-allyl mechanism (Scheme 12).

Scheme 12
(=)

e (PtCIQ)
;

H

()

PtCl,

L

\J/— HCI
Vs,
L Pecis2 tPtCIIZ

We reexamined this reaction and obtained the same three products
reported by McQuillin and Powell. However, we obtained a 33: 22_2
ratio of 6.4:1.4:1, respectively, compared the reported values of
2:2:1.11 All three olefins can be derived from 8-hydrogen abstraction

followed by reductive elimination.
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In order to obtain a deeper insight into the bicyclo [4.1.0]. -
heptane system, we synthesized 1-methy1bicycloE#.i.g]heptane and
ran the same experiment. I l-methyliicyclo [11'-.1.6] heptans under-
went the g-hydrogen abstraction=-reductive elimination process, seven
possible compounds could be produced (Scheme 13). However, due
to steric constraints during the hydride abstraction process, 22
would be greatly favored over 38. Also, 4o-42 would be favored over
39 for the same reason. The insertion product from which 22 is
derived is itself highly disfavored and, therefors, ;g was not ex=-

pected to be a significant product.

Scheme 13

©§ — ijz(w)z ‘* ©<

~Ofr - 0L (X
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Analysis of the reaction products by g.l.c., showed that 2__8=
and 39 were the major products and 37 was a minor product. Compounds
@ﬂ were shown to undergo rearrangement under the reaction and/or
analysis conditions to give compound 3=_91 At this stage, it appeared
that the 8-hydrogen abstraction-reductive elimination michanism
was not a.good. explanation for the bicyclo [4.1.0] heptane systen.

On the other hand, a w=-allyl mechanism would be expected to
favor 38 over 37 and 39 over 40 (Scheme 14). From the data we ob-
tained, it appeared that the w-allyl mechanism of McQuillin and
Powell was a more viable mechanism than the B-hydrogen abstraction-
reductive elimination process. Accordingly, the reaction was not

investigated further,

gcheme 14

:.-f_ptCIlz — q‘F q
AN
® 7
\ )
PtCl/2 —> + O—
3 40

el

I

£exo,exo-Tetracyclo [—3.3.1.02’4.06’8]11011&:13 (20) was reported to
L =

react with Zeise's dimer to give the PiC1, derivative f-_{rj.li The

structure of :2 was assigned by analogy and elemental analysis. In



order to obtain spectral confimation of this structure, the yellow
solid reaction product was dissooved in DMSO-ds which was the only
solvent it was soluble in. However, the 130-N'MH spectrun ¢f this

solution revealed that "platinum" had reacted with exo,exo-tetra-

eyclo {3.3.1.02'4.06’8] nonane to give 4. The structure of 44 was
assigned by comparison to the 13C-NMR spectrum of an authentic
sample.jh’ 235

N/

PtClo

44

—

2

This analysis does not mean that the yellow sample reported
by the original workers, and that obtained in the present work was
43.3® 1f the structure is 43, then it is very labile in DMSO and
undergoes an olefin-forming reaction similar to the other cyclo-
propanes reported in this study. Interestingly, only one of the
two cyclopropanes undergoes rearrangement to the olefin., This
suggests that the platinum may only interact with one of the cyclo-
propanes.

In summary, formation of 2,3-dimethylbut-i-ene from 14 occurs
by what is formally a 8-hydrogen abstraction process followed by
a reductive elimination reaction. Protons may be abstracted either
from 'Ithe ring or from substituents of the metallacycle as long as
they are attached to carbons which areg to the platinum. There
is a preference to abstract a hydrogen from the ring over that of

a methyl substituent in _1&.37 The rearrangement of 1_2 to 14 does

2¢



not oceur via a 1,2-methyl migration. However, Zeise's dimer a-
pparently can also react with cyclopropanes by standard w-allyl
platinum reactions as well. Tn some instances, e.g. with bicycle-
[4.1.@ heptane, it appears that the w-allyl mechanism is favored
over the 8-hydrogen abstraction-reductive elimination process. The
features of a cycloprop;ne which may favor one mode of reaction

over the other are unknown at this time. It is significant, however,
that cyclopropanes which undergo formation of platinacyclobutanes
produce olefins by one mode, whereas cyclopropanes which do not

form platinacyclobutanes favor the w=-allyl platinum mode of olefin

formation.
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EXPERIMENTAL SECTION

The 130-NMH spectra were recorded on a Varian XL-100 spectro-
meter and the Ly R spectra were recorded on either a Varian T-60
or Varian XL-100 spectrometer. All of the NMR spectra are reported
relative to MeuSi using CDCl3 as a solvent, Melting points and
boiling points are uncorrected. All of the compounds synthesized
in this study are known in their unlabeled form. The preparation
of all labeled compoundé was first performed on non-labeled materials
and identified by spectroscopic comparison to authentic samples.

The position of the deuteriums was determined by comparison with

the unlabeled compound.

Methyl 2,2-Dimethy1-3-oxobutanoat9—4,4,4—d3; To 1000-mL, three-

necked, round-bottomed flask equipped with a mechanical stirrer,
reflux condenser, and addition funnel were added 500 mL of an-
hydrous THF and 50.5 g (0.5 mol) of diisopropylamine. The flask
was cooled to -78°C and 210 mL (0.5 mol) of 2.4 M n-butyllithium
was added. After the mixture was stirred at -78°C for 2 h, 51 g
(0.5 mol) of methyl isobutyrate was added over a peried of 2 h.
After the addition was completed, the reaction mixture was stirred

for 0.5 h and then 36 mL (0.5 mol) of acetyl-d. chloride (Aldrich)

3
was added over a period of 1.5 h. Then the mixture was allowed

to warm to room temperature and was stirred for 3 h, after which
2O were added to the reaction
mixture. The organic layer was separated, washed four times with

time 125 ml of & HC1 and 200 mL of H

100-mL portions of saturated sodium bicarbonate, dried over an=-



hydrous sodium sulfate, filtered, and evaporated in vacue. The
residue was distilled, giving 29.2 g (41%) of the title compound:
bp 90-93°C (30 mmHg), Lo (cnc13) $3.6(s, 3H) and 1.3(s, 6H).

2,Z-Dimethyl-i,j-butanediol-l,1,3,4,4,4—d6. To a 1000-mL, three-

necked, round-bottomed flask equipped with a mechanical stirrer,
reflux condenser, and addition funnel were added 500 mL of anhydrous
ether and 9.0 g (0.2 mol) of lithium aluminum deuteride (Stohler
Isotopes). To this stirred mixture was added a solution of 33.5 g

(0.23 mol) of methyl 2,2-dimethyl-3-oxobutancate-4,4,4=d., in 250

3
ml of anhydrous ether., The solution was added at a rate which main-
tained reflux. After the addition was completed, the reaction mix-
ture was refluxed for 3 h. The reaction mixture was then cooled
and worked up by adding dropwise amounts of the following reagents:

9 mL of H,0, then 9 mL of 1%% aqueous NaOH, and then 12 mL of H_O.

2 2
This gave a precipitate which was removed by filtration., The fil-

trate was washed once with 200 mL of H_ O, the layers were separated,

2
and the organic layer was dried over anhydrous sodium sulfate, fil=-
tered, and concentrated in vacuo. The residue was distilled, giving
17.9 & (63%) of the product: bp 78-79° (0.3 mmHg); “H-NMR (cpeL,)

5 4.11 (br, 24), and 0.82 (s, €H).

2,Z-Dimethyl-I,3-butanediol-1,1,3,4,4,“—d6 Dimesylate. To a 1000-mL

Erlenmeyer flask, cooled to OOC, were added 300 mL of dry pyridine,
32.7 g (0.28 mol) of methanesulfonyl chloride, and 16.8 g (0.14 mol)
of the above diol. The Erlenmeyer flask was stoppered and refrige-

rated for 3 days. The resultant solid was removed by filtiration
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and the filtrate was poured into 1500 mL of ice water. The agueous
solution was extracted with two 450-mL portions of chloroform. The
chlorofom extract was then washed with eight 150-mL portions of
5% aqueous potassium bisulfate and once with 150 mL of water. The
chloroformm solution was dried over anhydrous sodium sulfate and
then concentrated in vacuo. Thg resultant oil was taken up in 12
mL of warm methanol and then cooled, whereupon crystallization took
place. Filtration of crystals gave 36.1 g (95%) of the product

which was used without further purification: mp 68-69°G.

1,1-Dimethyl-2-nethyl-d,-cyclopropane-2,3,3,~d, (17a). Te a mecha-

nically stirred suspension of 111 g of zinc dust, 21 g of sodium

carbonate, lnd 277 g of acetamide in a 500-mL, three-necked, round-
vottomed flask maintained at 170-175°C was added, portionwise, 32.1

g (0.12 mol) of the above dimesylate from a 100-mL Erlemmeyer which
was connected by means of Gooch tubing to the round-botiomed flask.
The product'was allowed to distill out of the reaction into a trap
which had been precooled to -78°C. After addition of the dimesylate
was completed, the suspension in the flask was thoroughly purged

with nitrogen for 15 min to expel any residual amounts of the product.
The material in the trap was then microdistilled, giving 1.6 g (16%)

of 17a: bp 55-57°C; H-NMR (cpe1,) 81.00 (s, ).

- Ethyl 2,Z-Dimethyl-d3-3-oxobutanoate. This compound was prepared

in 49% yield by the method of Marshall and Cannon38

from ethyl aceto-

acetate and methyl-d. iodide (Aldrich).
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2,2—Dimethyl—d3—1,3-butanediol. This compound was prepared in 8%

yield from ethyl 2,z-dimethyl-d3-3—oxobutaneate and LiA1H4 in the
same manner as described for the reaction of methyl 2,2-dimethyl-

3-oxobutanocate=i, 4, 4=d, with LiAqu except that a 100% excess (0.4

3
mol) of LiAlH, was employed.

2,2-Dimethyl-d3-1,j-butanediol Dimesylate. This compound was pre-

pared in 94% yield from the above diol and methanesulfonyl chloride

in the same manner as described for the previous dimesylate.

1,1-Dimethy1-d3-2-methylcyclopropane (17b). This compound was pre-

pared in 21% yield from the above dimesylate by the same procedure
used to prepare 17a : 'H-MMR (cpc1,) 81.10 (s, ), 0.30-1.00 (bx,
24), and -0.05 (tr, 1H).

1,1-Dichloro=-2,2,3-trimethylcyclopropane. To a solution containing

21.2 g (0.3 mol) of 2-methyl-2-butene, 0.6 g of benzyltriethylammc-

nium tromide, and &0 mL of chloroform was added, under N_,, 120 mL

2’
of 50% aqueous NaOH over a period of 4 h. After the addition was

completed, the reaction mixture was stirred at 50°C for 1 h. The

reaction mixture was then cooled, diluted with 150 mL of H, O, acidi-

2
fied with 3N HCl, and extracted with three 150-mL portions of ether.

The ethereal solution was dried over anhydrous magnesium sulfate,

filtered, and then concentrated in vacuo. The residue was distilled,

giving 3.4 g (68%) of the product: bp 45-46°C (30 mmig); n§4 1.4557
(115,77 64,3-64.7°C (47 mnig); n2° 1.4577); TH-NMR 31.20 (s, 3H)
and 1.08 (s, 7H).
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1,1,2-Trimethylcyclopropane-j,3-d27(1?0). To a mechanically stirred

suspension of 80 ml of anhydrous diglyme and 17.2 g of finely di-
vided sodium metal was added, dropwise, a solution composed of 28.5
g (0.18 mol) of 1,1-dichloro-2,2,3-trimethylcyclopropane, 37.6 g

(0.37 mol) of cyclohexanol-O-d, and 3 mL of D_O. The reaction was

2
exothermic and the mixture needed to be coocled intermittently in
order to maintain a reaction temperature below 120°C. Under these
conditions, the product distilled out of the reaction into a trap
which had been precooled to -78°C. After the addition had been

completed, the reaction mixture was thoroughly purged with N The

2.
material in the trap was distilled, giving 3.6 g (22%) of 17c: bp

55-57°C; H-NMR (DC1,) 81.02 (s, SH) and 0.32-0.70 (bz, 1H).

Dichlorobis(pyridine)(i,1-dimethyl-quethyl—d3-propane-2,3,3—d3-

1,3~diyl)platinum(IV) (22a). This compound was prepared from 17a,

Zeiée’s dimer and pyridine according to the procedure of Cushman

and Brown.zq

Dichlcrobis(pyridine)(1,1-dimethyl—da-z-methylpropane-i,3-diyl)-

platinum(IV) (22b). This compound was prepared from 17b, Ziesi's

dimer and pyridine according to the procedure of Cushman and Brown.zu

Dichlorobis(pyridine)(i,1.2—trimethylpropane-3,3~d2-1,j-diyl)—

platinum(IV) (22c). This compound was prepared from 17c, Zeise's

dimer and pyridine according to the procedure of Cushman and Brown.zq

Decomposition of Platinacycles (22a-c). These compounds were de-
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composed in CDCl3 at 25;|;2°G according to the procedure of Cushman

and Brown. 24

Bicyclo \30.1.0] heptane (18). This compound was prepared in 22% yield

by the method of R. S. Monson“'o from cyclohexene, zinc-copper couple
and methylene iodide. This compound was purified by use of 10' x

1/4", 10% IC 550 silicone column at 120%C. Carrier gas was helium.

1-Methylbicyclo [ﬂ.i.lﬂ heptane (19). This compound was preparsd in
i)

& yield by the method of N. Dominelli and A. C. Oehlscl&l:a.ge:l:'2
from l-methylcyclohexene. This compound was purified by use of a
10' x 1/4", 10% DC 550 silicone column at 120°%C, Carrier gas was

helium.

exo, exo-Tetracyclo [3.3.1.02'4.06’8]nona.ne (20). This compound was

prepared in 60% yield by the method of J. Kottwitz and H. Vor1::cm.1gg;e.n“'1

from norboradiene, diazomethane and palladium acetate.

Reactiocn of bicyclo [’4-.1.0] heptane with Zeise's dimer. This reaction

was run according to the procedure of McQuillin and Powell.n

Reaction of 1-methylbicyclo [4.1.0] heptane with Zeise's dimer. This

reaction was run according to the procedure of McQuillin and Pcmre].l.11

2,4. 06, 8]

Reaction of exo,exo-tetracyclo [3.3.1.0 nonane with Zeise's

dimer. This reaction was run according to the procedure of McQuillin
11

and Powell.
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Abstract: Three deuterium-labeled cyclopropanes were synthesized
and reacted with Zeise's dimer to give three different
platinacyclobutanes. Decomposition of these platina-
cyclobutanes gave deuterium-labeled 2,3-dimethylbut-
l1-enes. The results indicated that the formation of
olefins occurs by what i..s fomally a B-hydrogen ab-
straction process followed by a reductive elimination.
Two types of g-hydrogen abstraction process were possible
and both occurred, although 8-hydrogen abstraction from
the ring of the platinacyclobutane was favored over
B-hydrogen abstraction from a methyl substituent. The
results also indicated that an a-hydrogen abstraction
process Was not opéra.tive and the rearrangement of
dichlorobis(pyridine)(1, 2, 2-trimethylpropane-1,3-diyl)-
platinum(IV) to dichlorobis(pyridine)(1,1,2-trimethyl-
propane-1,3-diyl)platinum(IV) did not occur via a 1,2-
methyl migration, which had been previously suggested
as a possible rearrangement route.

However, Zeise's dimer can also react with cyclopropanes
by standard w-allyl platinum reactions as well. It is
significant that cyclopropanes which undergo formation
of platinacyclobutanes produce olefins by one mode,
whereas cyclopropanes which do not form platinacyclo-

butanes favor the w-allyl platinum meode of clefin formation.



