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Summary

In contrast to cyclopropane itself, simple methyl-substituted cyclo-
propanes do not produce platinum insertion products upon reacticn with
chloroplatinic acid in acetic anhydride. Instead, the major products are
aromatic heterocyclic cations, the pyrylium ions, which are formed as the
result of diacylation of the cyclopropane ring and subsequent dehydration
and ring closure to the aromatic heterocycle. Similar products are formed
from the diacylation of certain olefins in the presence of chloroplatinic
acid in anhydride solvents. The combination of solvent and substrate
variations has led to a propose& mechanism for these reactions which demon-
strates the essential and unique role of platinum. In particular, the
specific pyrylium ions produced are formed as a consequence of initial
activation of the least-substituted cyclopropane ring bond by insertion
of platinum, followed by acylation of platinum-bonded carbon, proton loss
to a B,y-unsaturated carbonyl, a second acylation, and, finally, ring

closure.

Introduction
In 1955 Tipper (1) reported that the reaction of cyclopropane with

chloroplatinic acid produced a stable product. This complex, of empirical



136 _
composition :PtCJ;Z: (c Hg), was V'st:xprsre.qu(»eq.tji}{ _shown £o” be :e:rameric (»2'_)7.7 ‘and
-i to. result frémAthe insettion:of platinuﬁ into thé:c}éié§rbbéﬂe:ring_(3,4).t

' Because this insertion represeﬁtsjdiféct activation of the ﬁarbﬁﬁfcarbon

. bond, a reaction with obvious importance, and because of its i;npliéations
for the mechanisms of metal-catalyzed igomerizations of strained carbo-
cyclic ring systems (5,6) it has generated much additional study. A lérge
number of substituted analogs of'Tipper}s complex have been prepared (6-9),
and similar materials have also been observed with iren (10) and platinum(0)
(11f13), and implicated for rhodium (14-16).

Although Tipper's original work (1) involved the reaction between
chloroplatinic acid and cyclopropane in acetic anhydride, the most conven-—
jent route to substituted analogs of Tipper's complex has been shown to be
the metathetical reaction between Zeise's dimer, [PtClZ(CZH4)]2, and the
substituted cyclopropane (7). Both the steric and electronic factors which
influence this reaction have been probed in these studies. Although the
failure of certain cyclopropanes to react is explicable on electronic
grounds (9), others which are expected to react readily based on steric
and electronig copsiderations give no insertion product yith Zeise's salt.
For e#ample, complexes could not be obtained with gi§7]—methyl—2—n—butyl—
cyclopropane (9) or l,l—dimetbylgyclopropape (17), and cyclopropane i;self
gave, in addition tp thé expected insertion product, the complex derived
from isomerizaciqn of cyclopropane, €.g., [PtClZ(CH3CH=CH2)]2 (17).

In part because of these observations, and also because of both the
unusual specificity and stoichiometry of the reaction reported by Tipper,
we bégan an investigation of the reactions’of siméle alkylated cyclopro-
panes ugder‘the cgnditions used by Tipper, i.e., reaction with chloro-
platinic acid in acid anhydride solvents.. Although several ﬁeth&lated
cyclopropanesrreacted readily under these conditions, it quickly became
appareﬁt that the pr&ducts—formeé were not the result of simﬁié insgrtion

as had been observed for cyclopropane. In fact, when non-trivial solvent’
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Vzvariaéiqps are considéred, at least five distinct platinum—containing com-
plexes'méy be isolated. Ia acid anhydride solvents, however, the dominant
products are found to be aromatic heterdcyclic cations, the pyrylium ions,
formed by the &iacylation of cyclopropanes and subsequent ring closure.
Attempts to decipher the course of this transformation led to the study of
similar reactionms with olefins, and this paper reports the results of our
;work on the diacylation reactions. ' The following paper (18) reports om

the products formed by monoacylation of cyclopropanes and olefins. A

preliminary account of this work has appeared (19).

Experimental Section

Materials. Cyclopropanes and 2-ethyl-l-butene (Chemical Samples Co.),
2-methyl-2-butene (Eastman Kodak Co.), and all gaseous olefins (Matheson
Co.) were used as received. Mesityl oxide (Eastman Kodak Co.) was dis-
tilled before use. After it was determined that cis— and trans—-1-2-
dimethylcyclopropane gave identical products, mixtures of the two isomers
were purchased from Columbia Organic Chemicals Co. Deuterated solvents
for nmr measurements were purchased from Stohler Isotope Chemicals, Inc.
Chloroplatinic acid, of nominal composition HZPt016-6H20, was prepared
from metallic platinum. This material was dried by gentle heating so that
its actual water content, as determined by titrimetric molecular weight

measurements, was approximately two waters of hydration.

Measurements. FProton nmr specéra were recorded on both the Jeol JNM-MH-
100 100 MHz and the Jeol C-60HL High Resoluéion 60 MHz spectrometers.
Infrared spectra in the range of 4000-250 cm—1 were obtained on the Beckman
IR-20A spectrophotometer. Conductivity measurements were made at 25°C on
an Industrial Instruments Model RC 1682 conductivity bridge using a cell
calibrated with potassium chloride (0.1M).

Microanalyses were performed by Dornis and Kolbe (West Germany).



: ﬂ_ Reaction of Chloroplatinlc Acid mth 1 1—Dimethy1cyclopropane iu Acetic

: Anhxdride. . Chloroplatinlc acid (0 69g, 1. 3 mmole) was dlssolved in acetic

o ‘anhydride (25 ml) 1. 1—dimethylcyclopropane . 403, 20 0 mmole) was quickly

‘added a.nd the reaction vessel was stoppe.ted to prevent loss of the 1, 1—- o
L dimethylcyclopropane. This mixture was. stirred for approximately three
hours in order tc ins.xre that the reaction was complete, although the
:eactzon solu;:ion began to darken after,three to five minutes. 'The reac- .
tiot_; mixf:ure was filtered, produ_cing approximately 76 mg (0.103 nﬁnole) ‘of
crude‘i:yryliﬁm ion product. This was recrystallized from methanol to g-iv‘e‘
abot..t: 50 mg of orange crystals. Nmr spectra indicated that this product
contained a mixture of the isomeric 2,3,4,6-tetramethyl pyrylium dom, (I),
‘and the 2,6~dimethyl-4—ethyl-pyrylium ions, (I1). Upon standing at 0°C )
for onme day, a yeilbw material precipitated (50 mg, 0.132 mmole). Tliis
complex was found to be the li’l:cl2 adduct of 2,3—dimethy1~l—-pentene—l&-one.
(This complex, as ﬁeil as analogous materials with other B,y-unsaturated
carbonyls, will be discussed in the next p)ap‘er.) The formation of a mixture
-of pyrylium ions was Vcommon in this reaction. The use of more extensively
hydrated chloroplatinic acid appeared to favor formation of II, and pure
samples of II wére formed occasionally. ' ‘

Anal. Csled. for C gH, 0,PtCL.: C, 31.69; n;’s.aa; Pt, 28.60;

€1, 31.18. Found: C, 31.70; H, 3.70; Pt, 28.56; C1, 31.04.
A further complice.tion in eﬁe preparation of analyi:ic’ally pure inaterials',
frequently arcse ip this reaction, as well as in the anaiogeus reac_tion
with 1, Z-dmethylcyclopropane. Under conditibne where. the planar 2 3,4,6— -
4tetramechy1pyry11xm ion (I) was formed, there was a tendency to precipitate
the ion w:.th “che planar Pt2016 ~ counterion. Although this frequently led -

to a mixture of counterions, on several occasions what appeared to be pure’

(C9 130)2[Pt Cl 1}, I1I, was fomed.. \ ' o
Anal. Calcd. for c95130ptc13 C, 24.64; H, 2.99; Pt, 44.48; .

Cl, 24.25. Found: C, 25.69; H, 3.09; Pt, 42.92; Cl, 24.07.
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The ptocédure for other. reactions was comparable, and only signifi-

cantivaria:ioﬁs will be detailed below.

Reaction of Chloroplatinic Acid with 1,1-Dimethylcyclopropane in Propanoic
Anhydride. Chloroplatinic‘acid -(0.70g, 1.36 mmole) was dissolved in pro-
panoic anhydride (25 ml) and allowed to react with 1,l1-dimethylcyclopropane
(1.153,A16.4 mméle). Recrystallization gave 65 mg (0.088 mmole) of 2,4,6-
triethyl pyrylium hexachloroplatinate, IV.

Anal. Calcd. foirc H,, 0, PtCl_: C, 35.79; H, 4.64; Pt, 26.42;

2273472 6
cl, 28.81. Found: C, 36.09; H, 4.78; Pt, 25.64; Cl, 27.83.

Reaction of Chloroplatinic Acid with 1,2-Dimethylcyclopropane in Acetic

Anhydride. Chloroplatinic acid (1.08g, 2.08 mmole) was dissolved in acetic
anhydride (25 ml) and allowed to react with 1,2-dimethyl cyclopropane
(2.75g, 39.2 mmole). Recrystallization gave 75 mg (0.1l mmole) of I.

Anal. Calcd. for C18H26OZPtC16: C, 31.69; H, 3.84; Ccl1, 31.18.

Found: €, 31.67; H, 4.03; C1, 30.91.

Identical products were formed using either cis- or trans-1,2-dimethyl-

cyclopropane or mixtures of both isomers.

Reaction of Chloroplatinic Acid with 1,2-Dimethylcyclopropane in Propancic

Anhydride. Chloroplatinic acid (0.75g, 1.46 mmole) was dissolved in 25 ml
of ptopanoic anhydride and allowed to react with 1,2-dimethylcyclopropane.
Recrystallization gave 70 mg (0.095 mmole) of IV.

Anal. Calcd. for ¢, H,,0,PtCl.: C, 35.79; H, 4.64; Pt, 26.42;

» 2273472 6
Ccl, 28.81., Foumd: C, 34.68; H, 4.34; Pr, 28.10; Ccl, 28.09.

Reaction of Chloroplatinic Acid with 1,1,2-Trimethylcyclopropane in Acetic

Anhydride. Chloroplatinic acid (0.71g, 1.37 mmole) was dissolved in acetic
anhydride (25 ml) and allowed to react with 1,1,2-trimethylcyclopropane
‘(1.08g, 12.8 mmole). Recrystallization gave 75 mg (0.10 mmole) of the

2,6Qdimethyl—4—iéopropylpyrylium hexachloroplatinate, V.
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Anal. Calcd. for c20113402rcc16 c, 33 82, H 4 26;. Pt, 27.47;

‘c1, 28.95.° Found: ' C, 33.80; H, 4.37; Pt, 27.40; G1, 20, s0.

‘Reaction of éhloroplatinic Acid with.l 1 Z-Trimethyleyclobropahe iﬁ’Propanoic.

Anhzdride. Chloroplatinic acid (0. 6Sg, 1. 28 mmole) was dissolved in pro-
'pan01c anhydrlde (25 ml1) and allowed to react w1th l 1 2-trimethylcyclopro—>
pane (1.04g, 12.3 mmole). Follow1ng recrystalllzation, the product (60 mg,
0.08 mmole)'was shown by nmr to contain a mixture of the isomeric 2,6- _
diethyl—3,A,S—tfimethylpyrylium ion, VI,-aﬁd the 2,4,6—triethylé3;methyl-
pyrylium ioh, VII. All attempts to seoarate these two species by frac-
tional crystélliiation were unsuccessful.

Anal. for a mixture of VI and VII. Caled. for C,,H, 0,PtCl.: C, 37.61;

H, 5.00; Pt, 25.46; Cl, 27.76. Found: C, 35.95; H, 4.71; Pr, 25.60;

ci, 27.52.

‘Reaction of Chloroplatinic Acid with 2-Methyl-l-butene in Acetic Anhydride.

Chloroplatinic acid (0.77g, 1.48 mmole) was dissolved in acetic anhydride
(25 ml) and allowed to react with 2-methyl-l-butene (1.00g, 14.3 mmole).
Recrystallization gave 0.1g (0.15 mmole) of I.

Anal. Calcd. for CpgH, 0,PtCl.: C, 31.69; H, 3.84; Cl, 31.18.

182672
Found: C€, 31.06; H, 3.40; C1, 30.63.

Reaction of Chloroplatinic Acid with 2~-Methyl—l-butene in Propanoic Anhydride.

Chloroplatinicracid (0.76g, 1.47 mmole) was dissolved in propanoic anhydride
(25 ml) and allowed to react with 2-methyl-l1-butene (0.65g, 9.23 mmole).
Recrystallization gave 161 mg (0.227 mmole) of IV.

, 2283492
Found: C, 33.46; H, 4.54; Cl, 27.52.

Anal. Caled. for C,.H.,0 ptc16 C, 35.79; H, 4.64; Cl, 28.81.

Reaction of Chloroplatinic Acid with Iscbutylene (Z—methyl—l-oropene).in"

Acetic,Anhydfide.j Isobutylene wasrbubbled,through a cooled solutlon'of

ehloroflatinio acid (O.Slg;,l.lB mmole) in”acetic'enhydride,(25 nl). Ref
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crystalliiation,gave-143 mg (0.219 mmole) of 2,4,6-trimethylpyrylium hexa-

chlotoplatinate; VIII.
 Ana15 Calcd. for Ci6Ho
Cl, 32.52, Found :

. U - Sy

" Reaction_of Chloroplatinic Acid with Mesityl Oxide (2-methyl—2-pentene—4-—

one) in Acetic Anhydride. Chloroplatinic acid (1.15g, 2.2% mmole) was dis-
solved in acetic anhydrid= (25 ml) and allowed to react with mesityl oxide
(10.0 ml, 102.9 mmole). Recrystallization gave 55 mg (0.15 mmole) of VIII.
Anal. Calcd. for 016H2202Pt016: C, 29.38; H, 3.39; Pt, 29.82;
Cl, 32.52. Found: C, 29.73; H, 3.71; Pt, 29.03; C1, 31.58.

Reaction of Chloroplatinic Acid with Isobutylene in Propanoic Anhydride.

Isébutylené was bubbled through a cooled solution of chloroplatinic_acid

(1.20g, 2.32 mmole) in propanoic anhydride (25 ml). Recrystallization gave

85 mg (0.12 mmole) of 2,6-diethyl-4-methylpyrylium hexachloroplatinate, IX.
Anal. Caled. for C, H, O PtCl_.: C, 33.82; H, 4.26; Pt, 27.46;

2073072 6
Cl, 29.95. Found: €, 33.76; H, 4.41; Pt, 27.61; Cl, 29.74.

Reaction of Chloroplatinic Acid with 2-ethyl-l-butene in Acetic Anhydride.

Chloroplatinic acid (1.15g, 3.38 mmole) was dissolved in acetic anhydride
(25 ml) and allowed to react with 2-ethyl-l-butene (1.90g, 22.6 mmole).
Recrysfallization gave 100 mg (0.14 mmole) of 2,3,6-trimethyl-4—-ethyl-
pyrylium hexachloroplatinate, X.

Anal. Calcd. for C,,H, O PtC16: C, 33.82; H, 4.26; €1, 29.95.

2073072
Found: C, 33.72; H, 4.40; C1, 29.72.

Reaction of 1,1-Dimethylcyclopropane with Perchloric Acid in Acetic

Anhydride. 10.0 ml of 70%Z perchloric acid was added dropwise, with cooling,
to a solution of 1,1-dimethylcyclopropane (7.00g, 100 mmole) in acetic
anhydride (50 ml). The solution was allowed to warm to room temperature

and stirred until a reaction was observed. The reaction mixture finally
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dar:;ﬁéd éomplétély’éffer éé?ént}-tw&thgré,ipiqdﬁciﬁg‘fs ﬁgiid.377»mﬁgiej_‘
6f thé 2,6—diméﬁhy;—4—ethyl pérylium_béfchlofate, ki. }Thi§;§;tériéi was -
identical to a genuine.sample;of tﬁis,ién prepare& ﬁy liter$t§ré'méfh§d$>
20). o | | |

971375

Anal. Calcd. for C_H,.,0.Cl: C, 45.68; H, 5.45; Cl, 14.98.
Found: C, 47.16; H, 5.68; Cl, 15.46. '

Preparation of the Trichlorocarbonylplatinate (II) Ion.

The tetra(t-butyl)ammonium salt of (Pt(CO)Cl,)” was prepared by a
reaction similar to that used by Bardarenko et al. (21), whose work
involved dimethylformamide rather than acetic anhydride.

0.715g (1.74 mmole) of chloroplatinic acid was refluxed with 20 ml
of acetic anhydride for one hour. The mixture was placed in a nitrogen
filled glove bag, and aqueous tetra(t-butyl)ammonium bromide was added to
hydrolyze excess reagents. The mixture was filtered under nitrogen, and
an infrared spectrum of the air stable product thus obtained was identical
to that prepared from dimethylformamide. The yield was 0.200g (0.3?8 mmole)

of crude product.

Other Reactions. Based on the observation of an intense infrared absorption

at 1630 cmfl, pyrylium ions were formed in a number of other reactionms.
Because either pure materials were not readily obtained, or because their
importance did not warrant extensive investigatibns, such reactions were
not pursued further. Nonetheless, our evidence suggests that pyrylium ions
are formed in the following reactions: chloroplatinic acid plué 1,1-di-
methylcﬁclopropane in butanoic anhydride; chloroplatinic acid plus acetyl—
acetone; chloroplatinic acid plus methylenecyclohexane in acetic anhydride;
and perchloric acid plus 1,l1-~dimethylcyclopropane in propénoic anhydride.
In addition, pyrylium ions were formed in certain reéctiogsrof methylecyclo—

propane and 1,l—dichlorbcyclopropaneﬁ However, in order to account for .the
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products observed in these later reactions, a mechanism requiring fragmen—
tation pathﬁays,is required, and our investigations involving these mate-~

rials will be the subject of a separate communication.

Results

Although thé reactions of methylated cyclopropanes and chloroplatinic
acid in acid anhydride solvents lead directly to poorly soluble precipi-
tates similar in appearance to that formed in the reaction with cyclopropane
itself, the products are clearly different. In particular, the materials
formed here differ from Tipper's complex in their spectral properties (ir
and nmr), conductivity, analyses, and failure to produce a pyridine di-adduct.
Because there was no precedent for the formation of pyrylium ions from
cyclopropanes, the most difficult barrier in these investigations was the
initial recognition of this general structure. Thus, although a species of
empirical composition PtClZCSH10 was expected from the reaction with 1,1-
dimethylcyclopropane, the major product actually formed had the composition
PtCl6C18H2602’ (I). This result suggests extensive solvent participation
and structural reorganization. These materials are found to be 2:1 elec-—
trolytes in both acetonitrile and dichloromethane (for II in CH3CN, Ao =

1 1 —1

178 @  emt 2t €= 1.0 x 1072 M, A_ =266 2~ em " at C= 2.0 x 1073 ),

and the precipitation of Pt:(NH3)4PtCl6 from aqueous methanoliic solutions of
2
3)4 6

must be an ion of formulation C9H130+. This data, as well as the absence of
9

Sft-lﬂ coupling in the proton amr spectra also demonstrate that

IT and Pt(NH as the anion. Thus the cation in IL

Cl2 establishes PtCl
observable 1
the only role of platinum, in the product, is that of counterion.

Once these materials are established as pyrylium ions, their structural
determination follows readiiy from infrared and nmr spectra. Table I gives
significant spectral data for these materials, as well as literature data
fo; a typical pyrylium ion salt for comparison. Several features in the

infrared spectra are characteristic for these materials. Invariably the



T144

: «ary (D)2EE . . (byze'e o L
o 09 ED@ost fwolmo-  sor - CDocr  Fwofm- (i)
N T Lo oL
- “TE6T “gE9T “0.0€ - 85°7 o~ 1 fmo- D (esr  Enofwo- ()
B vaur (WEP'E o .
| 46TST ‘BEYT “0S0E g6r BD@erer Cumw- - - 67 ‘m- ()
: _..o&n.onw, : <o (D)OTE . Acvou.m_ - o
*T6ST ‘69T ‘5908 o0s TP @ect fwlo- -~ D@t Sl ap
S eTE s « oy (BY20°E A -
S %0gsT ‘BE9T ‘090€ 66cr D@z fofo- - - 97w~ (1)
e ‘8 c c £8°2 ;
2€ST 0%9T ‘090€ 20'8 €9'2C HO-  O%'T  “HO- ¥8°7 HO- (1)
)
mwﬁocmsumum peawijuy su0301g u9 A N 9 9 A punodwoy’
2738Ta930810Y) 2TaW0AY £ £ ¢ 4 T T
n..am:OH WNTTAXAL XO0F BIBQ Tex3o9d§ °1 OTq0L



145

‘om3 3yl
30 2an3KXTW B JO Un30ads 8yl Jo STSATRUB UB U0 PILEQ DAB PUB ITA PUR TA S9F00dS TENPTATPUT dY3 103 SIUWUITSEY

‘U0TIajunod se nuoﬁoum aABl SUCT TT® ‘3ITeSs 9jwloTyozed 2yl ST YITuM ‘Ix 1oz 3dooxd

¢ *gjarTad
*¥p- 9TF13TU0320® UT SUOTINTOS Jursn pauTeiqo 9194 BiIdAds Iwu TIV

q

agy Supsn paurelqo 2a9m eajoads paamagur

o , . v rapy (P)60°€
6 ¢ : . Am Nnh.v . €..nC - —— — . € -
(opy ST ST “S90E (508" Mee't  Emolmo 18 HD (IX)
- 0TE ‘€98 vaapy (D) TO°E
“96YT ‘SEIT ‘SSOE 06 OBy fwolwo- vz Fmo- 06°2 -

T ‘g9 oy (BT

“76ST SE9T 4090€ 6L 8L°7 - -~ Dyt fwfo-

7 0T€ ‘S68

6EST ‘ZE9T 590 €6°L 06°2 foo- e - o't Cmo- (miw)



146 s
most -intense spectral ﬁand is centered neai7163$4ém%;, glband:aééiéuéd»£6~

a ringrstreﬁéhing mode, and the preseﬁce.of aﬁsorptibn‘in;thiéiregiou'maf‘:
generally be taken as indicating the presenée of‘pyryliumniﬁﬁs (20). A
sharp C-H mode near 3060 cm-l, a ring méde near 1536_cm71,gand an- absorp- .
tion near 870 cm * are also characteristic, as is'a single_Pt—Cl's;retching
mode near 315 cm Yt in the chloroplatinate salts. A ;

All structures reported here have been assigned on the basis of nmr
spectra. Absorption in the aromatic region (ca. 88) is characteristic of
the ring-~bound protons, and mixtures of pyrylium ions are mﬁst readily
diagnosed by multiple absorptions in this region. Structural assignment
is generally straightforward from Ehe nmr data (22); but in ambiguous caées
exchange reactions may be used to advantage; since protons on substituents
at the 4-position exchange rapidly with D20 whereas those at the 2,6-posi-
tions do so more slowly, and those at the 3,5-positions do not exchange at
all (23).

Solvent variation was also valuable as both a mechanistic probe and for
the determination of structures and assignment of spectra. In particular,
analogéus reactions carried out in acetic and propanoic anhydride allowed
the assignment of particular nmr absorptions to substituents in the 2,6—
positions because of the particular mechanistic role of the anhydride.
Fur:hermore, reactions in propanoic anhydride generally lead to more tract-
able materials and appeared to follow more clearly defined pathways. For
example, 1,l-dimethylcyclopropane reacted in acetic anhydride to form both
the 2,3,4,6-tetramethylpyrylium ion and the 2,6-dimethyl-4—ethylpyrylium
ion, whereas in propanoic anhydride it géve only the 2,4,6-trieth§1pyrylium
ion. The role of the solvent is seen as being predominantly that of a source
of acyi cations, rather than as exhibiting more extensive participation.
This is also demonstrated by the following observations: First, pyrylium
ions may also be cbtained from the reactions of cyclopropanes, chloropla-

tinic acid, and acetyl chloride in both ethyl acetate and acetic acid-ethyl
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ééetﬁte mixtures; and, second, the solid product obtained ﬁgon reaction of
Chloroplétinic acid with acetyl chloride reacts with cyclopropanes in a
varieéy of solvents to form acylation products. Not surprisingly, the mono-
acylation products are dominant under these conditions.

Yields of crude pyrylium ions on the order of 50% of the theoretical value
could be obtained consistently, and occasionally were as high as 70%. How-
ever, for the reactions as detailéd in the experimental section yields given
are typically on the order of 10%. Although there are several reasons for
this discrepancy, the predominant factor is the attempt to carry out the re-
actions under conditions where product resolﬁtion, or purity, was maximized
at the expense of yield. When prepared under conditions where yields were maxi-
mized the pyrylium icns obtained were invariably contaminated with the (B,y-un-
saturated carbonyl) platinum dichloride complexes. Since purification by re-
crystallization is a difficult and low-yield process, attempts were made to
produce pure materials directly in order to circumvent this problem. £ course,
" the diversity of reaction pathways which are possible in these systems will in—

varigbly lead to reduced yields of any particular component.

Discussion

Although pyrylium ions have been prepared by a variety of routes (23), the
two most common, and those relevant to the reactions_observed here, are from
the diacylation of olefins and the ﬁonoacylation of unsaturated ketones. Figure
1 shows these general pathways. Of particular importance to these reggtions, and
potentially the rate-limiting steé in each, is the formation of the B,Y—gn—
saturated ketone, which is a necessary prerequisite to the subsequent formation
of the 1,5-dione syétem. The equilibrium between a,B- and B,y-unsaturated ketones
is only slowly established in the absence of catalysts, and proton loss tollowing
acylation of an olefin vould be expected to favor the conjugated, a,B-unsaturated
product. For this reason, cyclopropanes would appear to be a desirable starting

material for the preparation of pyrylium ion, since acylation and ring opening
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Figure 1. Formatiorn of Pyrylium Ions from Olefins and Unsaturated Ketones.

R R

R w'ould be expected to lead directly to positive charge on the y-carbon, with sub-
sequent direct formation of the B,y-unsaturated carbonyl. It is perhaps surpris-
ing, then, that there have been no reports of thé formation of pyrylium ions from
cyclopropanes.  One report (24), however, mentions the formation of an "unidenti-
fied polymeric material” upon acylation of 1,1—dimetnylcyclopropane, and it is
possibié that this material is in fact a pyfylipun ion.

Although g_griori,seberal routes to these materials are poséible, a Qariéty
of éxperimental eQidence_allows ué to eliminate all except one. In partigular,
we believe that the reaction proceeds by initial insertion of.platinum into the
least hindered cycloprdpane ring bon&, followed by acylation af a platinum-bound
carbon atom.i Rearrangement and proton-loss to form a'ﬁ,Y-unsaturated ketone, A
tollowed by-é second acyiation and subsequent ring closure leads to the oﬁserQéd-
pfoddct. In the discussion which follows we pféséﬁtrthe evidence which leads
to the proposed mechanism)» SinceAplatinuﬁ is iﬁVolved in the proaucts oplyras
the é§unter-ion, ,eiri;denc-e" for its partidpétion i.p'the ;-eacfio_ﬁ is nece;safilj‘r
indirect. However, séverai linesrof'eVideh¢erdo éuggest a sPecifié joié for tﬁe7'

metal.



S o , 149
:’—;Thejsubstrétéiéf&diéd,ih gréatest’detéilfin this work was 1,l—dim¢thylcyclo—'

§£opéne; Since ifs‘reéqtions afg fépresentative of thosé observed‘for analogous
s?ecies, détai1ed considera£i6ﬁ‘;f ité reactions ﬁill be given. In acetic an-
hjdﬁidg;~i;l-qimethylcycioprbpane»reacts with chloroplatinic acid to form both
thé 2,3,4,6-tetramé€hyl- and ﬁ;6-dimethyl—4—ethyl—pyrylium ions, and any reaction
- scheme ﬁroposed must be compatib;e with the formation of both products. It is
'assumeé that the initial step in all of thesé reactions is that between chloro-
platinie acid and the anhydride solvent to generate the active electrophilic
reagent, the acyl cétion (25).

vSincé the route to pyrylium ions ultimately involves acylation of H,Yy-un-
saturated ketones, certain specific 8,y-unsaturated ketones must he Formed as a
result of the initial cyclopropane acylation. Those necessary for the formation

of the pyrylium ions formed from 1,l-dimethylcyclopropane are shown in Figure 2.

@] - Q
/)7__</ )l\_(_
{(X1m) V (XI)
Q
/j\_{“
(X7)

Figure 2. B,y-unsaturated Ketone Intermediates Possible in the Formation
of Pyrylium Yons from 1,l1-dimethylcyclopropane.

The 2,35&,S-tetnamethyﬁpfrylium ion (I) can be formed by acylation of either 2,3
dimethYl»lhpenténe—u4qne (XIT) or 3-methyl-2-hexene-5-ome (XIII}. The other
prodﬁct,rthe,2,S—dimethyl—u—ethylpyrylium ion (II) can be formed only by acylati
of 2¥ethylri—pentené-u—one (xX1v). ‘Reaction of 1,l-dimethyleyclopropane, then,

must be able to lead to XIV. and either XII or XIII.
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: On tne bas:Ls of both ster:.c and electron vfactors ;d:.rect acylat*on of

1 l-dlmethylcyclopropane is expected to c>ccx.'.:v_at-c2

w:Lth cleavage of the C

1 2
bond. Th:.s would mvolve attack at a ster:.callj unh:.ndered. s:Lte and lead to a

stable, tertiary carhom.um J.on.- However, such cleavage is- not anle to produce
any of the necessary B,Y—u:nsaturated ketone mtermedlates. The converse situ-
ation - acylation at'C_’l with cleavage _of ttxe-c ,~C, bond - is unfavorable l:oth
sterically and electronically, and once aga:m ‘cannot yield the necessary inter;
mediates.- 7 -

The path which we believe to be correct is shown in Fi'gnr_e 3. Althqugh
cleavage of the C2—C3 cyclopropane ring bond is unlikely rrin the absence of the

platinum, insertion of the metal into this particular pond is: expected from

+ +
§ HPtClg <>< RCO
———— Pt - ————

+
o
/ R
- -
~"(1) (2)
~
REus) t
cho S lREO *
)
] )
R N0 R L RTNOTR

(I', R = CHy) " (1.R =CH3)
(IT,R = CaHg) : o

-Figure 3. Probable Réact_ion'Hechariisms for l,rl—dimethylcyclopropanc‘.
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'fstefic csnsidérations; Pollowxngracylatlon and cleavage of the carbon-platinum
Ehond methyl mlgratlon and proton loss can lead to thé B,y-unsaturated ketones
ngII and XIV.{ Although both of the initial acylation products in Figure 3 have
1péeﬁ ﬁfitten_és therfree species, if is possible that they actually exist as the
i platiﬁum—stabilizéd:carbonium,ions, and interconvert via proton loss and a pla-
:tinuﬁ-olefin intermediate. There is, however, no evidence which bears directly

on. this qpestion.

- In propancic anhydride, only the single pyrylium ion, IV, is formed. Appar-
ently, path 2’becsmes relatively much slower, possibly because of inhibition of

attack at the internal olefin by the sterically more demanding propionyl group,
~ or because of steric interactions which would be present in the resulting 2-ethyl
3-methyl substituted product.

The reactions of other methyl-substituted cyclopropanes are compatible with

RC

Al_pté_ _Rco _
(cis or
trans)

04 —H+

A 5:

+
cho RCO
(I,R =CHy) (IZ, R = CzHg)

Figure 4. Reaction Mechanisms for 1,2-dimethylcyclopropane



‘the results obtéinea for l,l—dimet#ylgyciopropage.f_i,2+Dimet£j1cYglo§fépaqe'reagts
as in Figufe'é; there being no.diffefence’in'the prodpﬁfs obfainéar;ith,£hé'gi§;—
or trans isomers, since stereochemistry is lést followingrring—opening, “In acetic
anhydride, only a singlé product, 1, is formed. Path 2; whichirequires'a‘proton
migration priér to olefin formation, is épparently much slower than path 1, which
leads directly to the B,y-unsaturated ketone. In contrast, the reaction in pro—
panoic anhydride apparently occurs exciusively by path 2 in spite of the required
proton transfer, presumably for the steric reasons mentioned above. In acetic

enhydride 1,1,2-trimethylcyclopropane reacts rapidly as in Figure 5, giving the

A — X

+ -+
O R o —Ht
) !H‘-‘ ’/H+ \
]
— é
le}
S&:o R R

P o—
- ——

o
R
+ +
lnco lnco cho
Y
®) @) ®

R o R R o R R o R
{¥,R=CH,) (XL, R = GHg) {¥L,R = C,Hg)

Figure 5. Reaction Mechanisms for 1,1,2-trimethylcyclopropane.
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i2,S%qimgthyi;&-isoérquiipyfylium ion. In propanoic annydride,;aithough the ini—b
tiélfbléavage sfill oceurs at C,~C4> the acyl group attaches to C2.’7This leads
tézagiinsepérable mixturé of isomers VI and VII, which can be readily identified

' b& ﬁmr- _ The faiiﬁré'of 1,1,2,2-tetramethylcyclopropane to give any pyrylium ion

g product,fasAwell as the lack of facile pyrylium ion formation with methylcyclo-
pfopéne, isrexplicable.f In acetic anhydride methylcyclopropane would be expected
to react by cleavage of the C,-C4 bond followed by rapid meéﬁyl migration, lead-
ing eventually to the 2,3,6-trimethylpyrylium ion. Since pyrylium ions unsubsti-
tuted in the 4-position are unstable, no isolsble product is expected. Cleavage

of CZ-C in 1,1,2,2-tetramethylcyclopropane would produce a tertiary carbonium

3
ion which is unable to form a B,y-unsaturated ketone. Although cleavage of Cl—C2
would allow formation of a B,y-unsaturated ketone, it would be unable to proceed

to a pyrylium ion.

The specific role of platinum in these reactions is difficult to define un-
ambiguously. Recently there have been two reports of reactions involving metals
which lead to pyrylium ions. Oldham and Ketteringham reported (26) that reaction
of PtCl, with acetylacetone produced 2,u4,6-trimethyl-3-acetylpyrylium hexachloro-
platinate, a reaction which we have reproduced using chloroplatinic acid. This
transformation presumably tzkes place via an aldol condensation of acetylacetone
to give 3-acetylhept-3-ene-2,6-dione, which then cyclizes to the pyrylium ion.
Surprisingly, Tl(I)acetylacetonate réacts with dimethylsilicondichloride in dichloro-
methane to produce an iscmeric form of this same pyrylium ion, the 2,4-dimethyl-6-
(2-hydroxyprop-l-enyl)pyrylium ion (27). The formation of this ion is explicable
only in terms of an aldol condensation invelving the primary, terminal, carbanion.

In neither of these studies, however, has there been any evidence for specific
involvement of the metal. It is, then, possible that in the reactions of chloro-
platinic acid wath cyclopropanes the role of platinum is non-specific—e.g., that
chloroplatinic acid serves only as a source of acid for generation of the acetyl
cation, and as a counterion for precipitation of the product. We believe that

the role of platinum is more important, and although no exact documentation
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ex1sts we otfer the fbllow1ng ev1dence 1n sup rt of thls bellef Cyclopropanear
itself is known to react with chloroplatlnlc ac1d 1n acetlc anhydrlde, and the
result——-insertion--represents a process derlved from actlvatlon of the cyclopro—”
pane ring bonds. Although ;nsertlon_p?odugts haye noﬁ been observed 1q~the re-
actions of methylsubstitutéd'cyclopropénes in'acéfié énhydride, we ‘have managed
to isolate such products from ethyl acetate (28). It is likely that the initial
step in the reactions observed here is also insertion, or at least incipient
"n"-complex formation. The substituted cyclopropanes, once activated in this"
fashion, are more susceptible to electrophilic attackAthan is cyclopropane it-
self, so that acylation and subsequent pyrylium ion formation becomes mofe favor-
@ble than formation and precipitation of the tetrameric insertion product. This
step is supported by the rate enhancement for pyrylium ion formation cbserved with
platinum. Upon adding 1,l-dimethylcyclopropane to a solution of chloroplatinic
acid in acetic anhydride, a color change begins immediately, and precipitation
of the product commences after approximately ten minutes. In contrast, the re-
action using perchloric acid is much slower, with no sign of complex formation
until approximately two days have passed. This difference in times reflects the
actual reaction rates, rather than rates of precipitation, since the perchlorate
salts have lower solubility in acetic anhydride, and by contrast the reactions
with olefins are much faster with perchloric acid. Activation of the cyclo-
propane ring by platinum is more strongly supported by the specitic mode of re-
zction. As mentioned previocusly, 1,l1-dimethylcyclopropane must cleave at the
C,—C3 bond in its reaction with chloroplatinic acid, whereas acylation in the

zbsence of platinum is expected to lead to cleavage of Cljcz. In fact, acylation

=

of 1,l-dimethylcyclopropane using AICI 1, was found to proceed entirely by c;-C,
cleavage and rearrangement (29). The unexpected cleavage at C,-C5 which is
involved in the formation of pyrylium ions using chloropiatinic acid is com~-

pletely consistent with initial formation of a platinum insertion complex, be-

cause the product isolated from the reaction of 1,l-dimethylcyclopropane and
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'vchloféé;atinic aéid‘in e¥hy1 aéé;ate is speéificallyithe result of iﬁsertion of
-iﬁlatipﬁm into-the'cz—c3 boﬂd (28). The same result holds for the other cyclo-
propaﬁés examined, since in eéch case the bond cleaved is that with which pla-
tinum veacts in the genuine insertion product. This cbservation, combined with
the mixture of'products observed with chloroplatinic acid compared to the single
products ébtained with perchloric acid, dictates extensive involvement ot pla-—
tinum in the reactidﬁ.

It is also possible that the acetyl group is coordinated to platinum at
some point in this reaction. Reaction of loroplatinic acid with acetic an-—
hydride at elevated temperatures led to the isolation of the trichlorocarbonyl-
platinate(II) ion, [PtCls(CO)]—. This ion probably arises by methyl migration
from an acetyl complex, and suggests that platinumacetyl formation in the reaction
solutions is feasible. Thus, the actual acylation step may be intramolecular,
again consistent with the enhanced rates of pyrylium ion formation using chloro—
platinie acid.

Because of the possibility (yidg iRfxa) that these reactions proceed through
the intermediate formation of olefinic rearrangement products of the cyclopro-
panes, we examined the reactions of several olefins, chosen because of the possi-
bility that they could be derived from the methylcyclopropanes investigated, with
chloroplatinic acid in acid anhydride solvents. Although, as discussed previously,
the formation of pyrylium ions by the diacylation of olefins is a well-known
phenomenon, these reactions have not been observed using chloroplatinic acid as
the acid catalyst. These reactions differ both from the perchloric acid catalyzed
reactions, and also from the reactions of cyclopropanes. All of the olefins
examined are known to produce pyrylium ions with perchloric acid, whereas in
these reactions only those with certain structural features do so. Similarly,
with the exception of iscbutylene, all of the olefins give only a single product--
either a2 single pyrylium ion or a specific B,y-unsaturated carbonyl complex of

platinum (or, in the case of cis-2-butene, the simple olefin complex). This may
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1be contrasted w;th ‘the reactlons of 1 l—almethylcyclopronane and 1, l 2—tr1methyl—

‘;cyclonropane, whlch glve botn a mlxture of Dyryllum ions and a B,Y-unsaturated
'carbonyl complex; Lnus, 2—metnyl—l—butene and 2—ethyl—l—outene glve exclu51vely
pyryllum ion products, 1sobutylene gives both pyrylium ion and B Y;unsaturated
carbonyl comnlexes, and 2-methyl-2-butene and trans—2-butene give exc1u51ve1y
8.Y-unsaturated carbonyl complexes. It is assumed that the initial reaction is
acylation of’the olefin and formation of the B,Y-unsatu:ated carbonyl. The type
of product cbserved is then dependent upon the relative reactivity of the un-
saturated carbonyl tcward either further acylation or complex formation. Two
factors appear to be important. First, when the a-carbon bears an alkyl sub-
stituent; only complex formation is observed, probably because of steric consider-
ations which force a conformation which either ravors complex formation or renders
- further acylation unlikely. Second, platinum complexes are formed only when the
B,y-unsaturatea carbonyl complex contains a terminal olefin. This result is
reasonzble in terms of both the destabilization of metal-olefin bonding by alkyl
substitution an& also enhanced reactivity toward further electrophilic attack,
witnrsubéequent pyrylium ion formation, in the internal olefins. The B,Y—ua-
saturatea carbonyl which would be formed from iscbutylene contains both these
features--a terminal olefin and no a-substituent--and it is thus reasonable
that both types of complex are formed.

-Since there is little prior precedent for direct acylation of cyclopropanes,
and since the acid—catalyzed isomerization of cyclopropanes is well documented, the
possibility that tﬁese reactions proceed via prior isomerization to olefins must
be considefed. Figure 6 includes acid-catalyzed pathways to the cbserved pyrylium
ions, but all such routes can be ruled out By the experimental evidence. Path 1
involves farmafion of 2—methy;—2-butené, the most likely isomerization product of
l,l—diﬁethylcyclopropane; This path can be ruled out as the exclusive route be-
cause only the single pyryllum ion, I, could be fbrmed Reaction via thisrpath
is eliminated entlrely by the chservation that under the same conditions 2—methy1—

2-butene does not react to form any pyrylium ion products. However, 2—methyl—1—
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Figure 6. Possible Acid-catalyzed Pathways to Pyrylium Ions.

butene (path 2) does react to form the pyrylium ion I. Path 2 can
ruled out by labeling experiments. Reaction via path 2 to form II
(methyléd3)cyclopropane would lead tg deuterium incorporation only
positions of the pyrylium ion. Experimentally, however, deuterium

be incorporated nmot only there but also in the methyl group of the

stituent. Similarly, reaction via path 2 to form II using D2PtC16-
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nonetheless be
using 1,1-di-
in the 3,5~
is found to
f-ethyl sub-

6D20 would

lead to incorporation of deuterium specifically in the methyl group of the 4-ethyl

substituent. Experimentally, no deuterium incorporation is observed in this re-

action. The results of both of these labeling studies are compatible with the

mechanism in Figure 3, and it must be concluded that ring-opening promoted by

insertion of platinum represents the actual course of these reactions.
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These studles have demonstrated a new route to the synthes1s of pyryllum N

‘ions. Although for obv1ous reasons of costs of materlals and ylelds these re-,A,
actions do not have general synthetic utlllty, in certaln cases the spec;f;c;ty _
of cleavage involved may allcw the fbrmatlon ‘of pyryllum ions not access;ble byf -
other routes. Several details of the mechanism remaln obscure, but several llnes
of evidence demonstrate that the initial acylatlon-lhvolves cyclopropanes

activated by insertion of platinum into the least sterlcally hindered carbon-

carbon ring bond.

Acknowledgement

The authors are. grateful to the donors of the Petroleum Research Fund,
administered by the American Chemical Society, for support of this research.
We thank Dr. Stephan P.B. Taylor for helpful suggestions, and Vicki Viens for

experimental assistance.

References

i. C. F. H. Tipper, J. Chem. Soc., 2045 (1955)-.

2. S. E. Binns, R. H. Cragg, R. D. Gillard, B. T. Heaton, and M. F.
Pilbrow, J. Chem. Soc. (A), 1227 (1969).

3. D. M. Adams, J. Chatt, R. G. Guy, anc M. Sheppard J. Chem. Soc, 738
{1961).

4. R. D. Gillard, M. Keeton, R. Mason, M. ¥. Piibrow, and D. R. Russell,
J. Organometal. Chem., 33, 247 (1971).

5. L. A. Paquette, Synthesis, 347 (1975).

6. R. Noyori, J. Am. Chem. Soc., 97, 812 (1975).

7. W. J. Irwin and F. J. McQuillin, Tetrahedron Letters, 1937 (1968).

8. K. G. Powell and F. J. McQuillin, Tetrahedron Letters, 3313 (1971).

9. F. J. McQuillin and K. G. Powell, J Chem. Soc. Dalton, 2123 (1972)

10. F. J. Flippen, Inorg. Chem., 13 1054 (1974)

ll, M. Lenarda, R. Ros, M. Graziani, and U. Belluco, J- Organometal. Chem.,
,65, 407 (1974). .



12,

‘13.

14.

15‘

- 16.

17.
i8.
19.

20.

21.

22.

23.

24,

25.

26.
27.
28,

29.

D.'J. Yarrow, J. A. Ibérs; 3. Organometal. Chem., 70, 133 (1374).

J. A. Tbers, J. Am. Chem. Soc., 96, 6893 (1974).

J. Blum, Tetréhedroh Letters, 1117 (1975).

F. J;'McQuiilin:and K. C. Powell, J. Chem. Soc. Dalton, 2129 (1972).

D. M. Roundhill, D. N. Lawson, and G. Wilkinson, J. Chem. Soc. (A),
845 (1968). e

D. B. Brown, J. Organometal. Chem., 24, 787 (1970).

S. E. Earnest and D. B. Brown, foliowing paper.

S. E. Earnest and D. B. Brown, J. Heterocyclic Chem., 12, 815 (1975)

A. T. Balaban, G. O. Mateescu, and M. Elain, Tetrahedron, 18, 1083
(1962).

I. B. Bondarenko, N. A. Buzina, U. S. Varshavskii, M. I. Gel'fman,
V. V. Ruzumanskii, and T. G. Cherkasova, Russ. J. Inorg. Chem., 16,
1629 (1971).

A. T. Balaban, G. R. Bedford, and A. R. Katritzky, J. Chem. Soc.,
1646 (1964).

A. T. Balaban, W. Schroth, and G. Fischer, Adv. Heterocyclic Chen.,
10, 241 (1969).

H. Hart and G. Levitt, J. Org. Chem., 24, 1261 (1959).

+
Although these reactions are written using RCO, we do not intend to
imply participation of free acyl cation. The question of the form
of the acyl, as well as the role of platinum in the reaction, will

be considered below.

C. Oldham and A. P. Ketteringham, Inorg. Chim. Acta, 9, 127 (1974).

N. Serpone and P. H. Bird, J. Chen. Soc., Chem. Comm., 284 (1975).

S. E. Earnest and D. B. Brown, unpublished work.

H. Hart and R. H. Schlosberg, J. Am. Chem. Soc., 90, 5189 (1968).

159



