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Summary: Tnmethysilyl esters 1 of heterocyclic carboxylic acids having the ester group in the
a-position 10 an azine nilrogen atom react with sidehydes or keétones through ipso substitution
of the ester group 1o give (trimethyisioxy)-alkyl-substituted heterocychc products in good
yields.

Electrophilic substitution of heterocyclic compounds having an azine nitogen is only possible in exceptional
cases as a resuit of the strong inmeraction between the slectrophlie and the basic nittogen atom. In contrast, the
cotresponding N-oxides generally react with both nucieophiies and electrophies 10 furnish subsfitution or
addition products in good yleids 3 A turther possibility for elecirophilic substilution of heterocycles with arine
nittogen atoms Is the ipso substitution of the cotresponding trimethylsityl (TMS)-substituted compomdt.‘ A
disagvantage of this reaction, however, is the fact that some of the required heterocycles are only difficultly
accessible® and must often be prepared by silylation of organometaliic compounds.

We have observed the formation of 2-trimethytsitylpyndine on heating trimethylsiyl 2. pyridinecarboxylate(ts) &
Since heterocyclic carboxylic aclds are usually easily accessible by the oxidation of alkyl-substituted heterocycies, we
have investigated the pyrolysis ol other heterocyclic irimethyisilyl carboxylatles as a possible method for the
preparsation of TMS.substituted heterocycles. However, only in the case of the conversion of 18 t0 2-trimethyi-
silylpytidine we were able to obtain a maximal yield of 40%. the pyrolyses of other heterocyciic trimethyisityl
carboxylates gave markedly lower yields of the TMS.substituted heterocycies. Thus, the method is not sultable for
the prepasation ol TMS-substituted heterocycies.

It Is highly probable that the pyrolysis ol heterocyclic trimethyisityl carboxylales proceeds through hetaryl
anions,” which are known 1o be the decisive intermediates in base-calalyzed carbodesilylations.4® it thus seemed
worthwhiie to perform the pyrolysis of heterocyciic Wimethysily! carboxylates in the presence of electophiles which
should then react direcily with the anionic intermediates formed n gity.

Hammick et a8 have investigated the decarboxylation of heterocyciic carboxylic acids in the presence of carbon
eieclrophiles and, in many cases, have found that decarboxylation occurs with simultaneous Introduction of the
electrophile at the ipso-position (Hammick reaction). Although the Hammick reaction can be empioyed with a
wide range of heterocyciic carboxylic acids, many exampies ate also known where the reaction falls completely,
such as wilh 4-pyrimidine. and 2-thiszolecarboxylic acids. 9 or where It gives rise 10 very poor product yields, such
as with 2-pyrimidinecarboxylic acid N-oxide®® or 3. pyridazinecarboxykc acid. 3¢

# Dedicated 10 Professor Edward C. Taylor on the occasion of his 65th birthday.
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Pyrolysis of Trimethylslly! 2-Pyridinecarboxytats (1a) in the Presence of Aldehydes or Ketones

Heterocyclic rimethylellyl carboxylates can be prepared simply and in very good yisids rom heteracydic cer-
boxylic acids and 1,1,1.3,3.3-hexamethyidisiazane  (HMDS) (ses experdimental section). For the exampie of
the reaction of 18 with differing carbon siectrophiies 2 (sidehydes, ketones, carboxylic scki chiorices), we have
sxamined the range of variabiity of the carbon siectzophiie arxt have aiso oplimized the reaction conditions. Since
cleavage of CO, begins only at temperatures of 180 °C or more, we have only allowsd carbony! compounds 2 with
corrsspondingly high boling points to react with 1a in the absance of a solvent. In this manner we have employed
sromatic and aliphatic sidehydes and obtained the carbodecarboxylation products 8 in very good yisids; the all.
phatic aidehyde 2¢ reacted faster than the aromatic sidehydes 28,b. in contrast, the reaction with benzophenone
{28) took piace much more siowly. When 18 and benzoy! chivride wers hesied, methyltrichicrosiians was clesved
{isolated In 57% yieicl} and a resinous product was lormed.

It is known that the rates of many desllyiation reactions ars accelerated by the presence of nucieophiies such as,
0.0.. fuorides. *® However, ¥om the reaction of 18 with 2b in the presence of a molar amount of cesium Suoride
even a1 80-70 °C, we obtained only Suorolrimethyisiiane and cesium 2-pyricinecarboxytate; in the presence of cata-
iytic amounts of cesium fBudriie the reaction was less ciear than the uncatalyzed reaction and gave rise 1o more by-
products. We thersiore performed all further reactions without the addition of a catalys!.

Compounds 3 can be hydrolyzed 10 the alocohols 4 in practically quantRative yields by sthanol and catalytic
amounts of pyridinium trifluoroacetate (see sxperimertal section).

Tablel
Pyrolysis of Trimethylsityt 2-Pyridinecarboxylate {1a) 10 2-(Trimethyl-slioxyaikyl)-pyridines 3 in the Presence of

Aldehydes o Ketones.
AN R A AN
Q + Y0 ‘.'55"’ b A _hydrotysis _ @ s
NT X0 SiMey R ! N n’c\osmn r”“on
o 2 3 -
Elsctrophile Reaction Product Yiakd
2R R Condions.  ..pyridine (%)
Time Temp.
m o
22H  CeHg 46 200 33 2-{phenylrimeihylshoxymelhyl) 63
2 H  4CHyOCgH, 2 240 3b 2-(4-methoxyphenyirimetiyt- 73
2 20 B 74
2¢H  nCgHyp 8 200 3¢ 2-(i-timethyisioxydecyl)- 73
20 CgHg CgHs 180 240 36 2-{diphenyltrimethyt 61

® Moler ratio of 18:2 = 1:2.

The isomeric trimethyleliy! 3- and 4-pyrkiinecarboxylates {1b and 1¢) exhibit a completely diflersnt seaction be-
havior towards sidehydes and ketones than 18. No C-C coupling products were detocted aftes heating of 10 with 2a
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{68h/240°C) end of 1c with 2b (20h/240°C). Only polymeric products in addition to small amounts of pyridine,
methanol, and 40-46% heamethyidisiiazane wers obtained . The mechaniams of theee experimental
observations can be explained without dificuity (8ee below).

Pyrolysis of the Heterocycic Trimethyisilyl Diazinecarboxyiates 5,7, and 9 in the Pressnce of Aldetwdes or
Ketones

In analogy 1o the above-mentioned reactions of 13, we have aiso studied the reaction behavior of the heterocydiic
diazines, trimethyisiyl 2-pyrazine- (5), 3-pyrimidine- (7), and 4-pyrimidinecarboxylates (8) towards aldehydes and
ketones. All ttwee diazine derivatives reacted with alidehydes and kelones 10 give the comresponding substitution
products 8, 8, or 10 in good 10 axcelient yieids (see Tabile iI).

As aiready mentioned, the Hammick reaction gives very poor yields with 3-pyridazinecarboxylic acid and does not
take place with 4-pyrimidinecarboxylic acid; no reports on the reaction with 2-pyrazinecarboxytic acid have been
published. The appication of the corresponding organometallic compounds in the reaction with aldehydes or
kotones is often AIficull Or even impossibie as a result of thelr laborious preparation and thelr instability. Thus, for
exampile, 2-pyrazinyliithium can only be obtained by metallation of 2-iodopyrazine which, in tum must be oblained
in a multistage synthesis; the organciithium compound cannol be oblained from 2-chioro- or 2~btomopyuzlno."
Lithiation o! pyrimidine in the 4-position cannot be achleved with pyrimidine lselt or with a 4-halopyrimidine;
mlmsuwmummmmm.‘z After compietion of the reacton
of the organometalic compound with the aldehyde, the bromine atom in posiion § can be cleaved
hydrogenolytically. |22 Thus, thermolysis of helerocyciic trimathytsilyl carboxylates in the presence of akdehydes of
ketones represents a prepasatively interesting afernative for the gynthesis of trimethylsioxyaslkylsubstituted
heterocycles.

Table §
Pyrolysis of Trimethytsilyl 2-Pyrazine- (5), 3-Pyridazine- (7), and 4-Pyrimidinecarboxylates (8) in the Pre-
sence of Aldehydes or Ketones 2 10 give the Trimethylsiloxymethyl-Substituted Heterocyclic Diazines 8, 8, and 10.

Z
YI/ N R/ YI/Z\
;( - * :C=0 ——’A ; P
N

W cosme, & co, e
R OSIMC)
579 2 6.8.10
Subtsrates® Conditions Product Yield
X Y 2 2 Time Temp (%)
h O
§ CH CHN 2a 90 200 6a 2 (phenytrimethyl- 50
slioxymethyl)-pyrazine
sb 2b 120 200 6b  2-(4-methoxyphenyi- 42
uimethyisiloxymethyl)-pyrazine
5 2b 48 200 6b 52
5 20 312 240 6e  2-(diphenyttrimethyl - 23
siloxymethyl)-pyrazine
7 N CHCH 2a 72 125 8a  3-(phenyMrimaethyl- 67
siloxymethyl)-pyridazine
7 2v 43 150 8b  3-(4-methoxyphenytsi- 81
methylshoxymethyl) -pyridazine
7 2¢¢ 144 115 8d  3-(4-chiorophenytirl- 70
methytsRoxymethyl) -pyridazine
9 CH N CH 22 2 180 108  3-(phenyfrimethyl- 66

shoxymethyf)-pyrimidine

® Molar ratios of 8:2, 7:2, and 9:2 = 1:2 PMolar ratios of 5:2b = 1:1 C4-Chiorobenzaidehyde.
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Trimethylellyl 2-pyridinecarbaxyiste 1-0xide (11) represents an interesting exampie of the reaction of
heterocyciic trimethyisilyt casboxytates for the discussion of the reaction mechanism (see next Section) because the
1ate of decarboxylation of 2-pyridinecarboxylic ackd 1-0xide is 160 times higher than that of 2-pyridinecarboxylic
acid. '3 The resction of 11 with benzaidehyde (28) to form 2-(phenyftrimethylisiioxymethyl)-pyridine 1-0xide (12)
takes place at 80°C and is completed at 120°C within 4 hours. In contrast, 18 reacts with 2a st a sufficient rate only
at above 180 °C (after thal180°Ca:)8%yleldotaocanbodolociodby‘H NMR gpectroscopy). Compound 12 is
hydrolyzed to 13 by ethanol and a catalytic amount of HCI. Thus, the difference in reactivity between 1a and 11

with benzaidehyde (28) is certainly comparable with that in the decarboxylation of 1 and 11.

~ A | ~ ELOH/HCI | b
| - e« PhACHO ——» o _Pph ———— 0~ H’ph
h; 0,5iMe, -C0, T CH TJ ]
|
o0 QO OSiMey g0 OH
" y.o] 12 (62%) 13(95%)

Mechanism for the Ipso Substitution of Heterocyciic Trimethytsliyl Carboxylates

From the points of view of reaction conditions and product formation, the reactions ot heterocyclic trimetiryisityl
esters with carbonyl compounds are comparable on the one hand with the reactions of the comesponding
heterocycic carboxylic acids (Hammick reaction) and on the other hand with those of heterocyclic trimethytsiiyl
compounds 8

For the Hammick reaction it is assumed that the decarboxylation proceeds from the piotonated form of the
heterocycie (e.g. from the pyridinium salt) whereby the hetaryl anion formed is well stabiized as an ylldo.8 it has
been shown for many examples that the decarboxylations of quatemary nitrogen heterocycles (N-alkylpyridinium
salts, N-oxides, etc.) are considerably more rapid than those of nonquaternary oompounds.‘s'“ In the
carbodesilylation of heterocycles with trimethyisilyl groups In the a-position 1o a basic nitrogen atomB:13, an
interaction is assumed to take place between the carbon electrophile and the ring nitrogen atom with subsequent
detachment of the uimethylisilyi group from the quaternized intermediate to form an ylide which then reacts
rapidly with the electrophiie under C-C coupling.

Comparative reactions of 2-, 3-, and 4-trimethyisilyl pyridines with aldehydes have shown that the 3- and 4-
isomers react weli under base catalysis but not in the absence of the baso.e whereas the 2-isomer reacts with the
carbonyl compound at higher temperalures even in the absence of the base.5:16 This resun, as wett as that from
the decarboxylation reaction, can be explained in terms of an earty equilbiium of the quatemary intermediate
trom 2-rimethysilyipyridine and the carbonyl compound. This intermediate undergoes migration of the sityl group
1o give the yiide 14 which then reacts with further carbonyl compound through the intermediates shown in the
reaction scheme (o fumish the observed products.

N N N
@ .RCHO‘-‘—|/ — O
) 3/0
|

N SiMe, N SiMe,
|
CH CH
0o R 0SiMe,
¥
lRCHO
RCHO - @ | e)\ — NS
- ” - o
N (':H,R T (EH,R ?/ ch R
0SiMe, _CH__ OSiMe, by 9°

3 R Y0g R 0SiMe,
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The decarboxylasion of 18 10 2-trimethylsllylpyridine mentioned at the beginning only proceeds at a suficient
rate &t 240°C. in the presence of an aidehyde or kelone, CO, Cleavage rom 1a occurs at 8 considerably lower
temperature. We thersiors assums thet an initial addition of the carbonyl compound (0 18 also takes place here 10
give 15 which, as a result of the higher basicity of an sikoxide in comparison with a carboxylate as well 8s the
favorabie 31960 siustion. undergoss silyt group migration to form 18 pasticularty readily. After cleavage of CO,
the yhide 14 Sormed reacts with further carbonyt compound 10 yield the 2-imethylslioxyaliyl-substituted pyridine 3
as described above.

BN
la .+ RCHO == RCHO
L >V > P

c’ =
CH OS.Me, C

R” " "0g R” H\os.w.-,
15 16

Comparative studies have shown that the rate of reaction increases not only a5 expected with
increasing concentration of the carbonyl compound but also with increasing carbonyi activity and depends as well
10 a great extent on the basicity of the heterocycie. Increasng basicity increases the rate of reaction and this can be
explained by a preference for adduct formation in the early equilibrium. In addition, anion stabikzation at the
poslﬂmmnw!houhMmmhMof@Mﬂnﬁ.v&mdhmmmwﬁc
acids as welk as the basic H/D exchange rates can be taken as measures for this).

Table 1t
Comparstive Carbodesilylstions of Heterocyclic Trimethylsilyt Carboxylates with Aldehydes 2
{Moiar Ratio 1:2, Reaction Time 10 h)

Sub-  pkg dog Kof the basic H/D 2 Temp. Products
strate axchanges rates (*C) (%, cetarmined by

of the corresponding acids 'H NMR)
1 412V gr'8 28 180 1a (68 + 3a {36
18 26 180 1a (61) + 3b @0
1s 2c 180 12 {<5) + 3¢ (70)
s 2929 s0'8 2 180 § (0 + 6 (17
s 26 180 5 63 + 6b (28)
7 30%° 418 2 125 7 8 + 8a (17
7 2 125 7 €N + & (28
7 2 125 T (00 + B¢ (25
9 2962 45’8 22 125 9 (S5 + 108 (<5
1" ca 2522 203 22 80(1h) 11 (70) + 12 (21

The experimenial results aliow the lollowing reactmly senes for the reactions of helerocyclic timethylsilyl
carboxylates with sidehydes to be deduced:

~ = N N N\
l Q- ) Nl - ’ Q - } I - ) ‘ -
r: R N R N g N7 R N R

0o
Al 7 9 10 S Rs CO,SiMey
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Comparisons of the reactivities of the compounds 3, 7, and 9, which have comparable basicities (Tabie iff),
clearly Bustrate the influence of anion estabilization: reaciivity increases with the stability of the comesponding
hetaryl anion. in contrast, the higher reactivity of 18 lowards 5 is unambiguously a resull of the higher basicitly of
18 towards 8.

in summary, i can be stated that the carbodecarboxylation of heterocyciic Wimethylellyl carboxylates with
aldehydes or ketones is an interesting and preparatively useful allemative to the Hammick reaction of the
corresponding carboxylic acids and to reactions of organometallic compounds.

Acknowiedgement: We thank the Fonds der Chemischen industrie and the Deutschen Forschungsgemeinschatt
for financial support of this work.

Experimentsl

Meiting points were determined in small sealed tubes on a Bichi SMP 20 apparatus with a siiicon oll bath and are
uncorrected. 'HNMR.poctnworowo.donVaﬂme.Am.aEMmm&d«WPw.me,ovCXP:!n
speczometers. Chemical shifts are reported in pasts per miilion relative to Me (Si as an intemal standard in COCl3.

General Method for the Silytation of Hetaryl-carboxylic Acids with 1,1,1,3,3,3-Hexametyidisiiazane
(HMDS)

HMDS (32.3 g, 0.20 mo¥) was siowly added dropwise 10 the stimed carboxytic acid (24.8 g, 0.20 mol) at room
temperature under an anhydrous atmosphere. The mixture then was siowly warmed until a violent gas evoluton
occurred. After further stirring st higher temperature, absolute diethyl ether or n-pentane was added to the cooled
mixiure. The precipitate was separated by filzation, the fillrate was evaporated, and the residue purified by
distilation. Blemental and 'H NMR analyses of the coloriess oils obtained were consistent with the expected data.

After work-u0 were oblained:

trom 2-pyridinecaboxyic acid: 1a (35.7 g, 81%), b.p. 48°C/0.01 torr (it. (24) b.p. 91°C/2 tom).

from 3-pyridinecarbaxyiic acd: 1b (37.7 g, 87%), b.p. 46°C/0.01 torr.

from 4-pyridinecaoxyiic acid: 1¢ (38.4 g, 96%). b.p. 419C/0.005 torr, (It (25) b.p. 62°C/0.02 torr), m p. 36°C.
trom 2-pyrazinecarboxviic acid: 5 (36.0 g, 82%), b.p. 112°C/11 tor.

from 3-pyridazinecarboxylic acid: (18,6 g. 0.15 mof) and HMDS (24.2 ¢, 0.15 mol); 7 (26.8 g. 91%), b.p. 83°C/0.001
torr, m.p. 64-65°C.

trom 4-pyrimidinecarboxylic acid: (6.2 9. 50.0 mmof and HMDS (21,1 g, 75.0 mmol; 9 (7.7 g. 79%), b.p. 105°C/9
torr, m.p. 63-84°C.

General Method for the ipeo Substitution of the Heterocyclic Trimethytsilyl Carboxylates 1, 5, 7, and 9
with Aldehydes 2a-d or Dipheny! Ketone (26) to (Trimethyisiioxyalkyf)-substituted Hetarenes 3, 8, 8, and 10

The starting materials were stirred and heated in a round-bottom flask equipped wih a septum-seal on one neck,
a magnetic stirer, reflux condenser with a bubble counter (purged with nitrogen), and a drying tube (sicapent,
Merck). For reaction conditions, sse Tables | and Il. The progress of the reaction was monitored by TH NMR. For
work-up, the reaction mixture was drawn out of the flask with a syringe through the septum, poured into a flame-
dried distliation spparatus under nitrogen, and fractionated in vacuo. Elemental and TH NMR analyses of the
compounds oblained were consistent with the expected data
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80.0 mmof): 3a (9.56 g), b.p. 78°C/0.001 torr (¥ (26)

" J BB g. 80.0 mmoll: 3 8.42g). bp. “GOC/OO'M
m_twummmacsmg bp. n“c;omt torr.
trom 18 (7.81 g) and dighemd katone (2e) (14.58 g. 80.0 mmal: Se 8.1 g), b.p. 130°C/0.001 torr.
from 5 (7.85 g. 40.0 mmol and 2a .49 g). 68 (5.19 g). b.p. 78°C/0.001 tomr.
from S (7.85 g) and 2B (10.89 g): 8b (8.03 g), b.p. 123°C/0.005 torr, m.p. 35-88°C.
from S (7.85 Q) and 2e (14.58 g); 6e (3.07 g), b.p. 130°C/0.001 torr.
from 7 (3.90 g, 20.0 mmof and 2a {42.4 g. 30.0 mmol); 8a (348 g), b.p. 85°C/0.001 torr, m.p. 45-47°C.
m:n]_mw.ﬁg._u.nm 8b (4.69 g), b.p. 124°C/0.001 torr.
0.0 mmol); 80 (4.11 g). b.p. 110°C/0.001 torr, m.p. 63-

64°c
trom 9 (1.96 g. 10.0 mmofl) and 2a (2,12 g, 20.0 mmol); 108 (1.70 g). b.p. 140-142°C/8 torr, m.p. 30-31°C.

Genaral Method for the Hydrolyses of the (Trimethyisiioxyaikyfihetarense 3b,8 (0.5 mmofl) with Ethano!
(100 ml) and Pyridinium Trifluoroacetste as Catalyst:

The components were heated under reflux for 24 h, the resulting solution was then concentrated in a rotation
SVAPOralor, the residus was treated with n-pentane, and the product obtained by cooling.
ARer work-up waes obtained:
from 3b {1.44 g); 4-Methoxyphenyi-{pyridin-2-yi}-methanct (40) as coloriess Crysials (1.04 g, 87%), m.p. 132.1339C
(. (25) 131.5°C).
from 3e (1.67 g); Diphenly-(pyridin-2-yl)-methanci (4e) (1.26 g, 96%), m.p. 106-107°C (it. (27) 105°C).

Inmethyisityl 2-Pyridinecaboxyiste 1-Oxide (11); The sokution of sodium hydroxide (4.0 g, 0.10 mol} in water
{lirisol, Merck) was siowly added 10 2-pyridinecarboxylic acid 1-0xide at 0°C, then the mbxture was stirred for 3 h at
room temperature, and the resulting yellowish solution evaporated in a rotation evaporator. The yeilowish residue
was powdesred and dried for 15 h in vacuo over phosphorus pentoxide at 93-105°C to yield 16.01 g (89%) of the
sodium salt of 2-pyridinecarbaxylic acki 1-oxide.

A solution of chiorotrimethyisiiane (3.18 g, 30.0 mmod) in absohute diethy! sther (15 mi) was added dropwise 10 &
stired suspension of the sodium salt of 2-pyridinecarboxylic acid 1-Cxide {3.22 g, 20.0 mmoi) in absoluts diethyl
sther {40 mi) st 0°C within 2 h. Afer being stirred at r0om temperature for 24 b, the Mixtie was sonicated several
times, the coloriess precipitate was ssparated by fitration, and washed with absoiute tetrahydroduran (30 mi). The
yellowish fiate was evaporated 10 dryness on a rotation evaporsior and the residue was dried in vacuo (o yleld
378 g (90%) of 11, m.p. 6569°C (determined in & small sesied tube). 'H NMR (DMSO-dg, TMS xt) 0.38
(8.9H.SH(CHg) ). 7.438.03 (M,3H,3- 4-5-H), 8.38-8.58 (M, 1H68-H).

Anai, Caled. for CgHy3NO3SE: C, 51.16; H, 6.20; N, 6.63. Found: C. 31.3; H,6.09; N, 8.76.

K . o ; From 11 (4.23 g, 20.0 mmoi) and benzaidehyde (28)
(424g.wommmwmmummwmmwmmamocymmw
carboxylates. Yieid after 17 h at 80°C and 4 h at 120°C: 12 as yellowish oil (3.39 g, 62%), b.p. 118°C/0.001 torr,
m.p. 69-70°C (determinated in a small sesied tube). 'H NMR (COCL;, TMS ext) 0.06 (8.9H,SI[CHo)), 6.48
{s,1H,PhCH), 6.96-7.86 (m,8H,Ph.3- 4.5.H), 8.06-8.23 (M, 1H6-H).

Anal, Calod. for CygH,gNOSi: C, 86.90; H, 7.00; N, 5.13. Found: C, 66.65; H,6.80; N, 5.20.

2 (Phanyivoxymethyl-oyridine 1-Oxdde (13); 12 (1.37 g, 5.0 mmol), ethanol (SO mi), and & trace of HCI were
heated under reflux for 3 h, the resulting solution was concentrated in a rolation svaporator, and the residue purified
Dy recrystalitzation from ethanol/n-pentane {1:1) 1o yieid 13 as yellowish crystals (0.96 g, 95%), m.p. 165-166°C (4.
{26) m.p. 188-167°C).
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