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Abstmct: Reactions of N~-~~thy~o~.~ and N-~t~~~~‘li& with p~op~s~~l cldorkk lead to ihe 
fonnation of reagents that undergo reactions with a wide range of nucleophilic aromatic sabsmues. including in&des. pyrroles, 
thiaphenes, fnrans, and methoxy-subs&ted carbocyclic arenes to @ord. @r lrydroiysis #the initial products. good to excellent 
yields of the expected al&h+x reactions with methyl oxamates allow the preparation of methyl arylgllyoxylates. 

Although formanilide and phosphoryl chloride was used as a formylating agent for resorcinol and 

pymgallol in the early years of the century, the reaction falled with ~~~~~~~es.l It was only when 
Vilsmeier used formamides such as N-methylformanilide (NMFA) and N&V-dimethylformamide (D&W) that 

the generality of the formylation reaction was established2 A limited number of reactions, which lead to the 

formation of ketones, have been carried out using other secondary amides such as iV-methylbenzamide.3 
Reviews have heen published which s ummarise earlier w~rk.~*~*~ Although it is frequently assumed that the 
reagent involved, when using a range of acid chlorides, is an ~~~substi~t~ c~o~~~ylene~niurn 
chloride, it has also been suggested that a series of equilibria are involved in reactions of N,N-disubstituted 
foFmides with acid chlorides such as phospho~l ~hloride.~ On the other hand it is clear that zeactions 
involving thionyl chloride, phosgene, and oxalyl chloride lead irreversibly to the related N,ZV-disubstituted 
chl~methyleneiminium chltide after the loss of small thermodynamically stable gases.5 It is also appropriate 
to note that whereas the attempted formylation of 2-phenyl-&thiatbiopthene using DMF and phosphoryl 
chloride gave 4-fonnyl-2-phenyl-6a-thiathiopthene in only 4% yield a similar &on in which N,Wdimethyl- 

~~~ was substituted for the DMF resulted in an ~~ of the yield to 62%,7 
In the pmposed sequence, the reaction of a formami de derivative with phosphoryl chloride leads initially 

to a mixed amide-phosphomdichloridate cationic anhydride which is converted into the eventual nagent, an 
iV,Wdisubstituted chloromethyleneimini um &k&e. If a series of equilibria are involved it may be conch&d 
that the differences that have been qorted when using different electrophi)es and solvent systems relate either 
to the position of the equilibria or to the irreversible formation of the low energy ~~~u~ti~~ chloro- 
meth$eneiminium chloride. The use of an electrophilic anhydride should lead to a cationic mixed amidic 
anhydride which cannot reaCt with a nucleophile to farm a lower energy species. This type of strategy has been 

used recently in generating a good formylating agent from DMF and trifluorom&anesulfonic anhydride. 
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Cur interest in acylating agent@ led us to consider alternative electrophiles that should lead to mom 
powerful formylating agents. In particular we considered the use of pyrophosphoryl chloride. We masoned 
that the cationic intermediate that would he formed in the reaction between pymphosphoryl chloride and an 
N,N-disubstituted formamr ‘de would be identical to the first formed intermediate involved in reactions of an 
~,~-~su~d~~ formamide with pho~ho~l chloride. However, whereas in the latter reactions the fit 
formed intermed& can afford a lower energy species by the displacement of the phosphorodichloridate ion by 
chloride ion, this should not be possible when using pyrophosphoryl chloride. The reagents (1) would he 
expected to be more electrophilic and more sterically demanding than, for example N,N-dimethylchloro- 
~~yle~~~ chloride. A study of the reactions of p~~h~l chloride and a comparison with 
reactions using phosphoryl chloride and NJ+dimethylchloromethyleneiminium chloride also ailows some 
conclusions to be drawn with respect to the reagent or magents involved in the classical reactions which used 
phosphcql chloride as the activating acid chloride. Ifphosphoryl chloride and pyrophosphoryl chloride were to 
give i&&al results then this would be strong evidence that the photos big reagent is the matting 
species in the classical reaction. Similarly if reactions involving the use of pm-formed N,N-dimethylchloro- 
methyleneiminium chloride give the same results as those obtained when using DMF and phosphoryl chloride 
then the alternative and most ftequently suggested reagent is involved. However, if all three reagent systems 
give different results then one may con&& that the suggestion concerning aeon is masonable. We 
have mcorded our preliminary findings of mactions using hoth NMFA and DMP and now report the full details 

of that study.ro 

R1~N&o.f.cl cl,F,o 
tiz 

Cl Cl 

The reactions that we have carried out using carbocyclic compomxk have been nsticted to mthoxy- 
amnes, ~~~~yl~, and msorcinol, while the hetemcyck systems include pyrrole, indole, thiophene. 
and fnran derivatives. Different e xperkurtal procedures were used &pending on the namm of the aromatic 
compound and also on the ease with which the arylf ormimimum salt is hydrolysed to the cormsponding 
aldehyde. We also carried out so= reactions using phorqhoryl chloride and pm-fdN,Nathyti 
~~y~~~ chloride where we decided that it was w ~c~~~y~~~~* Cur 
msnlts involving reactions of carbocyclic aromatic compounds are colleued mgether in T&&r 1. 
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A reaction of anisole with DMP and pyrophosplmryl chloride gave, after hydrolysis, a mixture of 4 
methoxybenxakIehyde and 2methoxybenxaktehyde in 70.5% and 4.5% isolated yields nqecdvely. Previous 
reports of Vilsmeier formylation reactions involving anisole have not reported the forma&n of Zmethoxy- 
benraldehyde.tt However, it is possible that the a&lability of high field mur w makeaitersierto 
detectminorproducts WeltpeatedthcrecsctioaofanisolewithDMFandphosphorylc~aadobtaiaeda 
mixture of 4methoxybenxaldehyde (34%) and 2methoxybenxaldehyde (4%) but, as compared with the 
previous report, our yield was much reduced. We also canied out a reaction of anisole with pm-formed N,hr- 
dimethylchlotomethyle neiminium chloride but we only isolated 4methoxy~hyde in less than a 5% yiekl 
and, probably because of the low yield, we did not detect the 2-isomer. We may also note that the maction of 
anisole with NMPA and pymphosphoryl chloride gave, after hydrolysis, a mixttue of 4methoxybenxaldehyde 
and 2methoxybenxaldehyde in 72% and cl% isolated yields respectively. The greater bulk of the reagent (1, 

R1 =Ph, R2 = Me) as compd with (1, R t = R2 = Me) evidently biases attack to the less hindemd position. 

- HOFOCla 

c MeOaN:Pb 
* MeOa 

Mf!+ 

Table 1 

Reparation of Aldehydes from Carbocyclic Ammatic Compounds 

Aromatic Compound Reagents 

NJV-dimethylaniline 

anisole 

anisole P203Cl&k41rA 

anisole 

anisole 
odimethoxybenxene 
o-dimethoxybenrene 
mdimethoxybenzene 
p-dime?hoxybeluene 
1-methoxynaphthalene 
2-methoxynaphthalene 
RSXCiMl 

Tw C’c) 
/Time 01) 

65/15 
100/24 

100124 

100/24 

100/24 
95/24 
115/l; 100/18 
loo/4 
NO/48 
100/23 
MO/28 
20/s 

4-M~NC6H4CH0 99 
4-MeOf$$14C!H0 70.5 
2-MeOC&i4CH0 4.5 
4MeOC&14CH0 72 
2-MeOC+H4CH0 <l 
4MeOC,H4CH0 34 
2-MeOC6H4CH0 4 

4-MeOC&14CH0 <5 
3.4(Meo)*C&cHO 52 
3,4-(M~)&&~O 83 
2,4-(MeO)*q&3~0 99 
2.5~(MeO)&&cHO 40 
4-MeO-&H&Ho 96 
2-MeO-c,oH&Ho 90 
2,4-(OH)2C&i.$H0 88 

%I Yiekl 
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These nsults also suggest that the plrpsdss umceming possible cqilwa do have somevalidity aud 
that the improved yields obtained using pymphosphoryl chhwide resuh from the gmater ewty of the 

cationic mixul amidic anhydride (1, R ’ = R2 = Me) as compamd with N,N-dimethyl~thyleneiminium 
cblorkk. ~~~~~~~~~~ ~s~~~~w~u~g~l 
chloride than when using phosphoryl &lorlde. Thus for example the most oucleophilic of the dimethoxy- 
benxeneh mdimethoxybenxene, is mport&l to affotd 2,4dimethoxybenxMehyde in 85% yield using either 

DMF12 or NMFA.‘” The reactions of phosphoryl chloride with NMFA and DIt4.F afford the expected 
~~h~sinnactionswithtkeotttg~~sbrttinlowrr~l~~tlrose~in~~t 

study. ‘Ilte re~uxted yields were with o-dimethoxybenxene (NMFA) 38%13 and 52%t4 @ME’) 11%” and 

with p-dlmethoxybenxene (NMFA) 16%13 and 7%‘” and (DIMIJJ 0%14. We believe ,t$at a combination of 
reasons account for the gmatly improved yields obtained in reactions of the methoxybenxeues involving pyre 
phosphorylchlorl&. We~~~~~~~(I)~~~lc~~ 
be trsm~ ekctrophilic than the equilibrium reagents genera&d using phosphoryl chlotide. In addition, our results 
obtained in the mactions of anisole indicate that the position of the equilibrium may be temperature &pendent. 
The posititi of the equilibrium when using phosphoryl chloride may also depend on the amount of phosphoryl 

chloride used. Thus higher yields are frequently obtained when an excess of phosphotyl chloride is used.t5 
We also noted that N@dimethylchlotomethyleneiminium chloride is nlatlvely unstable at high temperatutes 
which would account for the very low yield obtained when using that reagent in the reaction with anisole. As a 
result of the incmased stability of the reagents (1) we wert able to carry out teactions, for example with o- and 

@imethoxybeamne, at temperatures siguiflcantly higher than those reported earlier,13*t4 and this factor may 
also be partly msponsibie for our higher yields. The yields obtained using our tuagent system in reactions of 
both a- and @-methoxynaphthalene were also higher than those reported earlier.la*t7 ‘Ihe result that we 
obtained in a reaction with nsominol was significantly better than that pmviously mcotded,t* possibly hecause 
we used a diffemnt experhmsttal proadute. The teported yield in the reaction using nsorcinol was 46% but in 
our experknt where we pre-fotmed the teagent we obtained 2,4dihydmxybenmldehyde in 88% yield. 

In the majorlty of the tuactions involving heterocyclic ammatic compounds we anticipated that the results 
that had been relxnted pmviously would not he markedly improved by using our reagent systems. However, 
there are some points to which we should draw attention. For example, indole and simple alkyl- and aryl- 
indoles are formylated in the 3-position in excellent yields using phosphoryl cl&nide and DMF and so there is 
little advantage in using the pyrophosphoryl chlori&-DMFJ system. 13-Dimethylindole also affords the 2- 
formyl- derivative in an excellent yield when using our reagent system. 

We also decided to carry out reactions with 12,3,4-tetrahy dmaxba&e and P-~~yl-l,~3,~~~~ 
carbaxole as examples of 2,3dialkylindoles. We expected that, lie the reactions of other 2,3dialkylindoles 
with electropbiles. reactions would occur initially at the 4a-position but could be controlled and lead to good 
yields of P-formyl-1,2%3,4-tetrahydrocarbaxole or, in the case of a P-alkyl-1,2,3,4-tetrahydrocarbaxolerbazole, 
replacement of a hydrogen by a formyl @up at the l-position. The fkamylation of 1~,3,~~~y~~ 
using DMF and phosphoryl chloride affords a mixtum of P-fonnyl-1,2,3,4-telrahydrocarbaxole and the unstable 

4a,9-difotmyl-2,3,4,4a-tetrahytiarbaxole in 36.6% and 17.7% yields respectively.19 In OUT hands using a 
ratio of pyrophosphoryl chIorl& : 1,2,3,4-teuahydrucarbaxole (1.3:1) at 80” C and a nlatively brief naction 
time (2Omin) we obtained a mixture of 9-f~yl-l,2,3,~~~y dmc&axole aud the unstable 4a,9-diformyl- 
2,3,4&a-tetrahydrocarbaxolc in 17% and 21% yields respectively. However, when we heated the ma&on 
mixture at 100° C for 5h we obtained P-formyl-12,3,4-tetrahy dnxx&a&e in 70% yield Vilsmeier teactlons 
of 9-alkyl-1,2,3,4-tetrahydrocarbaxole derivatives have also been reported on a number of occasions.2o 

However, it is only recently that the bang reports have been pardally ~~~2* nte major mason for 
the difference between our tesults and those reported in the pmvious studies p&ably relates to diffetent molar 
ratios of reagents being used. Temperature and anion differences are also important. We have concentrated in 
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our study on reactions of 9-methyl-13.3.4-tetrahydroca. Reactions carried out at high temperatures 
afforded mixtures in which the major products were 1,9dimethyl-3-formylcarbazole (2) and 1-NJV-dimethyl- 
aminomethyl-3-formyl-9-methylcarbazole (3). The yklds of the two products were shown to vary with the 
amount of pyrophosphoryl chloride used. 

mol % P,O& yield (%) (2) 

100 17 11 
130 27 
180 21 

In reactions carried out at 0 ‘C we have found that 9-mcthyktrahy mle affords the previously unknown 
stable 1-formyl derivative (4) in an almost quantitative yield only when we used two or more equivalents of 
pyrophosphoryl chloride or phosphoryl chloride in the presence of an excess of DMF. We con&de that, as 
expected, all of the reactions of 1,2,3,4-tetrahydrocarbazole and its g-substituted derivatives proceed by initial 
reaction at position-4a. and that that inamediate then reacts further. The requiremnt for mom than one molar 
equivalent of formimini urn reagent in teactions leading to good yields of I-formyl-1,2,3&etrahydrocarbamle 
suggests that the 4a-substituent is only lost at a late stage when n-aromatisation occurs, as shown in the 
Scheme below. We list our results of nactions of indole and substituted derivatives in Tubk 2. 

- 

(4) 

schmu 
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Table2 
Preparation of Aldehydes Corn Indole and Substituted Indoles 

Indole derivative 

indole 
1-methylllle 
2-methylindole 
l2-diu&ylindole 

1,3-dimethylindole 

1-methyl-2-phenyllndole 

Reagents Temperaturt 0 Product(s) 
/ Tim 01) 

P*O$l‘+/IMP o/ 1; 40/ 1 3-formylindole 
P20&l.@~ 20 I 1 1 -methyl-3-formyllndole 
P20$l@MF 40 / 1 2-methyl-3-formylindole 
PaO+q/DMP 20 / 20 1,2-dimethyl-3- 

formyllndole 
P*O&l,/DMP 20 I 40 1 ,fdimethyl-2- 

formyllndole 
P~O&l‘@MF 20 I 18 1-methyl-2-phenyl-3- 

fonnylindole 
P*O&jDhlP 80 IO.33 9-formyltetrshydmcarbaxole 

%Ykkt 

97 

98 

88 

95 

87 

94 
17 

tetrahydrocarbazole P20$14/DMP 100 / 5 
9-nX%hyltetrahydmca&Uo le P*O$l,DMP O/3 

9-methyltetrahy~ lepocyDMF o/3 

9-methyltetrahydnXa&Uo le P&&l@IP 80 / 18 

4~9-diformylteuahy~le 21 
9-formyltenahydmcar&ole 70 
I-formyl-9-methyl- 

tetrahydmca&Uole 96 
1 -formyl-Pmethyl- 

tetrahydmcarbaxole 99 
1,9&thyl-3-formyluwbaxole 21 
1-Njvdimethylammomethyl-3- 
fomlyl-9-methylca&axole 25 

A large body of information aheady exists in the literature concerning Vilsmeier reactions of pyrmle, 
fttran, and thiophene and their derivatives. 5 Reactions of pyrrole and l-substituted pyrroles am reported to 

afford the 2-formyl- derivatives except where a bulky substituent, for example t-butyl,22 and tri- 

isopropylsilyl,23 am pnsent on the nitrogen, or when the 2- and 5- positions ahzady carry a substituent. We 
have restricted our experiments to ZV-substituted pyrmles, furan and Zmethylfuran, and thiophene and 2- 
methoxythiophene and our results are presented in T&e 3. 

0 / \ (0 P&&h - Drm torNMFA3 

N 

A 

(ii) NaOH 

In the reactions involving N-substituted pynoles we anticipated that as the bulk of the electrophile 
incmasedsowewouldobserveaninuesse in the proportion of the 3-formyl- derivative. ‘Experiment con&med 
that reasoning, but somewhat stnprlsiirgly we observed some substitution at the 3- position even in reactions of 
N-methylpyrrole. Once again it is likely that the avahabihty of improved analytical methods, for example high 
field nmr spectroscopy and Ilash chromatography, has allowed the detection and isolation of small amounts of 
products that have hitherto avoided observation. Thus, we detected and isolated 1-methyl-3-formylpyrrole in 
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iucreasing amounts when using iV&dimethylchlo~thyleneiminium chloride, phosphoryl chloride-DMF, 
and pymphosphoryl chloride-DMF, As expected, reactions of l-benzylpyrrole gave the gmatest armxmt of l- 
benayl-3-formylpyrmle when using pYrophosphory1 chloride-NMFA. Whemas it has been qorted that the 

’ reaction of ~-~~yl~ylp~~ with ~~~y~~yle~ ‘mn chknkk lcds to the exclusive 
formatiou of 3-formyl-1-triisopropylsilylpyrrole~ our evts using pyrophosphmyl chloride and DMP or 
NMFA nsult in the isolation of a small amount of 2-formylpYrrole. We assume that this must arise as a result 
desilylatiou by an a&n bef&e the reaction with the elect@& occurs. 

Hemycle 

1-methylpple 

l-methYQ_ 

1-methylpYrmle 

l-~~lp~~ 

1-benzylpyrrole 

l-~~ylp~~ 

TabZe 3 
Preparation of Aldehydes from P~TI&s, Furaus, and Thiophenes 

Reagents Tempaatun: Cc) product(s) % Yiild 
Time/(h) 

P~O$l,/DMP 20118 

-em 20/18 

[MezN=CHCl]s Cl-/DMF 20 / 18 

1 -hi-isopropylsiiylpyimle P20$l,/DMF 

20/18 

2Olu;L 

20118 

2012 

2O/2 

2-methylfuran 
~i~ene 
thiophene 
2-~~x~~~ne 
2methoxythiophene 

20 / 0.5; 75 / 0.5 2-f~y~ 
20/!50 2-formyl-J-methylfbmxl 
70 I 1.5 2-f~yl~~~~ 
20/ 18 2-f~ylthiophelle 

010.5; 2015 2-f~yl-5-~~~~~~~ 83 
0/1;20/5 2-formyl-knethoxytbiophene 80 

1-methyl-2-formylpYrr0le 
1-methyl-3-fmylpyrfole 
~-~~yl-2-f~yl~ 
I-methyl-3-f~ylpyrmle 

I-methyl-2-formylpyrmle 
I-methyl-3-formylpy&e 
1-~~1-2-f~y~~le 
I-benayl-3-fatmylpYrole 
I-benzyl-2formylpyrrole 
I-benq+3-folmylpYlTole 
1-~~1-2-f~~~e 
1-benzyl-3-fmylpyrole 
2-formylpYzrole 
3-formylpylmle 
2-f~lp~~ 
3-formy$yKole 
2-formylpyxmle 
3-formylpyxmle 

88 
5 
84 
6 

88 
5 
80 
18 
75 
22 
86 
10 
14 
66 
7 
61 
3 
73 
71 
77 
60 
75 

? This reaction was carried out by the slow addition of tips-pyrrole to the cold pre-finmed zeagent 

We noted above that very few reports are concerned with the formation of ketones using amides other than 
formamides in Vilsmeier reactions. 324 We requbed a route to a@glyoxylic esters in connecdon with another 
study.2s Two routes have been used pmviously. Reactions using oxalyl chloride wen among the first qorts 
of Friedel-Crafts acylations and, with reactive substrates such as anisole or~$Mimethylanilii, at&& deriv- 
atives of benzil.26 On the other hand reactions of oxalyl chloride with indole in the absence of a catalyst have 
been used to prepare 3-in~lylglyoxylyl chlorkie.27 The conversion of the intemrdiate acid chloride into esters 
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is straightfixwd. Similar dons of oxalyl chloride using pynolc duivatives have also been mport~&~a 
andappcar,inmostcasc&nattobcsubjaxtomajorstericeffkcts. Fricdel-ckaftsacylationxeadonsuslngalkyl 
oxalyl chlorides were among the flrsta rcpoltd acy1ations akld have also been qortal more ncently.~ Tltc 

reaction of ethyl oxalyl chloride with tips-pyrrole gave a good yield of ethyl 3-pynylglyoxylatc.31 It may he 
anticipatedfromourwork~abave,thattbe~~rvariantcoald,~~ofthestericdemandofthe 
reagent, allow uxitrol over the regiochcmistry where more than one product iS llkcly. We the&m made a 
pnliminary study of altemative syntheses of arylglyoxylates based on mctions of oxamic esters. 

Reactions of m-dimcthoxyhenzene with methyl oxamatcs de&cd fmm methyl oxalyl chloride and either 
pymolidinc or morpholinc. and either phosphoryl chloride or pyrophosphoryl chloride afforded mthyl2,4di- 
methoxyphenylglyoxylate. The yield obtain& using phosphmyl chloride and the pymlldlac derived amide was 
only 31% whmas using pymphosphoryl chloride we obtained the expected product in 82% yield. As 
expected, the amide derived from mo@olinc gave the best yield (89%). 

0 OMe OMe 0 

OMe (1) P203Cb OMe 

+ 
OMe (u) Na0I-I. I&O M& 

In reactions of l-methylindole using the pyrrolidinc derived oxamidc we did observe that sumc of the 

indole was comerted, by the liberated acid, into the known dimcr (3),32 which was isolated in a 20% yield. 
The formation of the dlmr was minlmkd when the iminium salt lntunudiate was pre-fonned. In this latter 
reaction the methyl 3-(1-mcthylindol~l)glyoxylatc (2) was isolated in 79% yield. 

C02Me 

Y + 
N 

OMe 
(1) P20,Cld 

CozMe + 

Bn G 0 GzG& Bn 

(4) (a) 
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Perhaps the most interesting result obtained in these preliminary reactions involved the reaction with l- 
benzylpyrrole where the two products (4) and (5) in 33% and 53% respectively were isolated. This result may 
be compared with that obtained in a reaction of 1-~n~lp~le with oxalyl chloride followed by methanol 
which gave methyl 1-benzyl-2-pyrrylglyoxyhue (4) exclusivtly. We will report our * studies of Vilsmeier 
reactions using pymphosphoryl chloride and amides derived from acids other than formic acid in a futum paper. 

E~~rn~ 
4-N,N-Dimethyiaminobenzaldebyde 

Pyrophosphoryl chloride (2.266 g, 9.0 mmol) was added dropwise to a stirred mixture of cold (ice bath) N,N- 
dimethylfoRnarm ‘de (1.097 g, 15.0 mmol) and N,N-dimethyhmiline (0.909 g, 7.5 mmol) to give a thick green 
syrup. The mixture was then heated at 65O C for 15 h and cooled. The resultant green solii was dissolved in 
water then basified with an aqueous solution of sodium hydroxide (2M) to give a yellow solid. Sublimation 
(Kugehohr) (140-150° C at 0.6 mm Hg) gave 4-N,N-dimethylaminobenzaldehyde (1.109 g, 99%). rap. 73- 

75’ C lit.3 mp. 72-73’ C, vm, /cm-l 16% (C=O); &@SO MHz; CDCl3) 3.06 (6H, s), 6.67 (2H, d, J = 9.0 

Hz), 7.71 (W, d, J = 9.0 Hz), and 9.72 (lH, s) ppm; &(C!DCl$ 40.01 (2 x NCH3), 110.96 (2 x CH), 

125.07 (C), 131.92 (2 x CH), 154.31 (C), and 10.22 (CHO) ppm; Found: M+; 149.0826 talc. for C&NO 

149.0841. 
Reactions with anisole 
PIUc&urel 
Pyrophosphoryl chloride (3.273 g, 13 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

N,N-dimethylformam& (1.097 g, 15.0 mmol) and anisole (1.081 g, 10.0 mmol). The resulting syrup was 
then heated at 100° C for 24 hours The cold product was then basiied with an aqeous solution of sodium 
hydroxide (2M) and extracted with dichloromethane. The solution was dried (MgSO4) and concentrated. 
Kugelrohr distillation gave a mixture of 2-anisaldehyde and Canisaldehyde, b.p. 40°-50’ C at 0.05 mm Hg in 

694 ratio by ‘H NMR integration. Flash chromatography on silica gel, ehtting with diethyl ether-petroleum 

ether (b.p. 40°-60’ C) (1: 10) gave 2-~~xy~n~hy~3 and ~~~xy~~hy~** (l.O2g, 75%). 

2methoxybenzaldehyde, vntax /cm-l 1689 (GO); SR(250 MHZ; CDC13) 3.88 (3H. s), 6.94-7.01 (W, m), 

7.48-7.55 (lH, m), 7.77-7.81 (lH, m), and 10.44 (19 s); S&DC13) 55.59 (CK!H3), 111.72 (CH), 120.60 
(CH), 124.74 (C), 128.33 (CH), 136.06 (CH), 161.86 (C), and 189.75 (CHO). 

4methoxybenzaldehyde. vrnax /cm-l 1691 (GO); SR(250 MHZ; CDC13) 3.85 (3H, s), 6.98 (2H, d, J = 8.5 

Hz), 7.82 (2H, d, J = 8.5 Hz), and 9.86 (lH, s) ppm; &(CDCls) 55.55 (OCH3), 114.33 (2 x U-I), 129.92 
(C), 131.% (2 x CH), 164.64 (C), and 190.83 (CHO) ppm. 

Procedure2 
Pyrophosphoryl chloride (3.273 g, 13 mmol) was added dropwise to a stirred mixmre of cold (ice bath) 

N-methylfoxmanilide (2.028 g, 15.0 mmol) and anisole (1.081 g, 10.0 mmol). The resulting syrup was then 
heated at 100” C for 24 hours. The cold product was basified with an aqueous solution of sodium hydroxide 
(2M) and extracted with ~chlo~~~~e, dried (MgSO4) and concentrated Flash boy on silica 
gel, eluthrg with ether-petroleum ether (b.p. 40’~60’ C) (1:10) gave 2methoxybenraldehyde and 4-methoxy- 

benzaldehyde.in a ratio of 1:72 by integration of the *H nmr spectmm (0.99g, 73%). 

Procedure3 
Phosphoryl chloride (3.0 g, 12 mmol) was added dropwise to a stirred mbtture of cold .(ice bath) N&V- 

dimethylformamide (0.877 g, 12 mmol) and anisole (1.081 g. 10.0 tnmol). The resulting syrup was then 
heated at RIO0 C for 24 hours. The resulting black tar was then basified with an aqueous solution of sodium 
hydroxide (2M) and extracted with dichloromethane. The solution was dried (MgSO4) and concentrated. 
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Kugelmhr distillation gave a mixture of 2-methoxybenzzldchyde and Cmethoxybenzaldehyde (0.5 17 g, 38%. 
bp6O0Cat0.1mmHg)in6:94ratiobytHNMRintegration,spectmldatawemasinprocedure1. 

Frocedure4 

AS procedure 3 except that an excess of phosphoryl chloride (9.200 g, 60 mmol) was used and gave a 
mixture of 2-methoxybenxaklehyde and 4-methoxybenxaldehyde (0.245 g, 18%) in 694 ratio by IH NMR 
integration, spectral data were as in pmceduxe 1. 

3,4-Dimethoxybenzaldehyde 
ProcedUrel 

Pyrophosphoryl chloride (2.226 g, 9.0 mmol) was added dropwise to a stirred mixture of cold (ice bath) 
N-methylformanilide (1.21 g, 9.0 mmol) and odimethoxybenxene (1.00 g, 7.24 mmol). The resulting syrup 
was then heated at 1 W’C for 1 hour then at 100’ C for 18 hours. The cold product was basified with an 
aqueous solution of sodium hydroxide (ZM) and extracted with dichlommethane and dried (MgSOd) and 
concentrated. Flash chromatography on silica gel, eluting with ethyl acetate-petroleum ether (b.p. SO-WC) 

(3:7) gave 3.4-dimethoxybenxaldehyde (1.00 g, 83%). m.p. 42-44T lit.13 39-42T and 42-45°C respectively; 

vmax / cm-1 1682 (GO); &.&250 MHz; CDC13) 3.81 (3H, s), 3.83 (3H. s), 6.85 (lH, d, J = 8.0 Hz), 7.27 

(1H. d, J = 1.9 Hz), 7.33 (lH, dd, J = 1.9 and 8.0 Hz), and 9.70 (lH, s) ppm; &(CDCl,) 55.97 (0CH3). 
56.16 (OCH3), 108.92 (CH), 110.41 (CH), 126.89 (CH), 130.11 (C), 149.60 (C), 154.49 (C), and 190.90 

(U-IO) ppm; Found: M+, 166.0608 talc. for CeH1e03 166.0630. 
Procedure 2 
Pyrophosphoryl chloride (2.266 g, 9.0 mmol) was added dropwise to a stirred mixtme of cold (ice bath) 

N,N-dimethylformamt ‘de (1.21 g, 16.6 mmol) and o-dimethoxybenane (1.00 g, 7.24 mmol). The resulting 
syrup was then heated at 95” C for 24 hours. The cold product was then basiiied with an aqueous solution of 
sodium hydroxide (2M) and extracted with dichloxomethane, dried (MgSOJ and ConcentratecL Flash 
chromatography on silica gel, eluting with ethyl acetate-petroleum ether (b.p. 40-60°C) (3:7) gave 3,4- 
dimethoxybenxahlehyde (0.63 g, 52%), m.p. 42-44’C. spectral data were as in procedure 1 

2,4-Dimetboxybenzaldehyde 
prOphosphory1 chloride (0.554 g, 2.2 mmol) was added dropwise to a stirred mixtum of cold (ice bath) 

NJVdimethylformarm ‘de (0.161 g, 2.2 mmol) and m-dimethoxybenxene (0.276 g, 2.0 mmol). The resulting 
syrup was then heated at 100’ C for 4 hours. The cold product was basified with an aqueous solution of 
sodium hydroxide (ZM) and extracted with dichloromethane, dried (MgSO4) and concentrated. Kugehohr 
distillation gave 2,4dimethoxybenxaldehyde (0.328 g, 99%) b.p. 110” C at 0.3 mm, a white crystaline solid, 

m.p. 69-70°C (IiLl b.p. 165” C at 10 mm Hg and 1lO‘C at 0.1 mmHg, m.p. 68-70“ C); vmax /cm-l 1673 

(GO); &(250 MI-k CDC13) 3.86 (3H. s). 3.88 (3H. s), 6.43 (lH, d, J = 2.2 Hz), 6.52 (1I-I. dd, J = 8.5 

and 2.2 Hz), 7.78 (lH, d, J = 8.5Hx), and 10.27 (lH, s) ppm; S&!DCl3) 55.59 (OCH3), 55.62 (OCH3), 
97.86 (CH), 105.90 (CH), 119.00 (C), 130.60 (CH), 163.65 (C), 166.26 (C), and 188.26 (Cl-IO) ppm; 

Found: M+, 166.0626 cak. for C&e@ 166.0630. 
2,5-Dimethoxybenznldehyde 
Pymphosphoryl chloride (1.889 g, 7.5 mmol) was added dropwise to a stirred mixtum of cold (ice bath) 

N&.lkuethylformamt ‘de (0.731 g, 10.0 mmol) and p-dimethoxybenxene (0.691 g, 5.0 mmol). The resulting 
syrup was then heated at 1OOT for 48 hours. The cold product was basified with an aqueous solution of 
sodium hydroxide (ZM) and extracted with dichloromethane, dried (MgSOJ and concentrated. Kugehohr 
distillation gave 2,5dimethoxybenzaldehyde (0.332 g, 40%), m.p. 50-51T lit.13 m.p. 49-52°C; b.p. 80” C at 

0.1 mm Hg; vtnax /cm-l 1677 (GO); &(250 MHZ; CDCI,) 3.80 (3H. s), 3.88 (3H, s), 6.94 (lH, d, J = 9.0 
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Hz), 7.14 (lH, dd, J = 3.3 and 9.0 Hz), 7.34 (Hi, d, / = 3.3Hx), and 10.44 (1H s) ppm; i$$CDCl,) 55.80 
(OCH.3), 56.14 (OCHs), 110.35 (CH), 113.14 (CH). 123.80 (U-I), 124.78 (C), 153.87 (C), 156.89 (C), and 

190.16 (CHO) ppaz; Foutuk M+, 166.0624 talc. fm C#t& 166.0630, 
4-Methoxy-1-formylnaphtbalene 
Pymphosphoryl chloride (1.92 g. 7.65 mmol) was added dmpwise to a stirmd mixture of cold (ice bath) 

NNdimethylfotmanu ‘de (1.0 g, 13.69 mmol) and I-methoxynaphthalene (1.0 g, 6.32 mmol). The resulting 
syrup was then heated at 100” C for 28 hours. The cold product was basitkd with an aqueous solution of 
sodium hydroxide (2M) and extracted with diethyl ether, dried (MgSOd and concentrated. Flash chromato 
graphy, eluting with ethyl acetate-pettoleum ether (b.p. 40°-60’ C) (15) gave 4-naethoxy- l-formylnaphthtdene, 

(1.13 g, 96%), m.p. 36’T lit.16 m-p. 3536’C; vmax /cm-t 1678 (GO); &.&ZSO MHZ, CDQ) 3.91 (3H, s), 
6.68 (lH, d, J = 8.0 Hz), 7.05 (lH, m), 7.61 (H-I, m), 7.69 (H-I, d, f = 8.0 Hz), 8.21 (lH, d, J = 6.8 Hx), 

9.25 (lH, d, J = 6.8 Hz), and 10.07 (lH, s) ppm; &#!DCl3) 55.81 (OCH3), 102.83 (CH), 122.34 (CH), 
124.74 (CH), 125.55 (C), 126.22 (CH), 129.35 (CH), 131.69 (C), 139.71 (CH), 160.65 (C), and 192.20 

(CHO) ppm; Found: M+, 186.0645 talc. for CtaHt& 186.0681. 

Pymphosphoryl chloride (1.92 g, 7.65 mmol) was added dropwise to a stirred mixture of cold (ice bath) 
NN-dimethylformamide (1.0 g, 13.7 mmol) and 2methoxynaphthaiene (1.00 g, 6.32 mmol). The resulting 
syrup was then heated at 100° C for 28 hours. The cold product was basified with an aqueous solution of 
sodium hydroxide (2M) and extracted with diethyl ether, dried (MgSOJ and concentrated. Flash chromato- 
graphy with ethyl acetate-petroleum ether @up = 40’ to 60° C) (15) as the eluent gave 2-methoxy-l-formyl- 

naphthalene (1.06 g, 90%), m.p. 82-84T lit.” m.p. 82-85OC, vatax / cm-t 1673 (C=O); h(250 MHZ; CDCla) 
3.92 (3H, s), 7.14 (lH, d, J = 9.2 Hz), 7.36 (lH, m), 7.56 (lH, m), 7.69 (IH, d, J = 8.0 Hz), 7.93 (18 d, 

J = 9.2 Hz), 9.28 (IH, d, J = 8.0 Hz), and 10.90 (XH, s) ppm; g,(CDCls) 56.43 (OCH3), 112.46 (CH). 
116.47 (C). 124.66 (CH), 124.86 (CH), 128.24 (CH), 128.44 (C), 129.80 (CH), 131.49 (C), 137.54 (CH), 

163.89 (C). and 191.92 (CHO) ppm; Found M+, 186.0661 talc. for C12Hle02 186.0681. 
2,4-Dihydroxybenzaldehyde 
Pyrophosphoryl chloride (2.0 g, 7.96 mmol) was added dropwise to NAklimethylformamide (1.2 g, 

16.4 mmol) at OT and the resulting syrup was stirred at 20” C for 30 minutes. Resotcinol(O.8 g, 7.27 mmol) 
was added to the cooled (ice bath) syrup and the mixture stirted at 20’ C for 5 hours. The mixture was basified 
with an aqueous solution of sodium acetate, extracted into diethyl ether, dried (MgSO~), and the solvent 

evaporated to give 2.4dihydroxybenxaldehyde (0.88 g. 88%), m.p. 135°C lit.** m.p. 135’C, v_ / cm-1 3558 

(OH), 3297 (OH), and 1660 (GO); 6n(250 MHz; CDCl,) 6.41 (1H. d, J = 2.1 Hz), 6.49 (lH, dd, J = 2.1 
and 8.5 Hz), 7.35 (lH, d, J = 8.5 Hz), 9.57 (lH, broad OH), 9.66 (la, s), and 11.42 (lH, s) ppm; 

&-(CD&) 102.88 (CH). 109.27 (CH), 114.60 (C), 135.86 (CH), 164.44 (C), 165.83 (C), and 194.08 

(CHO ppm); Pound: M+, 138.0314 talc. for C&a03 138.0316. 

N,N-Dimethylchloromethyleneiminium chloride34 
Phosph~s ~n~hl~de (10.41 g, 50 mmol) was added portionwise to N~d~~y~~ (3.66 

g, 50 mmol) with cooling (ice bath). The tesuhing phosphoryl chloride was distilled off (ca 20 mm Hg) and the 

resultant solid sublimed (60-70’ C. 0.01 mm Hg) to give N,Ndimethylchloromethyleneiminium chloride (4.16 

g, 65%); &(250 MHZ, CD&N) 3.75 (6H, broad singlet), and 10.81 (lH, broad singlet) ppm. 
3-Formylindole 
Pyrophosphoryl chloride (1.24 g, 4.94 mmol) was added dropwise to a stirmd mixture of cold (ice bath) 

N,N-dimethylformamide (1.50 g. 20.54 mmol) and indole (0.50 g, 4.27 mmol). The resulting syrup was 
stirred at O°C for 0.5 hour then at 40° C for 1 hour. Ice was added, followed by an aqueous solution of sodium 
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hydroxide GM), and the mixtum was heated under reflux. On cooling a precipitate of 3-formylindole was 

obtained (0.60 g, 97%), m.p. 196-198°C, lit.35 m.p. 195198’C, v, /cm-l 3168 (N-H) and 1632 (GO); 

a~(250 MI-k ([*H,JDMSO) 7.23 (W, m), 7.48 (lH, m), 7.97 (lH, s). 8.18 (1H. m), 9.96 (HI, s), and 

11.87 (lH, broad singlet, NH) ppm; &J[*I-I,JDMSO) 111.83 (CH), 118& (C), 120.72 (CH). 121.74 (CI-I), 

123.08 (CH), 123.88 (C), 136.81 (C), 136.97 (CH), and 184.36 (U-IO) ppm. 
3-Formyl-1-methylindole 
Pytophosphoryl chloride (1.506 g. 6.0 mmol) was added dropwise to a stirted mixtum of cold (ice bath) 

N&limethylformami de (0.439 g, 6.0 mmol) and 1-methylindole (0.656 g, 5.0 mmol). The resulting syrup 
was stirred at 20°C for 1 hour. The cold product was then basified with an aqueous solution of sodium 
hydroxide (2M) and extracted with dichlommethane, drled (MgSO4) and concentrated. Flash chtomatography 
with ethyl acetate-petroleum ether (b.p. W-600 C) (15) as the eluent gave 3-formyl-l-rnethylindole (0.780 g, 

98%); m.p. 67-69’ C lit36 m.p. 69-700 C; v,, / cm- l 1638 (C=O); &(250 MI-k CDtB3) 3.69 (3H, s), 7.25 

(3H, m), 7.49 (lH, s), 8.25 (lH, m), and 9.85 (lH, s) ppm; G,(CDC13) 33.55 (NCH3). 109.99 (CH), 117.87 

(C), 121.85 (CH), 122.84 Q-I), 123.95 (CH), 125.14 (C), 137.76 (C), 139.62 (CT-I), and 184.36 Q-IO) 

ppm; Found: M+, 159.06% talc. for Cl&NO 159.0684. 
3-Formyl-2-methylindole 
Pyrophosphoryl chloride (1.10 g, 4.38 mmol) was added dropwise to cold (ice bath) N,N-dimethyl- 

formamide (2.00 g, 27.39 mmol). The resulting syrup was stirred at 20°C for 0.5 hour and cooled to O’C. 2- 
Methylindole (0.50 g. 3.81 mmol) was added and the resulting syrup was heated at 40°C for 1 hour. The cold 
product was then basified with an aqueous solution of sodium hydroxide (2M) and the resulting suspension 
heated to boiling point The clear solution was cooled (0°C) and a yellow precipitate was flltemd off and dried 

to give 3-formyl-2-methylindole (0.53 g, 88%). m.p. 199-200°C lit..35 m.p. 200-201OC; vatax / cm-l 1644 

(GO); Sl.l(250 MHz; CDCl3) 2.70 (3H, s), 7.16 (2I-k m), 7.34 (H-I, m), 8.17 (lH, m), 9.85 (lH, broad 

singlet, NH), and 10.12 (lH, s), ppm; &(CDCls) 11.94 (CH3). 111.16 (CH), 114.21 (C), 120.45 (CH), 

122.16 (CH), 122.79 (CH), 126.05 (C), 135.56 (C), 148.00 (C), and 184.22 (U-IO) ppm; Found: M+, 
159.0661 talc. for C,,,I&,NO 159.0684. 

3-Formyl-1,2-dimethylindole 
mphosphoryl chloride (1.80 g, 7.17 mmol) was added dropwise to stirred cold (ice bath) N,N- 

dbl&ylfornUum ‘de (1.50 g, 20.54 mmol). The resulting syrup was stirred at 20°C for 0.5 hour and cooled to 
O’C. 1,2-Dimethylindole (0.70 g, 4.82 mmol) was added and the resulting syrup was stined at 20°C for 20 
hours. The cold product was then basifii with an aqueous solution of sodium hydroxide (2hQ extracted with 
diethyl ether, dried (MgSO4). and evaporated to give colourless crystals of 3-formyl-1,2-dimethylindole (0.79 

g, 95%), m.p. 128-13O.OC lit.3’ m.p.128-130’ C; V-/ cm-1 1644 (GO); &(250 MHZ; CDCld 2.51(3H, s), 

3.54 (3H, s), 7.22 (3H. m). 8.23 (lH, m). 10.03 (1H. s), and 9.85 (HI, broad, N-H) ppm; 6&DC13) 10.36 
(CH3), 29.49 (CH3), 109.17 (CH). 114.05 (C), 120.74 (CH), 122.66 (CH), 122.99 (U-I), 125.55 (C), 

136.78 (C), 147.84 (C), and 183.94 (CHO) ppm; Found: M+, 173.0844 talc. for C1tHt,NO 173.0841. 
2-Formyl-1,3-dimethylindole 
Pyrophosphoryl chloride (1.0 g, 3.98 mmol) was added dropwise to NjV-dimethylformamide (2.0 g, 

27.4 mmol) at O” C. 1,3Dimethylindole (0.5 g, 3.44 mmol) was added to the resulting syrup after 0.5h. ‘Ilie 
mixture was then stirred for 40h at room temperature, cooled to 0’ C and basified with aqueous sodium 
hydroxide (2M). The product was extracted into diethyl ether, dried (MgS04) and concentrated. Flash 

chromatography on silica gel, eluting with ethyl acetate-petroleum ether (1: 1) gave 2-formyl-1.3dimethylindole, 
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0.52 g (87%). m.p. 35-36” C, lit?* m-p. 35-36’ C, vmax /cm-’ 1660 (GO); 6, (250 MHz CDCQ 2.57 (3H, 

s), 3.97 (3H, s), 7.11 (lH, m), 7.28 (lH, m), 7.38 (lH, m), 7.64 (lH, m), and 10.09 (lH, 8) ppm; 

S&Xl,) 8.45 (C&f. 31.46 (CH& 110.1 (CH), 120.0 (CH), 121.2 (CHf, 126.3 (C), 126.8 (C), 127.3 

(CH), 131.1 (C), 139.2 (C), and 181.6 (CHO) ppm; Found: M+, 173.0835 cak. for CllHl,NO 173.0841. 
3.Formyl-1-methyl-2-phenylindole 
Pyrophosphoryl chloride (0.88 g, 3.5 mmol) was added dropwise to a stirred solution of I-methyl-Z 

phenylindole (0.6g, 2.89 xnmol) in ~~~~~ylfo~~ (2.0 g, 27.4 mmol) at 00 C. The mixture was 
stirred at room temp-erature for 18h, cooled, basified with aqueous sodium hydroxide (2M), extracted with 
diethyl ether, dried (MgSO.,) and concentrated to give 3-formyl-1-methyl-2-phenylindole, (O&g, 94%), gold 

needles mp 124~5~ C (!?om ethyl acetate - petroleum ether (1:l). lit39 mp 124-126O C. v_ /cm-’ 1638 (C=O); 

S, (250 MHz CDC!13) 3.61 (3H, s), 7.34 (3H, mf. 7.44 (2H, m), 7.52 (3H,m), 8.42 (lH, m), and 9.72 (lH, 

s) ppm; 6, (CDC13) 30.97 (C!H3), 109.82 (CH). 115.59 (Cl, 122.03 (CH), 123.20 (CH), 123.96 (CH), 

125.07 (C), 128.47 (C). 128.61 (CH), 129.83 (CH), 130.85 (CH), 137.28‘(C), 151.43 (C), and 186.54 

(CHO) ppm; Found: M+, 235.0989 talc. for C1&I13N0 235.0997. 

9-Formyl-1,2,3,4_tetrahydrocarbazoIe and 4a,9-diformyl-2,3,4,4a-tetrahydrocarbazole 
Pyrophosphoryl chloride (1.9 g, 67.6 mmol) was added dropwise to N,N-dimethylformamide (4.0 g, 

54.8 mmol) at Oa C and then &red at mom temperature for 0.5h. The product was cooled to O” C and 1,2,3,4- 

te~y~~le (1.0 g, 5.85 mmol) was added and the mixtnre was heated at 80° C for 2Omin, cooled, 
basifkd with an aqueous solution of sodium carbonate, extracted with diethyl ether, dried (MgS04) and concen- 
hat& Flash chromatography on silica gel, eluting with a 1: 1 mixture of ethyl acetate and light petroleum i&p. 
40-60’ C) gave 9-formyl-1,2,3,4-tetrahydrocarbazole (0.2 g, 17%) m.p. 60-62” C and 4a,9-diformyl-2,3,4,4a- 

te~y~~le as an oil (0.28g, 21%); v_ /cm-’ 1683 and 1723 (C=O); S, (250 MHz CDC13) 1.53-297 

(6H, m), 5.68 (lH, s,br), 7.10-7.50 (3H,m), 8.00 (IH, d, J = 7.15Hz). 8.86 (lH, s) and 9.30 (lH, s) ppm; 

6, (CDC13) 18.56 @X2), 22.84 @Hz), 24.77 (CH& 109.12 (CH), 109.60 (C), 115.13 (C), 116.56 (CH), 

123.73 (CH), 124.27 (C), 125.10 (C), 125.46 (CH), 129.64 (CH), 156.85 (CHO), and 194.20 (CHO) ppm; 

Found: M+. 227.0959 talc. for C&H13N02 227.0946. 
9.Formyl-1,2,3,4-tetrahydrocarbazoie 
Pyrophosphoryl chloride (1.63 g, 6.5 mmol) was added dropwise to IV,N-dimethylformamide (4.0 g, 

54.8~l)atO°Candthens~atnmmtemperature for 0.5h. The product was cooied to 00 C and 1,2,3,4- 

tetrahydrocarbazob (1.0 g, 5.85 mmol) was added and the mixture was heated at lOO* C foi 5h, cooled, 
basifkd with an aqueous solution of sodium acetate, extracted with diethyl ether, dried (MgS04) and 
concentrated to afford 9-formyl-1,2,3,4-tetrahydrocarbazole (0.77 g, 70%) m.p. 60-62O C (lit.20* m.p. 64.5- 

65.5’ C). vmax /cm-’ 1702 (C=O); S, (250 MHz CDC13> 1.85 (4H, m), 2.58 (2H, m), 2.72 (W, m), 7.25 

(3H,m), 8.32 (lH, ml, and 9.00 (lH, s, br) ppm; 6, (CDCl,) 20.63 @X2), 21.73 (CH2), 22.20 (CH2), 

22.58 @X2), 115.91 0-I), 117.79 (CH), 118.30 (C), 124.08 (CH), 124.45 (CH), 130.42 (C). 133.16 (C), 

134.58 (C), and 157.66 (CHO) ppm; Found: M+, 199.0997 talc. for CI$I13N0 199B997. 
1-Formyl-9-methyl-1,2,3,4-tetrahydrocarbazole 
Pyrophosphoxyl chloride (3.67 g, 14.7 mmol) was added dropwise to N,N-dimethylformamide (4.0 g, 

54.8 mmol) at 0’ C and then stirred at room temperature for 0.5h. The product was cooled to 09 C and 9- 

methyl-l ~,3,~~~y~~~le (1.0 g, 5.4 mmol) was added and the mixture was stirred at 0” C for 3h, 
basified with an aqueous solution of sodium acetate , extracted with diethyl ether, dried (MgSOa and concen- 

trated to afford I-formyl-9-methyl-1,2,3,4-tetrahydrocarbazole (1.1 g. 96%) m.p. 70-72’ C. vmax 
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/cm-’ 1725 (C=O); &l (250 MHz CDCl,) 1.87-2.09 (3H. m), 2.31 (lH, m), 2.72-2.85 (2&I, m), 3.61 (3H, s), 

3.71 (lH, m), 7.06-7.13 (lH, m), 7.18-7.30 (2H,m), 7.51 (lH, m), and 9.71 (1H. d, J I 2.74 I-Ix) pm 8, 

(CDCl,) 20.25 (CHs), 20.67 (CH2), 24.00 (CH2), 29.48 (CH), 45.80 (CHs), 108.85 (CH), 111.83 (C), 

118.21 (CH), 118.87 (CH), 121.56 (CH), 126.65 (C), 129.50 (C), 137.32 (C). and 200.47 (CHC) ppm; 

Found: M+, 213.1151 Ci4H,sN0 requires 213.1153. 

1,9-Dimetbyl-3-formylcarbazole and 1-N,N-dimethylaminomethyl-3-formyl-9- 
methylcarbazole 
Pyrophosphoryl chloride (2.44 g, 9.7 mmol) was added dropwise to a stirted mixture of ~~-~yI- 

formamide (4.0 g, 54.8 mmol) and 9methyL1,2,3,4-tetrahy~arhaxole (1.0 g, 5.4 mmol) and then heated 

and stirred at 80” C for 18h. The product was cooled, basifkd with an aqueous solution of sodium acetate, 

extntcted with diethyl ether, dried (MgSO4) and concentrated. Rash c~~phy oo silica gel, eluting with 

ethyl acetate - petroleum ether (b.p. 40-60e C) (1:3) gave 1,9dimethyl-3-formylcarbaaole (Rf 0.4) (0.25 g, 

21%), m.p. 162-164’ C (Web m.p. 163-1W C). vmax /cm-* 1682 (GO); S, (250 MHz CDCls) 2.79 (3H, 

s), 4.00 (3H, s), 7.24-7.35 (3H,m), 7.46-7.52 (lH, m), 7.62 (lH, d, J = 1.4 Hz), 8.05 (lH, m), 8.31 (lH, 

d, J = 1.4Hz) and 10.03 (lH, s) ppm; 6, (CDCLJ 20.23 (CHs), 32.05 (CH& 109.10 (CH), 120.09 (CH), 

120.23 (CH), 120.68 (C), 122.07 (U-I), 122.80 (C), 123.41 (C), 126.48 (CH), 128.31 (C), 129.05 (CH), 

141.97 (C), 143.02 (C), and 191.65 (CHO) ppm; Found: M+, 223.1008 talc, for C,5H13N0 223.09971; and 

1 -N,N-dimeth~laminomethyl-3-fo~yl-P-meth~lca~~a~le (4 0.13) (0.35 g, 25961, m.p. 102- 104* 

c. vmax /cm-r 1683 (C=O); S, (250 MHz CDCls) 2.26 (6H, s CH3 9 x 21, 3.75 (2H, s), 4.22 (3H, s), 7.26 
(lH, m) ,7.41 (lH, m), 7.51 (H-I, m), 7.71 (lH, d, J = 1.6Hx), 8.00 (lH, m), 8.47 (lH, d, J = 1.6Hx) and 

10.00 (HI, s) ppm; ?i, (CDCl,) 31.46 (CH,), 44.73 (2 x CH3), 62.2 (CH$, 109.36 (CH). 120.08 (U-I), 

120.31 (CH), 121.93 (C), 122.86 (C), 123.62 (CH), 124.21 (C), 126.62 (CH), 127.65 (C), 130.17 (Cl-I), 

142.27 (C!), 143.53 (C), and 191.60 (CHO) ppm; Found: M+, 266.1422 Ct7HtsN20 requires 266.1419. 

2-Formyl-1-methylpyrrole and 3-Formyl-1-methylpyrrote 
RoceduE 1 

~pho~~l chloride (1.506 g, 6.0 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

N&iimethylformamide (0.439 g, 6.0 mmol) and freshly distilled I-methylpyrrole (0.405 g, 5.0 mmol). The 

resulting syrup was sthmd at 20’ C for 18 hours. The product was then basified with an aqueous solution of 

sodium hydroxide (2M), extracted with dichloromethane, dried (MgS04) and concentrated. Flash chmmato- 

graphy on silica ge1 eluting with diethyl ether-petroleum ether (b.p. 40*-6tY C) (1:5) gave 2-f~yl-l-~~yl- 

pyrrok‘t”~ (0,481 g, 88%) and 3-formyl-lmethylpyrrole4 (0.026 g, 5%). both aa colourless oils. 

2-Formyl-1-methylpyrrole, $(250 MI-k CDCls) 3.94 (3H, s), 6.20 (lH, m), 6.88 (2H, m), and 9.54 

(lH, s) ppm; &$CDCl,) 36.40 (NCH3), 109.50 (CH), 124.12 (CH), 131.97 (C), 132.07 (CH). and 179.56 

(CHC) ppm. 

3-Formyl-l-methylpyrrole, h(250 MHZ, CDCls) 3.70 (3H, s), 6.61 (2I-I. m), 7.23 (H-I, m), and 9.71 

(1H. s) ppm; &(CDCls) 36.68 (NCH$, 108.46 (CH). 124.38 (CH) 126.22 (C), 129.87 (Cl-I). and 185.78 

(CHC) Ppm- 
Procedute2 

As procedure 1 except phosphoryl chloride (0.767 g, 5.0 mmol) was used instead of pyrophosphoryl 

&xi&. This gave a mixtum of 2-formyl-l-methylpyrrole (0.459 g, 84%) and 3-formy&l-methylpyrroie 

(0.031 g, 6.0%); spectml data were as in procedure 1. 

procedum3 

N,N-dimethylchloromethyleneiminium chloride (0.768 g, 6 mmol) was dissolved in NJV-dimcthyl- 
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formamide (5 g, 68 mmol) and cc&d (ice bath). Freshly distilled l-methylpytrole (0.405 g, 5.0 mmol) was 
~dropwiseandthe~tingsoluti~wasstimdatu)oCfor18hours. Thepmductwasthenbasi!kiwith 
an aqueous solution of sodium hydroxide (2M). extmcted with dichlommedum e, dried (MgSO4). and concen- 
trated. Flazh chromatography on silica gel eluting with diethyl ether-petroleum ether (b.p. W-60” C!) (1:s) gave 
2-formyl-l-methylpyrtole (0.422 g. 77.4%) and 3-formyl-1-methylpyrrole (0.016 g, 3.0%); spectral data were 
asinprocedure 1. 

I-Benzyl-2-formylpyrrole and I-benzyl-3-formylpyrroIe22.42 
Procedure 1 
Pyrophosphoryl chloride (2.140 g, 8.5 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

Nfl-dimethylformami de (1.097 g, 15.0 mmol) and 1-benzylpytrole (1.179 g, 7.5 mmol) and the resulting 
syrup was stirred at 20°C for 18 hours. The cold product was then basified with an aqueous solution of sodium 
hydroxide (2M). extracted with dichloromethane. and dried (MgSO4) and concentrated. Flash chromatography 
on silica gel, eluting with diethyl ether - petroleum ether (b.p. 40°-60° C) (3:7) gave 1-benzyl-2-fannylpyrrole 
(1.112 g, 80%) and 1 benzyl-3-formylpyrrole (0.245 g, 18%), both as colourkss oils. 

1-Benzyl-2-formylpyrrole, v,, /cm-l 1658 (GO); &(250 MHz; CDCl$5.54 (2H, s), 6.24 (1H. m), 

6.94 (2H, m). 7.14-7.10 (2H, m), 7.31-7.18 (3H, m), and 9.54 (lH, s) ppm; &(CDCls) 51.9 (CH& 110.10 
(CH), 124.8 (CH), 127.4 (CH), 127.7 (2 x CH), 129.7 (CH), 131.4 (2 x U-J), 131.5 (C), 137.5 (C), and 

179.3 (CH=O) ppm; Found: M+, 185.0827 talc. for C12H11N0 185.0841. 

1-Benzyl-3-formylpyrrole, v, / cm-’ 1660 (GO); &&250 MHZ; CDCls) 5.08 (2H. s). 6.65 (HI, dd, J 
= 2.8 and 1.8 Hz), 6.70 (H-I, t, J = 2.8 Hz), 7.18-7.13 (2H. m). 7.37-7.29 (4H. m), and 9.73 (lH, s) ppm; 

&(CDCl,) 54.98 (CH2), 108.7 (CH), 123.8 (CH), 126.9 (C), 127.4 (2 x CH), 128.4 (CH), 129.0 (2 x CH). 

129.2 (CH), 136.1 (C), and 185.6 (CHO) ppm; Found: M+, 185.0830 talc. for Ct2H,,N0 185.0841. 
Rocedure 2 
Pyrophosphoryl chloride (2.140 g, 8.5 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

N-methylformanilide (2.028 g, 15.0 mmol) and I-benzylpyrrole (1.179 g, 7.5 mmol) and the resulting syrup 
was stirred at 20° C for 19 hours. The cold product was then basified with NaOH (2M), extracted with di- 
chloromethane, washed with aqueous hydrochloric acid, dried (MgS04), concentrated, and unreacted N- 

methylformanilide removed by Kugelmhr distillation (70” C at 0.1 mm Hg). Flash chromatography on silica 
gel, eluting with diethyl ether-petroleum ether (b.p. 40”~60’ C) (1:5) gave 2-formyl-l-benzylpyrrole (1.034 g, 
75%) and 3-formyl-l-benzylpyrrole (0.303 g, 22%), both as colourless oils and with spectral data as in 

procedure 1. 
Procedure 3 
As procedure 1 except of phosphotyl chloride (1.303 g, 8.5 mmol) was used instead of pyrophosphoryl 

chloride. This gave a mixture of 2-formyl-1-benzylpyrrole (1.194 g, 86%) and 3-formyl-1-benzylpyrrole 
(0.133 g, lo%), both as colourless oils and with spectral data as in procedure 1. 

Reactions of 1-tri-isopropylsilylpyrrole 
hocedurc 1 
Pyrophosphotyl chloride (1.511 g. 6.0 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

N,N-dimethylfotmamr ‘de (0.731 g, 10.0 mmol) and l-tri-isopropylsilylpyrrole (1.119 g, 5.0 mmol) dissolved 

in acetonitrile. The resulting syrup was stirred at 20“ C for 2 hours, cooled, basifted with aqueous sodium 
hydroxide (2M) and extracted with dichloromethane. The solution was dried (MgSO4) and concentrated. Flash 
chromatography on silica gel (gradient elution) with 30% to 75% diethyl ether in petroleum ether (b.p. 40-6OT) 

gave 2-formylpyrrole40,43 (0.065 g, 14%). 3-formylpyrrole43 (0.313 g, 66%). and tri-isopropylsilanol 

(0.871g, 100%). 
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2-Formylpyrrole, v,, /cm-l 1650 (GO)), and 3280 (N-H); S&50 MHZ; CDCls) 6.36 (lH, m). 7.01 

(1H. m), 7.16 (lH, m), 9.52 (D-I, s), and 10.1 (1H. broad singlet, D,O exchangeable) ppm; S&DCl,) 111.4 
(CI-IL 121.6 (CH), 127.0 (CH), 133.5 (C), and 179.5 (CHO) ppm. 

3-Formylpyrrole, v, / cm-l 1650 (c--O), and 3288 (N-H); &.t(250 MHz; CDCls) 6.67 (D-I, m). 6.85 

(lH, ml, 7.48 (D-I, ml. 9.80 (D-I, s), and 10.2-9.4 (lH, broad singlet, D,O exchangeable) ppm; S&!DC!ls) 
107.4 (CID, 120.9 (CH), 126.4 (CH), 127.9 (C), and 186.2 Q-IO) ppm. 

Triisopropylsilanol, vmax / cm-t 3452 (O-H); S&50 MHZ; CDCl,) 1.05 (21H, umesolved multiplet), 

1.42 (lH, DzO exchangeable) ppm; S&DC!ls) 12.32 (CH), 17.72 (3 x CH$ ppm. 
Rocedtue2 
As procedure 1 except N-methylformanUe (1.352 g. 10.0 mmol) was used instead of NJV-dlmethyl- 

formamide. This gave 3-formylpynole (0.290 g, 61%), 2-formylpyrrole (0.033 g, 7.0%). and trilsopropyl- 
silanol(O.871 g, 100%). The spectml data obtained were as in procedure 1. 

Procedure3 
Pyrophosphoryl chloride (3.648, 14.5 mmol) was added dropwise to N-methylformanilide (1.96g. 

14.52 mmol) at 0” C. The resulting syrup was sthred at room tem~tum for 0.5h and cooled to O” C before l- 
tri-isopropylsilylpyrrole (2.7g, 12.1 mmol) dissolved in acetonitrile (1Oml) was added dropwise over 0.5h. 
The~wasallowedtowarmtoroamtemperatureandsthrcdfol2handcooledagain~oC,basifiedwith 

aqueous sodium hydroxide (2M), extracted into diethyl ether, dried (MgSO4). and concentrated. Flash chrom- 

atography on silica gel @adient elution) with 30% to 75% diethyl ether in petroleum ether (b.p. 4060°C) gave 
2-formylpyrrole (0.038 g, 3%), 3-formylpyrrole (0.85 g, 73%). The spectral data obtained were as in 
procedure 1. 

2-Formylfuran 
Pyrophosphoryl chloride (4.Og, 15.93 mmol) was added dropwise to NJV-dimethylfoxmamide (3.Og, 41 

mmol) at O” C. The resulting syrup was stirred at room temperamm for 0.5h and cooled to 0’ C before furan 
(1.0 g, 14.7 mmol) was added dropwise and sthred at 0” C for 0.75h and then heated at 75” C for 0.5h. ‘Ihe 

cold maction mixture was baslfled with aqueous sodium hydroxide (2M) and extracted with diethyl ether, dried 

(MgS04) and concentrated to afford 2-formylfuran4 (l.Og, 71%); v,ax/cm-l 1674 GO); 6, (250 MI-Ix, 

CDCl,) 6.62 (D-I, d x d, J = 1.73 and 3.6 Hz), 7.27 (D-I, d x d, J = 0.75 and 3.6 Hz), 7.70 (1H. m), and 

9.67 (D-I, s) ppm; SC 112.61 (CH), 121.08 (U-I), 148.11 (CT-I), 152.99 (C), and 177.91 (CT-IO) ppm; Found 

M+ 96.0208 talc. for C,H,o, 96.0211. 

2-Fotmyl-S-methylfuran 
Pyrophosphoryl chloride (3.368. 13.4 mmol) was added dropwise to NNdimethylformamide (2.Og. 

27.4 mmol) at O” C. The resulting syrup was stirred at room temperature for 0.5h and cooled to 0’ C before 2- 
methylfursn (l.Og, 12.2 mmol) was added dropwise and stirred at 0’ C for lh and at mom temperature for 50h. 
The cold reaction mixture (0” C) was basiiied with aqueous sodium hydroxide (2M) and extracted with diethyl 

ether, dried (MgSO,) and concentrated to afford 2-formyl-J-methylfuran“4 (1.03g. 77%); v,,/cm-1 1674 

(C=O); 6, (250 MI-Ix, CDCl& 2.42 (3H,s), 6.25 (lH, d xd, J = 0.84 and 3.5 Hz). 7.18 (lH, d, J = 3.5 I-I+ 

and 9.49 (lH, s) ppm; 6, 14.0 (CH3), 109.61 (CH), 124.16 (CH), 151.86 (C), 156.0 (C), and 177.02 (CHO) 

ppm; Found M+ 110.0361 talc. for C,H,O, 110.0367. 

2-Formyltbiophene 
PlUEdIlrcl 
F+yrophosphoryl chloride (3.3 g. 13.14 mmol) was added dropwise to a stirred mlxtum of cold (ii bath) 
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N,Ndimethylformamide (1.50 g, 20.54 mmol) and the resulting syrup was stirred at 20°C for 0.5 hour. 
Thiophene (0.7 g, 8.3 mmol) was added and the mixture heated at 70°C for 1.5 hours. An aqueous solution of 
sodium acetate was added to the cooled solution and the product extracted with diethyl ether, dried (MgSO4) and 

concentrated to give 2-forroylthiophene45 (0.56 g, 60%). vmax / cm-l 1663 (GO); &.t(250 MHZ; CDCla) 7.22 

(H-I, m), 7.78 (2H, m), and 9.94 (H-I, s) ppm; S&DCla) 128.36 (CH), 133.34 (C), 135.19 (CH), 136.41 

(U-I), and 183.07 (CHO) ppm; Found: M+, 111.9975 talc. for C$l.,OS 111.9983. 
PrWedum2 
Pyrophosphoryl chloride (2.2 g, 8.76 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

N-methylformanilide (1.18 g, 8.74 mmol) and the resulting syrup was stirred at 2OT for 0.5 hour. Thiophene 
(0.7 g, 8.3 mmol) was added and the mixture stirred at 20°C for 18 hours. An aqueous solution of sodium 

hydroxide (2M) was added to the cooled solution and the product extracted with diethyl ether. The ether layer 
was washed with dilute hydrochloric acid, dried (MgSO.,). and concentrated to 8ive 2-formylthiophene (0.70 g, 
75%). with spectral data as in procedure 1. 

2-FormyL5methoxythiophene 
PIUXduml 
Pyrophosphoryl chloride (1.84 g, 7.33 mmol) was added dropwise to cold (ice bath) N,N- 

dinlethylfonrlami de (1.0 g,13.69 mmol) and the resulting syrup was stirred at room temperature for 0.5 hour 
and then cooled to 0’ C. 2-Methoxythiophene (0.8 g, 7.0 mmol) was added and the mixture was stirred at 0’ C 
for 1 h followed by 5h at room temperature. The mixture was cooled to 0” C and basified with aqueous sodium 
hydroxide (2M) and the product extracted with diethyl ether, dried (MgSO4) and concenmued to give 2-formyl- 

5-methoxythiophen& (0.83 g, 83%). vma~ / cm-r 1657 (GO); $@50 MHZ, CDCla) 3.99 (3H, s), 6.35 (lH, 

d, J= 4.3Hz), 7.51 (lH, d, J = 4.3Hz), and 9.66 (lH, s) ppm; So(CDCl3) 60.60 (OMe), 106.38 (CH). 

130.09 (C), 137.97 (CH), 175.92 (C), and 182.37 (CHO) ppm; Found: M+, 142.0975 talc. for C&IsOZS 
142.0088. 

Procedure 2 
Pyrophosphoryl chloride (2.2 g, 8.76 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

N-methylformanilide (0.91 g, 6.75 mmol) and the resulting syrup was stirred at 2OT for 0.5 hour and then 
cooled to 0” C. 2-Methoxythiophene (0.7 g, 6.14 mmol) was added and the mixture was stirred at 0” C for lh 
followed by 5h at room temperature. The mixture was cooled to 0” C and basifkd with aqueous sodium 
hydroxide (2M) and the product extracted with diethyl ether. The mixture was then washed with aqueous 
hydrochloric acid (2M). dried (MgSOd) and concentrated to give 2-formyl-5-methoxythiophene (0.7 g, 80.5%), 

with spectral data as the product obtained by procedure 1. 
Methyl pyrrolidinylglyoxylate 
Methyl oxalyl chloride (5.63 g, 46 mmol) dissolved in ether (30 ml) was added dropwise to a stirred 

solution of pyrmlidine (3.91 g, 55 mmol) and triethylamine (5.57 g, 55 mmol) dissolved in ether (70 ml) with 
cooling from an ice bath. After 2 h at 20’ C the triethylamine hydrochloride was filtered off and the solution 
concentrated. Distillation (Kugelrohr) gave mstliyl pyrroZidinylglyoxyZute (6.83 g, 79%), bp = 90“ C at 

0.1 mm Hg; v,, /cm-t 1740 (ester GO) and 1652 (amide 00); St&250 MHZ, C!DCla) 1.85-2.03 (4H, m), 

3.54 (W, t, J = 6.9Hz). 3.65 (2H, t, J = 6.9Hz). and 3.67 (3H, s) ppm; &(CDCl,) 23.88 (CHa), 26.04 

(CHa), 46.26 (CHa), 47.54 (CH,), 52.66 (OMe). 158.87 (C=O). and 162.75 (C=O) ppm; Found: M+, 
157.0745 C7HttNOa requires 157.0739. 

Methyl morpholinylglyoxylate 
Methyl oxalyl chloride (2.450 g, 20 mmol) dissolved in ether (10 ml) was added dmpwise to a stirred 

solution of morpholine (2.178 g, 25 mmol) and triethylamine (2.530 g, 25 mmol) dissolved in ether (40 ml) 
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withcoolingfromanicebathAfter2hatU)oCthetriethylaminehydrochloridewasfilteredoffandthesolution 
concentrated. Distillation (Kugelrohr) gave methyl morpholinylglyoxylate (3.85 g, 89%). bp = 100° C at 

0.1 mm Hg; vi,,= / cm-t 1740 (ester C=O) and 1632 (amide GO); 6,(250 MHZ, CDCQ 3.45-3.50 (W, m), 

3.63-3.75 (6H, m), and 3.88 (3H, s) ppm; &(CDCls) 41.84 (CHz). 46.45 (CHa). 52.76 (OMe), 66.39 

(CH2), 66.67 (CI$) 159.92 (C=O), and 162.88 (C=O) ppm; Found: M+, 173.0691 C,H,,N04 requires 

173.0688. 
Methyl 2,4-dimethoxyphenylglyoxylate 
PlWZedurel 
Phosphoryl chloride (0.537 g, 3.5 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

methyl pyrrolidinylglyoxylate (0.550 g, 3.5 mmol) and m-dimethoxybenzene (0.415 g, 3.0 mmol). The 
resulting syrup was then heated at 60’ C for 16h. The cold product was basified with NaOH (2M) and extracted 
with dichloromethane, dried (MgS04) and concentrated. Flash chromatography on silica gel, eluting with 30% 

ethyl acetate in petroleum ether (bp = 40” to 60’ C) gave methyZ 2,d-dimethoxyphenylglyoxylate m.p. 

48.5-49.5’ C (0.207 g, 31%); v,, / cm-’ 1746 (ester GO) and 1656 (ketone GO); 6,(250 MHZ; CDCl& 

3.85 (3H, s), 3.88 (3H, s), 3.90 (3H, s), 6.43 (1H. d, J = 2.2Hz). 6.60 (1H. d x dJ = 2.2 and 8.8Hz). and 

7.89 (lH, d J = 8.8Hz) ppm; &(CDCl$ 52.15 (OMe), 55.64 (OMe), 56.10 (OMe). 98.07 (CH), 106.70 

(CH), 115.92 (C), 132.71 (CH), 162 25 (C), 166.69 (GO), and 184.96 (C=O) ppm; Found: M+, 224.0685 
CriH& requires 224.0685. 

Procedure 2 

As procedure 1 except pyrophosphoryl chloride (0.881 g, 3.5 mmol) was used instead of phosphoryl 
chloride with a reaction time of 11 h. Thii gave methyl 2,4-dimethoxyphenylglyoxylate (0.553 g, 82%). 

Procedure 3 
Pyrophosphoryl chloride (0.630 g, 2.5 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

methyl morpholinylglyoxylate (0.433 g, 2.5 mmol) and m-dimethoxybenzene (0.276 g, 2.0 mmol). The 
resulting syrup was then heated at 60’ C for 24h. The cold product was then basified with NaOH (2M). 
extracted with dichloromethane, dried (MgSO,) and concentrated. Distillation (Kugehohr) (bp = 140 - 150’ C 

at 0.05 mm Hg) gave methyl 2,4dimethoxyphenylglyoxylate (0.4 g, 89%). 
Methyl 3-(l-methylindolyl)glyoxylate 
PKWdurel 
Pyrophosphoryl chloride (0.881g. 3.5 mmol) was added dropwise to a stirred mixture of cold (ice bath) 

methyl pyrrolidinylglyoxylate (0.55 g, 3.5 mmol) and 1-methylmdole (0.394 g, 3.0 mmol). The resulting 
syrup was stirred at 20’ C for 1.5h. The cold product was neutralised with a saturated aqueous solution of 
sodium hydrogencarbonate and extracted with dichloromethane, dried (MgS04) and concentrated. Flash 

chromatography on silica gel, eluting with ethyl acetate in petroleum ether (bp = 40’ to 60’ C) (1:5) gave 

methyl 3-(I-methylindolyl)glyoxylate (2). (0.449 g. 69%), m.p. 96-97’ C; v,,, / cm-l 1730 (ester 

GO) and 1643 (ketone GO); St&250 MHZ, CDCQ 3.85 (3H. s). 3.94 (3H. s). 7.35 (3H, m), 8.31 (1H. s). 

and 8.44 (lH, m) ppm; G&!DCls) 33.79 @Me). 52.69 (OMe). 109.90 (CH), 112.86 (C), 122.82 (CH). 

123.58 (CH). 124.19 Q-l), 127.07 (C), 140.41 (CH). 163.37 (GO), and 176.85 (GO) ppm; Found M+, 
217.0754 CtzHtr03 requires 217.0739. A second fraction was shown to be 2.3’-indolyl-l,l’- 

dimethylindoline, (O.l18g, 30%), m.p. 137-138’ C lit.29 m.p. 136” C, S, (250 MHz; CDQ,) 2.64 (3H, s), 

3.27 [2H, m (ABX system), J = 8.9 and 11.0 Hz], 3.75 (3H, s). 4.61 (lH, dd, J = 8.9 and 11.0 Hz), 6.52 

(lH, d, J = 7.8 Hz), 6.62 (lH, m). 6.96 (lH, s), 6.95-7.30 (5I-I. m), and 7.68 (lH, d, J = 8.0 Hz); So (62.9 
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MHz; CDCL$ 32.69 (NCH& 34.08 (NCH& 37.82 (CH&, 64.72 (CH), 107.20 (CH), 109.35 (CH), 115.05 

(C), 117.81 (CH), 118.95 (CH), 120.13 (CH), 121.75 (CH), 124.01 (CH), 126.80 (C), 127.30 (CH). 

127.52 (CH), 129.24 (C), 137.50 (C). and 153.30 (C); Found: Ivl+, 262.1484 talc. for q,HZ,,NZ02 

262.1470. 
Procedure2 
Ryrophosphoryl chloride (0.881g, 3.5 mmol) was added dmpwise to cold methyl pyrrolidinylglyoxylate 

(0.55Og, 3.5 mmol) and the mixture was stirred and heated at 50’ C for Smin to give a thick syrup which was 
cooled to 0” C before I-methylmdole (0.394g. 3.0 mmol) was added. Stirring was continued for a further 1 lh 
at 0’ C and the mixture was then neutralised with a saturated aqueous solution of sodium hydrogenca&mate and 
extracted with dichloromethane, dried (MgSO& and concentrated. Flash c hromatography on silica gel, eluting 

with ethyl acetate in petroleum ether (bp = 40° to 60° C!) (1:5) gave methyl 3-( lmethylindolyl)glyoxylate (2). 
(0.514 g, 79%) and 2.3’~indolyl-1,1’dimethylindoline, (O.O79g, 20%); spectral data were as in procedure 1. 

Methyl 2-(1-benzylpyrrolyl)glyoxylate and methyl 3-(1-benzylpyrrolyl)glyoxylate 
Pyrophosphoryl chloride (1.506g, 6.0 mmol) was added to cold (ice bath) methyl pyrmlidinylglyoxylate 

(0.9438.6.0 mmol) and stirred and heated at 20’ c for O.Jh. The product was dissolved in acetonitrile (10 ml), 
cooled to 0’ C and 1-benzylpyrrole (0.788g, 5.0 mmol) was added dmpwise. The resulting solution was stirred 
at 0“ C for lh, basified with NaOH (2M) and extracted with dichloromethane, dried (MgSO4) and co~ntrated. 

Flash chromatography on silica gel, eluting with 15% ethyl acetate in petroleum ether (bp = 40° to 60° C) gave 

metlryZ 2-(Z-bcn~lpy~oZyZ)gZyoxylcrte (4) an oil (0.401 g, 33%); vmax / cm-’ 1737 (ester C=O) and 

1644 (ketone C=O); $&250 MHz; CDCls) 3.85 (3H, s), 5.54 (W. s), 6.24 (lH, m), 7.05 (lH, m), 7.10 (2H, 

m), 7.2-7.3 (3H, m), and 7.35 (lH, m) ppm; G&DCl,) 52.62 (OMe). 52.79 (CHz), 110.31 (CH), 125.70 

(CH), 127.11 (C), 127.27 (CH), 127.72 (CH), 128.67 (CH), 133.78 (CH), 137.16 (C!), 163.53 (C=O), and 

173.65 (C=O) ppm; Found: M+. 243.0909 Ct4Ht,NO, requires 243.0895; and methyl 3-(I-benzyl- 

pyrroZyl)gZyoxylate (5) an oil (0.645 g, 53%); vmax / cm-’ 1732 (ester C=O) and 1655 (ketone C=O); 

6,(250 MHz; CDCl,) 3.86 (3H, s), 5.05 (2H, s), 6.65 (1H. m). 6.79 (lH, m), 7.14 (2H, m), 7.29-7.35 (3H, 

m), and 7.75 (lH, m) ppm; &(CDCl$ 52.60 (OMe), 53.97 (CH& 111.05 (CH), 121.55 (C), 123.54 (CH), 

127.34 (CH), 128.32 (CH), 128.98 (CH), 130.85 (CH), 135.98 (C), 163.34 (C=O). and 178.02 (C=O) ppm; 

Found: M+, 243.0914 Ct,H,,NO, requires 243.0895. 
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