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added to  80 ml of glacial acetic acid and heated under reflux for 
16 hr. The product was precipitated with water and was crystal- 
lized from dilute alcohol. The C, H, and N analyses were correct 
for C ~ ~ H I ~ N S O ,  but the nmr spectra indicated a 50:50 mixture of 
4-amino-5-(diphenylmethyl)-6-hydroxypyrimidine and 4-[(di- 
phenylmethyl)amino]-6-hydroxypyrimidine. The mixture was 
separated on a silica gel column with CHCla. Each compound 
was characterized by its nmr taken in dimethyl sulfoxide; the as- 
signments are shown below. 
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6, PPm 
a, 5.66 
b, 7.82 
c, 5.97 
e, 11.75 

NHCHPh, 
c a  

6 PPm 
a, 6.03 
b, 7.87 
c, 7.80 
d, 5.22 
e, 11.75 

4-Amino-6- hydroxy-5-[2-methoxy(diphenylmethyl)]pyrimi- 
dine (26). 4-Amino-6-chloropyrimidine (0.1 mol, 13.0 g) and 2- 
methoxybenzhydrol (0.1 mol, 21.4 g) were added to  80 ml of acetic 
acid and heated under reflux for 16 hr. The  product was precipi- 
tated by adding the mixtuke to 400 ml of water. It was purified by 

crystallization from EtOAc-petroleum ether, yield 14 g (43%), mp 
293" dec. 

Anal. Calcd for C I ~ H I ~ N ~ O ~ :  C, 70.34; H,  5.58; N, 13.67. 
Found: C, 70.29; H, 5.81; N; 13.88. 
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A convenient new method, involving dianion intermediates, has been developed for side-chain elaboration of 
2-hydroxy-4-methylpyrimidines (la-c), 2-anilino-4-methyl-6-phenylpyrimidine (15a), 2-amino-4-methylpyrimi- 
dine (15b), and 2-methyl-4(3H)-quinazolinone. The dianions, prepared by twofold metalation of the parent het- 
erocycles with n-butyllithium in THF-hexane or sodium amide in liquid ammonia, reacted with benzyl chloride 
and carbonyl compounds to selectively establish exocyclic carbon-carbon bonds. Reaction of 4-hydroxy-2,6-di- 
methylpyrimidine (8) with 2 equiv of n-butyllithium produced a mixture of isomeric dianions (9a-b) in which 
9a, resulting from abstraction of a proton from the 4-methyl position, predominated. 

Although certain 2-hydroxy-, 2,4-dihydroxy-, 2-amino-, 
and 2,4-diaminopyrimidines containing a nuclear methyl 
substituent have been reported to undergo active hydro- 
gen reactions such as aldol and Claisen condensations,2 
such processes generally appear to involve only low, equi- 
librium-controlled concentrations of carbanionic species. 
Recently, Klein and Fox3 have used the Wittig reaction of 
phosphonium salt 4 with several aldehydes for the synthe- 
sis of 6-substituted uracils. We now describe a simple new 
method for elaboration of the methyl group of 2-hydroxy- 
pyrimidines (1) which avoids the necessity for hydroxyl 
masking or the preparation of phosphonium salts such as 
4. The procedure is based on initial generation of dianions 
(21, followed by treatment with various electrophilic re- 
agents to form the appropriate C-substituted derivatives 
(3). Dianions derived from pyrimidines possessing other 
arrangements of hydroxyl and methyl, as well as those 
having suitably positioned mercapto and methyl, anilino 
and methyl, or amino and methyl groups, can be formed 
and utilized in a similar fashion. 

r 1 2Mi 

4 3 

Results and Discussion 
In an initial search for suitable basic reagents, the read- 

ily available 2-hydroxy-4,6-dimethyl-5-phenylpyrimidine 
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(lap was used as a model substrate for dianion formation. 
Since alkali amides and organolithium reagents had pre- 
viously4*5 been reported to be suitable for lateral metala- 
tion of a few methylpyrimidines not possessing a second 
active-hydrogen substituent, sodium amide and n-butylli- 
thium complexed with N,N,N',  N'-tetramethylethylenedi- 
amine (TMEDA)g were tested for their ability to effect 
twofold deprotonation of la.  Treatment of la with 2 
molar equiv of n-butyllithium complexed with TMEDA in 
THF-hexane a t  0" resulted in excellent conversion of la 
into dianion 2a (M = Li) as evidenced by deuteration and 
by alkylation with benzyl chloride to form 3a (Table I) .  
Dianion 2a (M = Li) underwent carbonyl addition reac- 
tions with benzophenone and cyclohexanone to give carbi- 
nols 3b-c in good yields, while acylation with methyl ben- 
zoate gave the highly enolic phenacylpyrimidine 3d. For- 
mation and benzylation of 2a (M = Na) was also accom- 
plished satisfactorily by means of 2 molar equiv of sodium 
amide in liquid ammonia. However, attempted condensa- 
tion of disodio 2a with cyclohexanone resulted mainly in 
enolization of the ketone. For this reason, the more cova- 
lent dilithio salts reported herein are recommended for 
reactions with aliphatic carbonyl compounds. Treatment 
of phenethylpyrimidine 3a with 2 equiv of n-butyllithium- 
TMEDA afforded predominately dianion 2d (M = Li) as 
shown by benzylation to form symmetrical derivative 3e. 

Next, it was demonstrated that a 5-phenyl substituent 
was not necessary for dianion formation and that TMEDA 
could also be eliminated without severely hampering the 
twofold ionization process. Thus, reaction of lb with 2 
equiv of n-butyllithium followed by benzyl chloride af- 
forded C-benzyl derivative 3f. Further evidence for the 
presence of dianion 2b (M = Li) was obtained by reac- 
tions with benzophenone, cyclohexanone, anisaldehyde, 
and heptaldehyde to form 3g-j, respectively. Dehydration 
of carbinols 3g and 3i with p-toluenesulfonic acid (PTSA) 
in refluxing benzene afforded styryl derivatives 5a-b in 
yields of 85 and 65%, respectively. Acylation of 2b (M = 
Li) with methyl benzoate and ethyl acetate yielded py- 
rimidinyl ketones 3k-1. Dianion 2b (M = Na) could also 
be prepared by means of sodium amide in liquid ammo- 
nia, as shown by reactions with benzyl chloride and ben- 
zophenone to give 3f and 3g in yields comparable to those 
obtained with dilithio salt 2b. 

N$ 

K,  AN CH=CR,R, 

5a, Rl = OH; RJ = C,;H,; R,j = R, = CGH; 
b. Rl = OH; R, = C,H:; R,j = pCH,j0C6H,; R, = H 
c. R, = OH; R? = CH,,; R.1 = R, = CSH, 

While conversion of the hydrochloride salt of pyrimidine 
IC into dianion 2c (M = Na) with 3 equiv of sodium 
amide in liquid ammonia was generally unsatisfactory, 2c 
(M = Li) was generated, albeit in low concentrations, 
using 3 equiv of n-butyllithium complexed with TMEDA 
or 1,4-diazabicyclo[2.2.2]octane (Dabco) .7 Trapping exper- 
iments with benzophenone and 3,4,5-trimethoxybenzal- 
dehyde in the presence of Dabco afforded adducts 3m-n, 
the former of which was dehydrated with PTSA to give 
5c. 

Reaction of 2-mercapto-4,6-dimethylpyrimidine with 2 
equiv of n-butyllithium followed by benzyl chloride af- 
forded a complex mixture of products from which 7 was 
isolated in 29% yield, thereby providing evidence for the 
intermediacy of dianion 6. Pmr analysis of the crude 
product mixture indicated the presence of S-benzylated 
products also. 

To  ascertain if there was any preference for dianion for- 
mation a t  one or the other of two activated, but nonequiv- 
alent, methyl groups, 2,6-dimethyl-4-hydroxypyrimidine 
(8) was treated with 2 equiv of n-butyllithium and sepa- 
rate reaction mixtures were quenched with benzyl chlo- 
ride and n-butyl bromide. Alkylation with benzyl chloride 
gave monoalkyl derivatives loa-b and dialkyl derivative 
1Oc in yields of 48, 13, and 7%, respectively, while alkyla- 
tion with n-butyl bromide gave the corresponding mono- 
and dialkylation products lla-c in yields of 39, 18, and 
8%, respectively (Scheme I). These results are consistent 
with predominant formation of dianion 9a.8 It seems un- 
likely that dialkylated products 1Oc and Ilc arise through 
formation and alkylation of a dianion produced by ioniza- 
tion of both methyl groups but not the hydroxy function, 
or a trianion having both methyls and the hydroxyl ion- 
ized, since initial formation of such intermediates in the 
presence of 2 equiv of base should be cancelled by subse- 
quent proton-metal exchange to form dianions 9a and 9b. 
Moreover, it was demonstrated that treatment of 8 with 3 
equiv of n-butyllithium followed by benzyl chloride did 
not produce significantly higher yields of 1Oc than those 
observed with 2 equiv of base. The most likely route to di- 
alkylated products 1Oc and l l c  therefore appears to in- 
volve initial C-alkylation of either 9a or 9b followed by 
proton-metal exchange between monoalkylated deriva- 
tives loa-b and l la-b (as the 0-Li salts) and original di- 
anions 9a-b to form the isomeric dianions resulting from 
abstraction of methyl protons from 10a or 10b and l l a  or 
l lb.  Alkylation of these dianions then produces 1Oc and 
1 IC. 

Scheme I 
OH 

8 

OLi OLi 

9a 9b 
OH OH OH 

H IC CHLR KCH, CH, RCH, 

loa, R = CH2C6H5 lob, R = CH,C,,H, lOc, R = CH,C,)H., 
lla, R = n-C,H,, llb. R = n-C,H, 1 1 ~ .  R = n-C,H,, 

Although the foregoing results indicated that a 4- (or 6-) 
methyl substituent is more readily deprotonated than a 
2-methyl group, we found that 2-methyl-4(3H)-quinazoli- 
none, which may be regarded as analogous to a 4-hydroxy- 
2-methylpyrimidine, could be converted into dianion 12 
by means of uncomplexed n-butyllithium. Subsequent 
condensations of 12 with benzyl chloride, ethyl bromide, 
acetophenone, benzophenone, and anisaldehyde resulted 



598 J. Org. Chern., Val. 39, No. 5, 1974 Murray, Hay, Portlock, and Wolfe 

2x.12 

. ... . 

. , . . . . . . . . . . 



Dimetalated Heterocycles as Intermediates J .  Org. Chem., Vol. 39, No. 5, 1974 599 

in selective modification of the original methyl group to 
form 13a-e (Table I). These reactions apparently repre- 
sent the first examples of a 'direct, general method for 
side-chain elaboration of 2-alkyl-4(3H) -quinazolin~nes.~ 

0 
I I  

12 13 

It should be noted that attempts to effect either ther- 
mal or PTSA-catalyzed dehydration of carbinols 13c and 
13d resulted only in retroaldol reactions. Such lability is 
attributed to the fact that these compounds exist largely 
as the lactam tautomers (14) where the strategically posi- 
tioned sp2 ring nitrogen acts as an intramolecular catalyt- 
ic center for retrocondensation.lo However, dehydration of 
13d to form 13f [R = CH=C(CsH&], without concurrent 
retroaldol reaction, could be realized by means of aqueous 
sulfuric acid. In this more acidic medium, protonation of 
the ring nitrogen may prevent intramolecular degradation 
of 13d, thereby allowing the normal mode of dehydration 
to become the major course'of reaction. 

0 

H Y k R  
R 

14 

Turning next to several representative 2-amino-4- 
methylpyrimidines, it was found that 2-anilino-4-methyl- 
6-phenylpyrimidine ( 15a) underwent smooth twofold me- 
talation with n-butyllithium complexed with TMEDA or 
sodium amide in liquid ammonia to yield dianion 16a (M 
= Li or Na). Reactions of these dialkali salts with a repre- 
sentative series of electrophiles afforded methyl-substitut- 
ed derivatives 17a-f in good yields (Table I) .  

Conversion of 2-amino-4-methylpyrimidine ( 15b) into 
dianion 16b (M = Na) by means of sodium amide in liq- 
uid ammonia was incomplete, as evidenced by stilbene 
formationll upon addition of benzyl chloride; the expect- 
ed C-alkyl derivative 17g was isolated in only 11% yield. 
Reactions of 15b with n-butyllithium were characterized 
by some rather unexpected stoichiometry. Thus, treat- 
ment of 15b with 2 equiv of the alkyllithium reagent, fol- 
lowed by benzyl chloride, afforded only a 5% yield of 
phenethyl derivative 17g. Complexation of the organolith- 

15a, R, = R2 = C,,Hj 
b, R, = R,= H 

16a, Ri = RJ = CGH; 
b. R, = R,=H 

2Mt - 

R,NH R,l 

ium reagent (2  equiv) with TMEDA effected an increase 
in metalation of the 4-methyl group as shown by the for- 
mation of 17g in 36% yield upon addition of benzyl chlo- 
ride. When 3 equiv of uncomplexed n-butyllithium was 
employed, the yield of 17g was lowered to 24% owing to 

17 

competition between metalation a t  the 4-methyl group 
and addition of the alkyllithium to the azomethine link- 
age. Subsequently it was found that 3 equiv of n-butylli- 
thium-TMEDA complex effected metalation of the 4- 
methyl group of 15b to an extent satisfactory for syntheti- 
cally useful condensations with electrophiles. For exam- 
ple, deuteration produced 15b containing 0.74 D/methyl 
group, while alkylation with benzyl chloride afforded 17g 
in 58% yield. Similarly, reactions with benzophenone, cy- 
clohexanone, piperonal, and heptaldehyde gave the antici- 
pated products 17h-k (Table I). Although we suspected 
that the metalated species involved in these reactions 
might be the trilithio salt resulting from abstraction of 
both amino protons and a methyl hydrogen from 15b,12 
this premise was negated by the absence of N-alkylated 
products and by the finding that deuterium oxide quench- 
es failed to incorporate more than one deuterium a t  the 
2-amino group of 15b. It is therefore assumed that the 
major reactive intermediate in the observed condensations 
employing 3 equiv of alkyllithium-TMEDA complex is di- 
anion 16b (M = Li). 

In conclusion, it should be pointed out that the present 
dianion approach to pyrimidine structure modification of- 
fers a facile new route to numerous hydroxy- and amino- 
pyrimidines from readily available starting materials 
without requiring construction of the heterocyclic ring 
from acyclic precursors.2 In the interest of experimental 
convenience and ease of dianion formation the use of n- 
butyllithium to sodium amide as the metalating agent is 
preferred. 
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T h e  add i t i on  of lithium a n d  Gr ignard reagents t o  isocyanides n o t  conta in ing cy hydrogens proceeds b y  a n  cy 

add i t i on  t o  produce me ta l l o  aldimines. T h e  lithium ald imines are versatile reagents w h i c h  can be  used as pre-  
cursors for t he  preparat ion of aldehydes, ketones, cy diketones, n -hyd roxy  ketones, cy-keto acids, cy- a n d  0 -hy -  
droxy acids, a n d  s i l y l  ketones. 

There has been a paucity of work on the reaction of or- 
ganolithium and Grignard reagents with isocyanides. In 
1904 Sachs and Loevy3 added phenylmagnesium bromide 
to methyl isocyanide and detected benzaldehyde from the 
steam distillate. Gilman and Heckert4 24 years later veri- 
fied this reaction and reported isolating a 2.5% yield of 
benzaldehyde; however, the use of ethyl isocyanide or 
tert-butyl isocyanide proved unsuccessful. In 1961, anoth- 
er attempt to use this reaction was made by Ugi,5 who 
showed, under a variety of conditions, that the reaction of' 
phenylmagnesium bromide with cyclohexyl isocyanide 
gave only a 1.5% yield of benzaldehyde. 

The recent discovery in our laboratory that organolithi- 
um reagents added to isocyanides6 prompted a reinvesti- 
gation of this problem. This paper deals with the LY addi- 
tion of organolithium and Grignard reagents to isocyan- 
ides to yield metallo aldimines ( 1 )  and the use of these 
metallo aldimines as precursors for the synthesis of a vari- 
ety of functional groups. 

Results and Discussion 
1-Metallo Aldimines. Metallo aldimines can be most 

simply prepared by the a addition of' an organometallic 
reagent to an appropriate isocyanide. 

1 2 

1H,O'  

That metallo aldimine 1 is an intermediate is inferred 
from the fact that addition of water to 1 yields the aldi- 
mine 2, which can be isolated. Hydrolysis of 1 or 2 pro- 
duces the corresponding aldehyde and amine salt. To  re- 
solve the question of whether 1 rearranges to give 3, the 
metallo aldimine was quenched with DzO (>99%) and 
then hydrolyzed. The deuterioaldehyde formed was shown 
by nmr analysis to have greater than 98% deuterium in 

the 1 position, which confirms the structural assignment 
as 1. 

M 
la  

H 
3 

M = Li, MgBr 

However, during the deuterolysis of various halomag- 
nesium aldimines, it was observed that less than 100% of 
the deuterium was incorporated into the C-1 position, and 
incorporation of some deuterium occurred a t  the C-2 posi- 
tion (Table 111). Several explanations could be conjectured 
for the presence of deuterium a t  C-2. First, addition of 
Grignard reagents to isocyanides requires several hours a t  
room temperature, in contrast to the rapid addition of 
lithium reagents, and the long reaction time may permit 
rearrangement of la  to the more thermodynamically sta- 
ble 3. Secondly, the metallo aldimine la could abstract a 
proton from the ether solvent and finally a C-2 hydrogen 
could be abstracted by la  during deuterolysis. 

To determine if the lithium aldimine was stable to rear- 
rangement, two experiments were conducted. In the first 
experiment, ethyllithium was added to 1,1,3,3-tetrameth- 
ylbutyl isocyanide (TMBI) in diethyl ether a t  0". The 
mixture was stirred for 7 5  min, then quenched with a five- 
fold excess of D20. The aldimine was distilled, and from 
the nmr spectrum the relative deuterium content a t  C-1 
and C-2 positions was determined (the methylene protons 
of the 1,1,3,3-tetramethylbutyl moiety a t  1.51 ppm were 
used as an internal standard). Only 86% incorporation of 
the deuterium occurred at C-1 while 14% occurred a t  C-2. 
The observation that 100% of the deuterium was incorpo- 
rated into the aldimine suggests7 that l a  is not abstract- 
ing a proton from the ether solvent, since if this were the 
case less than 100% deuterium would be incorporated. 

The other experiment that was perfofmed involved the 
addition of ethyllithium to TMBI in ether followed by 
stirring the reaction mixture a t  0" for 6 hr. An inverse ad- 


