Dimetalated Heterocycles as Intermediates

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 C17H15N30, 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 CHCl;. Each compound
was characterized by its nmr taken in dimethyl sulfoxide; the as-
signments are shown below.
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4-Amino-6-hydroxy-5-[2-methoxy(diphenylmethy!) |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 mixture to 400 ml of water. It was purified by
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crystallization from EtOAc-petroleum ether, yield 14 g (43%), mp
293° dec.

Anal. Caled for ClgH17N302: 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,?
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
(2), 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.
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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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Dimetalated Heterocycles as Intermediates

(1a)* was used as a model substrate for dianion formation.
Since alkali amides and organolithium reagents had pre-
viously4'® 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)® 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 at 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 1b 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 8k-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,

R,

NN
| oz
Rl)\N CH=CR,R,

5a, R, OH; R, = CH;, Ry, = R, =CH;
b. R, = OH; R, = CH;; Ry = pCHOCH,; R, = H
c. R, =0H; R, = CH;; R, = R, = CH;

While conversion of the hydrochloride salt of pyrimidine
lc into dianion 2¢ (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).” 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.
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To ascertain if there was any preference for dianion for-
mation at 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 10a-b and dialkyl derivative
10c 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 10c¢ and 1le 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 10¢ than those
observed with 2 equiv of base. The most likely route to di-
alkylated products 10c and 1lc¢ therefore appears to in-
volve initial C-alkylation of either 9a or 9b followed by
proton-metal exchange between monoalkylated deriva-
tives 10a~b and 1la-b (as the O-Li salts) and original di-
anions 9a-b to form the isomeric dianions resulting from
abstraction of methyl protons from 10a or 10b and 1la or
11b. Alkylation of these dianions then produces 10c and
11c.

Scheme 1
OH
N#& 2C,H,Li
| 2CRL
Ay
H,C CH,
8
OLi OLi
N7 N7
P R
ue” N SCHLi LiCH, CH,
9a 9b
OH OH oH
] I I
PN P S
N Y N
ue” N cr rewy” N Nem, rew,” Y CCHR
10a, R = CH,CH,  10b, R = CH,CH,  10c. R = CH,CH,
11a, R = n-C,H, 1tb, R = n-C,H, 1lc. R = n-CH,

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
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J0c=3241
SXPERTMENTAL SECTION

General. -- Malting points were obtained on & Thoras-Hoover
apparatus in open capillaries and are uncotrected, Infraved spectra wers
sbtained on sither a Beckman IR-5A or a Beckzman IR 20A=X spectrophotos
meter. Pur spectra wera obtained on a Varian A-aa or a JEOL JMK-PS-100
instrumnt with chemical shifts expressed in parts per million downffeld
fron TS intamal stendard. Microanalysee were perforned by Galbraith
Labotatories, Knoxville, Tenn.; N-B-K Laboratories, Garden Gity, Nich.;
and this laboratory by T. £. Glass employing a Perkin Elmer 240 Elemental
Analyzer, Thin layer chromatogtaphy (tlc) wae performed on Eascman 6060
precoated aillca gel sheats, and spots were detected with ultravialet
Iight, &Ll evapovations wera cavried out in vaguo,

Matevials, -- Tecrshydvafuran (THF) was distilled from lithium
aluafnun hydride imsedistely before use. ¥,N,¥',N'-Tetramethylethylene-
dlamine (VMEDA) was diacilled from caleium hydride and stored over
"Linde" type 34 molecular sieves. n~Butyllithiun (s a soluclon in
hexane) was obtatned from Foote Mineral Company, Exton, Pa. ot Ventron
Corporation, Beverly, Mass. AlL other commeveial reagents wers used with-
out further purification.

P (la) and
methyi- 6—-pn§ny1pyrinidine (lh) were prapared by the method of Hauser
and NManytk,”  ZeAnilino~i-mathyl-b-phenylpyrinidine (15a) was prepaved
by displacement of chlorina from Z-chloto-4-methyl-8-phenylpyrimidine by
means of xefluking aniline and had mp LU§-1LE°, aftar rectystallization
from aquecus echanoli ir (CHCly) 3400 cnl (NH); pmr (DNSO=dg) & 2.66
(s, CH3), 8,12 (m, 11, eromacic), and 10,40 {s; 1, ¥0),

Anal. Caled for CyyygNy: €, 78.13; H, 5.7 16.08. Found:
2, 18,03 H, 5,967 N, 15.76.

Ceneral Procedure for the Freparation and Rgactfons of Disnions
2a-b (Meii). -~ The follawing epecific prodedures involving dimnion 2a
(M2D) are veprosentative of those used to prepare other Csubstitured
derivatives of la<b via Che appropriate dianions.

& Preparation of Dienton 7a (WLi). ~- n-Butyllithive (51 nl of 1.6 X
hexane soluedon) vis added (ofa syinge) To a magatically stirred

(lg) (B.00 3,

0 imo1) and TNEDA (3,30 §, 82 maoD) in 250 mh of THF at O under nitro-
gen. After 0.5 br, the yelloy solution was sssumed to contain 40 mmol
of disnion Za (HeLL).

B, Deuteration. -~ Deuterium oxide (15 ml) was added to a eolution of
10 wmol of Zu (MeL1) in 150 mb of THF-hexane. The two-~phage mixture was
extracted with twa 100 nl partions of ether, which were discarded, The
Geuteriun oxide solution was neutralized with concentzated HCL; the pre-
cipitated pytimidine (l8) was collected, washed with 100 @l of ether. § ml

of deuterium oxids, nd chen dried. Integration of the jur spectrum (DHSO-dg)
of this materisl revealed incorporarion of 0.8D into the methyl group of la. 17

mal. Caled for Cyghy cKy0i
C, 79,445 B, 5.75; N, 9.72.

Praparation and Benzylacion of Dianion 5 (HeLi). -- p-Butylithium
(51 al of 1.6 M hexane solution) was added to & stirred suspsagion of
Zemercaptowd,S-dinethylpyrimdine (5,60 g 40 mwl) {n 250 wl of THF
at G° under nitrogen. The resulting brown suspension vas stirred for
9.5 hx before the addition of a solutian of benzy) chloride (5.30 g,
42 amol) tn 50 ml of THF. After 3,5 hr, the reaction mixcove was
poursd into 150 mi of cold water, and the layers were separaced, The
aquecus layer was washed with 100 ol of ether, and the combined organic
extracts were discarded. The aqueous solution was neutraiized with com-
centrated HCL, Tic of the resulting oil indicated the presence of four
produces; vhile par enslyeis (MS0-d.) zeveaisd the presence of
S-beneylated products as evidenced b resonsnces at £.26, 4.32, and 4,37
ppm characteristic of methylene adsorption of mmam benzyl sulfides.
Upon standing at 0°, the oil crystallized to afford 2,63 g (29%) of 2-mer-
cap:c»a-mechyl—s-pnmechyxpyrimame () which was recrystallized Erom
ethanol: mp 163-166°3 pur (DMSO-dg) & 2.14 (s, 3, CHy; 2.76 (s, 4, OH,),
5,56 (s, 1, py), and 7.30 (s, 5, afemstic).

sk, Caled fox Cygh N85 €, 67,8
€, 68,13, B, 5.97; N, 11.89,

Bengrlation of the Dilithio Sshes of 2,6-Dimeciys-ihydromnyriatding
{B). -- p-Bucyllithiun {L1.05 ol of 1,9H haxana solution vas sdded &
stirred solution of 2,6-dimethyl-s-hydroxypyrintdine (1.24 g, 10 ol 1
125 m2 of THF &t 0° wdsr nitrogen, and the Tesulting yeilow suspension
was stirred for L hr before the additfon of benzyl chlovide (1.39 g, 1
muol) . After 2,5 he, the rTeaction solurion was poured into 106 ml of
iced water, and the two-phase mixture wes neutralized with concentrated
HCL. The organic phase was separated, and the squsous phase was extracted
with two 109 ml portions of ather. The combined organic exiTacts were
dried (4950,), and the mclvent was evaporated. The resulting yellow ofl
wes chromatdgrephed on silica gel. Riution wich benzene-acetona gave
initially, 0.21 &(74) of 2,6-diphenethyl-4-hydroxypyrimidine (i0¢),

exane, Adéitional

ir (CHC1,) 3040 (8H) and
(Cm0); pmr (DMSO-dg) & 2.76 (m, &, CHy), 5.94 3, 1, Py}, aad
7.10 (s, 10, aromatic).

Angl, Caled for CyoHy NJ03 C, 78.91;
€, 78,695 B, 6.33; N, 9.05,

Centinued elution with benzene-acetone afforded 0,26 § (13%) of
3 (0b3, wp 160~ “i6s° ateer
recrystallization fron acetone-haxans, Two additional recrystaljtzations
gave analyvicaily pire material, mp 166-167°: ir (KEX) 1655 cw ~ (C=O)i
pwr (D¥50-d ) ¢ 2,12 (s, 3, J>,‘7 B2 {m, 6, CHy)\ 5,92 (s, 1, py), ané

16 (s, 5, eromatio

Anal. Caled for €)M, N)0i C, 72,87; B, 6.59; ¥, 13.08. Founds

C, 73.04; ¥, 6.84; X, 13,13,

, 79,145 W, 5,593 ¥, 8, 72. Found:

B, §,09; N, 12.17, Feund:

6.62; 8, 5.21,  Fomnd:

J38=324"
and neutralized vith diluce NK,OH. Tre resuliing agueous solucion,
containing an oil, was extractdd with three 100 ul portiona of ether.
The ethereal eatracts wers dried (Na,50,), and the solvent was evaporated
to give an ofl which crystallized cn’sténding. Recrystallization from
squscus ethanal gave 4,70 g (70%) of 2~anilino-A-phenyi-6-pherethyl~
pyrividine (1]a)
C. gondengaticn with : 4,00 g, 22 mnnl),
a3 & 0% w/v solution in THF, was added to 4 stirred sclurion of 20 mu
of 18a (ML1) in THE-hexane, sod the mixture was alloved co scir for >
he.” The reactios mixture was poured into 100 cl of cold, dilute HCL,
The resuleing yellow precipitate was collected, washed ww\ 100 @l of 3%
NeHCO, followed by 100 ul of vater, and then dried. 2 1lization
from dthanol gave 7.8 g (90%) of 2~snum—4-pnanyrb orpasonyt i
oip)‘eny.stwl)pyrtnidhe (_7_).
b 3,L=Dichloro=t'=trif:
& 507 u/\' eniutton 5 5,in dichToro-4 '~t¥ifluosonethy banzophancie (11, 1S
32 mmol) in THF was added o 30 mnol of léa (¥«li) ia THP-heane, and
the reaction wae stirred for 2 hr. The mixture was poured fato 100 ol
of cold, dilute HCL, and the Ceude nydrochlovide salt was collected
and then nestralized witn dilute NH,OH. The free base was axtractac
into ather and the resulting echeredl soluticn was saturated with gaseous
HCL to give a precipitate which was collected and dried, Crystallizacion
from aqueous ethanol afforded 16.2) g (55%) of Z-anilino-5-phenyl-6-
(2-hydroxy-2-(4-trifluotanethy Lphenyl) - 2-(3,4-dich lorophenyl)echyl -
py:lmdine hydrochloride (17¢).
Gondanssgion wieh Cyclohexangns. =~ A solution of cyclohexanone
(. 2" 3, 3% wiol) in 10 ml of THT was addad to 30 wmoi of léa (K=Li).
After 2 hr, the remction mixture was poursd inco 159 ml of cold water:
the layers were sepatated, and the aqueous layer was extracted with
thres 100w povcions af scher, The combined organic extracts were
dried (N,50,), and the salvent was avagorated o give an oil which
crysteiliZed’on scending, Recrystellizaion from agueous echanal afforded
5.91 g (53%) of 2eantlino=h-phenyl~é-(1~hydroxycyclohexyluechyl)-
pyrimldine .
Condensacion with Anisaidehyde. —- A 50X v/v soiutior of anisaléenyde
. oc 4, 17 amol) in THF was added co 20 mal of isa (MeLi) in THP-hexene,
After 2 hr, the reaction was poured into 50 ml of cold, dilute HCli the
peeuloiag precipitate vae collected, washed with water, diluce
OH, and water once again. Crystalllzation fram athanol gave
én of 2-anil [ !
(17
G, Condemsatior with Hepealdehyde, —- Hepcaldehyde (2.51 g, 22 mmol),
a5 a 304 V/V solution in THF, was added ca 20 mmol of L6a (HeLi), and
the vesulting mixture was stirred for 2 hr bafore being hycrolyzed with
150 ©l of cold wacer. Tne layers were separaced, and the aqueous layex
was excracted with two 100 wi portions of ether. The combinad organic
extracts were dried (MgsO,), and the solvent was removad. The resulting
ail was dissolved in 200 Bl of atbar, and the ecthereal salution was
saturatad with gaseous HCl. The Tesulting precipitats was collected and
rocrystallized from ethyl acecate to provide 3.23 g Euox of Z-anilinow

20

J00a322

(13} Although seutraiization of the reactlon mixture with HCL way have
effected same gide-chain deuterfum incorporation by acic~catalyzed H/2
exchange e T. J, Batterham, D. J. Brown, ané M, K. Paddon-Row, J. Chem.
Scz., B, 171 (1967), the excenc of ceuteration is consistent with the
yields of condensation products and thus appears to provide a valid
estimate of carbanion formation.

C. Benzylation. -- Benzyl chloride (5.3 g, 42 mpol), as a 50% w/v solu-
tion in THF, was added to a solution of 40 mmol af 2a (Mali) in 250 ml of

TH xane, The reaction was allowed to stir for 2 hr befove being quenched
with 150 ml of cold water. The organic phase was separated and discarded,
and the squecus phase was neutralized wita 68 HCl, The resulting precipi
tate was collected, dried, and recrystallized from ajueous ethancl to affors
3.8L g (76%) of -5-pheny < (3).

0. 3t a. 40 anol), as
& 367 soietion In THE, tae sdisd £ 3 soluriom of 60 et 28 (Meli) in
250 ml of THF-hexane. After 2 hr , the reaction mixture vas poured into L30
ml of cold water, The organic phase was separated and discarded. The
aqusous phase was neutralized with 6§ HCL to form a write precipitace, which
was collected, dried, and orystallized from ethanol to give 13,5 g (B9X) of

. 58

T, Condensation with Nethy] Bemsoate, -- A scluzien of methyl benzoate

1.36 g, 10 amol) in 10 u of THF was added dropwise to a solution of 20 mmol
2a (WeL:) in 75 ml of THF, ‘The reaction mixtura was stirced for 2 hr
beore baing poured into 100 ml of cold vater, Ine organic phase was sep=
araced and discarded, The aqueous phase was neutralized with concemtrated
HCL to produce a yellow solld which was collected, dried, and crystallized
from echanol to afford 2010 g (69%) of P
pyrinidine (3d).

Preparation snd Reactions of Dianfen 2: (VL) -- n-Butyllichium
{15 wiof a 1.€ § hevsne poluclon) vas added o 5 stirred slurry of
6,4 g, 40 maol)
and DAICO (13,4 g, 120 wmal) ln zsa e 8 e nitrogen.
Aftar 0.5 ar,, benzophencne (7,03 g, 40 mmol), as s 307 w/v solution
THE, was added, The tesulting mixture was allowad to stir for 2 hr
befors being poured into 50 wi of cold, diluce KCL. The resulting
pracipitats was collected, washed with 100 ml of water followed by 100 ml
of ether, dried, end recryatallized from ethyl acetace %o afford 2,46 g
(213 of \2-diphenylethylpyrintdine (m.

wilarly, condensasion of 2c (¥=Li) with 3,4,5-Crimethoxybenzaldehyde
gave pyn\udiz\a (o) in 10% yield,

Sengral Preceduze 201 _the Preparation and Reactions of Dianions 2a-b
(Ysha}, - The following specific procedures imvelving dianion 2b (Meda)
o Eepreventacive of those wsed to prepave ocaer C-substicuted dertvativas
of la-b by means of sodiuz amide in liquid aomonia.

4. _Preparation of Diawton 2b (¥=Na), —- l-Hydroxy~4-methyl-6-phenyl~
pyvinidine (1b) (5.43 g, 3 amol) was added to 62 =mol of sodium emide
(prepaved from 62 mg-atom of sodivm) ir 300 ol of iquid ammonia cantain-

ing a catalytic apount of ferric nitvate, After 0.5 hr , the resulting
red solucion was assuned €o contain 30 mmol of 2b (MeNa).

J9C=32+5
Further elution with benzene-acetone gave 1.02 g (48%) of 2-methyl-
Uepdzany 6-ghenschylpycinadine (100), mp 123,-107" aicer sseryatailisa-
ton from acatone-hexaner ir (CHCL,) 1645 cu' o (CaD); pux (DMSOwd) ¢
2.22 (3, 3, Dy 2,72 (=, 4, Gy, '5.88 (s, "L by e 712 (s, §, aro-
natic),
Amal. Calod for O N,01
» 12,25,
of 2,6-Dimethyl-b-hydro: rintdine in the Presence of
3 Zoudy of a-pupulichion. —- s-Euyliichise (5,80 a1 of 19K henano
2oTution) vas added to & solution of 2,6-dimethyl~4~hydroxypyrimidine (8)
(0.62 g, 5 mol) in 50 ml of THF st 0° under nitrogen. After 0.5 hz,
solution of MEDA (0,66 5, 5,5 orol) o 25 ml of THE was added, Eolloed
by n-butyllithium (2,90 ml of 1.9Y hexane solution). The resultin;
yellow-orange slurry was stirred r 1.5 hr before the addicion cf benzyl
hloride (1.46 g, 11.5 wol). After 2 hz, the reaction solurion
poured into 50 mi ced water, and the aqueous mixture was nautraliznd
with concentrated HOL. The organic phass 4as separated, and the squsas
phase was excracted with two 50 ml portions of ether. The combin
Geganic satracts were drisd (WgS0,), and the solvent was evaporated
Chuomatography of the zasulting ofl (eluting with senzens-acetone) afforded
028 g (177) of 10c, 0.04 g (41} of 10b, and 0.35 g (33%) of L0a.

Butylacion of the Dilirhie Salts of 2,6-Dimsthyl-imfiydro
(&), — A solution of l-bromobutane (3.01 g, 22 maol) In 25 &l of THF
¥as added dxoputse to s arirred slurzy of 20 wnol of the dilithio salt

8 (prapared as described in the previous experiment) in 200 wl of

LS R aloriés nitrogen. After 2 hr, the reaction solution was

poured iato 100 ml of dced water, and the aqueous mixture was meucral-
ized with concentrated HCL. The organic phase wag eeparated and the
aquecus phasa vas extracted with two 100 Al portions of sther. The combined
oganic extracts were dried (50,3, and the solvent was evaporated.
The resulting baown ail vas chramdtograpned on silica gel, Elution
with ether-hexana gave, initfaily, 0.37 g (8%) of 2,6edipentyl=4- N
hydroxypyrizidine (llc) 28 an ail, bp 182~165° (1 rm)t ir Gilm 1675 ea
(G=0); pmr (DMS0-d,) & 0,80 (r, 6, Cky), 1.20 (m. 2, CHg), 1.52 (=,
4, Oy, 2,32 (u, B, 0K, and 5,82 €31, oy

nal, Caled for G B, N,0: 3, 71,145 B, 10.24; ¥, 11,85, Found:
€, 71165 H, 10.44; N, 11.63

Continved elutdon with ether-hexane afforded 0.65 g (18%) of 4-
hydroxy-t-nethyl-2-pentylpyrinidine (Llb), mp 79-8L° afrer two recrystal~
lizations from pentane (1it.14 mp 60-817); pmyx (DMSO-¢c) € 0.84

€, 72.87; , 6.59; N, 13.08. Found:

rizidine

soz., 3492 (1963).

(14) G. K. ¥iller and F. L. Rose, J. Cher

T, 130 (3, 4y G, 167 (m 2, Gy, 236 (s, 3 CRY), 2.52 5, 2
cnz). and 5.57 (8, 15 p¥).

CO%=32m

o€ Dianton l6a (r«-Ns with - 2-aniltnon
ny (158) (3,32 &, 20 meol) was added to a
scicred suspension of 4G mmol of sodiva amide (prepared iron 40 mg-atom
f codium) in 300 wl of 1iquid amonia. After, D.3 hr, the deep red
solutfon was assuped to contain 20 mmol of cianion 1fa {(MeNa). Benzo-
phenone (3,66 g, 20 omol) was then added, The mixture was allewed to
stir for 2 hr Sefore the addition of 10 g of soltd N¥,Cl. The awmonia
was evaperated while being repiacad with an equal volime of ether, snd
then 100 ml of weter was added, The layers were separazed and the aqusous
layer was excracted with two 100 ml porcions cf etier. Tne conbined
ethereal extracts were drisd (¥a,80,), and the solvent vas evaporated
0 glve an ofl which c'ysuumé stowly, Recryszallizatian from evhanol
gave 3,32 g (38%) of 17b

Beneylation of 15b in the Presence of ? Mel Equiv of Sodiun Aride. ~-
2-Anlng-G-mathy Loy rintdine (15b) {3.20 §, 30 wiol) was sdded o a stirred
suspension of 62 mol of sodiun amide (prepared from 62 mg-aton o
soaium) {n 300 @l of liquid smmonia. After the light graen solutica had
veen stirred for 0.5 hr, benzyl chloride (4.05 g, 32 mmol), as & 50%
/v soluzion 1n anhydrous ether, was addec. [his sddition caused che
reaction aixture to assupe the characserlstic purple colot associated
with stilbene formation,™~ After 1 br, the reaction was quenched by the
addition of 10 g of solid Ni,Cl. Replacement of the amnonia
equal velune of ether £ollowdd by addition of L0G ml of water caused the
Esvaution of a golid ot the oterface. Tue soi{d vas collectsd, driad,

sad erystalitzed irom sthanol to give 0,86 g (IL) of 2-awlaon 4

Shenmibyipysintdine (175, frkcritantitiet up 162-164°). Aftar

(15) T. Matsukawa and K, Shirakawa, 3, Pharm. Sce. Japan, 72, 909
(1952).

removal of 17g by filtratlon, the athareal layer was separated and dried
0,}. Removal of the solvent and recrystallization of the resulting
soida Fron achanol afforded 1.04 5 (614) of stilbena, mp 122-124

(11e.38 mp 1265

(8 T W 3 Teylor and A R Merray, J. Chen. Soc., 2079 (1938).

Bepaylation T Benmyistisn of 15b in the Presence of 2 ¥l Equiy of n-Betyllitniva

n-BucyLlizhiue (16.6 @l of & 1.5 H hexsne solutior) was added Lo @ st
tion of 15b {1.54 g, 15 mmol) in 75 ol of THF ar 0° under nictrogen, and
cie. yellow-orange aolution was stirred for 0.75 hr hefore the addirion

of benayl chloride (1.86 g, 15 mol). After 2 hr, the reaction mixcure
wes poured {nto 75 ol -of cold water and neutralized with concentrated

HCL. Toe orgauic layar was sepavated, and the aquenus layer was extracted
with cwe 50 ml portions of achar. The oTganic extracts were dried
(Mgs0,), and the solvent was evaporated. Recrystallization af the
resultiag solid frop echanol afforded 0.14 g (3%) of la, @p 157-159%,

mop 157-160° (Lic, ™0 mp 162-164°).

Murray, Hay, Portlock, and Wolfe

$00-32-3

B, Benzylation. -- Benzyl chloride (4.05 g, 32 twol), ss & 50% v/v
s0lution in anhydrous ether, vas added ta 30 mol of 2b (MeNa) in 300 ml
of liquid amonia., After  hr, the resction wes quenched wizh 10 g of
solid NH,C1, and the aumonia was evaporated (steam bath) wnile being
replaced with an equal volume of ether. Acdition af 150 ml of water
resulted in formation of a solid at the interface, hich vac collested,
dried, and crystallized £rom aqueous ethanol, to atford 5.33 § €65%)

ot ¥ @b,

6~phenyLp:
C. Condensatfon with Berzophienone. ~- n ethereal salution of benzopuencne
(5,45 g, 30 mmol) wae added to 30 mnol of 2b (MeNa) 1a 300 ml of liquid
aamonta, and the Tesction mixture wee stlrssd for 2 b bafore the adeirion
of 10 g of KH,CL, The ammonia was replaced with ethor, and water (150
nil) was addec'to the ethereal suspension, The resulting solid was cole
lected and dried to give 7.48 g (68%) of Z-hydroxy-4-phenyl~6=(2-hydrany=
2,2«diphenylethyl)pyridine (3g).

Preparation and Benzylation of Diandon 2d (MLi), -- n-Butyllithium
€26 ol of 1.6 M hexane solution, was addec Lo a actirrad suspension o
(5.56 g, 20 muol) and
THEDA (4,75 g, 41 mol) in 230 ml of THF at O° under nitragen. After
0.5 kr, the resuiting brown solution was assumed to concain 20 mmol of
¢ianton 2d (¥°LL), A solution of benzyl chloride (2,70 g, 21 tmol)
in 50 ®i of THF wes them added, and after 2 hr, the reaction was poured
1ato 100 ul of cold water. The twowphase mixture was neutralized with
64 HCL, and the organic layer was separated. The aqueous layer was
extracted with two 100 nl portions of ether. The combined organic exrracts
were dried (¥a,50,), ané the solvent was evaporated to affard 4,33 § (57%)
of 26-8) phanathyl R

of Alcghols 3g, 31, ané 3m. -- The appropriate alcohol

and a few crystals of p-toluenesulfonic scid were heaced for 3-4 hr in
refluning benzene, After cooling, the crude styryl derivative uas collected
by filtration and

Dehydration of carbinol 3g afferded, after recrystallization from
ethanol, 2-hydroxy-4-phenyl=6-(2,2-diphernylethenyl)pyrinidine (5a) in 85%
yield: mp 236=238%; ir (CHGL;) 3000 (vinyl CH) snd 1640 ewl (C<0)3 par
(DMS0=dg) 6 6.30 (s, 1, vinyl), 7.74 (3, 16, aromatic and py), aad
12,50 (s, 1, KH or

fnal, Caled for Cpudighz0s ©, 82.261 K, 5.183 N, 8,00, Fownd:
€, BLA7; B, 5,361 N, B.25.

Debydration of 3i gave, after recrystallization from ethanol

Sh) in 65% yleld:

o BT T (RBe) 300 (WA o D) 3025 (winyd T); and 1630 cark
(Cr0)3 pur (DMSO-dg) § 3.96 (s, 3, OCH,3, 7.74 (m, 12, arematic, vy,
and viayl), and 12.42 (s, 1, N or OH)

4nal, Caled for ClgHN}lsz: G, 74.9B; 3
¢, 75.22; K, 5.06; W, 8.95,

Similarly, dehydratiun of Jm afforded, after tecrys:sl)ilanlc’x fram
ethyl acetate, y1-6-(2,
in 441 yield; mp 244-247°; ir (GHCL3) 2750 em i (OH); pur (CDCL,) &
2,24 (s, 3, CHJ) 5.76 {8, 1, vinyl), and 7.67 (m, 12, aromatic, py,
and OH) .

5,30; §, 9.20. Found:

JOTe32ut
Further elution with ether-hexane gave 1,41 3 (332) of 4-hydroxy-
2erethyi-6-pentylpyrinidine (1), mp 87+88,3° after recrystallizacion
irom petrolsum ether: ir (CHCL,) 1655 em™t (C=0); pmr (DHSU-dG) &
0.82 (t,'3, Chy), 1.22 (m, 4, G 2), 1.48 (&, 2, CHZ)' 2.16 (s, 3, CH3 v
2.3L (k, 2, Tiy), and 5.86 (a, 17 ey
Caled for CygH N01 C, 66,641 H, 8.95 Na 15.54, TFound:
, 9.0L} K, 15.62.
Preparations and Resctions of Diamion 12, -- n-Butyllithiom (11.i ml
of & 1.89 M hexane solution) was added to a stirred solutior of 2Z-methyl~
4(38) ~quinazolinone (1.60 g, 10 mmol) in 125 ml of THF at 0F under
nitrogen. After L hr, the ceep red solution was asaumed to contain 10
miol of dianion 12, & solution of the appropriate electrophile in
23 ml THF was then added dropwise. After 2 hr, the reactiom mixture
was pouted into 100 ml af iced water, and the aquecus mixture was neu-
tralized with concentrated HCL. The organic layer was separatad, and
the squeous layer was extracted with two 100 =l portions of ether. The
organic extracts were dried (VB $0,), and the salvent was evaporated.
Recrystallization of the crude froducts from approptiste solvents
afforded Ldace (Table 1), Although the Tp of 13h was somewhar lover
thea that reported by sazlisr r\vastlga{ars, the pmr spectrum of our
materie: was completely consistent with the assigned structure: pur
(DMS0-E,) & 0.93 (t, 3, L‘Hz), 1.76 (m, 2, CE{Z), 2.39 (t, 2, CHZ)'
and 7, 72 (m, 4, avomatic).
Delydration of Carbinol 13d. -- The aleohol (0.50 g, 1,46 mmal}
wag stirred {n 25 ml of agueous HZSO ) for 2.5 hr at roam tempera-
ture, The reaction mixture was pcured ints 100 ml of iced water end
mace alkaline with concemtrated \H OH. The squeous mixture was extracted
with two 25 =l portions of hlerafﬂrw. The organic solution was dried
(Mgs(}u), and the solvent was evaporated to give a light yellow solid,
Resrydtallization frem echyl acetate gave 0.37 g (79%) of 2-(2,2-diphen
henr i) 4 ) quinspoLinene (LS6), mp 207.208%;  par (D1S0-d.) 5 6.83
(s, 1, vinyl), 7.41 (=, 13, aromatic), and 8.03 (d, 2, aromatil).
Anal. Caled for C“HIEGZUJ C, 31.64; H, 4.975 K, 8.64, TFound:
©, 8L.96; , 5,161 X, 5,93
MMM) -- p-Butyliithium
(37.3 5 of L.6 § nexane solution) was added (via eyrings) to a stirred
solution of z~m1m-a-memyl-s-pnenymrmdx (333) (7,85 g, 30 mol)
in 150 =l of THF at 0° under nictrogen, After 0.5 hr, the deep red soli-
tion was assumed to contain 30 zmol of dianion lbe (Meld).

A, Deuteration. v~ 4 solution of l€a (ML) was qugnched with 15 ml

of deuterlum axide. Afrer E!l‘t'{ing Zor 0.5 hr, the yers were separated,
and che deuterium oxide solution was extracted with two 100 ml pertions
of echer. The combined organic extracts ware drisd (X ), and the
solvenc was evaporated tc glve deuterated 15a. Per ana )s?s (DM50-dg)
ataclosed incorporation of 0.81D per methyl group.

B. Benzylation. -- Benzyl chloride {2.78 g, 22 mmol), as & 50% v/v
solutica in THF, was added to a stirred salucion of 20 mmol of l6a (M=li)
1in THF-hexane. After I ar, the reaction was quenched by the addition of
50 ml of cold, dilute HCl. The precipicate which formed was collected

Bensyiatien of ISt in the Presence of I Mol Egalv of n-Bugyllithiun-
TMEDS Complex. — m-Butyllitrium (1.3 al of 1.6 M hewans sslution)
was added fo a solution of 15b (4,36 g, 40 miol) ané TMEDA (9.51 8,
82 amol) in 200 ml cf THF &t 0° under nitrogen, After 0,5 fir, benzyl
caloride (5.30 g, 42 masl), as & 50% v/v solution in THF, was added.
The reaction mixture was slioved to Siir 2 br and vas then worked up &8
r che Recrystallization fren athancl gave 2,83 g
(6% oF shencthul derivacive L1g, 3p 162-16.

S 156 1n the Freasnce of 5 Yol quty of n-Butyllighism, --
arBuryTlithiun (76 w1 o K nexane solution > s added 10 o
Solutlon of 15b (4.3 g, 40 mol) ir 150 @l of THF at 0° uader nitrogen,
Afzer 0.5 hr, benzyl caloride (5.30 g, 42 unol) was added as an 0% v/v
solucion in THE. Workup of the reactior mixcure after 2 ar sfforded
Taterial mose 7o specira possessas s vethylene emvelope, chre
tesistic of 3 p-buryl growp, at 0.7-1,08 pps, Recrystallization of this
msterial gave 1.87 g (24%) of 17g, mp 162-154°

ard Reacttons of Dianton 16b m-.: Euploying I Mol Equly
of_n-Butyllichiue-T¥Eok Complex. —=- n~Butyllithium (76 ol of & 5.6 ¥

Tenane solution) vas acded to s soluff{on of 15b (4,36 g, 40 muol) and
TEDA (13,2 8, 420 wmol) in 200 ol of THF de  0° under nicrogen, and

the reaction mixture was stirred for 0,5 hr, The appropriate electro-
onile was added 3s a solution in T6F, ind fhe resulting reaction poie-
tion was stirred for 2 br before workup.

Ressticns of b (Meli) wich benzyl chleride, cycloheanone, piperoasl,
and hepraidenyde were quenched by pouring into 100-200 ml of cold water.
“he products 173 an weze isolated by filtration ot by extraction
with ethcr, and then Tezrystalilzed frem the appropriace solvent (Table 1).

The condensation product of 165 (WLi) with bencophenone was obtained
5y pouring the reaction mixture into 100 ml of colé dilute KC1, collection
of the resulting aixtare of HCL salts, washiog with dilute WH,OH, and
crylng. Recrystallization from aqueous athanol atforded 175,

Deusnration was dscoeplished by adding 9.3 mi of deutariun oxide
6 a salucien of 5wl of 16b . “after 5 min, tne resulting
slurry was filtered to remcve the ieciptiared Lithium deuteroxids
The filtrate was dilured with 100 ul of ether, dried (MgSD,), cen:mnam,
and chie resuleing deuterated product was iried overnight i vasuo.
analysis {DHSO~d.) of this msterisl revealed zncorporation of O S T eyt
group and 0.67D/anino group of 1sh,




Dimetalated Heterocycles as Intermediates

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)-quinazolinones.®

oLi* NH
P
N/KR
13

It should be noted that attempts to effect either ther-
mal or PTSA-catalyzed dehydration of carbinols 13¢ 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 sp? ring nitrogen acts as an intramolecular catalyt-
ic center for retrocondensation.1® However, dehydration of
13d to form 13f [R = CH=C(Cg¢Hs)2], 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.

SN
p
N
12

0
NH
p
el
Ho—R
07 ™
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 lig-
uid ammonia was incomplete, as evidenced by stilbene
formation!! 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-

R,

R,
N# ] . Ngj\
Ay CH, RNAN

oMt —
R,NH CH,”
15a, R, =R, = C;H; 16a, R, =R, = CH;
b R =R,=H b, R, =R,=H
R,
N
RINH/k N7>g,
17

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

J. Org. Chem., Vol. 39, No. 5, 1974 599

competition between metalation at 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 at 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 = Lji).

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.? 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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The addition of lithium and Grignard reagents to isocyanides not containing a hydrogens proceeds by an «
addition to produce metallo aldimines. The lithium aldimines are versatile reagents which can be used as pre-
cursors for the preparation of aldehydes, ketones, o diketones, a-hydroxy ketones, «-keto acids, a- and S-hy-

droxy acids, and silyl ketones.

There has been a paucity of work on the reaction of or-
‘ganolithium and Grignard reagents with isocyanides. In
1904 Sachs and Loevy? added phenylmagnesium bromide
to methyl isocyanide and detected benzaldehyde from the
steam distillate. Gilman and Heckert* 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 isocyanides® prompted a reinvesti-
gation of this problem. This paper deals with the « 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 « addition of an organometallic
reagent to an appropriate isocyanide.

_R

R
H,0 , -
25 rN=c(

M H
1 2

lH;‘O"

+ _
RM + RNe=C — N=C

0
RNH' + RCZ
H

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 DO (>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.

R"\C/H - R3\C/M »
R2/ \(|:=N/ - Rz/ \$=N/
M H
la 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 at the C-2 posi-
tion (Table III). Several explanations could be conjectured’
for the presence of deuterium at C-2. First, addition of
Grignard reagents to isocyanides requires several hours at
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 1a could abstract a
proton from the ether solvent and finally a C-2 hydrogen
could be abstracted by 1a 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 at 0°. The
mixture was stirred for 75 min, then quenched with a five-
fold excess of D;O. The aldimine was distilled, and from
the nmr spectrum the relative deuterium content at C-1
and C-2 positions was determined (the methylene protons
of the 1,1,3,3-tetramethylbutyl moiety at 1.51 ppm were
used as an internal standard). Only 86% incorporation of
the deuterium occurred at C-1 while 14% occurred at C-2.
The observation that 100% of the deuterium was incorpo-
rated into the aldimine suggests? that la 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 performed involved the
addition of ethyllithium to TMBI in ether followed by
stirring the reaction mixture at 0° for 6 hr. An inverse ad-



