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Abstmot: The hlhratwn of &ffkrent&actmnahzed chloroarenes (Lchlorobenzenes I and 3, mono and drchiorophenols 
9 and 14. and chloroprvalanrlr&s 18) m the presence of a cakalytrc amount of naphdudene leaak to the correspondutg 
funclronahzed hthioarenes, which react wrth ekctrophiks lo give the eqxctedpolyfunct~onaked aromaltc molecules 
2.4, IO, 19.21.22 and 24 m a regroselectrve manner. In the caFe of srarlrng from chlonnatedphenols or anrlides a 
a’qrotonatron of thefunctronalgroup 1s camed our pnor to the Irthtarton process: only for 2-chloroprvalanduie 180 a 
couphng reactton leading lo 2-n-butylptvalanrhde IS observed when an excess of n-bulyllrttuum is used m ihe 
deprolonatron step. 

Introduction 

Functlonahzed organollthmm compounds1 are useful intermediates for the construction of organic 

molecules because their reaction with electrophihc reagents usually yields polyfunctionahzed structures. In the 

case of functlonahzed aromatic organohthmm denvatlves, the most common methodology for their preparatton 

consists m the brommelhthlum exchange between the appropnate brommated precursor and an alkyllithmm 

reagent as hthlatmg agentz. Another posstblhty, hmited to the preparation of hthioarenes functionahzed at the 

ortho posItIon, mvolves the so called “orthc+httiatlon”, m which a proton at th1.s position IS removed by means of 

a strong base, usually an alkylhthlum reagent 3.4. However, although chlonnated arenes are in general more 

avatlable, cheaper and more stable than the corresponding brommated compounds, they have been scarcely used5 

as startmg mater& for functlonahzed hthmarenes, probably due to thar low reactivity compared to the brornme- 

contammg analogues. On the other hand, we have recently described6 that the chlorine/lithmm exchange can be 

effectively carned out under very mtld reactlon conditions m the presence of a catalytic amount of an arene, 

naphthalene bemg the most generally used? We explore m this paper the naphthaiene-catalysed lithiahon of 

functlonahzed chloroarenes and its apphcahon to the preparation of polyfunct~onalized aromatic compounds. 
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Results and Discussion 

We fust studied the direct lithtation of chlorobenzene (1)s with hthium powder in THF at -78°C: after four 

hours under these reaction conditions the lithiation failed (Scheme 1 and Table 1, entry 1). The reaction took 

place at -55°C and after one hour a 76% of the reaction product with pivalaldehyde (2) was isolated (Table 1, 

entry 3). However, m the presence of a catalyttc amount (3%) of naphthalene the process ytelded 98% of 

compound 2 after 45 min at -78oC (Table 1, entry 2). 

OH 

Scheme 1. Reagents: I, Lr or Li-Cl&j cat. (3%; see Table 1); u, B&HO; iii, H20-HCl. 

Table 1. Lithiatton of Chlorobenzene (1) and Reactton with Plvalaldehyde. 

Startmg 
Entry material 

Reacnon condihons Producta 

T (OC)b t (h)c naphthslene (%) no. yield (%)d 

1 1 -78 4 2 oe 

2 1 -78 0.75 3 2 98 

3 1 -55 1 2 76 

a Compound 2 was >95% pure by g.1.c. b Bath temperature correspondmg to the 
hthratton step. c Reactron time m the ltthration process. d Isolated yield after flash 
chromatography base on the starting material 1. eOnly the startmg material 1 was 
isolated (>90%). 

Catalytic Lithtiion of Dichkwobenzenes 

We then studted the hthtatton of the three drchlorobenzenes 3 (Scheme 2). In the case of 30 we never 

observed the mcorporation of two electrophiles into the aromahc ring (Table 2, entnes 1 and 2); thus, even at 

-105°C only the first electrophrle.cyclohexanone or pivalaldehyde, reacted yieldmg compounds 4a and 2, 

respectively, m which no incorporation of deutenum -commg from deuterium oxrde used as a second electrophde- 

was observed. Two possrble explanations can be grven: (a) the monohthiated species 5 reacts raprdly with the 

first electrophrle to grve compound 6, whrch very fast suffers hthratron to 7 followed by proton abstracuon from 
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the reactton media9 to yield products 4a or 2; (b) the intermediate 5 abstracts raptdly a proton yteldmg 

chlorobenzene ( l), which behaves as above. This last possibility 1s more probable than the evolution of 5 to the 

mtermedtate 814 whtch could gtve phenylhthmm by proton abstrachon. Since we never detected compound of 

the type 6 we find more probable the way (b). 

Q I’ 
Cl 

I-IV - I 
\ x’ 

Cl Q 
X2 

30: 1,2- 
3m: 1,3- 
3p: 1,4- 

2, 4a-e 

Scheme 2. Reagents and conditions: i, Lt. ClcHa cat. (3%), -78°C; ti, 

Et=Bu’CHO, (-0, -78°C; m, EkHzO, D 20, Et2C0, -78 to 2O’C; IV, 

H20-HCl. 

In the case of the startmg material 3m, we think that the hthiation occurs in two steps. Thus, when the 

excess of bthtum powder was filtered off at low temperature after the first ltthtatton, the reactton with 

ptvalaldehyde gave the corresponding chlorodenvahve 4c (Table 2, entry 7). Thts fact allowed us the use of two 

different electrophtles in a two-steps process to give compounds 2 or 4h (Table 2, entnes 4-6). In order to 

compare the catalyttc effect of naphthalene, the same process was camed out with or without catalyst (Table 2, 

entnes 5 and 6): m absence of naphthalene the temperature should be around -55°C and the yield was lower (32%) 

than m the catalyttc process (56%). 

The behavtour of p-dtchlorobenzene (3~) was stmtlar to that of compound 3m: the reactton could be 

stopped after the first step (Table 2, entry 10) and the use of two different electrophtles yielded the expected 

products 2 and 4 (Table 2, entnes 8 and 9). 

Catalytic LAhiation of Chlorophenols 

The hthratmn of o-, m and p-chlorophenol(9) was carried out at 0°C after treating the starting matenal with 

n-butyll&mm m order to form the correspondmg phenolate (Scheme 3); the reactton of the hthtated phenoxide 11 

with ptvalaldehyde afforded the expected products 10. Interestmg features of this reactron are: (a) the yteld in the 
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Table 2. Lithtation of Dichlorobenzenes 3 and Reaction with Electrophrles (El and E2). Obtention of 

Compounds 4. 

Entry 
Dtchloro- Lnhration 
benzene T(“C) 

Electrophiles 

El E2 no. 

Producta 

Xl x2 yield (%)b 

1C 30 -78 

2e 30 -105 

3r 3m -78 

4 3m -78 

5f 3m -55 

6 3m -78 

7 3m -78 

8 3P -78 

9 3P -78 

10 3P -78 

(C5igO 
ButCHO 

ButCHO 

Bu’CHO 

BuCHO 

B&HO 

Bu@HO 

ButCHO 

Bu’CHO 

BuFHO 

W 

Dzo 

H20 

Hz0 

Et2C0 

Et2co 

Hz0 

Et2C0 

4a 

2 

-i? 

2 

4b 

4b 

4c 

2 

4d 

4e 

(C!OH 

ButCHOH 

Hd 64d 

Hd 6% 

ButCHOH H 95 

ButCHOH Et2COH 32 

ButCHOH Et&OH 56 

ButCHOH CB 61 

ButCHOH H % 

Bu’CHOH Et$OH 42 

ButCHOH Clh 56 

a All isolated products were >95% pure by g.1.c. b Isolated yteld after flash chromatography based on the starting 
dichlorobenzene 3. c Cyclohexanone was added before the startmg matenal 30. d No deuterium incorporahon 
was observed. e A mixture of drethyl ether and THF (9/l) was used as solvent. r Only hthium powder, without 
naphthalene, was used m the hthratron step. B Starting material 3m was the only reactron product isolated. h The 
excess of lithium powder was filtered off at -78°C before adding pivalaldehyde: under these reactron conditions 
only one Cl/L1 exchange took place. 

OH 

I-IV 

90 1,2- 
Q/n 1,3- 
Qp 1,4- 

1 Oa-c 

Scheme 3: Reagents and conditions: 1, BunLr; II, LI, CreHs cat. (3%), O‘C; III, 

Bu’CHO, 0 to 20°C. IV, H&I-HCI. 

case of the o-denvauve is very poor (Table 3, entry 1). due to the decomposrtron of the corresponding dramon of 

the type 11, mamly by proton abstractron; (b) when the process was carned out without usmg a catalytrc amount 

of naphthalene the reactton did not work (Table 3, entry 2); (c) alternatrvely, the reaction can be performed 
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“directly” without adding n-butyllithium in the first step. the yield being in this case lower (Table 3, entries 3 and 

4). The problem with the o-intermediate. can be easily ovetcome by transforming the startmg material 90 into its 

MEMO-derivative 1211 and performing the tandem lithiation-reaction with ptvalaldehyde as above to yield 

compound 13 (90%), which was finally hydrolyzed with 6 N HCI to give the corresponding product 1Oa m 

93%. Anyhow, this last process IS not too intereshng because tt is Just m this case that the direct o-deprotonattons 

of phenol denvahves has found the best synthehc apphcattons 12. On the other stde, the bromine/lithmm exchange 

has been also used for the preparation of o-litbiated phenol derivattvesia. 

M*eg/\ 
0 

Meo*O/\ 
0 OH 

Cl 

11 12 13 

Table 3. Ltthiatton of Chlorophenols 9 and Reaction with Ptvalaldehyde. Obtention of 

Compounds 10. 

Entry 

chloro- Ltthiatton 
phenol ttme (h) no. 

Products 

yield (%)b 

1 90 6 10a 10 

2c 9m 7 lob od 

3e 9m 3 lob 45 

4 9m 1 lob 78 

5 9P 5 10c 45 

a All Isolated products 10 were >95% pure by g.1.c. b Isolated yield after flash 
chromatography based on the startmg chlorophenols 9. c Only lithtum powder was used 
m the ltthtatton step. d The startmg matenal 9m was the only reactron product isolated 
(>95%). e Thts reactton was performed w&out using n-butylhthium m the first step. 

We have also studted the hthtabon of dtchloropheno!s 14 usmg also ptvalaldehyde as standard electrophtle, 

under the above described reaction condtttons (Scheme 4). In the three cases tned we never got the expected 

reactton products ansen from the correspondmg tnamons of the type 15; instead of them, compounds 10 were 

Isolated as the only reacuon products. Smce we never could detect products of monosubshtutton of the type 16, 

we thmk that the first duuuon 17 took a proton from the solvent to give the correspondtng phenoxide denved 
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from 9, which suffered hthiation to 11 as above, and finally reacted with pivalaldehyde to give products 10. As 

expected, only the symmetnc drchlorophenol 14a affords a sole product lob; in the other cases mixtures of the 

corresponding regioisomers (lOa+lOb or lOa+ltk) were obtained (Table 4, entries 2 and 3). 

OH 

Cl 
i-v 

14a: 35 
14b: 25 
14c: 2,4- 

10a-c 

Scheme 4. Reagents and conditions: i, BunLi; ii, Li, CicHs cat. (3%). 0°C; iii, 

B&HO, 0 to 20°C; iv, D@; v, HzO-HCI. 

OLi 

b 

I> Li 

Li 

15 

OH OLi 

b 1; LI 

Cl 

16 17 

Table 4. Lithiation of Dichlorophenols 14 and Reaction with Electrophdes. Obtention of 

Compounds 10. 

Bntty 

1 

2 

3 

Dichloro- Lithiauon 
phenol time(h) 

14a 1 

14b 1 

14c 3 

Product= 

no. yield (%)b 

lob 72 

lOb+lOa 60+20 

lOc+lOa 59+3 

a All isolated products were ~-95% pure by g.1.c. b Isolated yield after flash 
chromatography based on the starting dichlorophenols 14. 
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Catalytic Lithiation of Chloropivalanili&s 

In the last part of thus study we first attempted transformatron of chloroanilines into the corresponding 

diamons, but the reaction failed: under different reaction conditions tried either the chlorine/lithium exchange did 

not take place or when the hthtation occurred (after 2-3 days) a lithium/hydrogen exchange took place yteldmg 

aniline as the reactton product. We then tried the lithtatton of the correspondmg amides. As expectedt4, the 

acidity of hydrogen atoms at the a-position m the anude group was mcompattbfe with the carbon-hthium bond. 

Thus, chlonnated formaml~des, benzamhdes and pivalanilides were tested; in the two first cases deprotection of 

the amide group or deprotonauon on the aromatic ring and decomposttion took place preventing the formatton of 

the expected dihthtated amides. However, ptvalanthdes 18 were adequate startmg materials for the reaction; thus, 

the deprotonation of compounds 18 with n-butyllithium followed by catalytic ltthtation at low temperature led to 

the formatton of the correspondmg dtanion of the type 20, which by reactton with different electrophtles ytelded 

the expected compounds 19 (Scheme 5 and Table 5). As electrophtles carbonyl compounds, benzomtnle or 

phenyl isocyanate were used; m the last two cases it IS necessary to filter off the excess of lithium prtor to the 

addmon of the electrophile m order to avoid undesuable by-processes. Another important aspect of this reachon IS 

that the catalyhc amount of naphthalene should be bigger (-12%) than m the above described cases in order to get 

the yields shown m Table 5. 

i-rv 

180:2- 
18 m:3- 
18p.4 

1 Qa-j 

Scheme 5. Reagents and conditions: 1, BunLi; it, LI, CtoHs cat. (12%), -7fYC; ui, 

E+=PrCHO, B&HO, Et&O, (CmO, PhCN, PhNCO, -78 to 2O’C; IV, H20. 

0 
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23 24 25 

Table 5. Lithiation of Chloroanilides 18 and Reaction with Electtophiles. Obtention of Compounds 

19,21 and 22. 

Entry 
Chloro- 
anilide 

Blectrophtle 
E+ no. 

Producta 

X. yield (%)b 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

180 ButCHO 19a 

180 Et$ZO 19b 

180 PhCN 21 

180 PhNCO 22 

18m P&HO 19c 

18m BuCHO 19d 

18m (CH&O 19e 

18m PhCN 19f 

18P PFCHO 19g 

18P BuCHO 19h 

l*P Et_LcO 191 

18P PhCN 19) 

2-(ButCHOH) 

2-(Et2COH) 

3-(PrCHOH) 

3-(ButCHOH) 

3-W%hl 

3-(PhCO) 

4(PKHOH) 

4(ButCHOH) 

W&COH) 

4-(PhCO) 

75 

90 

75 

40 

65 

68 

71 

60 

71 

70 

70 

60 

a All isolated products 19, 21 and 22 were >95% pure by g.1.c. b Isolated yield after flash 
chromatography based on the startmg chloroanrltde 18. 

Only startmg from compound 180 we found a rare behavrour depending on the amount of n-butylhthium 

added in the deprotonahon step: using an excess of the deprotonating agent (>2 eq) the reactton product was, after 

hydrolysis, the corresponding alkylatedproduct 23 tn 90% isolated yield 15. Considering that no reaction was 

found in the presence of several nucleophrles (sodrum amide, sodium methoxide, hthrum dusopropylanude, or 

the hthrum enolate of acetone), we discard a Swl mechanism or the partrcrpauon of an aryne as mtermedtate. On 
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the other hand, a S&r mechanism is not probable due to the negative charge borne by the amide group before 

the attack of the nucleophile. So. we do not find any satisfactory explanation for this observed fact. 

From the results obtained in this part, the o-functionalized systemsWe are the most mteresting ones for 

obtaimng benzofused compounds; thus, with benzonitrile or phenyl isocyanate compounds 21 or 22 [precursor 

of 4(3H)quinazolinonest7J were directly isolated, respectively, after work-up. Finally, we could prepare the 

compound 24 (SO%) by the same methodologyts starting from 25 (easily prepared from o-chloroaniline and 

ethyl chloroformate) and using benzonitrtle as electrophile. Compounds of the type 24 have been used as 

antiinflamatory agentsrs. 

Conclusions 

From the results described m this paper we conclude that naphtbalene IS an efficient catalyst for the lithiation 

of functionalized chloroarenes with lithium powder and under mild reactton condittons. This methodology IS 

adequate for preparing (regioselectively) funcnonahzed hthioarenes, which by reactton wttb electrophiles give 

polyfunctionalized arenes. 

Experimental Part 

General- M.p.s are uncorrected and were measured on a Reichert thermovar apparatus. 1.r. spectra were 
determmed with a Pye Unicam SP3-200 spectrometer. tH and W n.m.r. spectra were recorded in a Bruker AC- 
300 using CDCls as solvent (unless otherwise stated) and SiMe4 as mternal standard; chemical shifts are gtven in 

6 (ppm) and the coupling constants (J) are measured m Hz. M.s. (e.i.) were recorded with a Hewlett Packard 
EM/GC HF59SSA spectrometer. Microanalysis were performed by the Microanalyses Service of the University 
of Alicante. The purity of volatile drsttlled products and the chromatographic analysis (g.1.c.) were determined 
with a Hewlett Packard HP-5990 or a Komk Kromanx KNK- 2000 mstrument, both equipped with a flame 
tomzation detector. Thin layer chromatography (t.1.c.) was camed out on Scheieicher & Scbnell F15OOE.S 254 
plates coated with a 0.2 mm layer of silica gel using different mixtures of hexane/ethyl acetate as eluent; Rr values 
are gtven under these conditions. Starting chloroarenes 1,3,9 and 14, naphthalene, lithium powder and the 
electrophtles were comerctally available (Fiuka, Aldrich). Starting compounds 1211s and chloroamltdes 19020, 
19m2t,19pac.22 and 2623 were prepared according to the literature procedures. Solvents were dried as usually. 

Catalytic Lithiation of Chloroarenes 1 and 3 and Reaction with Electrophiles . General Procedure for 
Compoundr 2 and 4.- To a cooled (-78°C) green suspension of hthmm powder (14 mmol) and naphtalene (0.06 
mmol) m THF (10 ml) was added the correspondmg chlormated aromattc compound 1 or 3 (2.5 mmol). and the 
mtxture was stirred at the same temperature for a penod of 0.751.25 h. Then the corresponding electrophile was 
added (2.5 mmol). In the case of compound 3, after 0.5 h sttrnng at -78°C the excess of lithium powder was 
filtered off at the same temperature and the second electrophile (3.0 mmol) was added (see Table 2)W In both 
cases, the reactton mixture was stirred allowing the temperature to rise to 2O’C durmg ca. 3h. The resulting 
mixture was then hydrolysed with methanol, neutralized with 2N hydrochloric acid and extracted with ether 
(2x10 ml). The orgamc layer was dried over anhydrous NazS04 and the solvents were evaporated (15 Torr) to 
gave a restdue, whtch was chromatogtaphted (stbca gel; hexane/ethyl acetate) to yield the correspondmg products 
2 and 4. Yields are gtven m Tables 1 and 2. Phystcal and spectroecop~c data follow. 

2,2-Dimethyl-I-phenyf-I-propanol (2)25: Rfl.40 (hexanejethyl acetate: 9/l); v (film) 3440 (OH), 3060,3040, 

1600 (Ph), and 1050 cm-t (C-O); 8~ 0 90 (s, 9 H, 3xCHs), 2.00 (s, 1 H, OH), 4,35 (s, 1 H, CHO), and 7.25 

(s, 5 H, Ph); 6~ 25.75, 35.3, 81.95, 126.9, 127.2, 127.45. and 142.15; m/z 165 (M++l. I%), 164 (M+, lo), 
1OS (lo), 107 (lOO), 105 (15), 79 (77), 78 (14). 77 (61). 57 (13), 51 (15), and 41 (22). 

I-Phenyl-l-cyclohl (4a)W R#.56 (hexanelethyl acetate: 4/l); m.p. 60-6rC (hexaneiether); v (melted) 

3340 (OH), 3040, 1600 (Ph), and 970 cm-t (C-O), &t 1.30-2.20 (m, 11 H, 5xCHz, OH), and 7.00-7.50 (m, 
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5H, Ph); s, 22.15, 25.45. 38.8, 73.1, 124.55, 126.65, 128.15, and 149.4; m/z 177 (M++l, 10%). 176 (M+. 
71), 134 (24). 133 (100). 120 (62), 115 (16), 105 (71), 91 (21), 78 (24), 77 (48). 55 (47), and 51 (15). 

3-~3-(2,2-Dimethyl-l-hydroxypropyl)phenyl]-3-pentanol (4b): RM.27 (hexane/ethyl acetate: 4/l); v (film) 

3420 (OH). 3020.1600 (Ph), 1040, and 1000 cm-t (C-O); 8H 0.75 (t, J=7.25,6 H, 2xCEZ3CHi). 0.90 [s, 9 H, 
(CH3)3Cl. 1.80 (q, J=7.25, 2 H. 2xCH2). 2.10 (s, 2 H, 2xOH). 4.35 (s, 1 H, CHO), and 7.10-7.30 (m, 4 H, 

Ph); 8~ 7.75, 25.95, 35.0, 35.65, 77.35, 82.45, 124.45, 124.8, 125.45. 127.15, 141.75, and 144.9; m/z 250 
(M+, <I%), 221 (40), 194 (16), 193 (lOO), 105 (12). 91 (14). 87 (20), and 57 (29). 

I-(3-Chlorophenyl)-2,2-dimethyl-I-propanol (&)27: R&53 (hexane/ethyl acetate: 4/l); b.p. 7578°C at 0.01 

Torr; v (film) 3420 (OH), 3040,159O (Ph), and loo0 cm-1 (C-O); 88 0.90 (s, 9 H, 3xCH3), 2.20 (s, 1 H, OH), 

4.33 ( s, lH, CHO), and 7.10-7.35 (m. 4 H, Ph); &C 25.8, 35.6, 81.7, 125.8, 127.35, 127.65, 128.7, 135.5, 
and 144.21; mlz200 (M++2, 5%). 198 (M+, 14), 144 (20), 143 (64), 142 (63), 141 (lOO), 139 (12), 115 (16), 
113 (44), 107 (14), 77 (76), 57 (65), 51 (15), and 41 (25). 

3-[4-(2,2-Dimethyl-I-hydroxypropyl)phenyI]-3-pentanol (4d): R4.36 (hexanelethyl acetate: 4/l); v (film) 

3420 (OH), 3040, 1600 (Ph), 1040, and 1000 cm-t (C-O); 8~ 0.75 (t. J=7.4.6 H, 2xCEIaCH2), 0.90 [s, 9 H, 
(CH3)3C], 1.80 (q,j=7.4, 4 H, 2xCH2), 2.25 (s, 2 H, 2xOH), 4.35 (s, 1 H, CHO), 7.23, and 7.28 (2 d, 

J=8.1,4 H, Ph); 8~ 7.75, 25.85, 35.5, 77.25, 82.05, 124.55, 127.1, 140.05, and 144.6; m/z 250 (M+. <l%), 
194 (12) 193 (lOO), 137 (51), 136 (14), 107 (1 l), 79 (18), 57 (18), and 41 (10). 

I-(4-Chlorophenyl)-2,2-dimethyl-1-propanol (4e)zS: Rfl.59 (hexane/ethyl acetate: 4/l); b.p. 9O&WC at 0.01 

Torr; v (film) 3420 (OH), 3020,160O (Ph), and 1000 cm-1 (C-O); &t 0.90 (s, 9 H, 3xCH3), 2.25 (s, 1 H, OH), 
4.30 ( s, lH, CHO), 7.20, and 7.27 (2 d, s-8.45.4 H, Ph); m/z200 (M++2, la), 198 (M+, 3). 143 (31). 141 
(lOO), 113 (16), and 77 (40). 

Catalytic Lithiation of Chbrophenols 9 and 14 and Reaction with Ekxtrophiles. General procedure for 
CO~?~~WZU!S lo.- To a solution of the corresponding chforophenol9 or 14 (2.5 mmol) m THP (5 ml) was added 
a 1.6 M hexane solution of butyllithmm (2.6 mmol) at OOC and the correspondmg mixture was surred during 15 
min at the same temperature. The resultmg solutron was added to a green suspenston of lithrum powder (14 
mmol) and naphthalene (0.06 mmol) m THP (5 ml) at 0°C and the mixture was surred for l-7 h (see Tables 3 and 
4) at the same temperature. Then the corresponding electrophile (2.5 mmol) was added. In the case of 
dtchlorophenols 14 after 2 h stimng deutenum oxide was added (0.3 ml) and the temperature was allowed to nse 
to 20°C ovemigth. In both cases, the corresponding reachon mtxture was worked up as above for compounds 2 
and 4 to give products 10. Products lOa, lob, and lOc, obtained of a mrxture in the case of startrng from 
materials 14b and 14c, could be easily separated by flash chromatography (silica gel; hexanelethyl acetate). 
Ytelds for compounds 10 are grven in tables 3 and 4. Analytical, physrcal and spectroscopic data follow. 

2-(2,2-Dimethyl-I-hydroxypropyl)phenol (lOa): R&67 (hexane/ethyl acetate: 3/2); v (film) 3340 (OH), 3040, 

1580 (Ph), 1030, and 1000 cm-1 (C-O); bH 0.95 (s, 9 H, 3xCH3), 3.15 (s, 1 H, CHOH), 4,50 (s, 1 H, CHO), 

6.75-6.90, 7.10-7.20 (2 m, 4 H, Ph), and 8.50 (s, 1 H, OH); 6~ 26.0, 37.2, 84.8, 117.15, 118.7, 123.9, 
128.6, 129.65, and 156.1; mlz 181 (M++l, 2%), 180 (M+, 16). 147 (14), 124 (12). 123 (lOO), 95 (32), and 77 
(27). 
3-(2,2-Dimethyl-I-hydroxypropyl)phenol (lob): R~0.74 (hexanelethyl acetate: l/4); m.p. 156-159°C 

(hexanelether); v (melted) 3400, 3180 (OH), 3040, 1600 (Ph), 1040, and 1000 cm-1 (C-O); 6~ (CD3COCD3) 
0.90 (s, 9 H, 3xCH3), 4.10 (s, 1 H, CHOH), 4,30 (s, 1 H, CHO), 6.70, 6.75, 6.80, 7.05 (d, d, s, t, 

respectwely, 5=7.8, 4 H, Ph), and 8.20 (s, 1 H, COH); 6~ (CD$OCDS) 26.5, 36.1, 81.9, 114.4, 115.6, 
119.9, 128.7, 145.9, and 157.35; m/z 181 (M++l, 2%), 180 (M+, 16), 124 (28), 123 (l(N), 95 (90), 77 (31). 
and 41 (10); Anal. calcd for CllH1602’ C, 73.30; H, 8.95. Found: C, 73.2; H, 9.0. 

4-(2,2-Dimethyl-I-hydroxypropyl)phenol (10~) R~0.68 (hexanelethyl acetate: 114); m.p. 147-150°C 

(hexanelether); v (KBr) 3380,324O (OH), 3040, 1600 (Ph), 1040, and 1000 cm-1 (C-O); bH (CD3COCD3) 0.90 
(s, 9 H, 3xCH3), 4.00 (s, 1 H, CHOH), 4,30 (s, 1 H, CHO), 6.75, 7.15 (2 d, k8.45, 4 H, Ph), and 8.20 (s, 1 

H, COH); 6~ (CD$OCD3) 26.4, 36.15, 81.7, 114.7, 129.45, 134.9, and 156.95; m/z 181 (M ++l, 1%). 180 
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(M+, 9), 124 (18). 123 (loO), 95 (37), and 77 (21); Anal. calcd for CttHr& C, 73.30; H, 8.95. Found: C, 
73.3; H, 9.2. 

Catalitic Lithiation of Compound 12 and Reaction with Pivalaldehyde. Isolation of compound 13 and 
Hydrolysis to lOa.- To a green suspension of hthium powder (14 mmol) and naphthalene (0.06 mmol) m THP 
(10 ml) was added the compound 1211(2.5 mmol) at -78°C and the mixture was stirred for 45 mm at the same 
temperature. Then, pivalaldehyde (3.0 mmol) was added and starring was contmued allowing the temperature to 
nse to 2O’C dunng ca. 4 h. The resulting mixture was then worked up as for compounds 2,4 or 10, yielding 

2,2-Dimethyl-I-[2-(2methoxy)methoxyphenyl]-I -propanol (13): R~0.78 (hexanelethyl acetate: 3/2); v (film) 

3440 (OH), 3040, 1600 (Ph), 1090, 1080, and 1000 cm-t (C-O); 6, 0.95 [s, 9 H. (CH&C], 2.80 (s,l H, 
OH), 3.35 (s, 3 H, CH30), 3.55, 3.75 (2 t, J=4.55, 4 H, OCH2CH20), 4.80 (s, 1 H, CHO), 5.25 (s, 2 H, 

OCHzO), 6.95, 7.12, 7.17, and 7.35 (t, d, t, d, respecttvely, J=6.85, 7.25, 6.85, 7.25, respectively, 4 H, Ph); 

6~ 25.75, 36.25, 58.7, 67.6, 71.35, 93.6, 113.65, 121.0, 127.85, 128.8, 131.0, and 154.65; m/z 268 (M+, 
cl%), 211 (22), 135 (13), 121 (13), 89 (lOO), and 59 (70). 

A solutton of compound 13 (2 mmol) in THF (5 ml) was treated with 6 N HCI (5 ml) and the mixture was 
refluxed for 2 h, yteldmg after the above described work up compound 1Oa (93 %). 

Catalitic Lithiation of Chlaroanilides 18 and 25 and Reaction with Electrophiles. General Procedure for 
Compounds 19, 21, 22, and X-To a solutton of the correspondmg chloroanihde 18 or 25 (2.0 mmol) in 
THF (5 ml) at 0°C was added a 1.6 M hexane solutton of butyllithium (2.0 mmol) and the mtxture was shrred 
for 10 mm. Thts solution was then added to a green suspension of lithium (14 mmol) and naphthalene (0.23 
mmol) in THF (10 ml) at -78°C and the mixture was stirred at the same temperature for 3-4 h . Then, the 
correspondmg electrophtle (2.2 mmol) was added to the reaction mixture and stirring was continued for ca. lh 
allowmg the temperature to nse to 20°C. In the case of usmg benzonitrile or phenyl isocyanate as electrophtle the 
excess of lrthtum powder was filtered off at low temperature pnor the addttton of the electrophtle. The resulting 
mixture was then worked up as above29 for compounds 2, 4, or 10, yteldmg compounds 19,21, 22, and 24. 
Ytelds are given m Table 5. Analyttcaf, physical, and spectroscopic data follow. 
N-[2-(l-Hydroxy-2,2-dimethylpropyl)p~~enyl]pivalamide (19a): RI 0.53 (hexane/ethyl acetate: 312); m.p. 125 

126°C (hexaneldtchloromethane); Y (CHC13) 3300 (NH, OH), 1650 (C=O), and 1515 cm-1 (NH, C-N); 6,0.90 

[s, 9 H, (CH&CCHOH], 1.23 [s, 9 H, (CH&CCO], 4 20 (br s, 1 H, OH), 4.48 (s, 1 H, CHOH), 6.93, 7.15 

(2 m, 3 H, ArH), 8.24 (d, J=8.1, 1 H, ArH), and 10.06 (br s, 1 H, NH); 6~ 26.45, 27.4, 37.3, 39.65, 84.8, 
122.0, 122.5, 127.5, 128.6, 130.1, 138.7, and 176.85; m/z 264 (M++l, 4%), 263 (M+, 20), 206 (52), 132 
(21). 122 (81) 93 (15), 85 (47) 57 (lOO), and 41 (38). 
N-[2-(l-Ethyl-1 -hydroxyethyl)phenyl]pivalamide (19b). Rt 0.54 (hexanelethyl acetate: 312); m.p. 137-138°C 

(hexane/dtchloromethane); Y (CHCl3) 3340 (OH, NH), 1650 (C=O), and 1520 cm-1 (NH, C-N); 6, 0.83 (t, 

J=7.4, 6 H, CH&H,), 1.27 [s, 9 H, (CH&C], 1.92 (m, 4 H, 2xCH2), 3.08 (br s, 1 H, OH), 6.95-7.07 (m, 2 

H, ArH), 7.20 (dt, J=7.0, 0.65, 1 H, ArH), 8.38 (dd, J=8.2, 1.2, 1 H, ArH), and 10.40 (br s, 1 H, NH); 6~ 

8.0, 27.55, 32.6, 39.8, 80.55, 122.25, 122.65, 126.95, 127.4, 131.1, 138.5, and 176.7; m/z 264(M++l, 
5%), 263 (M+, 25) 234 (34) 160 (33) 150 (39), 132 (37) 120 (15), 85 (24), 57 (lOO), and 41 (16); Anal. 

calcd for Ct&@IO2*1/2 H20: C, 70.55; H, 9.62; N, 5.14. Found: C, 70.9; H, 9.7; N, 5.1. 

N-]3-(I-Hydroxy-2-methylpropyl)phenyl]pivalamide (19~). Rf 0.34 (hexanelethyl acetate: 312); syrup; v 

(CHCl3) 3320 (NH, OH), 1650 (C=O), and 1520 cm-t (NH, C-N); 6, 0.78, 0.96 (2d, J=6.6, 6 H, 

2xC&CH), 1.29[s, 9 H, (CH3)3C], 1.93 [m. 1 H, (CH3)2CHJ, 2.70 (br s, 1 H, OH), 4.28 (d, J=6.6, 1 H, 
CHOH), 7.02 (deformed d, 1 H, ArH), 7.25 (deformed t, 1 H, ArH), 7.42 (deformed d, 1 H, ArH), 7.43 (s, 1 

H, ArH), and 7.50 (br s, 1 H, NH), 6~ 18 0, 19 0, 27.5, 35.1, 39.5, 79.5, 118.4, 119.15, 122.6, 128.5, 

137.7, 144.7, and 176.85; m/z 250 (M++l, 4%), 249 (M+, 28), 207 (25), 206 (lOO), 94 (20), and 57 (48). 

N-[3-(l-Hydroxy-2,2-dimethylpropyl)phenyl]pivalamide (19d): RI 0.43 (hexanelethyl acetate: 312); syrup; v 

(CHC13) 3430.3350 (NH, OH), 1655 (C=O), and 1520 cm-r (NH, C-N); 6nO.91 [s, 9 H, (CH#ZCHOH], 

1.29 [s, 9 H, (CH3)3CCO], 2.41 (br s, 1 H, OH), 4.30 (s, 1 H, CHOH), 7.00 (d, J=7.7, 1 H, ArH), 7.21 (t. 
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J=7.7. 1 H, AS), 7.40 (s. 1 H, ArH), 7.45 (d, J=7.7. 1 H, ArH), and 7.47 (s. 1 H, NH); 8~ 25.9, 27.5, 
35.5, 39.5, 81.95, 119.0, 119.4, 123.65, 127.85, 137.3, 143.2, and 176.65; m/z 264(M++l, 2%), 263 (M+. 
12), 208 (17). 207 (100). 206 (91). 94 (25), 77 (12). 57 (87), and 41 (30). 
N-[3-(I-Hydroxycyclohexyl)phenyl]pivalamide (19e): Rt 0.37 (hexanelethyl acetate : 312); m.p. 130°C 

(hexaneklichloromethane); v (CHC13) 3350 (NH, OH), 1650 (C=O), and 1525 cm-1 (NH, C-N); 8, 1.30 [s, 9 

H, (CH3)3C]. 1.52-1.90 (m, 10 H, SxCHz), 2.11 (br s, 1 H. OH), 7.19-7.29 (m, 2 H. ArH), 7.42 (m, 1 H, 

ArH), 7.44 (br s, 1 H, NH), and 7.66 (m, 1 H, ArH); 6~ 22.0, 25.35, 27.5, 38.65, 39.5, 73.05, 116.6, 118.3, 
120.5, 128.65, 137.8, 150.55, and 176.65; m/z 276 (M++l, 8%), 275 (M+, 46), 232 (75). and 57 (100). Anal. 

cakd for Ct7HaO2-1/2 H20: C, 71.80; H, 9.21; N, 4.92. Found: C, 71.9; H, 9.2; N. 4.8. 

3-Benzoylpivalanilide (199: Rf 0.50 (hexane/ethyl acetate : 3/2); m.p. 139°C (hexaneldlchloromethane); v 

(CHCl3) 3440.3360 (NH), 1650 (C=O), and 1520 cm-t (NH, C-N); 6,1.32 [s, 9 H, (CH&C], 7.39-7.51 (m, 
4 H, A&I). 7.50 (br s, 1 H, NH), 7.59 (deformed t, 1 H, ArH), 7.78 (s, 1 H, ArH), 7.80 (deformed d, 2 H, 

ArH), and 8.00 (deformed d, 1 H, ArH); 6~ 27.55, 39.65, 121.0. 124.15, 127.85, 128.3, 128.9, 130.05, 
132.55, 137.3, 138.25, 138.3, 176.8 and 196.3; m/z 282 (M++l, 5%), 281 (M+, 30). 197 (42), 120 (ll), 105 

(31). 77 (36), 57 (lOO), and 41 (20). Anal. cakd for CI&ItgNQ: C, 76.84; H, 6.81; N, 4.97. Found: C, 76.7; 
H, 6.8; N, 4.9. 

N-[4-(I-Hydroxy-2+nethylpropyl)phenyl]pivalamide (19g): Rt 0.3 1 (hexane/ethyl acetate: 312); v (CHC13) 

3420 (NH, OH), 1650 (C=O), and 1510 cm-1 (NH, C-N); 8,0.76,0.97 (2d. J=6.7.6 H, 2xCH&H), 1.30 [s, 

9 H, (CH3)3C], 1.91 [m, 1 H, (CH3)2CH], 2.26 (br S, 1 H, OH), 4.30 (d, J=6.9, 1 H, CHOH), 7.21, 7.46 

(2d. J=8.5, 4 H, ArH), and 7.45 (br s, 1 H, NH); & 18.2, 18.8, 27.5, 35.15, 39.45, 76.4, 119.85, 127.0, 
137.0, 139.5, and 176.7; m/z 249 (M+, 5%), 207 (14). 206 (lOO), 123 (23). 122 (26), 94 (lo), 77(10), 57 
(41), and 41 (13). Anal. calcd for C&&,N02: C, 72.25; H, 9.30; N, 5.62. Found: C, 71.3; H, 9.3; N. 5.4. 
N-[4-(l-Hydroxy-2,2-dimethylpropyl)phenyl]pivalamide (19h): Rt 0.36 (hexane/ethyl acetate.: 312); m.p. 158- 

159°C (hexane/dichloromethane); v (CHC13) 3400 (NH, OH), 1640 (C=O), and 1510 cm-1 (NH, C-N); hH 0.89 

[s, 9 H, (CH&CCHOH], 1.30 [s, 9 H, (CH&CCO], 2.10 (br s, 1 H, OH), 4.34 (s, 1 H, CHOH). 7.22, 7.45 

(2d, J=7.5, 4 H, ArH), and 7.41 (br s, 1 H, NH); 8~ 25.8, 27.55, 35.6, 39.5, 81.85. 119.15, 128.0, 137.0, 
138.05, and 176.6; m/z 263 (M+, 6%). 207 (28), 206 (lOO), 123 (34), 122 (33), 94 (15), 77( ll), and 57 (64). 
Anal. calcd for C1&&JO2: C, 72.97; H, 9.57; N, 5.32. Found: C, 72.5; H, 9.6; N, 5.4. 
N-[4-(I-Ethyl-I-hydroxyethyl)phenyl]pivalamide (19i): Rt 0.36 (hexanelethyl acetate : 312); m.p. 165 166°C 

(hexane/dlchloromethane); v (CHC13) 3425,330O (NH, OH), 1640 (C=O), and 1510 cm-1 (NH, C-N); BH 0.74 

(t. J=7.4, 6 H,2xCH$H2), 1.31 [s, 9 H, (CH3)3C]. 1.81 (m, 4 H, 2xCH2), 1.81 (br s, 1 H, OH), 7.31, 7.49 

(2d, s-8.6, 4 H, ArH), and 7.40 (br s, 1 H, NH); 6~ 7.85, 27.7, 35.0, 39.6, 77.3, 119.7, 126.15, 136.25, 
141.75, and 176.65; m/z 245 (M+-H20,73%), 161 (28). 160 (19), 132 (39), and 57 (100). Anal. calcd for 

C&&IO2-1/2 H20: C, 70.55; H.9.62; N, 5.14. Found: C, 70.7; H, 9.7; N, 5.1. 

4-Benzoylpivalanilide (19j): Rf 0.45 (hexane/ethyl acetate: 3/2); m.p. 128-129°C (hexane/dlchloromethane); v 

(CHCl3) 3345 (NH), 1640 (C=O), and 1510 cm-1 (NH, C-N); 6,1.32 [s, 9 H, (CH&C], 7.45 (t. J=7.6, 2 H, 

ArH), 7.56 (t, J=7.6, 1 H, ArH), 7.65-7.85 (m, 6 H, ArH), and 7.97 (br s, lH, NH); 6~ 27.3, 39.7, 119.05, 
128.1, 129.65, 131.3, 132.05, 132.55, 137.7, 142.2, 177.1, and 195.7; m/z 282 (M++l, 5%). 281 (M+, 24), 

197 (21), 120 (29). 77 (17), 57 (100). and 41 (15). Anal. calcd for C1gH19N02: C. 76.84; H, 6.81; N, 4.98. 
Found: C, 76.8; H, 6.8; N, 5.0. 
2-tert-Butyl-4-phenylquinazoline (21): Rf 0 68 (hexane/ethyl acetate: 3/2); m.p. %“C (hexane/dlchloromethane); 

v (CHC13 1610, 1560, and 1540 cm-1 (C=N, C=C); &j 1.55 [s, 9 H, (CH&C], 7.45-7.55 , 7.78-7.83, and 

803-8.08 (3 m, 9 H, ArH); 6~ 29.7, 39.6, 120.85, 126.4, 126.65, 128.4, 128.9, 129.6, 130.2, 132.85, 
137.95, 151.4, 167.35, and 172.85; m/z 263 (M++l, 12%), 262 (M+, M), 261 (21), 247 (100). 220 (48), 205 

(20), 123 (ll), and 77 (13). Anal. calcd for C1gH&I2: C, 82.41; H, 6.92; N, 10.68. Found: C, 82.4; H, 7.0; 
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N, 10.6. 
2-Phenylaminocarbonylpivalanilida (22): Rf 0.48 (hexanelethyl acetate: 312); m.p. 227’C (hexane/dichloro- 

methane); v (CHCl3) 3420,330O (NH), 1650 (C=O), and 1510 cm-t (N-H, C-N); S, 1.33 [s. 9 H, (CHs)aC], 
7.00 (t. 5=7.6. 1 H, ArH), 7.19 (t, J=7.4, 1 H, ArH). 7.31 (t. 5=7.9. 1 H. ArH). 7.40 (t. 3=7.6. 2 H. ArH), 
7.49 (d, 5=7.9, 1 H, ArH), 7.71 (d, J=8.1, 2 H, ArH), 8.37 (d, .I=8.4, 1 H, ArH), 8.61 (br s. 1 H, NH). and 

10.90 (br s, 1 H, NH); 6~ 27.55, 40.0, 120.5, 122.0, 122.15, 122.8, 124.8, 126.95, 129.10, 132.1, 137.85, 
139.25. 167.15, and 178.0; m/z 239 (M+-C4Hg. l%), 204 (28), 146 (lo), 120 (22), 93 (lOtI), 92 (12). 90 

(1 l), 65 (13), 57 (48), and 41 (25). Anal. calcd for C&I&IzO,: C, 72.95; H. 6.80; N, 9.45.Found: C, 72.4; 
H, 6.8; N, 9.2. 
4Phenyl-2-(lH)-quinazoiirwne (24)W RI 0.28 (hexanejethyl acetate : l/4); m.p. 262263°C (hexanddichloro- 

methane); v (Nujol) 3140 (NH), 1650, and 1590 cm-t (C=O, C=N, C=C); 8~ 7.22-7.27.7.53-7.75 (2 m, 6 H, 

ArH), 7.80-7.90 (2 d, 5=6.8, 8.2, 3 H, ArH), and -9.50 (br s, 1 H, NH); S, 115.35, 116.8, 123.05, 128.4, 
128.8, 129.8, 130.75, 135.3, 136.5. 143.4, 158.35, and 176.65; m/z 224 (M++2, 29%), 223 (M++l. 30), 222 

(M+, 53). 221 (lOO), 180 (22), 147 (87). 77(36), 63 (13), 51 (24). and 50 (12). Anal. calcd for Ct4HtoNzO: C, 
75.66; H, 4.54; N, 12.60. Found: C, 747; H, 4.5; N, 12.4 

Reaction of 2-Chloropivalanilide (180) with an Excess of Butyllithium. Isolation of 2-Butylpivalunilide 
(23).- The reactton was carried out as rt was described for compounds 19, startmg from 180 but using an excess 
of butylhthmm (1:2.5 molar ratio) at -78’C with or w&out lithium powderhmphthalene cat.30, and hydrolyzed 
and worked up as for compounds 19 to yield the title compound W: Rf 0.70 (hexane/ethyl acetate: 4/l); m.p. 71- 

72°C (hexane/dtchloromethane); v (CHCls) 3300 (NH) and 1650 cm-t (C=O); &t 0.95 (t. b7.2,3 H, CH3CHa), 
1.34 [s, 9 H, (CH3)3C], 1.39, 1.58 (2 m, 4 H, CH2CH3). 2.56 (t. 5=7.7, 2 H, CHzAr), 7.05-7.26 (m, 3 H, 

Ar), 7.30 (br s, 1 H, NH), and 7.88 (d. 5=8-O, 1 H, ArH); 6~ 13.95, 22.7, 27.7, 31.45, 32.05, 39.7, 123.35, 
124.95, 126.75, 129.55, 133.2, 135.3, and 176.15; m/z 234 (M++l, 7%), 233 (M+, 45), 204 (31). 176 (58), 
106 (77) and 57 (100). 
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