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aqueous sodium bicarbonate and dichloromethane. The organic 
phase was washed with saturated brine, dried (MgSO,), and 
concentrated in vacuo. The residue was chromatographed over 
25 g of silica gel (chloroform-10% ammonium hydroxide in 
methanol, 401) to give 274 mg (90%) of aminoacetate 26a as a 
colorless foam: IR (CHCl,) 1726 cm-'; NMR (CHClJ 6 1.11-2.91 
(m, 12 H, CH,), 2.08 (s,3 H, CHSCOO), 3.14 (m, 1 H, NCH), 3.84 
(s, 3 H, OCH,), 3.88 ( 8 ,  3 H, OCH,) 4.66 (dd, 1 H, J = 9, 4.5, 
ArCHN), 5.10 (qu, 1 H, J = 4.5, OCH), 6.97 (s, 1 H, Ar H), 7.01 
(s,1 H, Ar H); exact mass calcd for Cl9H=BrNO4 m / e  411.1046, 
found m l e  411.1055. 

re1 -(2R ,4S ,10R )-2-Acetoxy-4-(3,4-dimethoxy-6-iodo- 
phenyl)octahydro-4H-quinolizine (26b). Treatment of 0.5 g 
of 16b as described above for 16a gave 0.4 g (85%) of aminoacetate 
26b as a colorless foam: IR (CHC13) 1726 cm-'; NMR (CDC13) 
6 1.06-2.92 (m, 12 H, CH,), 2.11 (s, 3 H, CH,COO), 3.16 (m, 1 H, 
CHN), 3.86 (8, 3 H, OCH,), 3.89 (s, 3 H, OCH3), 4.43 (dd, 1 H, 
J = 9,4.5, ArCHN), 5.10 (qu, 1 H, J = 4.5, OCH), 6.99 (s, 1 H, 
Ar H), 7.19 (8, 1 H, Ar H); exact mass calcd for Cl9HZ6INO4 m / e  
459.0908, found m l e  4259.0920. 

Methyl 34 4 4  24 re1 -( 2R ,4S , 1OR )-2-Acetoxyoctahydro-4 H- 
quinolizin-4-yl]-4,5-dimet hoxyphenoxy]phenyl]propionate 
(28). To a solution of 348 mg (1.93 mmol) of methyl 344- 
hydroxyphenyl)propionatem in 2 mL of pyridine, cooled in an ice 
bath, was added 72 mg (1.84 mmol) of sodium hydride (61.14% 
dispersion in mineral oil). The mixture was stirred for 15 min, 
191 mg (1.93 mmol) of cuprous chloride was added at 0 "C, and 
the resulting mixture was stirred at room temperature for 30 min. 
To the resulting brown solution was added 531 mg (1.29 mmol) 
of bromide 26a in 3 mL of pyridine at  room temperature. The 
mixture was warmed under reflux for 3 h followed by removal 
of the pyridine at room temperature in vacuo. The brown residue 
was partitioned between saturated aqueous ammonium chloride 
and dichloromethane. The organic phase was washed with 1.0 
N aqueous sodium hydroxide and saturated brine, dried (MgSO,), 
and concentrated in vacuo. The residual brown oil was chro- 
matographed over alumina (ether-hexane, 1:l) to give a mixture 
of 33 mg (870, based on NMR integration) of reduction product 
27 and 201 mg (38%, based on NMR integration) of starting 
bromide 26a in addition to 209 mg (32%) of pure diary1 ether 
2819 as a colorless foam: IR (CHCl,) 1727 cm-l; NMR (CDClJ 
6 1.10-3.23 (m, 17 H, CH2 and NCH), 1.90 (s,3 H, CH,COO), 3.68 
(9, 3 H, COZCH3), 3.79 (s, 3 H, OCH3), 3.92 (8 ,  3 H, OCH,), 4.51 
(t, 1 H, J = 6, ArCHN), 5.11 (qu, 1 H, J = 5, OCH), 6.49 (s, 1 
H, Ar H), 6.73 (d, 2 H, J = 9, Ar H), 7.02 (8, 1 H, Ar H), 7.07 (d, 
2 H, J = 9, Ar H); exact mass calcd for C29H3,N0, m / e  511.2570, 
found m l e  511.2586. 

Similar treatment of iodo amine 26b gave 27, recovered 26b, 
and ether 28 in 12%, 18%, and 30% yields, respectively. 

(*)-Vertaline (2). A solution of 126 mg (0.25 mmol) of diester 

28 in 3.0 mL of 5% aqueous sodium hydroxide and 6.1 mL of 
methanol was warmed under reflux for 30 min. The solution was 
partially concentrated in vacuo, and the residual liquid was ad- 
justed to pH 6 with 3 N aqueous hydrochloric acid by using 
bromthymol blue as an indicator. The solvent was removed in 
vacuo, and the residual solids were suspended in dichloromethane. 
The dichloromethane-soluble material was concentrated to afford 
123 mg of crude hydroxy acid 29 as a pale green foam. This 
material gave spectral data (IR, 'H NMR) in accord with those 
reported el~ewhere'~ and was used directly in the next reaction. 

A solution of 123 mg (0.25 mmol) of hydroxy acid 29, 87 mg 
(0.394 "01) of 2,2'-dipyridyl and 103 mg (0.394 "01) 
of triphenylphosphine in 2.0 mL of dichloromethane was stirred 
at room temperature for 50 min followed by removal of the solvent 
in vacuo. The residual pale green oil was dissolved in 500 mL 
of xylenes and heated under reflux for 20 h. The solvent was 
removed at 60 O C  in vacuo over a 2-h period, and the residual 
pale brown oil was chromatographed over alumina (ether-hexane, 
2:3) to give 57 mg (53%) of 2 as colorless prisms after recrys- 
tallization from methanol. This material was identical (TLC, IR, 
300-MHz 'H NMR) with an authentic sample of (-)-vertaline: 
mp 220-220.5 "C (lit19 mp 224-225 "C); IR (CHC13) 1723 cm-'; 
NMR (CDCI,, 300 MHz) 6 1.03-1.98 (m, 10 H), 2.22-2.32 (m, 1 
H), 2.39 (br t, 1 H), 2.53-2.60 (m, 2 H), 2.84 (td, 1 H, J = 13, 5), 
2.99-3.06 (m, 2 H), 3.41 (br d, 1 H, J = 10, ArCHN), 3.86 (s, 3 
H, OCH3), 3.90 (s, 3 H, OCH3), 4.89 (br s, 1 H, OCH),6.48 (dd, 
1 H, J = 9, 3, Ar H), 6.76 (s, 1 H, Ar H), 6.85 (br s, 1 H, Ar H), 
6.93 (dd, 1 H, J = 9, 3, Ar H), 7.22 (dd, 1 H, J = 8.5, 3, Ar H), 
7.28 (dd, 1 H, J = 8.5, 3, Ar H). 
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The reaction of p-substituted organolithium derivatives with several electrophiles leads to mono- as well as 
bifunctionalized organic compounds. Thus, by treatment of these dianions with alkyl halides a direct attack 
on the carbanionic carbon atom is performed, giving as a result substituted amines. When dimethyl disulfide 
is used, @-amino and &hydroxy thioethers are obtained. Finally, on reaction with imines, 1-amino-3-hydroxy 
compounds and 1,3-diamines are obtained. Since these dianions are easily prepared by mercury-lithium 
transmetalation from &substituted organomercurials resulting from the addition of mercury(I1) salts to olefins, 
this whole process gives an appropriate way of functionalizing olefins. 

The  preparation of &substituted organometallic com- 
pounds containing main-group metals has been a point of 
interest for two particular reasons: (a) a theoretical con- 
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cern reflecting the  difficulty of preparation and the  in- 
stability of such compounds and  (b) a practical concern 
since their reaction with electrophiles leads to  bifunc- 
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/%Substituted Organolithium Compounds 

Scheme Ia 

YMet YH 

R'CH=CH~ KBr R'CHCHzHgBr R'CHCHZMet 

a R' = H,  alkyl, aryl; Y = 0, PhN; Met = Li, Na, K .  

1 Hg(OAch/YHZ I 1 PhMet I 
1 2 
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Scheme 11" 
Y L i  YH 

I 1 R e a r  I 
R'CHCH,L, - R ' C H C H ~ R ~  

3 4 
R' = H ,  Me, Ph; R 2  = Et, n-Pr, n-Bu; Y = PhN. 

tionalized organic compounds. 
The instability of these compounds is due to their easy 

decomposition to olefins through a @-elimination process 
which is strongly favored because of the different elec- 
tronegativities of function X and the metal.' When the 
organometallic precursors are not obtained from a starting 
olefin, the &elimination reaction has proved useful for 
synthetizing unsaturated compounds.2 

X = Hal, OR, NR,,  SR, Met = Li, Na, K, MgHal, AIR, 

We have re~ent l$~  reported on the preparation for the 
first time of organometallic compounds derived from 
lithium, sodium, and potassium bearing an amide or alk- 
oxide function in the @-position with respect to the metal 
(2). The loss of electronegativity of the anionic heteroatom 
in these compounds inhibits their decomposition through 
j3 elimination. The above dianions are easily available by 
means of a mercury-metal transmetalation reaction from 
&substituted organomercurials (1). These last compounds 
were prepared by the addition of mercury(I1) salts to 
olefins in the presence of a protic substrate5 (see Scheme 
I). 

The stability of these organometallic compounds de- 
creases in the Li > Na > K series in good agreement with 
the C-Met bond 

Some synthetic application of these new lithium deriv- 
ative synthons (3 = 2, Met = Li) by reaction with oxygen, 
carbon dioxide, carbonyl compounds, and trimethyl- 
chloroeilane has been previously reported.7 In the present 
paper the reactivity of compounds 3 is further investigated 
by studying their behavior toward different electrophiles 
such as alkyl halides, dimethyl disulfide, and imines. 

Results and Discussion 
Compounds 3 treated with different primary alkyl 

bromides at -78 "C, after hydrolyzation at a low temper- 

(1) Normant, H. Bull. SOC. Chim. Fr. 1972, 2161. 
(2) Barluenga, J.; Yus, M.; Bernad, P. J. Chem. SOC., Chem. Commun. 

1978, 847. 
(3) Barluenga, J.; Faiianb, F. J.; Yus, M.; Aeensio, G. Tetrahedron 

Lett. 1978, 2015. 
(4) Barluenga, J.; F a i i m ,  F. J.; Yus, M. J. Org. Chem. 1981,46,1281. 
(5) For a review on the preparation of organomercurials see: 

'Methoden der Organiechen Chemie (Houben-Weyl)", 4th ed.; Georg 
Thieme Verlag: Stuttgart, 1974; Vol. 13/2b, pp 130-152. 

(6) For a review see: 'Methoden der Organischen Chemie (Houben- 
Weyl)", 4th ed.; Georg Thieme Verlag: Stuttgart, 1970; Vol. 13/1, pp 

(7) Barluenga, J.; F & h ,  F. J.; Yus, M. J. Org. Chem. 1979,44,4798. 
171-196. 

Table I. Reaction of Dianions 3 ( Y  = PhN) with 
Alkyl Bromides. Obtention of N- Alkylarylamines (4 )  

% yield 
compd R1 RZ Hgoa 4b bp,"C(mmHg) 

4a H Et 85 62 
4b H n-Pr 85 56 
4c H n-Bu 88 54 
4d Me Et 70 60 
4e Me n-Pr 75 56 
4f Ph Et 85 61 
4g Ph n-Pr 73 52 
4h Ph n-Bu 80 48 

59-60 (0.1)' 
66-68 ( O . l ) d  
84-86 ( O . l ) e  
65-67 ( 0 . l Y  
68-69 (0.1)  
83-85 (0.001) 
92-94 (0.001) 
100-102 (0.001) 

Based on starting mercurial. Based on H O precipi- 
tated. 
130 "C (11 mmHg). e Lit." bp 141-144 "C (13 mmHg). 
f Lit." bp 242 "C (760 mmHg). 

Lit.9 bp 241-242 "C (752 mmHg). jLit." bp 

Table 11. Reaction of 3 with Dimethyl Disulfide. 
Obtention of p-Hydroxy and p-Amino Thioethers 5 

% yield 
compd Y R' Hgoa 5b bp, "C (mmHg) 

5a 0 Me 76 71 105-108(160)c 
5b 0 n-C,H,, 81 82 53-55 (0.1)  
5c 0 Ph 75 63 76-77 (O.OO1)d 
5d 0 PhCH, 80 65 84-86 (0.001) 
5e PhN H 91 75 60-61 (0.001) 
5f PhN Me 70 76 64-65 (0.001) 
5g PhN Ph 73 63 96-98 (0.001) 
5h PhN PhCH, 52 62 130-135(0.001) 

a Based on starting mercurial. Based on HgO precipi- 
Lit.15 bp 100 "C tated. 

(0.5 mmHg). 
Lit.14 bp 67 "C (20 mmHg). 

Scheme 111" 

Y H  
I 

1 M e p S z  I 
3 - 2 hydrolysis R1CHCH2SMe 

5 
a R' = H, Me, !:-C,H, I , Ph, PhCH, ; Y = 0, PhN. 

ature (-40 "C) with aqueous hydrochloric acid, led to the 
corresponding N-substituted arylamines 4 (see Scheme I1 
and Table I). On the contrary, if secondary or tertiary 
alkyl bromides (R2 = i-Pr, i-Bu, Cy, t-Bu) are used, gen- 
eration of olefin by hydrogen bromide elimination takes 
placea8 If any branching in the carbon chain is found at  
the @-carbon with respect to the halogen (R2 = sec-Bu), 
a substitution reaction does not occur. In the case of using 
highly reactive alkyl bromides such as allyl and benzyl 
derivatives, the main reaction is a double decomposition 
process leading to diallyl or dibenzyl, resulting from the 
corresponding alkyl halide self-coupling. 

Concerning the halogen, reaction with alkyl bromides 
provides good yields, on taking into account the above- 
mentioned limitations (see Table I). With alkyl chlorides, 
yields are usually very low (<lo%), and the reaction has 
no preparative interest. When alkyl iodides are employed, 
a double decomposition reaction between the organo- 
metallic compounds and the alkyl iodides has been ob- 

(8) (a) Streitwieser, A., Jr.; Heathcock, C. H. 'Introduction to Organic 
Chemistry"; McMillan: New York, 1976; Chapter 8. (b) Normant, H.; 
Cuvigny, T.; Reisdorf, D. C. R.  Hebd. Seances Acad. Sci., Ser. C 1969, 
268,521. 

(9) Beilstein, 4th ed. 1950,12, 160. 
(10) von Braun, J.; Murjahn, R. Ber. 1926,59, 1205. 
(11) Pratt, E. F.; Frazza, E. J. J .  Am. Chem. SOC. 1954, 76, 6174. 
(12) Elderfield, R. C.; Meyer, V. B. J.  Am. Chem. SOC. 1954,76,1887. 
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Table 111. Reaction of 3 with Imines ( R2PhC=NR3). Obtention of l-Amino-3-hydroxy Compounds and 1,3-Diamines (6)  
% yield 

compd Y R' R* R3 HgO a 6b mp, "C (solvent) 

6a 0 Ph H Ph 75 60 124-127' 

6b 
6c 
6d 
6e 
6f 
6g  
6h 
6i 

6j 
6k  

0 
0 
PhN 
PhN 
PhN 
PhN 
PhN 
PhN 

PhN 
PhN 

Ph 
Ph 
H 
H 
H 
H 
Me 
Ph 

Ph 
Ph 

H 
H 
H 
Et  
H 
H 
H 
H 

H 
H 

4 -CIC, H , 
4-MeOC6H ,, 
Ph 
Ph 
4-C1C6H, 
4-MeOC,H4 
Ph 
Ph 

4-C1C,H4 
4 -MeOC,H, 

a Based on starting mercurial. Based on HgO precipitated. 

Scheme IVa 

f t  ,YP3 

R2PhC=NR3 1 I - f ? p - j r ~ ,  TF2 '  t 
- b , d ' I , C  

3 

6 

R1 = H, Me, Ph, RZ = H, Et; R3 = Ph, 4-CIC,H,, 
4-MeOC6H, ; Y = 0, PhN. 

served, leading thus to  the corresponding coupling prod- 
ucts. 

When the  starting material is an oxymercurial (1, Y = 
0; Scheme I), compound 3 (Y = 0), which is more unstable 
than the nitrogen de r i~a t ive , "~  is obtained. The reaction 
of these compounds 3 with different alkyl halides does not 
lead in any case to  the  expected substitution products 
under the tested reaction conditions (-78 to 0 "C). In its 
place, either the corresponding compounds resulting from 
a decomposition of 3 through a @-elimination process (that 
is, the starting olefin; see Scheme I) or the corresponding 
compound originated by abstracting a proton from the 
reaction media, were obtained (4; Y = 0, R2 = H). 

The  interest in the above reaction is due to  its total 
regioselectivity. Even with an excess of alkyl bromide (1:4 
molar ratio) and a temperatures ranging from -78 to  -40 
"C, the  product resulting from an  attack on carbanionic 
carbon is exclusively obtained. It is necessary to  keep the 
reaction for several hours at a higher temperature (-40 to 
+20 "C) in order t o  notice contamination of products 4 
with variable amounts of dialkylated products. 

When @-functionallized organolithium compounds 3 
were allowed to  react a t  -78 "C with dimethyl disulfide 
and after hydrolyzation with water,13 the  corresponding 
@-hydroxy and @-amino thioethers 5 were obtained (see 
Scheme I11 and Table 11). 

The reaction of @-substituted organolithium compounds 
3 with several imines at -78 "C, followed by 2 N sulfuric 
acid hydrolysis, leads to  the corresponding l-amino-3- 
hydroxy compounds and  1,3-diamines (6; see Scheme IV 
and Table 111). These results supplement the reactivity 
study of compounds 3 with carbonyl compounds already 
reported by  US.^ Thus, l-amino-3-hydroxy compounds 
have been prepared in two ways; e.g., compound 6a is 
similar to  the one previously obtained by reacting 3 with 
benzaldehyde. Among all the systems described above we 
outline the method for 1,3-diamines containing different 

(13) When the reaction mixture was hydrolyzed with aqueous hydro- 

(14) Hunt, M.; Marvel, C. S. J. Am. Chem. SOC. 1935, 57, 1691. 
(15) Huyser, E. S.; Kellog, R. M. J. Org. Chem. 1966, 31, 3366. 

chloric acid, reaction product 4 was not obtained. 

80 
65 
90 
65 
80 
83  
69 
70 

75 
70 

76 
71 
55 
32 
69 
59 
79 
68 

68 
7 1  

(hexaneiCHC1,) 
d 
d 
d 
d 
d 
d 
d 
117-119 

d 
d 

(hexane/CHCl ) 

Lit.' mp 124-127 "C. Oil. 

groups on both nitrogen atoms because of their preparative 
difficulty by other synthetic methods. 

Finally, we have studied the reactivity of 3 with other 
electrophiles. In the reaction with aliphatic and aromatic 
nitriles, the expected reaction product, i.e., the corre- 
sponding imine or the carbonyl compound resulting from 
its hydrolysis, was not isolated in any case. In its place 
nitrile cyclotrimerization product was obtained together 
with products from hydrolysis of organolithium compounds 
3. In the same way the reaction with other acid derivatives 
such as acid chlorides or esters leads to product mixtures 
of difficult separation and so i t  lacks any preparative in- 
terest. 

Experimental Section 
General Methods. Melting points were determined with a 

Buchi melting point apparatus and are uncorrected. Infrared 
spectra (IR) were run on a Pye-Unicam SP-1000 spectrometer. 
Proton nuclear magnetic resonance ('H NMR) spectra were re- 
corded on a Varian EM-390 spectrometer. The purity of volatile 
distilled products was determined in a GLC Varian Aerograph 
2800 instrument equipped with a OV-101 Chromosorb column. 
Elemental analyses were carried out with a Perkin-Elmer 240 
elemental analyzer. 

The chemical shifts are in b relative to Me4&, and coupling 
constants (J values) are in hertz. Assignments were made by 
double resonance experiments. The broad singlets assigned to 
OH and NH groups disappeared on addition of a drop of deu- 
terium oxide to the NMR sample. 

Starting mercurials (1) were prepared according to literature 
m e t h ~ d s . ~ J ~  The lithium powder used in the transmetalation 
process was commercially available. The reactants were of the 
best commercial grade available and were used without further 
purification. THF was dried by reflux with potassium metal and 
stored under argon. All reactions were run under argon, and all 
glassware was dried before use. 

Reaction of the &Substituted Organolithium Compounds 
3 with Alkyl Bromides. General Procedure. To a previously 
evacuated 2WmL two-necked flask containing dry THF (125 mL) 
was added mercurial 1 (20 mmol) under argon atmosphere. The 
solution was cooled at -78 "C, an ether solution of phenyllithi~m'~ 
(20 mmol) was added dropwise in 10 min, lithium powder (120 
mmol) was added, and the mixture was mechanically stirred for 
8 h. The reaction mixture was filtered (G-3 funnel) at -78 "C, 
the collected mercury weighed, and the corresponding alkyl 
bromide (20 "01) added to the resulting clear solution of 3. The 
temperature was allowed to rise to -40 "C in 12 h. The reaction 
mixture was hydrolyzed with water and neutralized with aqueous 
hydrochloric acid. The resulting mixture was extracted with ether, 
and the ether layer was washed with water and dried over an- 
hydrous sodium sulfate. Solvents were removed under reduced 

(16) Barluenga, J.; Concell6n, J. M.; Asensio, G. Synthesis 1975, 467. 
(17) Gilman, H.; Morton, J. W. Org. React.  1954, 8, 286. 
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pressure (15 mmHg), and the residue was distilled (see Table I). 
N-Butylaniline (4a):9 IR (film) 3400 (NH) cm-'; NMR (CC14) 

6 0.9 (t, 3, J = 6 Hz, CH,), 1.35-1.65 [m, 4, (CHz)z], 3.0 (t, 2, J 
= 6 Hz, CH,N), 3.3 (br s, 1, NH), 6.35-7.2 (m, 5, Ph). 

N-Pentylaniline (4b):'O IR (film) 3420 (NH) cm-'; NMR 
(CC14) 6 0.9 (t, 3, J = 6 Hz, CH,), 1.2-1.75 [m, 6, (CHz)31, 3.0 (t, 
2, J = 6 Hz, CH,N), 3.45 (br s, 1, NH), 6.35-7.25 (m, 5, Ph). 

N-Hexylaniline (4~):" IR (fh) 3420 (NH) cm-'; NMR (CCb) 
6 0.9 (t, 3, J = 6 Hz, CH3), 1.15-1.65 [m, 8, (CH2I4], 3.0 (t, 2, J 
= 6 Hz, CH,N), 3.55 (br s, 1, NH), 6.35-7.2 (m, 5, Ph). 
N-(1-Methylbuty1)aniline (4d):12 IR (film) 3400 (NH) cm-'; 

Hz, CH3CH), 1.3-1.55 [m, 4, (CH,),], 3.2 (br s, 1, NH), 3.3-3.6 
(m, 1, CH), 6.35-7.15 (m, 5, Ph). 
N-(1-Methylpenty1)aniline (4e): IR (film) 3400 (NH) cm-'; 

NMR (CC14) 6 0.95 (t, 3, J = 6 Hz, CH3CH2), 1.15 (d, 3, J = 6 
Hz, CH3CH), 1.3-1.5 [m, 6, (CH2)3], 3.15 (br s, 1, NH), 3.25-3.6 
(m, 1, CH), 6.35-7.2 (m, 5, Ph). 

Anal. Calcd for C12H19N C, 81.29; H, 10.80; N, 7.90. Found: 
C, 81.17; H, 10.66; N, 7.84. 

N-( 1-Phenylbuty1)aniline (4f): IR (film) 3460 (NH) cm-'; 
NMR (CC14) 6 0.85 (t, 3, J = 6 Hz, CH,), 1.2-1.45 (m, 2, CH,CH3), 
1.55-1.85 (m, 2, CH2CH), 3.65 (br s, 1, NH), 4.2 (t, 1, J = 6 Hz, 
CH), 6.3-7.3 (m, 10, aromatic H). 

Anal, Calcd for C16H19N: C, 85.30; H, 8.50; N, 6.22. Found: 
C, 85.41; H, 8.34; N, 6.12. 
N-(1-Phenylpenty1)aniline (4g): IR (film) 3420 (NH) cm-'; 

NMR (CC14) 6 0.9 (t, 3, J = 6 Hz, CH,), 1.15-1.45 [m, 4, (CHz)z], 
1.55-1.9 (m, 2, CH,CH), 3.5 (br s, 1, NH), 4.2 (t, 1, J = 6 Hz, CH), 
6.3-7.3 (m, 10, aromatic H). 

Anal. Calcd for C17H2'N: C, 85.29; H, 8.84; N, 5.85. Found: 
C, 85.30; H, 8.89; N, 5.90. 

N-( 1-Phenylhexy1)aniline (4h): IR (film) 3400 (NH) cm-'; 
NMR (CC14) 6 0.85 (t, 3, J = 6 Hz, CHd, 1.1-1.45 [m, 6, (CHZ),], 
1.55-1.85 (m, 2, CH2CH), 3.7 (br s, 1, NH), 4.2 (t, 1, J = 6 Hz, 
CH), 6.3-7.3 (m, 10, aromatic H). 

Anal. Calcd for Cl8HZ3N: C, 85.32; H, 9.15; N, 5.53. Found: 
C, 85.50; H, 9.08; N, 5.54. 

Reaction of 3 with Dimethyl Disulfide. General Proce- 
dure. To a previously evacuated 250-mL two-necked flask con- 
taining dry THF (125 mL) was added mercurial 1 (20 "01) under 
an argon atmosphere. The solution was cooled at -78 "C, an ether 
solution of phenyllithi~m'~ (20 mmol) was added dropwise in 10 
min, lithium powder (120 mmol) was added, and the mixture was 
mechanically stirred for 8 h. The reaction mixture was filtered 
(G-3 funnel) at -78 "C, the collected mercury weighed, and di- 
methyl disulfide (20 mmol) added to the resulting clear solution 
of 3. The temperature was allowed to rise to 20 "C in 12 h. The 
reaction mixture was hydrolyzed with water. The resulting 
mixture was extracted with ether, and the ether layer was washed 
with water and dried over anhydrous sodium sulfate. Solvents 
were removed under reduced pressure (15 mmHg), and the residue 
was distilled (see Table 11). 

2-Hydroxypropyl methyl sulfide (5a):14 IR (film) 3360 (OH), 
1060 (CO) cm-'; NMR (CDC1,) 6 1.2 (d, 3, J = 6 Hz, CH3C), 2.1 
(s, 3, CH,S), 2.2-2.7 (br s, 1, OH), 2.5-2.65 (m, 2, CH,), 3.6-4.0 
(m, 1, CH). 

2-Hydroxyheptyl methyl sulfide (5b): IR (film) 3370 (OH), 
1050 (CO) cm-'; NMR (CDCl,) 6 0.9 (t, 3, J = 6 Hz, CH,C), 
1.1-1.65 [m, 8, (CH2)4], 2.1 ( s ,  3, CH,S), 2.5-2.6 (m, 2, CH2S), 
2.6-2.8 (br s, 1, OH), 3.5-3.85 (m, 1, CH). 

Anal. Calcd for C8H180S: C, 59.21; H, 11.18. Found C, 59.42; 
H, 11.22. 

2-Hydroxy-2-phenylethyl methyl sulfide ( 5 ~ ) : ' ~  IR (film) 
3380 (OH), 1060 (CO) cm-'; NMR (CDC13) 6 2.1 (8,  3, CH,), 
2.65-2.8 (m, 2, CH,), 2.8-2.95 (br s, 1, OH), 4.6-4.8 (m, 1, CH), 
7.0-7.4 (m, 5, Ph). 

2-Hydroxy-3-phenylpropyl methyl sulfide (5d): IR (film) 
3400 (OH), 1070 (CO) cm-'; NMR (CDCl,) 6 2.1 (a, 3, CH,), 
2.5-2.65 (m, 2, CH,S), 2.8 (d, 2, J = 6 Hz, CH,C), 2.3-2.9 (br s, 
1, OH), 3.7-4.05 (m, 1, CH), 7.0-7.4 (m, 5, Ph). 

NMR (CCld) 6 0.95 (t, 3, J = 6 Hz, CHSCH,), 1.15 (d, 3, J = 6 
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Anal. Calcd for CI&14OS: C, 65.89; H, 7.74. Found: C, 65.93; 
H, 7.72. 

Methyl 2-(pheny1amino)ethyl sulfide (5e): IR (film) 3360 
(NH) cm-'; NMR (CDCl,) 6 2.1 (s, 3 CH3), 2.7 (t, 2, J = 6 Hz, 
CH,S), 3.3 (t, 2, J = 6 Hz, CH,N), 4.0 (br s, 1, NH), 6.5-7.3 (m, 
5, Ph). 

Anal. Calcd for CsHl3NS: C, 64.62; H, 7.83; N, 8.37. Found 
C, 64.71; H, 7.78; N, 8.50. 

Methyl 2-(pheny1amino)propyl sulfide (5f): IR (film) 3350 
(NH) cm-'; NMR (CDCl,) 6 1.3 (d, 3, J = 6 Hz, CH,C), 2.1 (s, 
3, CH,S), 2.5-2.8 (m, 2, CH,), 3.7-3.9 (m, 2, NH and CH),6.4-7.3 
(m, 5, Ph). 

Anal. Calcd for C1JIl5NS: C, 66.25; H, 8.34; N, 7.72. Found 
C, 66.41; H, 8.26; N, 7.80. 

Methyl 2-phenyl-2-(phenylamino)ethyl sulfide (5g): IR 
(film) 3390 (NH) cm-'; NMR (CDC13) 6 2.05 (s, 3, CH3), 2.75-2.95 
(m, 2, CH,), 4.2-4.6 (m, 2, NH and CH), 6.35-7.5 (m, 10, aromatic 
H). 

Anal. Calcd for C15H17NS C, 74.03; H, 7.04; N, 5.75. Found 
C, 73.98; H, 7.10; N, 5.78. 

Methyl 3-phenyl-2-(phenylamino)propyl sulfide (5h): IR 
(film) 3360 (NH) cm-'; NMR (CDCl,) 6 2.1 (s, 3, CH,), 2.65 (d, 
2, J = 6 Hz, CH,S), 2.95 (d, 2, J = 6 Hz, CH,C), 3.5-4.0 (m, 2, 
NH and CH), 6.4-7.5 (m, 10, aromatic H). 

Anal. Calcd for C16H19NS: C, 74.66; H, 7.44; N, 5.44. Found 
C, 74.52; H, 7.35; N, 5.51. 

Reaction of 3 with Imines. General Procedure. To a 
previously evacuated 250-mL two-necked flask containing dry 
THF (125 mL) was added mercurial 1 (20 mmol) under an argon 
atmosphere. The solution was cooled at -78 "C, an ether solution 
of phenylithi~m'~ (20 mmol) was added dropwise in 10 min, 
lithium powder (120 mmol) was added, and the mixture was 
mechanically stirred for 8 h. The reaction mixture was filtered 
(G-3 funnel) at -78 "C, the collected mercury weighed, and the 
corresponding imiie (20 mmol) added t the resulting clear solution 
of 3. The temperature was allowed to rise to 20 "C in 12 h. The 
reaction mixture was hydrolyzed with 2 N sulfuric acid, and the 
aqueous layer was alkalinized with 3 N potassium hydroxide. The 
resulting mixture was extracted with ether, and the ether layer 
was washed with water and dried over anhydrous sodium sulfate. 
Solvents were removed under reduced pressure (0.001 mmHg), 
and the residue was recrystallized (see Table 111). 

1 f-Dip heny l-3- (pheny1amino)- 1- propanol (6a):' IR (Nujol) 
3320 (OH), 3300 (NH) cm-'; NMR (CDClJ 6 2.05-2.25 (m, 2, CH,), 
3.9 (br s, 2, OH and NH), 4.5-4.7 (m, 1, CHN), 4.75-4.95 (m, 1, 
CHO), 6.9-7.5 (m, 15, aromatic H). 

1,3-Diphenyl-3-[ (4-chlorophenyl)amino]-l-propanol (6b): 
IR (CHC13) 3480 (OH), 3460 (NH) cm-'; NMR (CDCI,) 6 2.0-2.2 
(m, 2, CHA, 3.5 (br s, 2, OH and NH), 4.4-4.6 (m, 1, CHN), 4.7-4.9 
(m, 1, CHO), 6.9-7.5 (m, 14, aromatic H). 

Anal. Calcd for Cz1HmCLNO: C, 74.66 H, 5.97; N, 4.14. Found 
C, 74.73; H, 6.06; N, 4.20. 

1,3-Diphenyl-3-[ (4-methoxyphenyl)amino]-l-propanol(6c): 
IR (CHCl,) 3480 (OH), 3460 (NH) cm-'; NMR (CDCl,) 6 2.15-2.35 
(m, 2, CH,),3.6 (s, 3, CH,), 3.7 (br s, 2, OH and NH),4.4-4.6 (m, 
1, CHN), 4.7-4.9 (m, 1, CHO), 7.0-7.5 (m, 14, aromatic H). 

Anal. Calcd for C22H23N02: C, 79.25; H, 6.95; N, 4.20. Found 
C, 79.33; H, 7.07; N, 4.27. 

N-[ l-Phenyl-3-(phenylamino)propyl ]aniline (6d): IR 
(CHCl,) 3400 (NH) cm-'; NMR (CDC1,) 6 2.1 (q, 2, J = 6 Hz, 
CH,C), 3.15 (t, 2, J = 6 Hz, CH,N), 4.0 [br s, 2, (CNH),], 4.5 (t, 
1, J = 6 Hz, CH), 6.45-7.35 (m, 15, aromatic H). 

Anal. Calcd for C21H22N2: C, 83.40; H, 7.33; N, 9.26. Found: 
C, 83.49; H, 7.25; N, 9.32. 
N-[3-Phenyl-3-(phenylamino)pentyl]aniline (6e): IR 

(CHC1,) 3460 (NH) cm-'; NMR (CDCl,) 6 0.8 (t, 3. J = 6 Hz, CH,), 
2.05 (t, 2, J = 6 Hz, CHZC), 2.3 (q, 2, J = 6 Hz, CHZCH,), 3.1 (t, 
2, J = 6 Hz, CH,N), 3.7 [br s, 2, (CNH),], 6.25-7.55 (m, 15 aromatic 
HI. 

Anal. Calcd for CZ3Hz6N2: C, 83.59; H, 7.93; N, 8.48. Found: 
C, 83.67; H, 8.02; N, 8.55. 

4-Chloro-N- [ 1 -phenyl-3- (phen y lamino) propy llaniline (6f): 
IR (CHCl,) 3400 (NH) cm-'; NMR (CDCI,) 6 2.1 (q,2, J = 6 Hz, 
CH,C), 3.2 (t, 2, J = 6 Hz, CH,N), 3.85 [br s, 2, (CNH),], 4.45 
(t, 1, J = 6 Hz, CH), 6.3-7.5 (m, 14 aromatic H). 
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Anal. Calcd for Cz1Hz1ClN2: C, 74.88; H, 6.28; N, 8.32. Found 
C, 74.96; H, 6.39; N, 8.38. 

4-Methoxy-N-[ 1-phenyl-3-( phenylamino)propyl]aniline 
(6g): IR (CHC13) 3420 (NH) cm-'; NMR (CDC13) 6 2.05 (q,2, J 

[br s, 2, (CNH),], 4.45 (t, 1, J = 6 Hz, CH), 6.4-7.35 (m, 14, 
aromatic H). 

Anal. Calcd for CZHaN20: C, 79.48, H, 7.28; N, 8.43. Found: 
C, 79.59; H, 7.16; N, 8.49. 
N-[ 1-Phenyl-3-(phenylamino)butyl]aniline (6h): IR (CH- 

Cl,) 3420 (NH) cm-'; NMR (CDC13) 6 1.15 (d, 3, J = 6 Hz, CH3), 
1.95 (t, 2, J = 6 Hz, CH,), 3.4-3.65 (m, 1, CHCHJ, 3.95 [br s, 2, 
(CNH),], 4.6 (t, 1, J = 6 Hz, CHPh), 6.45-7.4 (m, 15, aromatic 
HI. 

Anal. Calcd for CzzHZ4Nz: C, 83.50; H, 7.64; N, 8.85. Found: 
C, 83.59; H, 7.53; N, 8.91. 
N- [ 1 ,J-Diphenyl-& (pheny lamino) propy llaniline (6i): IR 

(Nujol) 3380 (NH) cm-'; NMR (CDCld S 2.3 (t, 2, J = 6 Hz, CH,), 
3.9 [br s, 2, (CNH),], 4.45 [t, 2, J = 6 Hz, (CH),], 6.25-7.35 (m, 
20, aromatic H). 

Anal. Calcd for CnHBN2: C, 85.67; H, 6.92; N, 7.40. Found: 
C, 85.72; H, 6.88; N, 7.46. 

4-Chloro-N-[ 1,3-dipheny1-3-(phenylamino)propyl]aniline 
(Si): IR (CHCl,) 3400 (NH) cm-'; NMR (CDClJ 6 2.3 (t, 2, J = 

= 6 Hz, CHZC), 3.2 (t, 2, J = 6 Hz, CHZN), 3.7 (8, 3, CH,), 3.75 

6 Hz, CH,), 3.7 [br s, 2, (CNH),], 4.45 [t, 2, J = 6 Hz, (CH),], 
6.25-7.35 (m, 19, aromatic H). 

Anal. Calcd for CnH,C1N2: C, 78.53; H, 6.10; N, 6.78. Found 
C, 78.62; H, 6.01; N, 6.86. 

4-Methoxy-N-[ 1,3-dipheny1-3-( pheny1amino)propyll- 
aniline (6k): IR (CHCl,) 3370 (NH) cm-'; NMR (CDClJ 6 
2.1-2.35 (m, 2, CHJ, 3.65 (s,3, CH3), 4.15 [br s, 2, (CNH),], 4.3-4.6 
[m, 2, (CH),], 6.35-7.35 (m, 19, aromatic H). 

Anal. Calcd for CBHaN20: C, 82.32; H, 6.91; N, 6.86. Found 
C, 82.41; H, 7.02; N, 6.94. 
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Several of the title Compounds were synthesized, and their 'H NMR spectra were studied at various temperatures. 
When the temperatures were lowered, simple patterns due to 3-CHz and N-CH2 geminal protons and the N-@-(CH,), 
group on 1-mehyl- (l), 1-ethyl- (2), and l-isobutyl-1,2,3,4-tetrahydroazocin-2-ones (3) became sharp multiplets 
after passing through the coalescence points. The T, (-60 to -40 "C) and AGc* (10.3-10.9 kcal/mol) values were 
reasonably explained as being due to the ring inversion associated with rotation of the N C ( a )  bond. 'H NMR 
spectra of 2 with a large 3-substituent were also temperature dependent. The temperature-dependent chemical 
shifts were concluded to be due to population changes in the chiral azocinone ring systems, where steric hindrance 
due to the 3-substituent plays a major role. 

Conformational processes of medium-ring compounds 
are rather complex, since a number of relatively weak 
interactions are involved. Several eight-membered rings 
compounds have been studied, and  the roles of pseudo- 
rotation as well as the  ring inversions have been eluci- 
dated.' From this aspect, eight-membered unsaturated 
lactams (azocinones) and the irhomologues are also ex- 
pected to afford valuable information on conformational 
processes. In  the previous paper, the present authors have 
reported that sevqral geminal protons of N-alkyl groups 
in 3-substituted l-akyl-l,2,3,4tetrahydroazoin-2-ones are 
in nonequivalent magnetic environments as detected by 
'H NMR spectra.2 N-a-geminal protons of the 1-ethyl 
group of the corresponding azocinone without a 3-sub- 
stituent, however, are located in an equivalent environ- 
ment.2 The  temperature-dependent 'H NMR spectra 
were suggested to be due to the restricted rotation around 
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N(1)-C(a) bond in combination with ring inversion. As 
to the experimental observation, however, Anet has given 
a new interpretation: the temperature-dependent chemical 
shift is explained by the  population changes between the 
rapidly equilibrating rotamers associated with the tetra- 
hydroazocinone ring interconversion between two non- 
planar forms.3 

(3) F. A. L. Anet, Tetrahedron Let t . ,  2133 (1980). 
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