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Nerol was cyclized to terpinyl chloride or bromide in the presence of TiX,~PhNHMe (1:1) complex (I, X=
Cl, Br) in dichloromethane at —23 °C, geraniol being converted into geranyl halide by simple halogenation.
Terminally modified derivatives YCH,C(Me)=CHCH,CH,CMe=CHCH,OH (Y==SiMe,, SnBu;) of (2Z6kFE)
configuration were cyclized by treatment with I to afford limonene in high yields and 1009, selectivity. Cycliza-
tion of (2Z) isomers of CH,=CR-CH,CH,CMe=CHCH,OH (R=H, Me, Cl) produced seven-membered carbo-

cyclic products in fair yields.
3-isopropyl-2,6-heptadien-1-ol involving five steps.

The reaction of diethyl neryl phosphate with orga-
noaluminium reagents R,AIX (X=OR, NHR, et.)
has led to the stereospecific synthesis of limonene
and similar cyclic terpenes.)) The smooth cyclization
is ascribed to the combined Lewis acid-base character
of the reagents.?)? We wish to report on the cyclization
technique of this type which is more efficient and
much simpler.3

Addition of N-methylaniline (1.0 mmol) to a solution
of TiX, (X=Cl or Br, 1.0 mmol) in dichloromethane
at 0°C gave a complex.¥) Both the chloride and
bromide complexes reacted smoothly at —23 °C with
nerol itself,) providing terpinyl halides la and 1b,
respectively, in fair yields. In contrast to the previous
organoaluminium reactions? or acid catalyzed solvoly-
tic reactions,® formal carbocation is thus stabilized
by halide ion-uptake rather than by proton-loss.?

TiX4-PhNHMe
OH ————™>

CH,Cly
a: X=Cl 1a: 67%
b: X = Br 1b: 60%

Analogous treatment of geraniol with TiX,~PhNHMe
complex gave the corresponding geranyl halides in
good yields. The drastic alteration in the course of
the reaction demonstrates that the steric integrity of
the allylic double bond is strictly preserved in a possible
intermediate, allylic carbocation.? The results are
similar to those obtained in the reactions of diethyl
neryl phosphate or diethyl geranyl phosphate with
organoaluminium reagents R,AlX or R;Al1%1%  The
TiX,~PhNHMe complex provides an efficient method
for the transformation of allylic alcohols into allylic
halides as shown below.®)

T|X4—PhNHMe
CH2C Iy
X=Cl,Br quant.
Ph " NOH — PR N"NCt
u .

The novel procedure has been utilized in the synthesis of nezukone from (2E)-

Reaction of nerol with TiCl, alone afforded a com-
plex mixture not containing terpinyl chloride. It is
apparent that the 1:1 complex behaves differently.
The 1:1 molar ratio of TiCl, and PhNHMe gave
the best result.?) Several amines were examined for
the reaction of nerol with TiCl—amine complex with
reaction conditions and yield of terpinyl chloride as
follows: N-methylaniline, 20 min at —23 °C, 67%;
2,2,6,6-tetramethylpiperidine, 20 min at —23 °C, 65%,;
triethylamine, 1 h at 25°C, 529%,; 1,4-diazabicyclo-
[2.2.2]octane, 12 h at 25 °C, 40%; diethylamine, 20
min at —23 °C, 329,; a-methylbenzylamine, 20 min
at —23 °C, 289%,; pyridine, 3 h at 25 °C, 0%, Several
other metal chlorides similar to TiCl, were also ex-
amined. A complex VCl,~PhNHMe gave la in 509,
yield and AlCl~PhNHMe (389%) was found to be
marginal. Halides such as ZrCl,, WCl;, and SnCl,
gave no sign of cyclized products with or without
an amine.

The halides 1a and 1b are slowly decomposed on
treatment with silica gel in dichloromethane at room
temperature to give a complex mixture of hydrocarbons
mainly consisting of limonene and terpinolene. Selec-
tive synthesis of limonene was achieved in the fol-
lowing way.1®) Treatment of 2a and 2b with TiCl,~
PhNHMe complex resulted in the exclusive formation
of limonene ascribed to the expected selective elimina-
tion of SiMe, or SnBu; groups from terpinyl carboca-
tion. 1) This method is superior to the previously

/

Yield of
3/%
TiCl,-PhNHMe/CH,CI, 79

X R Reagent

2a SiMe, H

2a’ SiMe, COCH, MeAl(OCOCF;),/hexane 292
2b  SnBu, H TiCl,-PhNHMe/CH,Cl, 73
2b’ SnBu, COCH,; MeAl(OCOCF,),/hexane 51

a) Polymeric products were obtained.
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TABLE 1. SEVEN-MEMBERED RING FORMATION BY MEANS
or TiX,~-PhNHMe COMPLEXES
S TiX,;—PhNHMe
_—>
CH,Cl, R
R

R X Y/%
H Cl 65
H Br 56
Me Cl 66
Cl Cl 182

a) The corresponding allylic chloride was obtained in
a 549 vyield.

reported onel® using organoaluminium reagent MeAl-
(OCOCF;), as far as cyclization yields are concerned.

Treatment of (Z)-allylic alcohols CH,=CR-CH,CH,—
CMe=CHCH,OH (R=H, Me, Cl) with the complex
TiCl,-PhNHMe gave seven-membered ring products
carrying X on the R-substituted carbon. The novel
route to cycloheptenes gives satisfactory yields (Table
1). The (E)-alcohols produce the corresponding al-
lylic halides as in the geraniol case.

The present method has provided us with a simple
route to troponoid derivatives, which has been ex-
emplified by the synthesis of nezukone. The trans-
formation of allylic alcohol 4 into the cycloheptenyl
chloride 5 was easily performed in 609, yield by means
of TiCl-PhNHMe complex. None of the conceivable
Sy2 type reactions worked at all with the C-Cl bond
of 5, which was always recovered intact.!? The dif-
ficulty was solved by trapping the Grignard reagent
derived from 5 with BuySnCl and successive oxidation
by Still’s method,'® which provided cycloheptenone
6 (65%). Nezukone was obtained by simple bromina-
tion-debromination procedure (609%,).1%

oH....e.:b_bc_,

4 Cl 5
Q=005
6 o]

SnBug

a, TiCl;~PhNHMe ; b,Mg; ¢, BuzSnCl

(o]
d,CrOs 2py; e, (GH) HBr,
3

f,LiCI-DMF

Experimental

Infrared spectra were determined on a Shimadzu IR
27-G spectrometer, mass spectra on a Hitachi RMU 6-L
machine, GLPC analyses on a Yanagimoto GCG 550-F, and
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NMR spectra on a JEOL C-60H or Varian EM 390H spec-
trometer. The chemical shifts are given in ¢ in ppm with
TMS as an internal standard. Splitting patterns are denoted
by s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet.
Microanalysis was carried out at the Elemental Analyses
Center of Kyoto University. All the experiments were
carried out under an atmosphere of dry argon. Tetrahy-
drofuran was dried by distillation from sodium-benzophenone.
Thin and thick layer plates were made of E. Merck PF-254,
and preparative columns silica gel E. Merck Art. 7734.

Reaction between Nerol and TiCl—PhNHMe Complex. A
solution of titanium tetrachloride in dichloromethane (1.0 M,
4.5 ml) was added to a solution of N-methylaniline (0.48
g, 4.5mmol) in dichloromethane (5ml) at 0°C. No
evolution of HCI took place. After 20 min, the resulting
dark red solution was cooled to —23 °C, treated with nerol
(0.46 g, 3.0 mmol), and allowed to stand at —23°C for
1 h. Water and ether were added and the organic layer
was washed with 1 M HCI, saturated aqueous solution of
sodium hydrogencarbonate, and brine, dried, and concen-
trated. Purification by pre-cooled column chromatography
on silica gel afforded terpinyl chloride la (0.29g, 579%
yield) as a colorless oil: bp 108—109 °CG (15 Torr, 1 Torr=
133.322 Pa); IR (neat) 2930, 1438, 1385, 1368, 1118 cm™;
NMR (CCl,) é 1.50 (s, 3H), 1.55 (s, 3H), 1.63—2.20 (m,
10H), 5.33 (m, 1H); MS m/e (%) 174 (3), 172 (10), 136
(47), 121 (61), 95 (59), 93 (100). Found: G, 69.33; H,
10.149%,. Calcd for C,H,,Cl: C. 69.55; H, 9.92%,.

Similarly, the reaction between nerol and TiBr,~PhNHMe
complex afforded terpinyl bromide 1b (609, yiled): IR
(neat) 2950, 1460, 1375, 1358, 1100 cm~*; NMR (CCl,) ¢
1.50—1.80 (m, 3H), 1.63 (s, 3H), 1.71 (s, 3H), 1.77 (s, 3H),
1.90—2.10 (m, 4H), 5.28 (m, IH); MS mfe (%) 218 (6),
216 (6), 186 (12), 137 (45), 136 (32), 121 (32), 95 (38),
93 (52), 81 (100).

(2Z )-3-Methyl-2 6-heptadien-1-0l and (2Z)-3,6-Dimethyl-2,6-
heptadien-1-ol. These compounds were obtained accord-
ing to a procedure similar to that for the preparation of
(2Z)-6-chloro-3-methyl-2,6-heptadien-1-ol (7). Separation of
E and Z isomers was performed prior to aluminium hydride
reduction.

5-Chloro-1-methylcycloheptene:  Bp 90 °C (20 Torr) ; IR (neat)
2950, 1450, 1235, 820 cm~!; NMR (CCl,) 4 1.70—2.50
(m, 11H), 4.17 (m, 1H), 5.50 (m, 1H); MS m/e (%) 146
(10), 144 (27), 109 (33), 95 (33), 93 (100), 91 (27). Found:
C, 66.42; H, 9.35%. Calcd for CgH,;Cl: C, 66.43; H,
9.06%.

5-Chloro-1,5-dimethylcycloheptene: Bp 96—97 °G (21 Torr);
IR (neat) 2940, 1440, 1365, 1190, 1070, 770 cm~!; NMR
(cCl,) 6 1.60 (s, 3H), 1.70 (s, 3H), 1.65—2.63 (m, 8H),
5.47 (m, 1H); MS m/e (%) 160 (12), 158 (29), 123 (30),
122 (30), 107 (84), 94 (63), 93 (100). Found: m/e 158.0874.
Caled for CyH,;Cl: M, 158.0863.

(27 )-6-Chloro-3-methyl-2 ,6-heptadien-1-0l (7). A solu-
tion of methyl acetoacetate (7.5 ml, 70 mmol) in THF (250
ml) was successively treated with sodium hydride (70 mmol)
and butyllithium (1.8 M solution in hexane, 40 ml, 72 mmol)
at 0°C.1» A solution of 2,3-dichloropropene (5.5 ml, 60
mmol) in THF (20 ml) was added to the resulting orange
solution at —78 °C. After 3h at —78 °C and 30 min at
0 °C, the mixture was poured into water and extracted with
ethyl acetate. The crude product was dissolved in aqueous
sodium hydroxide solution (0.9 M, 200 ml) and heated at
reflux for 70 min. Extractive work-up (ether) gave es-
sentially pure 5-chloro-5-hexen-2-one (6.4g, 49 mmol) in
819, yield. Treatment of the hexenone (2.9g, 22 mmol)
with lithiated ethyl trimethylsilylacetate!® (20 mmol, pre-
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pared in situ from lithium dicyclohexylamide and ethyl
trimethylsilylacetate) in THF (125ml) at —78 °C for 30
min and at 25 °C for 30 min gave an E and Z mixture of
ethyl 6-chloro-3-methyl-2,6-heptadienoate (8) in nearly quan-
titative yield. Pure samples of E and Z isomer were ob-
tained by preparative TLC (hexane:ether=2:1) and the
stereochemistry was assingned by the examination of their
NMR spectra in CCl,.

E-Tsomer: & 1.25 (t, J=6.9 Hz, 3H), 2.14 (s, 3H), 2.43
(bs, 4H), 4.06 (q, /=6.9 Hz, 2H), 5.12 (s, 2H), 5.60 (s, 1H).

Z-Isomer: & 1.25 (t, J=6.9Hz, 3H), 191 (s, 3H),
2.56 (m, 2H), 2.83 (m, 2H), 4.06 (q, J=6.9 Hz, 2H), 5.12
(s, 2H), 5.60 (s, 1H).

A solution of 8 (4.4 g, 22 mmol, mixture of stereoisomers)
in ether (25 ml) was added to a mixture of lithium aluminium
hydride (2.1 g, 55 mmol) and aluminium chloride (1.9 g,
14 mmol) in ether (200 ml) at 0 °C and the mixture was
stirred for 80 min. Purification by silica gel column chro-
matography (hexane: ether=2:1) gave the title compound
7 (1.7 g, 11 mmol) in 489 yield along with the E isomer
(0.86 g, 5.4 mmol, 24%, yield). The (Z) compound (7):
bp 118°C (bath temp, 21 Torr); IR (neat) 3326, 1660,
1632, 878 cm~1; NMR (CCl,) 6 1.74 (s, 3H), 2.36 (bs, 5H),
4,03 (d, J=6.6 Hz, 2H), 5.11 (s, 2H), 5.41 (t, J=6.6 Hz,
1H); MS mfe (%) 144 (2), 142 (6), 129 (26), 107 (41), 91
(52), 84 (58), 79 (47), 71 (100). Found: C, 59.68; H, 8.10%,.
Calcd for CgH,;ClO: G, 59.81; H, 8.16%.

E-TIsomer of 7: NMR (CCl,) 6 1.69 (s, 3H), 2.19—2.57
(m, 4H), 4.03 (q, J=6.6 Hz, 2H), 5.17 (s, 2H), 5.45 (t,
J=6.6 Hz, 1H).

5,5-Dichloro-T-methylcycloheplene. The compound was
obtained in 189, yield by treatment of 7 with TiCl,~-PhNHMe
complex: bp 60 °C (bath temp, ! Torr); IR (neat) 2950,
1445, 1190, 1025, 980, 940, 835, 755, 700 cm~1; NMR (CCl,)
é 1.70 (s, 3H), 2.10—2.50 (m, 8H), 5.50 (t, J=6.0 Hz,
1H); MS mje (%) 182 (2), 180 (10), 178 (15), 119 (20},
117 (25), 107 (100). Found: C, 53.36; H, 6.97%. Calcd
for GgH,,Cl,: C, 53.65; H, 6.75%,.

(27 )-1,6-Dichloro-3-methyl-2,6-heptadienc: IR (neat) 1662,
1632, 1254, 883 cm™'; NMR (CCl,) ¢ 1.81 (s, 3H), 2.45
(bs, 4H), 4.03 (d, J=7.8 Hz, 2H), 5.19 (s, 2H), 5.53 (1,
J=7.8Hz, IH); MS m/e (%) 182 (0.3), 180 (2), 178 (3),
142 (7), 107 (41), 91 (99), 79 (57), 77 (100).

Reaction between Geraniol and TiCl—PhNHMe Complex.
A solution of geraniol (0.31 g, 2.0 mmol) in dichloromethane
(2 ml) was added to the TiCl-PhNHMe complex derived
from TiCl; (2.2 mmol) and PhNHMe (2.2 mmol) in di-
chloromethane (5ml) at —23 °C. After 1h, the mixture
was diluted with hexane and washed with water and brine.
Essentially pure geranyl chloride (NMR analysis) was ob-
tained in quantitative yield after removal of the solvent.

(2Z,6E)-3,7-Dimethyl-8-trimethylsilyl-2 ,6-octadien-1-0l (2a).
Treatment of (2E,6Z)-8-acetoxyl-1-bromo-2,6-dimethyl-2,6-
octadiene 99 (1.3 g, 4.6 mmol) with sodium benzene-
thiolate (13.5 mmol) in methanol (20ml) at 65°C for
2 h gave (2Z,6E)-3,7-dimethyl-8-phenylthio-2,6-octadien-1-ol
quantitatively. The sulfide (1.0 g, 4.0 mmol) was dissolved
in THF (18 ml) and successively treated with butyllithium
(1.7 M solution in hexane, 2.8 ml, 4.8 mmol) and s-butyl-
lithium (0.85 M solution in hexane, 5.6 ml, 4.8 mmol) at
—78°C. After 15 min, chlorotrimethylsilane (1.5 mil, 12
mmol) was added and the mixture was stirred for 45 min
at —78°C and for 15min at 25°C. Hydrochloric acid
(1.0 M, 4.0ml) was added and the mixture was stirred
for an additional 30 min at 25 °C. The crude trimethyl-
silylated sulfide was added to a solution of lithium (0.16 g,
23 mg-atoms) in ethylamine (5ml) at —70°C. After 40
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min, ether and methanol were added and the mixture was
poured into ice-water. Purification by silica gel column
chromatography afforded 2a (0.49 g, 2.2 mmol, 55% yield
based on the sulfide) as a colorless oil: bp 122 °G (bath temp,
0.5 Torr); IR (neat) 3350, 1665, 1252, 995 cm~'; NMR
(CCl,) 6 0.00 (s, 9H), 1.41 (s, 2H), 1.54 (s, 3H), 1.66 (s,
3H), 2.00 (m, 4H), 3.95 (d, J=7.2 Hz, 2H), 4.91 (m, 1H),
5.35 (t, J=7.2 Hz, 1H); MS m/e (%) 147 (4), 143 (3), 141
(4), 134 (3), 121 (5), 105 (3), 75 (27), 73 (100). Found:
C, 69.03; H, 11.51%. Calcd for C;3H,OSi: C, 68.96;
H, 11.57%.

(2Z,6E )-3,7-Dimethyl-8-tributylstannyl-2,6-octadien-1-0l  (2b).
A solution of butyllithium in hexane (1.5 M, 6.0ml, 9.0
mmol) was added to a solution of hexabutyldistannane
(5.0ml, 9.8 mmol) in THF (30ml) at —23°C.'® After
15 min, the resulting reddish yellow solution was cooled
to —78 °C and treated with the bromide 9 (0.63 g, 2.3 mmol)
dissolved in THF (2 ml). After 20 min at —78°C and
20 min at 0 °C, the mixture was poured into water and ex-
tracted with ether. Purification by pre-cooled silica gel
column chromatography (hexane: ether=2:1) gave 2b (0.28
g, 27%, yield) as a colorless oil: IR (neat) 3340, 1650, 1364,
1001 cm—*; NMR (CCl,) 6 0.77—0.95 (m, 15H), 1.08—1.60
(m, 15H), 1.54 (s, 3H), 1.71 (s, 3H), 2.02 (m, 4H), 3.95
(d, J=7.2 Hz, 2H), 4.87 (m, 1H), 5.35 (t, J=7.2 Hz, 1H);
MS mfe (%) 365 (5), 363 (50), 361 (25), 360 (9), 359 (19),
358 (8), 357 (12), 69 (100).

Reaction between 2a and TiCl—PhNHMe Complex. A
solution of 2a (0.20 g, 0.88 mmol) in dichloromethane (2
ml) was treated with the TiCl,-PhNHMe complex (1.3
mmol) in dichloromethane (5 ml) at —23°C. After 1h,
1-dodecene (internal standard, 84 mg) was added and the
mixture was worked up in the usual way. The yield of
limonene (77%,) was determined by GLPC analysis (Apiezone
L 5% and KOH 19 on Chromosorb WMW dmcs, 2 m,
85°C). Reaction between 2b and the TiCl,-PhNHMe
complex was similarly performed (—23 °C, 2 h), the yield
being determined by GLPC.

Reaction between the Acetate of 2a and Methylaluminium Bis-
(trifluoroacetate). A solution of the acetate of 2a (0.25
g, 0.94 mmol) in hexane (I ml) was added to methylal-
uminium bis(trifluoroacetate)! ) (1.9 mmol, prepared ir situ)
in hexane (2 ml) and the mixture was stirred at 25 °C for
17h. The yield (28%) was determined by GLPC. The
reaction between the acetate of 2b and the aluminium reagent
was similarly performed (25 °C, 21 h).

(227 )-3-Isopropyl-2,6 -heptadien-7-0l (4). Allylation of 3-
methyl-2-butanone dimethylhydrazone and subsequent hy-
drolysis!® afforded 2-methyl-6-hepten-3-one in 519, vyield
based on the hydrazone. The allylic alcohol 4 was obtained
from this ketone in the usual way.

5-Chloro-T-isopropylcycloheptene  (5). A solution of 4
(0.80 g, 5.3 mmol) in dichloromethane (3.5 ml) was added
to the TiCl,-PhNHMe complex (8.0 mmol) in dichloro-
methane (15ml) at 0°C. After I15min at 0°C and 10
min at 25°C, the mixture was worked up. The crude
product was subjected to silica gel column chromatography
to give 5 (0.55 g, 3.2 mmol) in 609%, vield as a colorless oil:
bp 120 °C (bath temp, 10 Torr); IR (neat) 1650, 1245,
830, 790, 735cm~!'; NMR (CCl;) ¢ 093 (d, J=7.0 Hz,
6H), 1.5—2.6 (m, 9H), 4.10 (m, 1H), 5.53 (t, J=6.3 Hz,
1H). Found: C, 69.77; H, 9.70%. Calcd for G,H,,Cl:
C, 69.55; H, 9.929%.

4-Isopropyl-4-cycloheptenone (6). A mixture of the chlo-
ride 5 (1.0 g, 6.0 mmol), granular magnesium (0.43 g, 18
mg-atoms), and ether (8.5ml) was refluxed for 20 min,
a solution of tributylstannyl chloride (3.3 g, 10 mmol) in
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ether (3 ml) being added. After 20 min at reflux, the mix-
ture was poured into saturated aqueous ammonium chloride
and extracted with ether. The crude product was dissolved
in dichloromethane (25 ml) and added to a mixture of py-
ridine (19 ml, 0.24 mol) and chromium(VI) oxide (12g,
0.12 mol) in dichloromethane (300 ml). After 12 h at 25 °C,
the mixture was filtered through a pad of Celite 545, the
filtrate being washed with 59, sodium hydroxide solution
(three times), 1 M HCI (three times), and brine. Purifica-
tion by silica gel column chromatography gave 6 (0.60 g,
3.9 mmol, 659, yield based on the chloride 5): bp 80 °C
(bath temp, 3 Torr); IR (neat) 1705, 1660, 1460, 1260 cm—1;
NMR (CCl,) 6 1.00 (d, J=7.0 Hz, 6H), 2.0—2.6 (m, 9H),
5.57 (t, J=>5.7Hz, 1H); MS m/e (%) 152 (M+*, 94), 137
(34), 124 (28), 119 (27), 110 (36), 109 (76), 95 (100).
Found: m/e 152.1189. Calcd for C,H,O: M, 152.1200.
Nezukone. Pyrrolidone hydrotribromide (0.20 g, 0.40
mmol) was added to a solution of the cycloheptenone 6
(20 mg, 0.13 mmol) in THF (5ml) and the mixture was
stirred in the dark at 25 °C for 24 h. The solvent was re-
moved under reduced pressure and the residue was diluted
with water (25 ml) and chloroform (10 ml). The aqueous
layer was extracted with chloroform (10 ml, four times).
The crude product was dissolved in DMF (5 ml) and the
solution heated at 150 °C for 1 h in the presence of anhydrous
lithium chloride (0.10 g). Water was added and the product
was extracted with chloroform. Purification by preparative
TLC (benzene: ether=2:1) gave nezukone (12 mg, 0.08
mmol) in 629, yield whose spectral characteristics (IR,
NMR, MS) were identical with those reported.2?
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