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As a part of our study on the reactions of 1-ethoxyisochroman (1) with nucleophlhc
reagents, the reactions of 1 with amines, amides, thioamides, sulfonamides, urea, thiourea,
and heterocyclic compounds were examined,

Keywords——1-ethoxyisochroman; 1-substituted: isochroman; 1,2,3,4-tetrahydto-
isoquinolines; amines; ureas; heterocyclic compounds; reactivity

We have reported that the reaction of 1-ethoxyisochroman (1) with benzylamines gave
4-benzylisoquinolines.) Subsequently, experlments on the reactivities of 1 with various
nucleophilic reagents were continued, since 1 can be regarded as an intramolecular acetal
of benzaldehyde.

In our previous experiment, it was found that the yield of 4-benzylisoquinoline (2)
increased significantly on addition of Schiff base (benzylidenebenzylamine) to the reaction mix-
ture of 1 and benzylamine, and that the Schiff base was changed into the corresponding amine
(dibenzylamine).! This finding suggested that the Schiff base acts as a dehydrogenating
agent to change 4-benzyl-3,4-dihydroisoquinoline initially formed as an intermediate into
2. In fact, this view was supported by the result that 4-benzyl-1,2,3,4- -tetrahydroisoquinoline
(3)» was obtained in 10%, yield accompanying 2. The reaction of 1 with phenethylamlne
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was undertaken in order to find whether or not a similar reaction of 1 with benzylamine takes
place. 1-Phenethylaminoisochroman (4) was obtained in 639, yield. However, 4 was not
changed into 4-phenethylisoquinoline or 4-phenethyl-1,2,3,4-tetrahydroisoquinoline under the
conditions used for 1-benzylaminoisochroman? to give 2 and 3. However, 4 was converted
into 2-phenethyl-1,2,3,4-tetrahydroisoquinoline (6) as follows. Sodium borohydride reduction
of 4 gave 2-(2-hydroxyethyl)-N-phenethylbenzylamine (§) in 67%, yield, and this product
was cyclized to 6 in 429, yield by heating with dicyclohexylcarbodiimide (DCC) in the presence
of cuprous chloride (Chart 1).

The reaction of 1 with aniline gave three types of products, N-(1-isochromanyl)aniline (7a),
4-(1-isochromanyl)aniline (8a), and 4,N-di(1-isochromanyl)aniline (9a) in 34, 23, and 2.49%,
yields, respectively. Therefore, the effect of substituents on the benzene ring of aniline upon
the reaction with 1 were examined, and the results are listed in Table I. Electron-attracting
groups on the benzene ring act to decrease the reactivity at the C,-position of anilines, so that
the reactions gave N-(1-isochromanyl)anilines (7) selectively. On the other hand, the reaction
of anilines having electron-releasing groups afforded 4-(1-isochromanyl)anilines (8). For
example, the reaction of 1 with N,N-diethylaniline gave N,N-diethyl-4-(1-isochromanyl)-
aniline (8d) in 629, yield and N,N-diethyl-2-(1-isochromanyl)aniline (7d) was not formed.

TaBLE I. Reaction of 1 with Anilines

1
@ R @:) o7
N(R?). RZ—N R?
. | RI
L 8RR
Anilines . Yield (©
. Temp. Time ield (%)
R R? (°C) (h) 7 8 9
a H H 120 3 35 23 20
b 0-COOMe - 140—150 2 520 = =
¢ p-COOEt H 140—150 2 709 — —
d H Et 140—150 1 — 62¢ —_—
e 0-OMe H 140—150 1.5 61 22 3
f p-OMe H 140—150 1 78% —_ —

a) Chromatographed on a column of alumina with petr. ether-AcOEt.
b) Recrystallized from cyclohexane.
¢) Chromatographed on a column of alumina with cyclohexane.

Some amides, acetamide, benzenesulfonamide, p-aminobenzenesulfonamide, thioamide,
urea, and thiourea, were also reacted with 1 to give the corresponding l-isochromanyl deriv-
atives. The results are listed in Table II.

In the reaction of 1 with carboxamides such as acetamide, the 1-isochromanyl group was
introduced at the N-atom of the carboxamides to give 1-(acylamino)isochromanes, .e. 1-acet-
aminoisochroman (10a). This observation was in contrast to the result of the reaction of 1
with thioacetamide giving 1-iminoethyl-1-isochromanyl sulfide (1le). A difference similar
to that between carboxamide and thioamide was observed in the reaction of 1 with urea or
thiourea. Namely, N-(1-isochromanyl)urea (10f) was obtained from urea and S-(l-isochro-
manyl)isothiourea (11g) was obtained from thiourea. These results suggested a degree of

the softness of the C,-position of 1 in terms of the hard and soft acid and base theory.¥
In the case of the reaction of 1 with 4-aminobenzenesulfonamide, two types of products

were obtained by changing the molar ratio of 1 and 4-aminobenzenesulfonamide.

Namely,
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heating of a mixture of 1 and excess 4-aminobenzenesulfonamide gave 4-amino-N1,N4-di(1-
isochromanyl)benzenesulfonamide (12) in 47%, yield together with a small amount of 4-amino-
N*-(1-isochromanyl)benzenesulfonamide (13), while heating of 1 with an equimolar amount
of 4-aminobenzenesulfonamide selectively gave 13d in 49% yield. On hydrolysis of 12d
with 10% hydrochloric acid, 4-amino-N*-(1-isochromanyl)benzenesulfonamide (10d) was ob-
tained in 829, yield.

TABLE II. Reaction of 1 with Amides

1 + R-X-NH. - | +
0 0

H-N-X-R X
10 HN=C—R
11

oy © OO
HNS50{ON »HN@SOzNHz
13

12
Amides Sol Temp.  Time Yield (%)

T vent (°C) (h) p— ‘

R X 10 11 12 - 13
a Me CO — 130 0.5 62 —

/\/NHAc
b 1O} CO Xylene Reflux 1.5 34 —_—

NN
c Me—<6>— SO, :Xylene Reflux 8 59 e
d HzN~<6>~ SO.»  Dioxane Reflux 8 - = 47 8
d HN-(O)-  SO»  Dioxane 50—60 3 — = 1 4
e Me cs - 120 1 — 75
f NH; CO Xylene Reflux 2 78 —
g NH: S - 100 1.5 — 51

a ) Molar ratio of 1 to p-aminobenzenesulfonamide was 2:1.
&) Molar ratio of 1 to p-aminobenzenesulfonamide was 1: 1.
¢) Chromatographed on a column of alumina with THF~-AcOEt.

~ The reactions of 1 with heterocyclic compounds were examined and the results are listed
in Table III. Heating of 1 with pyrrole gave 2-[di(2-pyrrolyl)methyl]phenethyl alcohol (15a) in
409%, yield, though in the case of the heating of 1 with N-methylpyrrole at 120—130°C, 2-(1-
isochromanyl)-N-methylpyrrole (14b) was obtained in 409, yield. When a catalytic amount
of zinc chloride was added to the same reaction mixture, the reaction took place at room
temperature and gave 2-[bis(N-methyl-2-pyrrloyl)methyl]phenethyl alcohol (15b) and 14b
in 15 and 99, yields, respectively. Similarly, the reaction of 1 with imidazole gave 1-(1-
isochromanyl)imidazole (14c) in 22%, yield. In the case of the reaction of 1 with furan without
a catalyst, the reaction did not take place, but heating of the same mixture in the presence
of a catalytic amount of boron trifluoride etherate (BF;-Et,0) at 40°C gave 1-(2-furyl)isochro-
man (14d) and [2-di(2-furyl)methyl]phenethyl alcohol (15d) in 10 and 159, yields, respectively.
The reaction of 1 with uracil gave 5-(1-isochromanyl)uracil (14e) in 619, yield.
These findings on the reaction of 1 with a variety of nucleophilic reagents seemed interest-
ing, and could be useful for the syntheses of bioactive derivatives. Work along this line
will be reported in the near future.
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TasLe III. Reaction of 1 with Heterocyclic Compounds

(CHz)z‘OH‘
1 +
- @% Ayt
) D
14 .

15
Hetero- Compd. Method Catalyst Solvent Temp. Time iela G6)
cycl. X : (°C) (h) 14 15
a NH A — Benezene r.t.e » 10 — 40
b NMe A C— Xylene Reflux 5 40 —
b NMe B ZnCl, Benezene r.t.® 24 9 15
¢ Imidazole A — — 120—130 6 599 —
d 0) A — — 120—130 6 — —
d 0 C BF,-Et,0 — 40 10 11 15
e Uracil A —_— Xylene Reflux 6.5 619 —

a ) r.t.=room temperature.
b) Yield of 1-(1-isochromanyl)imidazole (14c).
¢) Yield of 5-(1-isochromanyljuracil (14e).

Experimental

All melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected.
Proton magnetic resonance (PMR) spectra were obtained on a Hitachi R-24 spectrometer at 60 MHz, and
carbon-13 magnetic resonance (®*C-NMR) spectra were obtained on a Hitachi R-22 FTS spectrometer at
22.6 MHz, with tetramethylsilane as an internal standard. Mass spectra (MS) were recorded on a Shimadzu
LKB-9000 spectrometer.

Reaction of 1 with Benzylamine——A mixture of 1 (5 g) and benzylamine (4.5 g) was heated for 4 h at
200—220°C under an Ar atmosphere. The resulting mixture was chromatographed on a column of alumina
with petr. ether~AcOEt (16: 1). The first eluate gave 0.4 g (9.9%) of 4-benzyl-1,2,3,4-tetrahydroisoquinoline
(3) as a colorless oil, bp 145°C (0.05 mmHg). Anal. Calcd for C,eH,,N: C, 86.05; H, 7.67; N, 6.27. Found:
C, 86.12; H, 7.91; N, 6.35. PMR (CCl,) ¢: 2.72—3.01 (4H, m, C,;H,, C,H, and NH), 3.57 (2H, d, /=2 Hz,
CH,Ph), 3.65 (2H, s, C,H,), 7.02—7.35 (9H, m, Ar-H). MS m/fe: 223 (M*), 222 (M*—H, base peak). The
second eluate gave 1.5 g (25%) of 2, mp 119—120°C (cyclohexane), which was identical with an authentic
sample of 2 (comparison of PMR and mass spectra).

Reaction of 1 with Phenethylamine——Phenethylamine (5 g) was added to a solution of 1 (5 g) in dry
xylene (80 ml) and the mixture was refluxed for 11 h. The xylene was evaporated off, and the residue was
chromatographed on a column of alumina with CH,Cl, to give 4.5 g (63%) of 1-phenethylaminoisochroman
(4) as a colorless oil, bp 150°C (0.001 mmHg). Anal. Caled for C,;H,,NO: C, 80.57; H, 7.56; N, 5.53. Found:
C, 80.28; H, 7.56; N, 5.48. PMR (CDCl,) ¢: 2.22 (1H, s, NH), 2.62—3.25 (6H, m, C,H, and NCH,CH,),
3.60—3.99 (2H, m, C,;H,), 5.29 (1H, s, C,H). MS m/e: 253 (M*), 133 (CoH,O, base peak).

2-(2-Hydroxyethyl)benzylphenethylamine (5)--—NaBH, (9.6 g) was added to a solution of 4 (10.7 g)
in abs. EtOH (200 ml) and the mixture was stirred for 24 h at 40—45°C. Excess NaBH, was decomposed
with dil. HC! and the EtOH was evaporated off in vacuo. The residue was washed with Et,0, made basic
with 10% NaOH, and extracted with Et,0. The Et,0 layer was concentrated to give 7.2 g (67 %) of 5 as a
colorless oil. PMR (CDCly) 6: 2.51—38.61 (4H, m, 2x CH,), 3.42—4.04 (6H, m, 3 x CH,), 6.92—7.52 (9H,
m, Ar-H). MS m/e: 255 (M*), 164 (M+—C,H,, base peak).

The hydrochloride of 5 was formed by treatment with dry HCl in Et,0, mp 158—159°C. A#al. Caled
for C4;H,,CINO: C, 70.21; H, 7.28; N, 4.82. Found: C, 70.15; H, 7.30; N, 4.71.

2-Phenethyl-1,2,3,4-tetrahydroisoquinoline (6)——Compound 5 (2.8 g) was added to a mixture of Cu,Cl,
(0.05 g) and DCC (2.2 g) in dry xylene (20 ml) and the mixture was refluxed for 24 h. After the mixture
had been cooled to 0°C, the dicyclohexylurea was removed by filtration and the xylene was evaporated off
under reduced pressure. The residue was chromatographed on a column of alumina with petr. ether-AcOEt
(6: 1) to give 1.1 g (42%) of 6, as a colorless oil, bp 125°C (0.01 mmHg). Awnal. Caled for C,;H;,N: C, 86.03;
H, 8.07; N, 5.90. Found: C, 86.15; H, 8.25; N, 5.62. PMR (CDCly) 8: 2.50—3.17 (8H, m, CgH,, C,H,,
and 2x CH,), 2.76 (2H, s, C,H,), 7.18 (4H, s with shoulder, Ar-H), 7.35 (5H, s with shoulder, Ar-H). MS
mle: 237 (M*).
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TaBLE IV. Physicochemical Properties and Spectral Data of 7, 8, and 9
Analysis (%)

Caled MS
Compd. mp (°C) '
No. (Recryst. solvent) qumula (Fo’u‘ nd) ’I(f[/f PMR (9)
C H N
109—111 79.97 6.71 6.22 4.33—4.60 (1H, br, NH), 5.9 (1H,
T3 (Petr. ether-AcOEt)  C15H1sNO (79'90 6172 6.25) 225 4 J—8'Hz, C/H)®
9495 79.97 6.71 6.22 3.47 (2H, s, NH,), 5.64 (1H, s
8a (Cyclohexane—-benzene) CisHyNO (79.78 6.63 6.18) 225 C/H)® ’ 2, ’
| 451 (1H, d, J=7 Hz, NH), 5.53
9a Oil 37 (IH, s, Gy’ H), 5.92 (1H,d, =7
Hz, C/H)»
124—125 72.06 6.05 4.94 3.78 (3H, s, OCH,) 6.08 (1H, d,
™ (Cyclohexane) CrHuNOs 75705 6.01 4.89) 283 6 Hz, C,'H), 8.35 (1H, br, NED)a)
116—118 L 72,70 6.44 4.71 6.08 (1H, d, /=8 Hz, C,’H), 5.50
e (MeOH) C1sH1oNOs (79765 6.45 4.58) 297 (iH, d, /=8 Hz, NHj® =
. 5.64 (1H, s, C,’H), 6.56 (2H, d
0il, bp 173 81.10 8.24 4.98 64 (1H, s, ¢ 'H), ;
84 () puiiie CuHiNO  G0'5) 8157 1139 1 {IzsAI;I—zﬁz)xar) H), 7.09 (2H, d, /=8
3
3.73 (3H, s, OCH,), 5.61 (1H d
75—76 e 75.27 6.71 5.49 73 (3H, s, OCH,), ; dy
e (MeOH) CHuNOs (75701 6.03 5.28) 295 {1280},1}21’)G§H)’ 6.06 (1H, d, /=8
’ 1
: 3.72 (3H, s, OCH,), 4.32 (2H, br
8e Oil - 25 NH,), 5.88 (1H, s, /e
3.77 (3H, s, OCH,), 5.18 (1H, d,
9e Oil 387 J=8Hz, NH), 5.74 (1H, s, C,/H)
8.12 (1H, d, /=8 Hz, C,"H)®
3.68 (3H, s, OCH,), 4.32 (1H, d
70—71 75.27 6.71 5.49 68 (3H, s, OCHy), » 4
St CuHuNO, (7250 675 253y 255 J=8 Hz, NH), 5.86 (1H, d, J=8

Hz, C/H)®

a) In CDCl; solution. &) In CCI; solution.
TaBLE V,  Physicochemical Properties and Spectral Data of 10, 11, 12, and 13

Analysis (%)

mp (°C) Caled IR MS
Compd.  (Recryst.  Formula (Found) pNuol g PMR (9)
0. solvent) T cm~!  M*
C H N 4
| 1.94 (3H, s, COCH,), 6.34 (1H, d
166—168 69.09 6.85 7.33 3290 94 (3H, s, 9
102 (Benzene) CuMiNO  (59'14 6,73 7.22) 1655 19! ﬁ;%liﬁdcﬁ%a?'%“ 45 (5H, m
3310
2.13 (3H, s, COCH,), 6.53 (1H, d,
10p 281282 o ogoNo, 8266 5.85 9.08 3270 510 Yo 5 Hy, CH), 967 (1H, d, J—
(THF) (©0.57 571 8.9) 1610 5 o, NED) 1120 (8 T, NG
| | 245(3HSCH)598(H j=
182184 63.36 5.65 4.62 2
0 (giomy  CeHuNOS @3 3-8 102 03 8 II:%)ZD)C H), 9.13°(1H, d, J=
3440
288—290 ' 62.48 6.20 14.58 3300 5.66 (2H, br, NH,), 6.10 (1H, d
Wt veony  CoHueNaO: (62739 6.14 14.38) 3210 192 =10 Hgz, CH)» ’
1650
2.59 (3H, s, CHy), 6.82—7.62 (5H
126128 | 63.75 6.32 6.76 3260 3H, s, CHy), ;
Ne (oo CuHuNos - O03-T0 605 870 200 207 ﬁhcéfiNa}rllﬁ) Ar-H), 7.80—8.60
| 3482 6.52—7.05 (2H, br, NH,) 7.00—
g oY cHLN0s (2768 5811846 3350 908 7066 (5H, m, C/H and Ar-H),
(CHCL,) (57.49 5.73 13.51) 3995 7.95—8.79 (1F1, br, C=NH)»
| 3.25 (1H, br, NH), 5.82 (1H, d, J=
192194 « 66.04 5.54 6.42 3340 10 Hz, C,H), 6.02 (1H, d, J=8
12 CpaHpuN,0,S 436
(AcoEt)  CoHaul:OS (59°g7 5750 6.37) 3270 Hz, C/H), 8.12 (1H, d, J=10 Hz,
SOLNH)®
o NH)
B 3395 5.99 (1H, d, J=8 Hz, C,/H), 6.84
13 .%ilcoéﬁ’ CusH16N,0,S (gg'gg >-30 g'gé) 3355 364 (3H, s with shoulder, NH and
92 5.15 9.06) 3559 SO,NH,)»

a ) In CDCl, solution. * 4) In DMSO-d, solution.
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General Procedure for the Reaction of 1 with Anilines Typical Example: A mixture of 1 (5 g) and
aniline (5.2 g) was heated for 3 h at 120°C. Unreacted aniline was distilled off in vacuo and the residue was
chromatographed on a column of alumina with petr. ether~AcOEt (9: 1). The first eluate gave 2.2 g (35%)
of N-(l-isochromanyl)aniline (7a). The second and final eluates gave 0.24 g (2%) of N,4-di(1-isochromanyl)-
aniline (9a) and 1.4 g (239%,) of 4-(1-isochromanyl)aniline (8a), respectively.

Physicochemical properties and spectral data of 7, 8, and 9 are shown in Table I'V.

General Procedure for the Reaction of 1 with Amides Typical Example: A mixture of 1 (5g) and
acetamide (1.6 g) was heated for 0.5 h at 130°C under an Ar atmosphere. After cooling, the mixture was
recrystallized from benzene to give 3.4 g (63%) of 1-acetaminoisochroman (10a).

Physicochemical properties and spectral data of 10, 11, 12, and 13 are shown in Table V.

Hydrolysis of 12—— A mixture of 12 (0.34 g), 10% HCI (1 ml), tetrahydrofuran (THF) (70 ml), and H,0
(16 ml) was stirred for 2 h at room temperature, then the THF was evaporated off and the residue was ex-
tracted with AcOEt. The AcOEt layer was washed with H,O, dried over MgSO,, and concentrated in vacuo.
The residue was chromatographed on a column of silica gel with petr. ether—AcOEt (1: 1) to give 0.2 g (82%)
of 4-amino-N!-(1-isochromanyl)benzenesulfonamide (10d), mp 190—192.5°C (from AcOEt). Amnal. Calcd
for C;;H,(N,0,S: C, 59.20; H, 5.30; N, 9.21. Found: C, 59.01; H, 5.22; N, 9.11. . PMR (DMSO-d,) d: 2.46—
2.86 (2H, m, C,H,), 3.67—3.96 (2H, m, C;H,), 5.79 (2H, br, NH,), 5.89 (1H, d, /=10 Hz, C,;H), 6.75 (2H, d,
J=10Hz, C,/’H and C;’H), 7.28 (4H, s with shoulder, Ar-H), 7.66 (2H, d, /=10 Hz, C,’H and C;'H), 8.68
(1H, d, /=10 Hz, SO,NH). MS m/e: 304 (M*).

General Procedure for the Reaction of 1 with Heterocyclic Compounds——Method A: Pyrrole (9.4 g) was
added to a solution of 1 (5 g) in dry benzene (50 ml) and the mixture was stirred for 10 h at room temperature.
The benzene was then evaporated off, and the residue was chromatographed on a column of silica gel with
CH,CI, to give 3 g (40%) of 2-[di(2-pyrrolyl)methyl]phenethyl alcohol (15a).

* Method B: A solution of 1 (5 g), N-methylpyrrole (2.7 g), and ZnCl, (0.8 g) in benzene (50 ml) was
stirred overnight at room temperature. The benzene layer was washed with 5% KHCO; and H,0, dried
over MgSO,, and concentrated. The residue was chromatographed on a column of silica gel with benzene—
CH,Cl,. The first eluate gave 0.54 g (9%) of 2-(1-isochromanyl)-N-methylpyrrole (14b). The second eluate

TaBrLE VI, Physicochemical Properties and Data of 14 and 15

Analysis (%)

mp (°C) Caled MS
Coﬁ.npd' (Recryst. Formula (Found) mle PMR (d)
0. solvent) —_— M+
c H N
0il 125—130 78.84 7.09 6.57 3.51 (3H, s, NCH,), 5.88 (1H, s, C,/H),
4b o mmHg CeHuNO (78763 7029 6.30) 213 5193 6.07 (2H, m, pyrrolyl-H)®
4950 71.98 6.04 13.99 6.50 (1H, s, C,'H), 6.70—7.35 (7H, m
e (g0) CoHiaN2O 71780 6.15 13.79) 200 AY_H and imidazolyl-H)» T
. 5.83 (1H, s, C,H), 5.93—6.05 (1H, m,
14d %‘11115*32;) CysH1,0, (ZZ'gg g'%) 200 furyl-H), 6.14—6.29 (1H, m, furyl.H),
(0.1 mmHg ' 7.25—7.36 (1H, m, furyl-H)»
5.70 (1H, s, C,’H), 6.90—7.19 (5H, m
1e 303304 CyoH1,N,0, (gg'gg bt ﬂg) 244 Ar-H and uracyl-H), 10.68—10.94 (1H,
(THF) : ' : br, NH), 11.10—11.19 (1H, br, NH)®
2.80 (2H, t, /=5 Hz, CH,CH,OH),
3.40—3.80 (1H, br, OH), 3.60 (2H, t,
118—119 76.66 6.81 10.52 J =5 Hz, CH,OH), 5 50—-6.59 (2H, m,
152 (Bengene)  CvHuNO (76742 675 10.30) 206 Lyrrol-H), 5.69 (1H, s, CH), 5.79—5.93
: (2H, m, pyrroly-H)) 6.50—6.59 (2H, m,
pyrrolyl-II), 9.10—9.80 (2H, br, NH)&
9.46 (1H, s, OH), 3.25 (6H, 2 x NCH,),
. 5.35—5.40 (2H, m, pyrrolyl-H), 5.56
15b %‘lllri(in_}%?’? CyoHN,O (%Zg 7-58 g'gg) 204 (1H, s, CH), 5.83—5.96 (2H, m, pyr-
(0. g : : : rolyl-H), 6.37—6.50 (2H, m, pyrrolyl-
H)a)
2.20—2.38 (1H, br, OH), 5.79 (1H, s,
154 Oil135 coH.o. 76.10 6.01 ogs  CH), 5.90—6.08 (2H, m, furyl-H), 6.25
(0.01 mmHg) GO (76135 5.82) —6.40 (2H, furyl-Hj, 7.33—7.47 (2H,

m, furyl-H)»

a) In CDCl, solution.

6) In CCl, solution.

¢) In DMSO-d, solution.
d) In acetone-dq solution.
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gave 1.2 g (15%) of 2-[bis(N-methyl-2-pyrrolyl)methyl]phenethyl -alcohol (15b), which was purified by distil-
lation, :

Method C: A mixture of 1 (5 g), furan (5.7 g), and BF,:Et,0 (0.5 ml) was heated for 10 h at 40°C in
a sealed tube, poured into ice-water, and extracted with AcOEt. The AcOEt layer was washed with 5%,
KHCOj; and H,0 and dried over MgSO,, then the solvent was evaporated off. - The residue was chromato-
graphed on a column of silica gel with petr. ether-AcOEt (2: 1). The first eluate gave 0.6 g (11%) of 1-(2-
furyl)isochroman (14d) as a viscous oil, bp 115—120°C (0.1 mmHg). The second eluate gave 1.2 g (15%) of
2-[di(2-furyl)methyl]phenethyl alcohol (15d) as a viscous oil, bp 135°C (0.01 mmHg).

Physicochemical properties and spectral data of 14 and 15 are shown in Table VI.

13C-NMR spectral data for 7b, 8a, 8e, 9a, 9e, 14c, and 15a are as follows.

5 4. 3
6@9/\CHECHE OH
. A
= éH—mf’
H

NH
9e ' 15a
Fig. 3 Fig. 5

7b: BC-NMR (CDCl,) 6: 28.27 (Cy), 55.27 (C;), 58.00 (C;), 79.97 (C,), 109.86 (C4'), 112.05 (Cq'), 118.12
(Cy), 121.40 (Cy), 135.77 (Cy'), 146.87 (C,"), 126.38, 126.93, 127.79, 128.85 (C;, Cq, C;, or Cq), 135.00, 135.77
(G or Cyy).

8a: IC-NMR (CDCly) d: 28.21 (Cy), 63.29 (C;), 79.22 (C;), 114.70 (C4’ and Cj’), 130.02 (C,’ and Cy'),
132.00 (C,"), 146.46 (C,), 125.74, 126.38, 127.02, 128.55 (C;, Cq, C; or Cg), 133.89, 137.92 (C, or Cyy).

8e: BC-NMR (CDCly) d: 28.27 (Cy), 55.27 (C;), 58.00 (Cj), 79.97 (C,), 109.86 (C"), 112.05 (C4), 118.12
(Cs"), 121.40 (C,)), 135.77 (C,’), 146.87 (C,’), 126.38, 126.93, 127.79, 128.85 (C;, C,, C,, or Cy), 135.00, 135.77
(Cs or Cyy).

9a: 3C-NMR (CDCl;) é: 28.28, 28.89 (C, or C,”), 58.26 (C;”"), 63.26 (C;), 79.20 (C,”), 80.31 (C,), 113.79
(Ce" and Cy’), 130.14 (C;’ and Cy), 132.78 (C,"), 145.68 (C,’), 125.83, 126.47, 126.47, 126.77, 127.16, 127.94,
128.64, 128.91 (C;, Cy”, Cq, Co”y C;, C;7, Cg, or Cy”), 134.06, 134.98, 135.50, 137.87 (Cq, Cy”, Cyp, 0r Cyo”).

9e: I13C-NMR (CDCl,) 6: 28.28, 28.87 (C4 or C,"), 55.37 (C;"), 58.01, 63.43 (C, or C,"), 79.70, 79.87 (C, or
"), 110.31 (Cg), 111.15 (C4), 111.28 (C;), 128.61 (C,), 135.64 (Cy), 146.93 (C,), 122.32, 125.77, 126.47,
126.91, 127.16, 127.83, 128.36, 128.83 (C;, Cy”, Cq, Cy”, C;, C;”, Cs, or C4”), 132.03, 133.95, 134.95, 137.84 (C,,
Cy”, Cyo, Or Cyp”).

l4c: BC-NMR (CDCIl;) 6: 27.56 (C,), 59.93 (C;), 81.03(C,), 118.85 (C;"), 126.64, 127.06, 128.92, 129.09,
129.34 (C/, Cs, C4, C;, or Cy), 130.95, 134.65 (C, or Cy4), 137.46 (C,)).
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15a: 13C-NMR (acetone-dg) &: 37.28 (C,), 41.29 (C,), 64.28 (Cy), 108.25, 108.72 (C4’ or C,’), 118.26 (Cy’),
127.49, 127.71, 130.13, 181.30 (Cs, Cq, C,, or Cq), 134.66 (C,), 138.69, 143.31 (C, or Cy).
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