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Abstract - In order to see the effects of non-bonding electrons in oxygen atoms on the cleavage of a bond
between N-1 of the benzotriazole moiety and the « -carbon atom bonded to N-1 by lithiuni (6a) and
sodium naphthalenides (6b). 2-[2-aryl-2-(benzotriazol-1-yl)ethyl]tetrahydro-2H-pyrans (4). and 2-[2-
aryl-2-(benzotriazal-1-yl)ethyl]-5-(methyl)tetrahydrofurans (5), and 1-(benzotriazol-1-y1)-1,2-diphenyle-
thane (7) were prepared. The reactions of 4 with 6a in THF at room temperature gave 2-(2-aryleth-
yvhitetrahydro-2H-pyrans (12) in 45 to 62 % yields along with benzotriazole and naphthalene. In addition,
2-(benzoylethyltetrahydro-2H-pyran (15 ) (12 %) was obtained only from the reaction of 2-[2-
(benzotriazol-1-y1)-2-(phenylethyljtetrahydro-2 H-pyran. Similarly, the reactions of § with 6a under the
same conditions afforded 2-(2-arylethyl)-5-(methyl)tetrahydrofurans (30) in 59 to 77 % yields along with
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the foregoing byproducts. Interestingly, the r
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that for the former, L1 participates in the formation of a six-membered cyclic intermediate so that

cleavage of «-C-N-1 bond is facilitated to give eventually 12 and 22, whereas for the latter. 6a
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abstracts a proton from «-C honded to N-1 to generate a carbanion 19, which extrudes a nimo
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molecule to generate a new phenyl carbanion 20. Protonation leading to mono immobenzom 21.
followed by hydrolysis gives 15. The formation of 24 can be explained based on the same mechanism as

for the latter reaction. @ 1999 Elsevier Science Ltd. All rights reserved.

Benzotriazole-mediated synthesis of organic compounds has been extensively studied over the last

decade. In particular, the benzotriazole moiety participating as a synthetic auxiliary is reported to be readily

removed in the earlier stages of the reactions by a heterolytic bond cleavage between «-C and N-1 of «-

substituted 1-(arylmethyl)benzotriazoles 1 to give benzotriazolate anion 2 and its counter onium ion 3 when the
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PII: S0040-4020(99)00120-9



4272 Y. H. Kang, K. Kim / Tetrahedron 55 (1999

compounds I have a heteroatom, i.e. N, O, §,* at @ -carbon bonded to N-1 of 1 (Scheme 1). On the other
hand. when there are no such heteroatoms at @ -carbon, removal of the benzotriazole moiety has been mamly
achieved by three methods. The first method involves the direct nucleophilic displacement of the
benzotriazole group by using arylamines,’ alkoxides,® alkanethiolates,” and Grignard reagents.* The second
method, which appears even more frequently in the literature, employs acid hydrolysis’ or Lewis acids, ™" " i.c.
acetic acid. p-toluenesulfonic acid, ZnBr., and TiCly/Li. A reductive cleavage™ "' of a bond between @ -C
and N-1 of the benzotriazole moiety by treatment with NaBH. or LiAlH. comprises a third method. There
have been other methods in which the benzotriazole moiety is spontaneously removed in the course of the
reactions. ' All of the foregoing methods have to meet a special structural requirement in use. which limits
their general applicability.

The fact that the benzotriazole moiety not only acts as a good leaving group but also takes up tour
electrons’ suggests that the benzotriazole group can be removed as 2 once its anion radical is formed
With this in mind, we have prepared 2-[2-a‘ylﬂ2-(benzomazcl—1—yl)eh.vl}lelrahvdro=2h='3yrans (4), and 2-
[2-arvi-2-( benzotriazol-l-yl}ethyl}-5-(methy1)tetrahydrofurans (5) and studied the rcactions of the compounds
4 and § with lithium {(6a) and sodium naphthalenides (6b) which have been utilized as single electron-transter
agents.”” The reason for choosmg compounds 4 and § as model compounds was that these compounds which

have a & oxygen would be expected to show different reactivities to 6 compared to the compound without
¢ oxygen atom such as 1-(benzotriazol-1-yl)-1,2-diphenylethane (7) owing to the presence of § oxveen

which might induce a strong interaction with metal ions.
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RESULTS AND DISCUSSION

(A) Synthesis
Compounds 4a (Ar = Ph), 4b (Ar = 4-FC.H,), 4¢ (Ar = 4-MeOC¢H,), and 4d (Ar = 4-tert-BuCiHy)
which have two chiral centers, were prepared by treatment of 1-(arylmethyl)benzotriazoles (8) with lithium

diisopropylamide (LDA) in THF at -78 °C, followed by addition of 2-(bromomethyl)tetrahydro-2//-pyran (1

mixture of n-hexane and EtOAc¢ (20 : 1) as an eluent. Diastereomers of 4¢ were separated by preparative thin
layer chromatography (PTLC). Quantities of the reactants and yields of 4 are summarized in Table 1 and the

spectroscopic (IR, 'H NMR, MS) and analytical data for 4 are presented in Table 2.
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Compounds S were prepared by a series of reactions starting from 8. Treatment of 8a with L.LDA (1.5
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mixture of n-hexane and EtOAc (5 : 1) as an eluent to give 9a (24%) and 9a' (23%).

Table 1. Quantities of reactants and yields of compounds 4

Compounds Ar mmol LDA Yield® (%) Mp® (°C)
mmol
4’ 4"
8a CeH- 4.06 6.09 4a (4a'/4a") 59 (28/31) 107-108 128-130
8b 4-FC.H. 2.24 3.36 4b (4b'/4b"") 32 (14/18) liquid 69-71
8¢ 4-MeOCH, 3.56 5.34 d¢ (4c'/ac’) 37(15/22) 77-78 04.95
8d 4-tert-BuCyH, 2.20 3.30 4d (4d'/4d'") 9(0/9) - 128129

*Isolated yields. The ratio of diastereomers of 4¢ in a mixture was determined by ‘H NMR spectroscopy. * Compounds 4a’ and

|| sl T

4a'" were recrystailized from MeQH and 4b"', 4¢', 4¢", and 4d" from n-hexane.
By similar treatment of 8b under the same conditions, diastereomers 9b (R; = 0.2, n-hexane : EtOAc =
31 1) and 9b' (Re = 0.15, n-hexane : EtOAc = 3 : 1) were isolated in 21 and 27% yields, respectively. The

structures of 9 were determined based on spectroscopic (IR, 'H NMR, MS) data and elemental analyses.
which are summarized in Table 3.
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Cyclization of 9 using dlphenyl diselenide and p-nitrobenzenesul fonyl peroxide (p-NBSP) i
5 1%

underwent a cyclization reaction to give a pair of diastereomers 10a (Ry= 0.5, n-hexane : EtOAc=10: 1) and
10a' (Rr = 0.4, n-hexane : EtOAc = 10 : 1) in 38 and 36% yields, respectively, whereas similar treatment of
9a' gave a mixture of stereoisomers 10a' and 10a'"" in 84% yield (cis : trans = 1 : 1) which was separated by
PTLC. Similarly, cyclization of 9b under the same conditions gave 10b (Rr = 0.5, n-hexane : EtQAc =10 1)
and 10b’ (R; = 0.4, n-hexane : EtOAc = 10 : 1) in 38% and 9% yields, respectively, whereas a mixture of
stereoisomers 10b" and 10b""' (cis : trans = 1 : 1) was isolated in 74% yield from the cyclization of 9b'.
Likewise, the mixture of cis-frans isomers was separated by PTLC. The absolute configurations of cach chiral

center are unknown. Since the diastereomers 9a and 9a' m e a nair of new diastercomers 10a and 10a'. and a
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PRSP Al By _L__--A_‘_\A-ir\‘u_,u‘_: LY PN e e _1_ R ~ P o 4 IS ] ~ e n LA e e
pair Ot 4iasi€reomicrs 1va ~ anda iva |, [capcb vely, the COMNgurations or a-carpon 1o iN-1 o1 1va and 1va’ are

the same. By the same token, those of 10a’ and 10a’"’ should be the same. The spectroscopic (IR, 'H NMR)
and analytical data for 10 are summarized in Table 4.

Table 3. IR, 'H NMR, MS, and analytical data of compounds 9

Comp- IR (neat) 'H NMR (CDCl;, 300 MHz) MS (ED) Molecular Analysis %
ounds cm’’ 8, ppm m/z Formula Caled Found
%a 3375, 2925, 1.59 - 221 (m, 5S4, CHC/LC= and CHO), 229 152 (21.6), CWHuNG €. 7424 7441
1489, 1448, (ddd, 1H,J= 143,107 33 Hz, IH of B{CCH:), 180 {100y, H.O6.89 . 6467
1272, 1158, 3.12 (ddd, H, J = 142, 119, 2.1 Hz, 1H of 194 (47.0), N. 13671388
913, 781, BtCCH,). 3.44 (brs. 1H, OH), 492 -5.03 (m, 2H, 252 (8.0),
744 =CH,). 5.72 - 5.85 (m, 1H, CH=), 6.27 (dd, 1H,J 278 (8.9),
= 11.8, 3.2 Hz, BtCH), 7.05 - 7.45 (m, 8H, ArH), 307 (M,
8.05 - 8.07 (m, IH, 1H at C-4 of Bt) 4.7 %)
9a’ 3365, 2925, 1.60 - 2.19 (m, 5H, CH,CH.C= and CHQO), 2.72 152 (9.9), CoHaN-O Co74.24 7409
1449, 1159, (ddd. 1H, J = 14.6, 9.3, 54 Hz, 1H of BtCCH,). 180 (100), H.6.89 o6.02
1077, 743, 2.89 (ddd, 1H, J = 14.0, 9.9, 3.0 Hz, 1H of 194 (51.5), N.136T 1309
700 BtCCH-), 3.52 (br s, 1H, OH), 5.01 (m, 2H, 252 (6.9).
=CH.), 5.72 - 5.81 (m, 1H, CH=), 6.07(dd, 1H, /= 278 (4.0),
9.9, 5.3 Hz, iH of BiCH), 7.25 - 743 (m, 8H, 307 (M
ArH), 8.01-8.03 (m, 1H, 1Hat C-4 of BY) 4.8 %)
9b 3376, 2912, 158 - 2,17 {m, SH, CH,CH.C= and CHQ), 225 151 (200}, CHuNFO C 70147022
1502, 1222, (ddd, IH, J = 143, 10.7, 3.3 Hz, 1H of BtCCH,), 198 (100), H. 6.20 0642
1082, 780, 3.09 (ddd, 1H. J = 142, 12.0, 2.2 Hz. 1H of 212 (42.5), No1291 1287
744, 624 BtCCH-), 3.40 (br s, |H, OH), 491 - 5.03 (m, 2H, 270 (6.0),
=CHs). 5.71 - 5.84 (m, 1H, CH=), 6.25 (dd, 1H, J 296 (7.7).
= 11.8, 3.2 Hz, BtCH), 6.97 - 7.44 (m, 7H, ArH), 325 (M,
8.05 - 8.08 (m, 1H, 1H at C-4 of Bt) 3.9 %)
9b' 3408, 3168, 1.62 - 2.19 (m, 5SH, CH.CH.C= and CHO), 2.68 170 (20.5), CuHxNJFO  C.70.14 7018
2944, 1411, (ddd, IH, J = 143, 9.9, 5.1 Hz, 1H of BtCCH-), 198 (100), L 620 613
1152, 1069, 290 (ddd, 1H, J = 13.7, 104, 2.9 Hz, 1H of 212 (48.3), N, 1291 1298
909, 730.  DBtCCH.), 3.54 (brs, 1H, Of), 4.95 - 5.06 (m, 2H, 270 (6.3),
576 =CHh), 571 - 5.83 {m, {H, CH=), 6.67 {dd, 18, J 256 ({(3.8),
= 10.2, 5.1 Hz, BICH), 6.96-746 {m, TH, ArH), 325 (M,
8.05-8.07 (m, 1H, IHat C-4 of Bt) 6.8 %)
Treatment of compounds 10a-a""" and 10b-b"" with Buws:SnH in the presence of a catalytic amount of

AIBN in benzene for 1.5 h at reflux gave exceilent yields of tetrahydrofuran derivatives 3a-h, respectively
Quantities of reactants and yields of 5a-h and diphenyl diselenide are summarized in Table 5 and the
spectroscopic (IR, 'H NMR) and analytical data are presented in Table 6.

The relative stereochemistry between C-2 and C-5 of the tetrahydrofuran moicty of 5 was determined
based on the reported 'H NMR spectral data of cis- and trans-2,5-disubstituted tetrahydrofurans 11a and 11b."
That is. the cis diastereomer 11a whose absolute configuration at the chiral centers is unknown exhibited a douhlet

at1.32 pnm assignable to methyl proton at C-5, whereas the corresponding proton signals of the srans
rr
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Table 5. Quantities of reactants and yiclds of compounds 5 and dipheny! diselenide
Compounds mmaol Bu:SnH AIBN Yield* (%) Mp® ()
mmol mmol 5 (PhSe): 5
10a 0.845 0.845 0.085 a 97 98 a liquid
10a 1.20 1.20 0.120 b 98 99 b 5334
10a" 0.216 0.216 0.022 ¢ 99 100 € 67-68
10a"" 0.199 0.199 0.020 d 98 99 d 36-87
10b 0.456 0.547 0.046 e 95 9% ¢ SO-3T
10b’ 0.583 0.700 0.058 f 90 8¥ f liguid
10b” 0.258 0.310 0.026 g 99 87 e 98-94
166 0.243 0.292 0.024 h 99 90 h figuid
“Isotated yields. ° Recrystallized from n-hexane |

diastereomer 11b appeared at 1.24 ppm. These 'H NMR spectral data indicate that the signals of the /runs
methyl protons at C-5 appear upfield compared to those of the cis methyl protons. In the meantime. the

w

doublet at 1.14 and 1.26 ppm, respectively, assignable to the methyl

AL iy 1%

protons at C-5 of the tetrahydrofur an moiety. Consequently, compounds Sa and 5b were assigned (o be truns
o Aractaranmanr roonasrtivaly Thig in tiirn aniagogacte that camnannde 1la and 1TNa! whinh ara mrasiiercec
AU O UtadtCi Cuiict ll.ale\.A./llVbl 1 111D 11l Lulll Ju Lol uial CULLIPUULIUD 1UVa dllu 1va , vwWiiivil aic FOULUIDUILD

/. Lll&CW!tC LUHIPUUHUb "L dllu
5d were assigned to be cis and trans diastereomers 1 the chemical shifts of the corresponding methyl
at 102" and 10a"" should he

cis and trans diastereomers, respectively. Interestingly, in the case of compounds 10, the ‘H NMR signals of

protons appearing at 1.26 and 1.22 ppm, respectively, which in turn suggests the

the two protons at C-2 and C-5 of the tetrahydrofuran moiety of cis diastereomers 10a' and 10a'" appeared
upfleld compared to those of the corresponding trans diastercomers 10a and 10a'"", respectively. A similar
tendency in the '"H NMR spectra of cis-isomers 10b' and 10b'" and zrans-isomers 10b and 10b™"" was also

observed.
1.32 ppm 1.24 ppm

6 6

11a 11b
o o Bl 0
G RPN G PN
i H \s 4 R Mal H A ) R
Bl e Bl b h—
— Ar=Ph,R= CH,SePh 10a 102" 102" 10a™
l_.; Ar=Ph, R= CHj, 5a 5b 5c 5d
— Ar = 4-FCgHy, R =CH;SePh  10b 10b’ 10b" 10b"
L» Ar= 4-FCgH, R= CHy Se 5t 59 5h

0
pcrs;stecl. uenching of the reaction mixture with water, followed by chromatography using a mixture of /-



4278

90°¢ 1/ 161N
1+°9 079 H
LEOL /9170407

80°T1 /16T N
1779/079 H
9COL/APL'0L ™D

60°¢l /161N
S€9/079H
L6'69/¥10L D

601 /1671 N
85°9/079 ‘H
10°0L/¥1°0L D
68°€1/49°€1 'N
66'9/689 ‘H
LY YL/ ¥TYL D

68°CT/LICIN
90°L /689 H
SSYLIYT YL C

88 ¢CI/L9C1'N
t0°L/689 H
VYL YTYL D

LI/ LYEL N
90°L /689 'H
CSPLIPTPL D
puno.{/poje.y

sIsA[puy

OAN"H"D

OF'N"H"D

O4'N"H®'D

OANTH'D

O'N'TH D

_nT—e_U

O'N'HD

OINHO D
e NULIO

FHOIRBITHAY

OO $- 10 H L THIT W) 078 - §O8 (W HL W) 7L - 8TL 00

CHS S0 FHETPPY 100 CHOMOO THE WO S - 80F (OMY T WY 98¢ - £4¢ (IO
JORL 2 QCG6 LEE o £ HLPPP) 2T CHOM IO HE ZH v's b6 0pL = £ HI PPP) vL T
(BULEO T T W) 01T - 0T T(BuN o 70 THT W 89 - g L CHD ZH T - £ HE P AT
QIO p=) 1R HILHT W) 8078 - $0°8 (/A "HEL W) 9y - 8T'L " (FI 0

ZHES 0L =/ HL "PP) €09 "CHOHDO HI W) 10y - 16 TOH) “HI W) L9°¢ - 85°¢ “CHINd
JOHTZH L€ 101 *0°CE = £ THL 'PPP) 06°T “CHINT JO HT ZH €6 °S'6 LSl =7 ‘H! PPP) 54T
(Bu Jo Py THT W) 07 - 1671 Bu O ) HT W) 14T - Lp 1 CHD ZH 19 = £ HE P) ST
OG0 p-D 18 HI "HI W) 60°8 - 908 (H1V "HL W) [$'L - 86'0 (. NE

ZH € STL =7 HI PP #1°9 "(CHOHDO ‘HI 1) 06°€ - 28°¢ (OMHD "HI W) $9°¢ - £5°¢ “(C(HOINE
JOHEZH 6T SIL THI =1 HI 'PPPY 1Z'C ‘FHODMI JO HI ‘ZH #'€ ‘6°6 "8'€1 = 7 ‘HI ‘PPP) 1L
(3un Jo TyyD “HE ‘W) 00°¢ - 68°1 (UL Jo D “HZ ‘W) €91 - €51 “(HD ZH 1°9 = 7 "HE P) 971
(g0 ¢-D18 HI "HT ‘W) 80'8 - 50°8 "4V “HL W) 1672 - 86'0 (DM

ZH ST = HE PP 019 ((FTHOADO “HI ‘W) €T - 60'F (OHD “HI ‘W) 78°€ - v2°¢ “CHOM
JOHI ZH 8°T°S'1L “THE =7 ‘HI ‘PPP) ¥1°¢ ‘CHIIE JO HI ‘ZH b€ ‘001 ‘0Pl = £ ‘HI ‘PPP) 622
"(unr jo iy *HZ W) L0°T - 66°1 “(SuLl JO T “HZ W) 09°1 - L€ (HD ZH 1°9 = [ ‘HE P ¥1°]
(g0 v-D 1 HI ‘HI ‘W) L0'8 - $0'S ‘(1Y 'HE W) €572 - 97°L (W 2H O°L ‘v 8 = £ 'HI

PP) 20’9 “(FHOHDO ‘HI ‘W) 61'F - 80'F (OHD ‘H1 W) 88°€ - 08°¢ “CHOE “HT W) §8°7 - 64T
(8l jo iy *HZ W) p1°7 - 207 (Sun Jo 2D ‘HT W) €471 - 1471 (HD ZH 19 = 7 HE P 7T L
(@0 =D 18 HI "HI W) L0°S - ¥0'8 (H21V “HS ‘W) Sb'L - 97 L (H

ZH 95 ‘86 = 'H1 ‘PP) $0'0 “(FHOHDO "HI1 ‘W) 0¥ - 06'¢ (OHD "HI ‘W) 69°€ - 09°¢ “((HOIMNG
J0 H1 ZH 6°€ “8'6 "9°C1 =/ 'HI 'PPP) 26T "(CHONE 3O HI ZH 9°S ‘T6 ‘O'Sl = ‘HI ‘PPP) 08T
(Bunt Jo T THT W) €0°T - $6°1 (BuL o Iy CHE W) 741 - St L C(CHD ZH 19 = £ HE P) 9T 1
(o -8 HI ‘HI W) 80°8 - SO'S (HIV ‘HS ‘W) €57 - 87T 'L (HNG

ZH Y S LL = 7 "H1 PP) 91'9 “CHOHDO ‘HI ‘W) 16°¢ - 187 (OHD HI W) 0L°¢ - 79°C "(HIME
JOHIZHOC WL T =7 "H1 PPP) £0°€ “CHOI JO HI ZH € 86 “6°C1 = £ ‘HI ‘PPP) 9¢°T
(Bun Jo S0 THT W) €61 - 6871 (Bun Jo Sy ) HT W) 791 - 0F 1 (HD ZH 19 = £ HE P) 9T 1
(gJ0 =018 HI "HI W) L0'8 - 0'8 (1Y "HE ‘W) €572 - £7°L (.0

TH OO = S THUTPP) TUO CHOHDO HT W) §1Up - 11y (O THI W) £8°€ - 64°¢ “CHI N
FOHUZH OT ST VT - £ THE'PPPY 91 ¢ 'CHOIE IO HI ZH ¢ 101 ‘0% = 7 'HI1 'PPP) £€°C
(BUR JO T THT W) L0 - 661 (3U Jo 37 THE W) 987 - 90 CH) ZH 19 < £OHE P B

tudd ‘¢

(ZHW 007 1)) AWN H,

§ spunodiuod Jo mep feanieur pur “YIAN § A1 9 J4e

L
801 1T “Tost
OS8T TTS6T 9s0Y

trL C6LL
0801 1ETL oSt
0687 ST 950t

trL ‘8601
1TTE ULEL Csevl
‘TOSt ‘8651 ‘TS6T

bl
‘T8OL “1TT1 Tyl
‘TOST ‘86S1 ‘0967
869 ‘ThL ‘0801
OCLL ‘Sypl ‘S8pl
‘9687 ‘TS6T ‘950€

779 T
6LLLLOT "€LET
TEY1 ‘0967 "950¢

869 ‘S¥L
L16°9801 “Crhl
9€8T  TE6T'9S0E

669  brL
L9011 COSEL CLivl
THYl TE6T ROy
,

(1eau) yi

Yy

Y

P&

%G

as

G

spunodwoy



=

hexane and FiOAc (100 : 1) gave 2-(2-phenyiethyl)tetrahydro-2H-pyran (i2a) (Ar = Ph) as a major product
along with benzotriazole (13), naphthalene (14), 2-(benzoylmethyl)tetrahydro-2H-pyran (15) (12 %). and
unknown mixtures (Scheme 3). Compound 15 was isolated only from the reaction of 4a. Similarly compounds
12b and 12¢ were obtained from the reactions of 4b and 4¢ under the same conditions, respectively. Quantities

of the reactants and yields of 12 and 13 are summarized in Table 7.

et TN L TN ~
L \ u
4+ 62 — 5 owew - LT Y) L1
THF ., 5 min ~o7 SN "NAr & o7 " ph
12 13 14 15
Scheme 3

Table 7. Quantities of reactants and yields of compounds 12 and 13

Compounds  Ar mmol 6a Yield® (%)
mmol 12 i3
4a Ph 0.865 1.62 a 62 438
4b 4- FCoHs 0.418 0.758 b 43 78
4¢ 4-MeOCH. 0.845 1.57 ¢ 53 S8

“Isolated yields.

The fomation of 12 may be understood by assuming a six-membered cyclic intermediatc 16, which is
formed by the interaction of Li” with the & oxygen and N-1 of the benzotriazole moiety. The intermediate
16 undergoes a bond reorganization to give a stable benzotriazolate ion 2 and a benzylic radical 17 (Scheme
4).

{ -.:’lv + } § O/\ '
4 + 6a —‘“/"-‘ \/\NV'L‘M } - !Ar”'\./\/‘lE T2
Lo | L
16 17
k 6a
l\v- 14
%’ -
I I

PN

[
=y
[ V]

18
Scheme 4

The radical 17 accepts one more electron to give a carbanion 18 . which protonates to give 12'* . The fomation of

rom ¢« -C bonded to N-1 to give a carbanion 19, which

CXIiru
b7

o

The formation of phenyl carbanions analogous to 20 from benzotriazole derivatives has already been prc»posed.Hi

ing, K. Kim / Tetrahedron 55 (1999) 42714286 4279
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4a + 6a —» 15 + CsHsNH2

IS
@)

P~ ™~ PH™ T T
20 21
Scheme 5

(C) The reactions of § with 6a
Trcatment of 5a-b, Se-f, a mixture of

S¢
arvlethyl)-5-(methyl)tetrahydrofurans (22a-h

drofurans (2 _) an {Scheme 6 eld h together with that of 13 are
e o
simmoarized in Tahlae 8 and the cnectraceonnic (1 1 Y and analutical data nf ?%a_h and ?d_a are
DU LT LICL B w N il 1 U AT EER S P A2 ilw ayvvuvuvv})lv \ll\, PN l‘&'ll\, LSV RAVY ull“l] Lival ULl Vi eaamis AU BT [C SR
presented in Table 9.
r.t
5 + 6a > L~ Ar + 13
THF, 5min )
22
Scheme 6
Table 8. Quantities of reactants and yields of compounds 22 and 13
Entry Compounds mmol 6a 6b Yield (")
mmol mmol 22 13
1 Sa 0.651 (0.826) 1.19 1.48 a 73(29) T8(7M
2 Sb 0.800 (0.898) 1.57 1.56 b 77 (44) 38 (68)
N - - 1 N NO"TY 00V LN 1 077 1 AOQ PR - | LA A Ty IO
=2 >C T U.J751({U.000) 1.0/ 1,40 cTu D4 {4D) cE L0}
4 Se 0.418 (0.479) 0.710 0.823 e 59(17) 04 (5%
3 3f 0.433(0.615) 0.747 1.04 f 61 (32) 94 (0%
6 8¢ + Sh 0.449 (0.956) 0.784 1.59 g+h 73(29) 04 (62)

*Isolated yields. Numbers in the parenthesis represent data related to the reactions with sodium naphthalentde (6b).

explained by the same mechanis
intermediate 16 (Scheme 4) .
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Table 9. IR, '"H NMR, and analytical data of compounds 22

Compounds IR (neat) 'H NMR (CDCl;, 300 MHz) Molecular Analysis "o
em 8, ppm Formula Caled Found
22a = 22d 1484, 1442, 1.29(d, 3H, /= 6.1 Hz, CH3), 1.45 - 1.66 (m, 2H, CH: of CiHixO C, 82.06 82.17
1367, 1081, ring), 1.73 - 2.02 (m, 2H, CH: of ring), 2.05 - 2.14 {m, 11.9.53-9.78
1060, 1024, 2H, ArCH,CH;), 2.65 - 2.86 (m, 2H, ArCH,), 403 - 4.23
741, 695 (m, 2H, CHO and OCHCHjy), 7.09 - 7.35 (m, SH, ArH)
22b =22¢ 1594, 1485, 134 (d. 3H, J = 6.1 Hz, CH,), 1.45 - 2.08 (m, 6H, 2CH- CiuHiO C,82.06 8222
1442, 1368, ofring and ArCH.CHa), 2.69 - 2.89 (m, 2H, ArCH:). 3.86 H.9.52 973

1078, 1026 - 4.06 (m. 2H, CHO and OCHCHs), 7.11 - 7.37 (m. SH,
742, 694  ATH)

22d=22h 1502, 1442, 1.25(d, 3H,J = 6.1 Hz, CHs), 1.45- 1,56 (m, 2H, CH-of ~ C.:HsFO  C.7497 7419
1371, 1216, ring), 1.66 - 1.94 (m, 21, C/: of ring), 2.02 - 2.10 (m, H.8.23. 8.10
1149, 1082, 2H, ArCH:CH,), 2.59 - 2.82 (m, 2H, ArCH), 3.97 - 4.19
1067, 1011, (m.2H. CHO and OCHCH,), 6.93 - 7.01 (m. 2H, ArH),

830. 747  7.14-7.19 (m. 2H. ArH)

i

-~ P s e an 73 YT 7 01 YT sy L Y o I LYY ATy ~ory e =4 ma oo
die =221 i595. 130G,  1.2Y(q, 3r, v = 0.1 1z, UH;3), 143 - ZUZ (m, O, ZUr» Uity L. /497 /3.84
1447 118 A s e A TLT LI ) &7 0091 fo LT AMITY 2 01 1977 9N
1455, 12300, UL 1L lg allu AILI12), £.2/ - £.01 (111, £00, AILIT2), 5.01 I, 0.4 SIS
12146 1077 - 4068 tm 2H CHO and O CHY 604 - 702 (m_ 2L
Le 1O, v/ SUU I, eds, wads anl Ada gy, U058 fWEa U, ey
830 742 Art), 7.14 - 7.20 (m, 2H, ArH)

In order to see the effects of metal ions which are conceived to be involved in making a six-membered
intermediate, compounds 5 were treated with sodium naphthalenide (6b) in the same manner as for the

1
V. i 1inacUiGe, iUl vy |8 1 ¥V alas i1 LQpiataGy eniage

reactions with 6a. The results are summarized in Table 8. Yields of 22 decreased remarkably but there were

PR R,

22 are envisaged to reflect the more

no significant differences in yields of 13. The differences in yields of
efficient interaction of Li” with unshared electrons on the oxygen atom of the tetrahydrofuran motety and on
the N-1 atom of the benzotriazole moiety in the intermediate than with Na',’” presumably due to the
predominant existence of solvent-separated ion pairs of 6a, whereas the contact ion pairs of 6b arc the
dominant species in THF. In the meantime, the reaction of 7 with 6a in THF under the same conditions as

for 4 gave deoxybenzoin (24) (41%) along with 13 (28%) and an unknown mixture (Scheme 7).

(YN\\N o
\/"\,\{ + 6a —>» m,/LK/Ph + 13 + 14 + unknown
Ph\/\ph

7 24

Scheme 7

The formation of 24 may be explained by the same mechanism as that for the formation of 15. On the
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8
f ) . reflux H \\__//

EN +  8b » N + 43+ 14
| THF, 25h =
7 PH H
i
Me 25 26
Scheme 8
The stereochemistrvy of 26 was identified by comnarine its meltine noint with the literature value' in
L iiw Wl UUUIIVIAAIU\AJ A A VY BT AN WERLVIAAWNE UJ Vvlllt}ullllb Ly JJIVI\-ALI& }Jvlll\' FYQLi: IV LIRwi ULl W A ST R A 1Ex
ndditiom tn ite enprtracrmnie dota Tn ardar ta aktnin 9 diractly frame 10 ammamerimd 104 oo frnoead £
aGaition 1o 1ls spectroscopic Gata. i Oraecr 10 go0tain 4« QiréCuy Irom iv, COmMpouna 1va  was treatea witn 6a

(1.2 equiv.) for 10 min at room temperature. However, the reaction yielded 10a'"* (10%) and 27 (14%) in
addition to 14 (89%), diphenyl diselenide (23%), and 13 (36%) (Scheme 9). Similar treatment with 6b gave
102" (15%), 27 (9%). 14 (85%), dipheny! diselenide (20%), and 13 (34%). The stercochemistry of 27 was

assigned based on that of 10a'""".

10a™ bafor®0), 44 + PhsesePh + H O~ + unk
» eSe n . Ph unknown
THF P~ Ty Se
rt. 10 min aw
L1

+ 10a + 13

The results suggest that 1.2 molar equivalents of 6a and 6b are insufficient quantities for removing both
the benzotriazole moiety and the benzeneselenyl group. Attempted nucleophilic displacement of the
benzotriazole moiety from 9c¢ using N,N-dimethylaniline (5 equiv.) under the same conditions as thosc
employed for the reaction of 1-[(4-N,N-dialkylaminophenyl)methyl]benzotriazole with N.N-dialkylanilines”
was not at all successful.

EXPERIMENTAL

tion contaimng

=

.

plates, Mass spectral data were obtained by electron impact a

umn chromatography was per

~
<
[¢]
<
@]
<

using silica gel (70-230 mesh, Merck). Thin layer chromatography was carried out on Merck chromatogram
sheets (Kiesel gel 60 Fssi). Chromatograms were visualized by using a mineral UV lamp. Melting points were
determined on a Fisher-Johns melting point apparatus and are uncorrected.

5(a), 10(b)

{-(Benzotriazol-1-y1)-1,2-diphenylethane (7) and 1-(arylmethyl)benzotriazoles (8)""" were

prepared according to the literature procedures:
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T /D aeicrmteinrad 1 N1 D Adeelicasstadbhnien MY, 1A7 1AQ O AL AMIT. TD (7N INT14 N1 1407 1 44"

L= DTHLZUUIAZUI- L - Y1) 1L, L-UIPHCHYACUIAIIC (7). 194/-140 U (VICUI ), 1IN (KI3T) U100, £ZY 12, 1483, 14947,
-~ e -~ Nnrrs o oOm ~y Tt 1 ™ N W eEY B IR o~ PR . - .
1208, 1152, 10606, 853, 741 cm™, "H NMR (80 MHz, CDCl;) 3.49 - 4.28 (m, 2H, CH-) -6.05 (m. 1H

3
ArCH), 7.05 - 7.58 (m, 13H, ArH), 7.96 - 8.08 (m, 1H, ArH). Anal. Calcd for CH,7Ns: C,
14.04. Found: C, 80.45; H, 5.80; N, 14.01.
1-(4-tert-Butylphenylmethyl)benzotriazole (8d): 119-120 °C (MeOH); IR (KBr) 2944, 1504, 1442, 1218, 1080,
835, 738, 717 cm™. '"H NMR (300 MHz, CDCL) 1.28 (s, 9H, 3CH)), 5.81 (s, 2H, CH,), 7.21 - 7.26 (m, 2H.
ArH), 7.30 - 7.44 (m, 5H, ArH), 8.05 - 8.08 (m, 1H, ArH). Anal. Calcd for C;;HoN:O: C, 76.95; H, 7.22: \.
15.84. Found: C, 76.86; H, 7.44; N, 15.81.
P

General Procedure for the Synthesis of 2-[2-Aryl-2-(benzotriazol-1-yl)ethyl]tetrahydro-2 H-pyrans (4).
3 s 0 Yoy | PROON PO 8 L,
LDA was added to a solution of 8 in THF (15 mL) at -78 °C, followed by addition of 2-

(bromomethyl)tetrahydro-2//-pyran. The mixture was stirred for 10 min and then the temperature was raised
to room temperature. The reaction mixture was quenched with water (50 mL), followed by extraction with
CH:Cl: (3 x 60 mL). The extracts were dried over MgSO.. Removal of the solvent in vucuo, followed by
chromatography on a silica gel (3 x 13 cm) using a mixture of n-hexane and EtOAc (20 : 1) gave
diastereomers 4' and 4", excluding 4c. Diastereomers 4¢' and 4c¢' were separated by preparative thin laver
chromatography. Consult Table | for quantities of reactants and yields of diastereomers 4' and 4", including
the melting point of 4, and Table 2 for the spectroscopic (IR, '"H NMR, MS) and analytical data for
diastereomers 4' and 4'".

es (Ba) (928 mg.
4.43 mmol) in THF (25 mL) at - olution immediately turned deep blue. 1,2-Epoxy-5-hexene (522
mg, 5.32 mmol)was immediately added to the colored solution. The mixture was stirred for 20 min. The
purple reaction mixture was quenched by adding water (50 mL), followed by extraction with CH,Cl, (3 x 80
mL). The reaction mixture was worked up as usual. Chromatography (3 x 7 cm) using a mixture of n-hexane
and EtOAc (10 : 1) gave unknown mixtures. Elution with the same solvent mixture (5 : 1) gave 1-
(benzotriazol-1-yl)-1-phenyl-6-hepten-3-ol (9a) (331 mg, 24%) and 9a' (319 mg, 23%). The melting point of
9a was 206-207 °C (n-hexane + EtOAc) and that of 9a' was 100-101 °C (n-hexane + EtQAc). Similarly

from the reaction mixture obtained from 1-(4-fluocrophenylmethyhbenzotriazole (8b) (2.52 g, 11.1 mmol).

i 188w ) B A 2 iavvasy

LDA (16.7 mmol), and 1,2-epoxy S-hexene (1.31 g, 13.3 mmol), were isolated diastereomers, 1-(benzotriacol-
i-

{-yl)-1-(4-fluorophenyl)-6-hexen-3-ol (9b) (746 mg, 21%) and 9b' (971 mg, 27%), and unreacied 8b (654 myg.
26%). The melting point of 9b was 96-98 °C (n-hexane) and that of 9b* was a liquid. Consult Table 3 for the

spectroscopic (IR, '"H NMR, MS) data for 9a, 9a', 9b, and 9b".
General Procedure for the Synthesis of  2-[2-Aryl-2-(benzotriazol-1-yl)ethyl]-5-
{phenylselenomethyl)tetrahydrofurans (10).
4-Nitrobenzenesulfonyl peroxide (4-NBSP) (0.73 - 0.93 mmol) was added to a solution of diphenyl
diselenide (0.73 - 0.93 mmol) in dried CH3CN (30 mL) at 0 °C. The mixture was stirred for 10 min. A solution
of compound 9 (1.4 - 1.8 mmol) in CH;CN (10 mL) was dropwise added to the above mixture. The color of

pound 9 (1.4 adde

2 he extracts were worked up as usual.

Chromatography (3 x 12 cm) using a mixture of »#-hexane and EtOAc (20 : 1) gave diphenyl diselemide.
1))

Elution with the same solvent mixture (10 : 1) gave unknown mixtures and diastercomer 10a. Diastereomer
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10a’ was eluted with the same solvent
chromatography (3 x 8 cm) using a mixture of n-hexane and EtOAc (10 : 1) gave diphenyi diseienide. Eiution
with the same solvent mixture (10 : 1) gave 10a" and 10a'""' in a mixture which were separated by PT1.C.
Similarly, diastereomers 10b and 10b', 10b'' and 10b'"" were obtained. The melting point of 10a" was 84-85
°C (n-hexane) and that of 10b""' was 79-80 °C (n-hexane). The other diastereomers prepared were liquids.
Consult Table 4 for the spectroscopic (IR, 'H NMR) and analytical data for each diastercomer.

General Procedure for the  Synthesis of  2-[2-Aryl-2-(benzotriazol-1-yl)ethyl]-5-

J' - . [
{0.456 - 1.78 mmol) in benzene (10 mL). The mixture was heated to 50 °C, followed by addition of Bu:SnH
i

1

{0.547 - 2.14 mmol), which was heated for 1.5 h at reflux. Removal of the solvent in vacuo, followed by
chromatography (2 x 13 cm) of the residue using n-hexane gave unreacted Bu;SnH. Elution with a mixture of
n-hexane and EtOAc (20 : 1) gave diphenyl diselenide. Elution with the same solvent mixture (5 : 1) gave §.
Consult Table 5 for quantities of reactants and yields of 5 and dipheny! diselenide, including the melting point
of 5, and Table 6 for the spectroscopic (IR, 'H NMR) and analytical data for 5.

Preparation of Lithium Naphthalenide (6a).

Compound 6a was prepared by treatment of naphthalene (14) (6.76 mmol) in THF (30 mL) with

!
granular lithium metal (10.9 mmol) in THF (30 mL) at room temperature. The color of the solution tumed
pale yellow in S min and then deep green in 15 min. After additional stirring for 40 min, the reaction mixture

was quenched with water to determine the concentration of 6a formed. Chromatography of the reaction
mixture gave 14 (82%) and 1,4-dihydronaphthalene (17%), which in turn suggested the concentration of 6a 10
be 0.038 M.

General Procedure for the Reactions of 4 with 6a.

Compound 6a (0.038 M, 15-34 mL) in THF was dropwise added to a solution of 4 (0.4-0.9 mmol) in
THF (8 mL) by using a hypodermic syringe. The mixture was stirred for 5 min and then quenched by addition

of water (50 mL). The reaction mixture was extracted with CH-Cl; (3 X 50 mL). The extracts were dried

over MgSQ. and worked up as usual. Chromatography (2 X 13 cm) of the reaction mixture using n-hexane

gave 14. Elution with mixture of n-hexane and EtOAc (100 : 1) gave 2-(2-aryiethyi)tetrahydro-2H-pyrans (12).

2-(Benzoylmethyl)tetrahydro-2H-pyran (15) formed in the reaction of 2-[2-phenylethyl-2-(benzotriazol-1-

yhethyl]tetrahydro-2H-pyran (4a) was eluted by using a mixture of n-hexane and EtOAc (30 : 1) after 2-(2-

phenylethyl)tetrahydro-2H-pyran (12a) was eluted. The structures of 12a™ and 15" were identified by

comparing their spectroscopic data with the literature values. Consult Table 7 for quantities of reactants and
ields of 12 and benzotriazole (13).

v
2-12-(4-Fluorophenethylyltetrahydro-2H-p 2b) : liquid; IR (neat) 2928, 2832, 1501, 1440, 1216, 1082,

an (1

CDCI3) 1.25 - 1.87 (m, 8H, 3CH, of rin ArCH.CH-), 2.539
}I—Y J =
1601 (8 4), 190 (3.1), 208 (M7, 39.0%). Anal. Caicd for C;sH,-FO: C, 74.97; H, 8.23. Found: C, 74.71, H. 8§.11.
2-[2-(4-Anisylethyl)]tetrahydro-2 H-pyran (12¢) : liquid; IR (neat) 2920, 2830, 1507, 1448, 1371, 1239, 1172,
1085, 877, 812cm™; 'H NMR (300 MHz, CDCl3) 1.27 - 1.88 (m, 8H, 3CH, of ring and ArCH.CH>), 2.58 -
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9.15. Found: C, 76.54; H, 9.29.
General Procedure for the Reactions of 5 with 6a.
The procedure is the same as that described for the reactions of 4 with 6a. Consult Table 8 for quantities
of reactants and yields of 2-(2-arylethyl)-5-(methyl)tetrahydrofurans (22) and 13, and Table 9 for the
spectroscopic (IR, '"H NMR) and analytical data for 22.
Reaction of 1-(Benzotriazol-1-yl)-1.2-diphenylethane (7

The same procedure as described for the reaction of 4 with 6a was applied. Elution with a mixture of »-
hexane and EtOAc (100 : 1) gave deoxybenzoin (24) (60 mg, 41%)** and unknown mixtures. Treatment of the
aqueous layer with concentrated HCI, followed by extraction with CH,Cl, gave 13 (25 mg, 28%).

Reaction of [2-(Benzotriazol-1-yl)-2-phenyl-1-(4-tolyl)jethyl Allyl Ether (25) with Sodium
Naphthalenide (6b).

To a solution of 25 (213 mg, 0.577 mmol) in THF (8 mL) was dropwise added 6b (0.960 mmol, 35 mL),
prepared in situ by treatment of Na (251 mg, 10.9 mmol) with naphthalene (866 mg, 6.76 mmol) in THF (35
mL.), by using a hypodermic syringe. The mixture was heated for 2 h at reflux and quenched by addition of
water (50 mL). The mixture was extracted with CH.Cl: (3 x 80 mL) and the extracts were worked up as usual.

u LN, il

with a mixture of n-hexane and EtOAc (5 : 1) gave a mixture of 14 and trans-1-phenyl-2-(4-tolyl)ethene (26).
which was washed with MeOH to give 26 (80 mg, 71%). The melting point of 26 was 1153-116 "C (McOH)
(hit.,”" 119 °C). According to the method described above for the reaction of 7 with 6a, compound 13 (69 mg.
100%) was isolated from the aqueous layer.

Reaction of 10a""' with 6a.

Compound 6a (0.187 mmol) was dropwise added to a solution of 10a'"" (75 mg, 0.162 mmol) in THF (8
mL) by using a hypodermic syringe. The mixture was stirred for 10 min at room temperature and then

quenched by addition of water (50 mL). The mixture was worked up as usual. Chromatography (2 x 14 cm) of

was isolated from the aqueous layer.

Compound 27 : liquid; IR (neat) 3024, 2912, 1472, 1248, 1046, 739, 688 cm; 'H NMR (300 MHz, CDCl:)
1.61 - 2.07 (m, 4H, 2CH; of ring), 2.64 - 2.84 (m, 2H, ArCH,CH,), 3.00 (dd, 1H, J = 12.0, 7.5 Hz. IH of
CI1-Se), 3.20 (dd, 1H, J = 12.1, 5.3 Hz, 1H of CH,Se), 3.78 - 4.29 (m, 4H, ArCH, + CHO + CHCH.Se), 7.12 -
7.33 (m, 8H, ArH), 7.55 - 7.58 (m, 2H, ArH); MS (m/z) 91 (100), 105 (9.3), 131 (15.0), 157 (32.9). 175 (17.2}.
189 (3.2), 345 (M7, 2.3%), 346 (M" + 1, 20.2), 347 (M" + 2, 4.3), 348 (M" + 3, 4.0). Anal. Calcd tor
C.sH1:08Se: C, 66.08; H, 6.42. Found: C, 65.98; H, 6.23.
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