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La(OTf),-Catalyzed 7-Endo and 8-Endo Selective Cyclizations of Hydroxy Epoxides
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Abstract: Endo selective intramolecular cyclization has been achieved in 5, 6-epoxy-5-methoxymethyl-
1-heptanol and 6, 7-¢poxy-6-methoxymethyl-3-octen-1-ol systems by the chelation of La(OTf), between
the oxygen atoms of the epoxide and methoxymethyl groups, affording 3-hydroxyoxepane and 3-

hum;y_S%mmc tlpnvnhvpe whunlv © 1997 Elsevier Science Ltd. All 1 r-nhfc reserved.

The endo selective cyclization of hydroxy epoxide, which can generate a new hydroxyl group
stereospecifically on an ether ring, is the most attractive strategy for the straightforward synthesis of cis- and
trans-fused polycyclic ethers. ' Although many efficient methods which are capable of the 6-endo ring closure
of hydroxy epoxide rather than the usually favored 5-exo mode” have been developed until now,j only a few
general methods for the 7-endo selective cyclization™ and none for the 8-endo mode have been reported. We
recently developed a new method for 6-endo selective epoxide opening,4 which was based on the 1-position
selective activation in a 2-alkoxymethyl-1, 2-epoxide system by the chelation of Lewis acid between the oxygen
atoms of the epoxide and alkoxymethyl groups.” In this context, we have been interested in the possibility of
extension of our methodology to the 7-endo and 8-endo cyclization which provides a new entry to medium-sized
cyclic ethers. We describe here our results on a search for an effective Lewis acid on endo selective
cyclization in a 2-methoxymethyl-1, 2-epoxy-w-ol system (1; w=6 or 7) and the achievement of the 7-endo
and the first 8-endo selective cyclizations by our methodology using La(OTf); (Schemel).
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At first, trans- and cis-5, 6-epoxy-5-methoxymethylheptan-1-ols (4a and 4b) were treated with each of
the single-coordinating [camphor sulfonic acid (CSA) and BF;*OE)] and multi-coordinating Lewis acids
[TiCly, Sn(OTf),, Zn(OT),, and La(OTf)] in CH,Cl, under the conditions as shown in Table i. When CSA
was used, 6-exo cyclization predominated over 7-endo to produce oxanes 6a and 6b seiectively from 4a and
4b, respectively (entries 1 and 8). Similar 6-exo selection was also observed in the reactions of BF;+OEf,
(entries 2 and 9). Treatment of 4a with TiCl, gave only a chlorohydrin 7 in high yield (entry 3) In both the
cases of Sn(OTf), and Zn(OTf), 'navmg a less nuueopmuc ugdnu 4a and 4b gave the respec 5
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Table 1, Al R R r -
_— Lewis Acid _ _/hw\\ n-zu( l _/O‘f.._ I
wo’I IOH - Melr > il % OH
8) e + v
A . p—y R, )n MeO— ' r/\AOH
4a: Ry=H, Ry=Me 5a:R;zH, R=Me  6a: R;=H, R,=Me L 7 ]
4b: R,=Me, Ro=H 5b: Ri=Me, R,=H  6b: R,=Me, Rp=H
Conditions Cyclic ethers Recovery
Entry 4 . - : of
1 swic armid fen) 1Y Nan Tamn 2 Time Viald/oL £ . £3) YA
AACTVAD SGAGRA (VA4 i\ APy o AL L Aviy /O o .U u/ 70
1 4a CSAD(.1) 0 20 24h 90 Sa6a= 5:95 da= 0
2 BF;-OER® (1.1) 0 20 1h 61 3:97 0
3 TiCl,” (1.1) 0 -78 1h oP — 0
4 Sn(OTA)," (1.1) 0 20 1h 64 5:95 0
5 Zn(OTE),” (1.1) 0 20 3h 70 21: 79 0
6 La(OTR*9(1.1) 0 20 3 days 73 81: 19 21
7 La(OTf,> % (1.1) 3.3 20 3 days 74 92: 8 10
8 4b CSAY(O.1) 0 20 3h 82  Sb:6b=11: 89 4b= 0
9 BF;+0OE," (1.1) 0 20 1.5h 73 3: 97 0
10 Sn(OThH,Y (1.1) 0 20 lh 74 8: 92 0
11 Zn(OTh,Y (1.1) 0 20 2h 81 8: 92 0
12 LaOTH;*®(1.1) 0 25 5days 100 18: 82 0
13 La(OTf);>< (1.1) 3.3 25 5 days 46 86: 14 34

a) Estimated by GLC. b) The concentration of substrate was 80 mM. ¢) The concentration of substrate was S0 mM. d) The
concentration of substrate was 60 mM. e) La,0; was contained [molar ratio La,03:La(OTf)3=1:4]. f) 82% production of 7.

Table 2. OH R. R
LewisAcid  meo” ™Y Ho ~ R~
mogy( ) e we Y ey o)
R Lo Y ANt o
8a: R,=H, R,=Me 8a: R,=H, Ry=Me 10a: Ry=H, R,=Me 11
8b: Ry=Me, Ry=H 9b: R,=Me, Rp=H 10b: Ry=Me, Ro=H
Conditions Cyclic ethers Yield
Entry 8 e - - of
Lewis acid (¢q)  Solvent®  Temp./°C Time Yield/% 9:10Y 11/%
1 8a Za(OTD), (1.1 CH,Cl, 25  Sdays  trace 9a:10a=33: 66 25
2 La\UlI)3 (1.1) CH,CH,CN 55 3 days 2 63: 37 0
3 La(OThH); @ (1.1)  (CH,CI), 55 6 days 7 56: 44 8
4 8b Zn(OTfH,(1.0) CH,ClL 20 7 days 14 9b:10b= 7: 93 6
5 La(OTH,”(1.1) CH;CH,CN 60  6days 23 43: 57 7
6 La(OTH),? (1.1)  (CH,CD), 55  6days 10 47: 53 24
2) The concentration of substrate was 50 mM. b) Estimated by 300 MHz "H NMR. ¢) La,0; was contained [molar ratio
La,05:La(OTh),=1:4].
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Table 3. OH Ry R . _ )
!gm Lewis Acid Meg/‘h HO"\//—\ JL/"*\ lMe ’\r\/’\
ROSL“‘ Z -"L )+ MeO— *’Y\ 7+ 1)
7 R Sy R hp— ~ {

12a: Ry=H, Ry=Me 13a: Ry=H, Rp=Me 14a: Ry=H, Rp=Me 15
12b: Ry=Me, Hp=H i3b: Ry=Me, Ay=H 14b: R =Me, Ry=H
By 17 ——conditons __ Jyreeles Vit e
Lewis acid {eq) Soivent Temps/°C Time Yield/% 13:14% 15/% 12/%
1 12a CSA(Q.1) CH,CL,Y 25 1ldays 4 13a:l4a=44: 56 trace 12a=79
2 BF;+OEt, (1.1)  CH,CL® 5 17h 56 22: 78 8 0
3 Zn(OTf), (1.1)  CHCLY 20  3days 49 84: 16 1 0
4 La(OTH,;Y (1.1) CHCL) 25  6days 42 9%: 4 0 15
5 LaOTH;> (1.1) CHCL,Y 25 8days 3 91: 9 0 24
6  La(OTDP (1.1) CH,CND 25  7days 40 9%: 2 0 0
7 12b CSA (0.1) CH,CLY 25  5days 8 13b:14b=89: 11 4 12b=54
8 BF;+OEt, (1.1)  CH,CL® 5 6h 278 83: 17 8 0
9 Zn(OTf), (1.1)  CH,CLY 20 23h 12 50: 50 19 0
10 La(OT;® (1.1) CH,CL,Y? 25  8days 55 100: 0 O 0
11 LaOT™ (1.1)  (CHCD," 50 6days 56 9: 1 0 2
12 La©OTf;”(L1) CHCN® 25  8days 69 98: 2 0 0
13 La(OTD,” (1.1) CH,CND 45 3days 71 %8: 2 0 0

a) Estimated by 300 MHz and 400 MHz 'H-NMR. b) LayOs was contained [molar ratio La(OTf)3:L.a(OTf)3=1:4]. ¢c) H,0 (3.3 eq)
was contained. d) The concentration of substrate was 25 mM. e) The concentration of substrate was 4 mM. f) The concentration
of substrate was 50 mM. g) Fluoride 16 was also given (28%).

(entry 6, 5a:6a=81:19) in contrast to the 6-exo selective cyclization of 4b (entry 12, 5b:6b=18:82). The

addition of 3 eq of Hzﬂ 10 Lalﬂ'rf\g improv ved the 7-endo opening fcpg ide in both the cases of 42 and 4b
(52:62=92:%; entry 7 and 5h:6h=R86:14; try 13) 4'8 while the reaction rate in 4b slowed down.
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d the cyclization of frans- and cis-6,
several attempts, only Zn(OTf), and La(OTf)3 gave cychc ethers (9 and 10) along
with aldehyde 11 albeit in low yields under the conditions shown in Table 2. While 7“(()Tﬂn gave oxepane
predominantly (entries 1 a )
2,3,5,and 6).
Next, trans- and cis-6, 7-epoxy-6-methoxymethyl-3-octen-1-ols (12a and 12b) were investigated (Table
3). Treatment of 12 with CSA at 25 °C for several days produced only a small amount of cyclic ethers along
with the recovery of the majority of the starting epoxides. Surprisingly, 12b gave 8-endo cyclized ether
mainly under the conditions (13b:14b=89:11, entry 7), while 12a afforded a 44:56 mixture of 13a and 14a
(entry 1). The preferential production of the oxocene from 12b was also observed in the case of BF;+OEy)
under highly diluted conditions (13b:14b=83:17, entry 8), although the yield of cyclization was modest (27%)
with concomitant production of 16. On the other hand, the reaction of 12a under the same conditions gave a
mixture of 13a and 14a in moderate yield (56%) in the ratio of 22:78, respectively (entry 2). The use of
Sn(OTf), gave only complex by-products (data not shown), probably due to its strong Lewis acidity. When
Zn(OTf), was used, the 8-endo selective cyclization of 12a was observed to give an 84:16 mixture of 13a and

14a in 49% yield (entry 3). Even under the same conditions, 12b afforded cyclic ethers only in low yield and

and 8b, Table 2). After
i
1

ffected 8-endo cyclization comparably to the 7-exo mode (entries
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Fantad althaioabh menlancad saontinn timeae maadad far Annontenntinm AF tha atnetinag ematarmial 1 an~h ~fasa
CLICA WAL, uwu"l VIUREUU T0aL iUl LUHHU 1IIC0UCU 1w LUIUIIPUULD UL LI Slalu ls nawciial 11 Casil Lva,
s 4
(entries 11). The addition of H,O " lowered the activity of the catalyst and 8-endo selectivity (entry 5).
Aratnnitmile se a enlyvant wae alen 11eafuil in tha reastinn Af 1%0 and haichtened tha viald of tha Avaranas fram
SURIITLIC &3 @ SUaVEIIL was aisU Useids i wiC 1Caluin U1 144 aitG fCigniCnia il YiCiG U1 Ui UAWRCNTC 11U
1% {(entrine A and 17\ MHaating wae affartive far inrmace nf tha roartinn rate urithant radnstinn AfF the 2uAdna
240 \UHUILY U alil 14). BCanNg wab LiCluvey UL URITasC Ul uil TCACllOn IdiC WiulUul ICUUCHUN Ul Uil onGo
ealactivity (entrise 11 and 13)
SVIMAVILY \VAiMALD 21 waals 105

the hvdmyvl and enavide oronne of th eunhetrate in the norder of ) of 12 and 8 unfavorahle
the hvdroxyl and epoxide groups of the substrate in the order of 4 1 the cases of 12 and 8, unfavorable
side reactions, such as rearrangement of the epoxide moiety, led to the formation of enals (11 and 15) and

other undesirable products, and such formation increased as

success with La(OTf); might be attributed to not only its ablhty to chelate rigidly betwecn the oxygen atoms
of the epoxide and methoxymethyl groups but also its Lewis acidity which is adequate for the cyclization but
not so high as to induce such side reactions.

In summary, the use of La(OTf), achieved the 7-endo and 8-endo selective cyclizations of 4 and 12,
respectively. Even in the case of 8, La(OTf); rather than other Lewis acids increased the 8-endo cyclization.
Addition of H,O in the reactions of 4 raised the 7-endo selectivity. Further mechanistic studies and synthetic
applications of these reactions are now in progress in our laboratory.
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