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The chiral vicinal diol was protected as 6-methylene-1,4-dioxepane to construct a cyclopentene ring by
the C—H insertion of alkylidene carbene. The removal of the protecting group was achieved in a few steps,
affording the corresponding diol in a reasonable yield. Using these reactions, the known synthetic inter-
mediate for (+)-trehazolin was synthesized from p-diethyl tartrate. In addition, a short route to the inter-
mediate from a p-mannitol derivative was described.

© 2019 Elsevier Ltd. All rights reserved.

The C—H insertion of alkylidene carbene, which is one of the
direct C—H bond functionalization methods [1], is beneficial for
the construction of a cyclopentene ring. Since the report of the gen-
eration of alkylidene carbenes using lithiotrimethylsilyldia-
zomethane and ketones by our group [2], this reaction has been
used as a key reaction for natural product synthesis [2,3,4]. In a ser-
ies of studies, an antitumor agent (—)-neplanocin A containing the
cis-dihydroxycyclopentene ring was synthesized via cyclopentene
1 which was obtained by the C—H insertion of alkylidene carbene
from ketone 2 (Fig. 1) [2i,5].

On the other hand, the reaction between lithiotrimethylsilyldia-
zomethane and chiral epoxide 3 afforded cyclopentene 4, which
served as the precursor for trans-dihydroxycyclopentene derivative
5. In turn, 5 was transformed into a known intermediate 6 for the
glycosidase inhibitor (+)-trehazolin (Fig. 2) [2c,6]. This strategy
was selected to prevent the formation of a stable oxonium ylide,
which occurred when the dihydroxyl group was protected as a
non-cyclic bis ether. The formation of the oxonium ylide often
prevented smooth C—H insertion, although the equilibrium
between the carbene and the ylide was possible [2¢,7].

In this study, the direct protection of a potential trans-vicinal
diol as a cyclic ether was attempted. After unsuccessful results
were obtained with known protecting groups for the trans-vicinal
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diol [8], it was found that reaction of 1,4-dioxepane derivative 7
and lithiotrimethylsilyldiazomethane afforded cyclopentene 8a
and its epimer 8b in a combined yield of 69%. Cyclopentene 8a
could be converted into the synthetic intermediate 6. As the stere-
oselective reduction of ketone 9 was possible, cyclopentene 8a was
synthesized in much shorter way from the p-mannitol derivative
via ketone 10 and cyclopentene 11 (Fig. 2).

Ketone 7 was prepared from p-diethyl tartrate (12) (Scheme 1).
The protection of the vicinal diol of 12 as an acetonide, followed by
the reduction of esters by lithium borohydride [9] afforded diol 13.
The hydroxyl groups of 13 were protected as a bis p-methoxyben-
zyl (PMB) ether, and the acetonide was removed using acidic
methanol to yield diol 14. This reaction incompletely ended; hence,
the starting material was recovered and re-used. Compound 14
was subjected to the reaction with sodium hydride and 3-chloro-
2-chloromethyl-1-propene  affording 2-methylene-1,3-propyl
ether 15. The partial deprotection of PMB ethers using one equiv-
alent of DDQ afforded mono alcohol 16. Alcohol 16 was trans-
formed to diol 17 by the oxidation of 16, reaction with
ethoxyethoxymethyllithium [10] and acidic treatment of the prod-
uct. The protection of the primary alcohol of 17 as TBS ether and
IBX oxidation of the secondary alcohol afforded ketone 7. The
alkylidene carbene generated from 7 underwent C—H insertion,
affording 8a and 8b in 36% and 33% yield, respectively [11].
The stereochemistry of 8a and 8b was determined by an NOE
experiment [12].
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Fig. 1. Reagents and conditions: (a) TMSCLiN,, THF, 55-65%.
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Fig. 2. Reagents and conditions: (a) TMSCLiN,, THF or DME, 49%-69%; (b) allyl
alcohol, p-TsOH, 69%.
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Scheme 1. Reagents and conditions: (a) DMP, p-TsOH, CH,Cl,, 40 °C, 17 h, 90%; (b)
NaBHy, LiCl, THF-EtOH, rt, 14 h, 92%; (c) PMBCI, NaH, TBAI, DMF, rt, 3 h, 93%; (d)
MeOH, p-TsOH, rt, 5 h, 46% (37% of SM); (e) 3-chloro-2-chloromethyl-1-propene,
NaH, DMF, 60 °C, 3 h, 72%; (f) DDQ, CH,Cl,-H,0, rt, 2 h, 40% (50% of SM); (g) IBX,
DMSO, 50 °C, 1 h, 70%; (h) Bu3SnCH,OEE, BuLi, THF, —78 °C, 20 min, 75%; (i) MeOH,
PPTS, 0 °C, 23 h, 76%; (j) TBSCI, imidazole, DMF, rt, 0.5 h, 88%; (k) IBX, DMSO, 50 °C,
2 h, 73%; (1) TMSCHN,, BuLi, DME, —78 °C, 0.5 h to rt, 0.5 h, 36% of 8a, 33% of 8b.

The undesired isomer 8b was converted to ketone 9 and the
stereoselective reduction was attempted (Scheme 2). Luche reduc-
tion selectively gave the desired alcohol 18, which was converted
to 8a. It is noteworthy that lithium tri-sec-butylborohydride
showed reversed high stereoselectivity giving the other isomer 19.

The generation of the diol from 6-methylene-1,4-dioxepane
was investigated using 20 and 21 (Scheme 3). Various conditions
for the deprotection of allyl ether were not effective for these com-
pounds; however, RuHCI(CO)(PPhs)s [13] cleanly catalyzed the iso-
merization of double bond of 20 to 22. The acidic hydrolysis of 22,
followed by B-elimination from the resulting aldehyde afforded
diol 23. Using acid-sensitive substrate 21, diol 24 was cleanly
obtained by hydroboration-oxidation and IBX oxidation, followed
by the treatment of the resulting aldehyde 25 with potassium car-
bonate in methanol (B-elimination, Michael addition of methanol
to the o, B-unsaturated aldehyde, and pB-elimination of the
substrate).

With the deprotection procedure to the diol in hand, the formal
synthesis of (+)-trehazolin from 8a was focused (Scheme 4). The
deprotection of the TBS ether of 8a, Sharpless asymmetric epoxida-
tion, and MOM protection of the alcohol afforded cyclopentane 26.
The generation of the trans-diol via aldehyde 27 and MOM protec-
tion afforded the known synthetic intermediate 28, which was
convertible to 6 [2c,14].

The overall yield to 16 was improved by using allylic bis(tert-
butyl carbonate) 29 with a palladium catalyst in the first step
[15]. After this mild reaction, diester 30 was converted to mono
alcohol 16 in two steps (Scheme 5).

As the reduction of 9 was highly stereoselective, an alternative
short approach to 9 starting from the commercially available
p-mannitol derivative 31 was investigated (Scheme 6). After the
protection of the diol, acetonides of 32 were removed, and three
hydroxyl groups of the tetraol 33 were protected as tris-TBS ether
34. By-products 35 and 36 were combined and treated with acidic
ethanol, regenerating 33. The IBX oxidation of secondary alcohol of
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Scheme 2. Reagents and conditions: (a) DDQ, CH,Cl,-H,0, rt, 2 h, 31%; (b) IBX,
DMSO, 50 °C, 2 h, 26%; (c) PMBCI, NaH, TBAI, DMF, 0 °C, 2 h, 53%.
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Scheme 3. Reagents and conditions: (a) RuHCI(CO)(PPhs)s, THF, reflux, 24 h, 94%;
(b) AcOH-H,0, 70 °C, 48 h, 75%; (c) BH3-THF, rt, 1 h; 10% NaOH, 30% H,0,, rt, 1 h,
95%; IBX, DMSO, 50 °C, 1 h, 75%; (d) K,CO3, MeOH, 50 °C, 1 h, 94%.



S. Ohira et al./ Tetrahedron Letters 60 (2019) 151085 3

PMBO PMBO
ga 22C a,b /§j >: d,e /§j }CHO
MOMO— 26 MOMO
PMBO
fg ~__OMOM  Ref. 2¢c
. 6
O~ oMOM
MOMO
28

Scheme 4. Reagents and conditions: (a) TBAF, THF, rt, 5h, 92%; (b) L-diethyl
tartrate, TBHP, Ti(OiPr),, CH,Cl,, 0 °C, 19 h, 57%; (c) MOMCI, Nal, (iPr),NEt, DME, rt,
1 h, 90%; (d) 9-BBN, THF, rt, 1 h; 6M NaOH, 30% H,0,, rt, 1 h, 56%; (e) IBX, CH5CN,
70°C, 1h,; (f) MeOH, K;COs, rt, 2.5h, 83% in two steps; (g) MOMCI, (iPr),NEt,
CH,Cl, 1t, 2 h, 83%
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Scheme 5. Reagents and conditions: (a) Pd,(dba)s, dppb, THF, rt, 67 h, 75%; (b) LiCl,
NaBH,4, THF-EtOH, rt, 19 h, 91%; (c) PMBCI, NaH, TBAI, DMF, rt, 3 h, 60%
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Scheme 6. Reagents and conditions: (a) 3-chloro-2-chloromethyl-1-propene, NaH,
DMF, 60 °C, 2 h, 60%; (b) EtOH-1M HCI (10:1), 80 °C, 2 h; (c) TBSCI, imidazole, DMF,
rt, 1 h, 55% in two steps (>29% of 35 and 36); (d) IBX, pyridine, DMSO, 50 °C, 1 h,
97%; (e) TMSCHN,, BuLi, DME, -78 °C, 0.5 h, then rt, 0.5 h, 85% (combined); (f) KF,
18-crown-6-ether, DMF-H,0 (10:1), 80°C, 14 h, 73%; (g) Pb(OAc)4, THF, -20 °C,
1.5 h, 67%; (h) TBSCI, imidazole, DMF, rt, 2 h, 94%.

34 gave the ketone 10, which was treated with lithiotrimethylsilyl-
diazomethane to afford a mixture of 11 and 37 in a ratio of 4:1.
Compound 37 was obtained as the product from silyl-group

transfer of the cyclic oxonium ylide [2¢,5,7]. Both isomers were
separated by preparative thin-layer chromatography and
characterized [16]. Practically, a mixture of 11 and 37 was treated
with potassium fluoride in the presence of 18-crown-6-ether [17]
and silica-gel column chromatography of the products afforded
pure triol 38. Triol 38 was converted to ketone 9 by glycol fission
using lead tetra acetate, followed by the protection of the alcohol.
Ketone 9 was converted into 8a, and then into 6 (Scheme 2,
Scheme 4).

In conclusion, the vicinal diol protected as 6-methylene-1,4-
dioxepane was used to construct the cyclopentene ring which con-
tains trans-vicinal diol by the C—H insertion of alkylidene carbene.
The removal of the 3-methylene-1,3-propyl group was possible in
two ways. Since the number of cyclic protecting groups for trans-
vicinal diol is limited [8], our findings may provide another choice
of protecting group. Reversed high stereoselectivity in the reduc-
tion of carbonyl group adjacent to this protecting group is also
notable. Using these novel transformations, new formal routes to
(+)-trehazolin were established.
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