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Abstract — A reaction of 1-TMS-1,2-epoxyoctan-3-ol with NaDMSO-ds (Na"
CD;S(O)CD;), prepared in situ from DMSO-ds and NaH, afforded
non-1-ene-1,1-d>-3,4-diol. Both the anti and syn isomers showed similar reactivity
and the stereochemistry was preserved. a-Ethoxyethyl ether of the epoxy alcohol
was converted to the corresponding mono-ethoxyethyl ether of the 1-ene-3,4-diol.
Hydroboration and hydrogenation of the corresponding TBS ethers afforded
compounds with the "CH,CD,OH" and "CH,CD,H" groups, respectively.

Common deuterium sources for deuteration of organic compounds are deuterium oxide, deuterium gas, and
metal deuterides such as LiAlD4 and NaBD,,' and several types of reactions have been used for each
deuterium reagent.” Furthermore, new reactions using transition metal catalysts have been developed for
deuteration.” Herein, we introduce a reaction using (CD;3),SO (DMSO-dg), which is available at a
reasonable price.* Previously, a reaction of secondary TMS-epoxy (TMS: MesSi) alcohols with NaDMSO
(Na" MeS(O)CH,") was reported to afford 1-ene-3,4-diols via the epoxide ring opening followed by TMS
migration to the alkoxy oxygen and subsequent elimination of sulfenic acid,” and thus, deuterium
incorporation was expected with the anion derived from DMSO-ds and NaH. Herein, we report results of
this study and further conversions, which would be useful for synthesis of deuterated fattyacid metabolites.°
A DMSO-d; solution of NaDMSO-ds was prepared by mixing DMSO-dg (20 equiv) and NaH (7 equiv) as
described (70 °C, 1 h),” and a THF solution of epoxy alcohols 1a/s (a mixture of the anti (a) and syn (s)
isomers) in a 43:57 ratio® was added to the anion at room temperature (rt). The reaction was carried out at

rt for 3 h to afford diol 2a/s in 65% yield (Table 1, entry 1). The anti/syn ratio was almost same as that of

T This paper is dedicated to Professor Kiyoshi Tomioka on the occasion of his 70th birthday.
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Table 1. Reaction of TMS-substituted epoxy alcohols with NaDMSO-d5s

DMSO-dj (20 equiv) D OH H OH D OH

@) NaH (5 equiv)
TMS\[)\rCSHﬂ DMCSH11 + D/K/K(CSHH + H/K/KKCSHﬂ
OR THR. i, 3h OR OR OR
1a/s 2a/s 3a/s da/s
5a/s 6a/s 7a/s 8a/s
entry R substrate anti/syn diol yield anti/syn 2/3/4°
1 H la/s 43:57° 2a/s 65% 43:57° 96:2:2
2 H 1a 100:0 2a 75% 100:0 96:2:2
3 H 1s 0:100 2s 65% 0:100 96:2:2
4 EE 5a/s° mixture® 6a/s 66% mixture® 08:1:17

1 b d .
“ Determined by H NMR spectroscopy. a-Ethoxyethyl. “ Derived from 1a/s (ca. 1:1) and CHp=CHOEt. Ratio of 6/7/8.

la/s, indicating no difference in reactivity between the diastereomers. In accordance with the indication,
anti isomer 1a® was consumed completely in the same period of time (3 h) to afford anti diol 2a in 75%
yield (entry 2). Similarly, syn isomer 1s® afforded syn diol 2s (entry 3). A small signals detected in each
of the "H NMR spectra of 2a/s, 2a, and 2s at & 5.2-5.4 ppm were assigned as hydrogens of 3a/s and 4a/s
on the basis of the coupling pattern (dd with J = 1.2 Hz for the small doublet):” § 5.32 (dd, J = 17.2, 1.2
Hz) for 3a; 5.26 (dd, J = 10.3, 1.2 Hz) for 4a; 5.35 (dd, J = 17.2, 1.2 Hz) for 3s; 5.23 (dd, /= 10.8, 1.2
Hz) for 4s. Integration of the signals indicated 96% purity of 2a/s over 3a/s and 4a/s. Since deuteration
degree of DMSO-ds was >99.96%," a sequence of reactions shown in Scheme 1 is likely to be involved
for the production of 3a/s and 4a/s. Thus, the D-H exchange between NaDMSO-ds (9-ds) and the
hydroxyl group of la/s (OH) afforded CD3;S(O)CD,H (DMSO-ds) and alkoxide 10a/s, and a D-D
exchange with 9-ds should produce Na"™ CD;S(O)CDH™ (9-d,). Subsequently, reaction of 10a/s with 9-d,

produced 3a/s and 4a/s, whereas the reaction with D-full anion 9-ds afforded 2a/s.

o) 0 o]

! ! 90 '

CDy”~>CD,™ Na* CDy”~ CD,H CDg”~“CDH~ Na*
3 2 3 3

9-ds DMSO-ds 9-d,
+ + 9-d, H OH D OH

w=

OH O~ Na* 4a/s
3a/s
la/s 10a/s D OH
N\ 9-0s
D)\/Lf\
2a/s

Scheme 1. Plausible mechanism for the contamination of hydrogen atom
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Next, a-ethoxyethyl (EE) ether 5a/s® was subjected to the reaction to afford 6a/s, which was 98% pure
over 7a/s and 8a/s. The increased D proportion was consistent with the above hypothesis (Entry 4).

A simple epoxide 11, prepared by epoxidation of the corresponding olefin with m-CPBA in 71% yield,
underwent a similar reaction with NaDMSO-ds to afford 12 in 58% yield with 99% purity over 13 and 14.

DMSO-dg (20 equiv) D OH H OH D OH

0 NaH (5 equiv)
TMS >~ PPN R NG| RN
CeH; D CeHy D CeHy4 H CegH4
® THF, 1t, 2 h o e e
1 589% 12 13 14

12/13/14 =99:0.5:0.5

Scheme 2. Reaction of a TMS-epoxide with NaDMSO-ds

Transformations of 6a/s were summarized in Scheme 3. Silylation with TBSCI gave 15 in 83% yield.
Hydroboration with (Sia),BH at 0 °C for 60 min proceeded well and subsequent oxidation with H,O,
afforded alcohol 16 in 74% yield. On the other hand, hydrogenation of 15 gave 17 possessing the ethyl-d,

group in 92% yield.
D OH D OTBS . . OTBS
TBSCI, imidazole (Sia),BH, THF, 0 °C, 60 min D p
D)\)\(CSH‘H DMCsHﬂ HOX)\(CSH‘H
OEE CH2C|2 OEE then H202, NaOH ag. OEE
74%
6a/s 83% 15 16
. OTBS

H,, 10% Pd/C CDZH\)\(CSHﬁ
EtOAc, rt, 5 h OEE

92% 17
Scheme 3. Transformation of 6a/s. TBS: -BuMe,Si, Sia: Me,CHCH(Me)-

Epoxide 19, prepared as a diastereomeric mixture by epoxidation of allylic alcohol 18'° with m-CPBA,
was the next substrate of the reaction with NaDMSO-ds, which under similar conditions produced diol 20
in 69% yield (Scheme 4). A diastereomeric ratio of 20 was almost similar to that of epoxide 19, and the
result indicated no difference in reactivity between the anti and syn isomers. For further transformation,
diol 20 was converted to bis-TBS ether 21 and subjected to hydroboration with (Sia),BH, which was slow
at 0 °C, but proceeded at rt. After 60 min, completion of the reaction was confirmed by TLC and
oxidative work-up afforded alcohol 22 in 64% yield. Subsequent tosylation smoothly gave tosylate 23 in
87% yield. Products 22 and 23 are symmetrical hexyl alcohols possessing four hydroxyl groups, which
are properly differentiated, and thus would be versatile intermediates for further transformations to
deuterated dihydroxy and epoxy metabolites of polyunsaturated fatty acids.'' Hydrogenation of olefin 21
gave 24 with the ethyl-d, group quantitatively. The product would especially be useful for synthesis of
17,18-diol and 17,18-epoxy derivatives of -3 fatty acids such as linolenic acid, EPA, and DHA."
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DMSO'O’G D OH

m-CPBA, NaHCO
TMS\/Y\/OPMB ° TMSQO)\/VOPMB NaH D)\)\/\/OPMB
OH CHoClp, 40°C, 6 h OH THF, 1t, 2 h OH
83%
18 ’ 19 69% 20
anti/syn = 46:54 anti/syn = 49:51
D . .
TBSOTY, 2,6-lutidine QTBS (Sia),BH, THF. t, 60 min D D OTBS
x OPMB OPMB
D ~ RO
87% OTBS then H;0,, NaOH, 15 min OTBS
64%
2 TsCl, EtsN O 22, R=H
DMAP 23, R=Ts
87%
H,, 10% Pd/C oTBS
z " CD,H OPMB

96% 24
Scheme 4. Transformation of the TMS-epoxy alcohol 19 possessing the PMB-oxy group
m-CPBA: m-CIC¢H4CO3H, PMB: p-MeOCsH4CH,, DMAP: Me;NCsH4N

In summary, we established a new method for incorporation of deuterium using the reaction of
1-TMS-1,2-epoxy-3-alkanols with NaDMSO-ds."> Both anti and syn epoxy alcohols are available® and
the reaction proceeded without isomerization (Table 1). Hydroboration and hydrogenation were examined
as further transformations to afford compounds possessing "CH,CD,OH" and "CH,CD,H", respectively.
As reported previously,'* these diols and mono-EE protective form would be useful intermediates for
synthesis of biologically active diols and epoxides that are produced by cytochrome P450-catalyzed

oxidation of polyunsaturated fatty acids.

EXPERIMENTAL

Typical Procedure for the Epoxide Ring Opening. Synthesis of (3R*,45%)-Non-1-ene-1,1-d,-3,4-diol
(2a). A dispersion of NaH (60 wt% in mineral oil, 120 mg, 3.00 mmol) was washed with dry hexane to
remove the oil and added DMSO-d; (0.60 mL, 8.48 mmol). The mixture was stirred at 70-75 °C for 45
min and cooled to rt. To the solution was added anti epoxy alcohol 1a (91 mg, 0.421 mmol) in THF (2
mL). The mixture was stirred at rt for 3 h, cooled to 0 °C, diluted with saturated aqueous NH4Cl, and
extracted with EtOAc three times. The combined organic layers were dried over MgSO,4 and concentrated.
The residue was purified by chromatography on silica gel (hexane/EtOAc) to give diol 2a (50 mg, 75%):
liquid; R;0.37 (hexane/EtOAc 2:1); "H NMR (400 MHz, CDCl;) 6 0.89 (t,J= 6.8 Hz, 3 H), 1.22—1.56 (m,
8 H), 1.96 (br s, 1 H), 2.09 (br s, 1 H), 3.64-3.74 (m, 1 H), 4.07-4.14 (m, 1 H), 5.88-5.95 (m, 1 H); ’C—
APT NMR (75 MHz, CDCL) 8 14.1 (+), 22.6 (=), 25.6 (-), 31.8 (-), 32.0 (-), 74.2 (+), 76.0 (+), 117.0
(quint., J = 24 Hz) (-), 135.9 (+); HRMS (FAB") calcd for CoH;6D20,Na [(M+Na)'] 183.1330, found
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183.1333. The "°C and C—APT NMR spectra were identical with those reported for the non-deuterated

anti diol.'*
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