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nes can catalyze the reaatiboarbon dioxide and epoxides under 1
rdinary pressure and ambienpedeature, and the corresponding five-

membered cyclic carbonates were obtained in highlyi The reaction of epoxide with car
disulfide was also examined under the same comditiDetailed investigation showed that
catalytic activity was highlaffected by the counter anions of the amidine stitsiodides wel

both of the reaction of xdde with carbon dioxide and carbon disulf
chloride and fluoride courdspexhibited almost no catalysis.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The increasing concentration of carbon dioxide {Ci@ the
atmosphere is partly responsible for the climatenges, while
CO, is also regarded as a cheap, green C1 resb@€k.is an
environmentally friendly chemical reagent and igpessally
useful as a phosgene substitut®ne of the most important
processes is incorporation of €@to epoxides to give five-
membered cyclic carbonat&sshich are widely used as chemical
feedstocks for polycarbonate derivatiesprotic polar solvents,
electrolytes, and lithium ion batteries. Additionally,
polyaddition of bifunctional cyclic carbonates ame-diamines
gives poly(hydroxyurethane)s, which have recentlyraated
much attentiorf. For example, poly(hydroxyurethane)s can be
crosslinked by utilizing their hydroxyl functionaés to give
networked polymer3.Judicious choice of the crosslinkers can
adjust the polarity of the networked polymers, legdio control
over the affinity of the networked polymers towardveats with
different polarities. A wide range of Gdncorporation catalysts
for the synthesis of cyclic carbonates have beeveldped,
including alkali metal salt¥ onium salts! metal complexe¥,
ionic liquids® and so on. However, most of these catalytic
systems require high pressure and/or high temperatar
achieving high efficiency with the exception of selexpensive
metal catalysts.

OCorresponding author. Tel.:

We have previously reported that the LiBr-catalyredction
of CGO, and epoxides is highly accelerated in the presefdé
methyltetrahydropyrimidine (MTHP) as a g®@arrier, and the
corresponding cyclic carbonates are obtained inaraid to high
yields under mild conditions (1 atm, r.t. to 45 *EHowever,
this system requires large amounts of LiBr as weIMEHP for
obtaining the carbonates in reasonable yields. @eecourse of
our program to develop G&@apturing materials based on
amidines such as MTHP,we have found that hydroiodides of
amidines efficiently catalyze the cyclic carbonftaming
reactions from C@and epoxide&’ Herein, we report the full
details of the optimum structure of amidine saltschitatalyze
the reaction of epoxides with G@nder mild conditions such as
ordinary pressure and ambient temperature (Figyre The
reaction of epoxide with carbon disulfide (@Swas also
examined under the same conditions using the sataysts
(Scheme 1).
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Figure 1. Amidines and amines used in this study. gave much lower yields &a than that obtained by using tertiary
amidinium salt {asHI) as carbonate-forming catalyst (entries 1-
3). Quaternary ammonium saltsBu,Nel) had also less activity
than that of the tertiary amidinium salta¢Hl) (entry 4). The
oxonium cation was not suitable for the catalysthef synthesis
of carbonate, because the aqueous hydrogen iodigte go
cyclic carbonate (entry 5). The order of catalittivity was
tertiary amidinium iodide > quaternary amidiniunmgaonium)
iodide >> oxonium iodide, indicating that the pmoton the
amidinium nitrogen atoms played an important rote the
synthesis of carbonat84) under mild conditions.

Scheme 1. Synthesis of
dithiocarbonates.

cyclic carbonates and cyclic

Amidine salt S

(5 mol%)
Bulk or Solv. O/[< /(/[<S

25C R

O
/Q + CO,0r CS;,

R (1 atm)

2. Results and discussion

First, we investigated the effect of the anion migief the
salts of 1a (DBU: 1,8-diazabicyclo[5.4.0]lundec-7-ene) on the Table 2. Effect of cation moiety of catalyst for the syrdfse
carbonate formation from phenyl glycidyl eth@eand CQin  of cyclic carbonate under ambient conditiéns.

MeTHF (2-methytetrahydrofuran) at 1 atm and ambient R -
NS (R=H, Me, Bn
s+
N 0

temperature (Table 1). The salts 4B were synthesized
according to the literature procedut&slt has recently been
reported that the acetatéafHOAcC) catalyzes the reaction of

propylene oxide and CQunder relatively severe conditions such O (5 mol%o) o)
as 10 atm and 140 € However, neitheflasHOAc nor other F,h/O\/A +(1C§r%) MeTHE o \/I\/O
oxyanion salts ¥asHOCOCFK and 1asHOSOCF;) gave the 25<C, 24h Ph”
cyclic carbonate3a) at 1 atm and 25 °C for 24 h (entries 1-3). 23 - 32
The halide salts such as the fluorideHF) and the chloride E"Y Uy vield/ %
(1asHCI) also gave no product under the same condifjensies 1 leeHl 95

4 and 5). In contrast, the use of the bromitkeHBr) resulted in - N-Me-Lasl 33

an increased vyield of 33%, and the yield was renidyka 3 N-Bri-Leel 45

increased up to 95% when the iodideeHl) was used as the

catalyst (entries 6 and 7). The use I alone showed no 4 n-BuaNel® 37

catalytic activity (entry 8). It has been proposedt mechanism 5 H;O I Not detecte

of the cycloaddition reaction involves leaving dfet anion
moiety from a ring-opened intermediate formed bgleophilic
attack of the anion on the epoxiti@he catalysis is thus highly
affected by the leaving ability of the counter aninoiety of the
amidine salt. Therefore, the leaving of iodide anat the ring-
closure step is most likely to be the rate-detemmgirstep for the
reaction.

*Reaction conditions: 1 mmol &f, 0.05 mmol oflarHX, 0.2 mL of
MeTHF, 25 °C under 1 atm of G@or 24 h.

Determined byH NMR.
‘NMP (1-Methyl-2-pyrrolidinone) was used as solvent.
0.05 mmol of 55% aqueous hydroiodic acid.

Furthermore, we examined various hydroiodides dfiatgr
amidines and amined &) in the carbonate formation fro2a
and CQ in MeTHF at 1 atm and ambient temperature (Taple 3
For the amidinium iodides with bicyclic structurgéafHl and
1beHI), the yields of the carbonaa surpassed 90% (entries 1
and 2). The use of the monocyclic amidinium iodi¢lesHI and
1deHI) or linear amidinium iodidelesHI) resulted in moderate

Table 1.Effect of anion moiety of catalyst for the syntisesf
cyclic carbonate under ambient conditidns.

N
@9
N o
J(

O\/& + CO, LasHX (5 mol%) o 5 to high yields (entries 3-5). In contrast, the v$dydroiodides
Ph” (1 atm) MeTHF Ph/o\/l\/ obtained from moderately basic amingé&lfsHI) gave low yields
2a 25T, 24h 3a of 3a (entries 6-8), and yields were greatly decreaséainb8%
Entry Catalyst Yield/ % when hydroiodides obtained from weakly basic amirfaeH(
1 ToHOA 1 and 1jHI) were used as the catalyst (entries 9 and 18).aA
anbAc < result, it is indicated that the high basicity bé tamidine moiety
2 1a*HOCOCHK Not detecte is prerequisite for the efficient catalysis, ande tiDBU
3 1a*HOSOCF; Not detecte hyd_r(_)i(_)dide La=HI) was the be_st cat_alyst among the tertiary
4 1aeHE Not detecte amidinium and ammonium salts investigated héegj{HI).
5 1asHCI 4 Tab!e 3. Effect of structure of catalyst for the synthesfs
6 LaHBr 33 cyclic carbonate under ambient conditidns.
O
! Ll % \/8 LavjHI (5 molo) oA
8 la <1l /O + C02 0
®Reaction conditions: 1 mmol @, 0.05 mmol oflasHX, 0.2 mL of Ph (1 am) SA@T;th ph/o\/l\/
MeTHF, 25 °C under 1 atm of G@r 24 h. 2a ’ 3a
bDetermined byH NMR. Entry Catalyst Yield/ %
Next, we synthesized N-methyl- and N-benzyl-1,8- ! laeHl %
diazabicyclo[5.4.0]undec-7-en-8-ium iodid8-fle-1lasl and N- 2 1oeHI o1
Bn-lael) to study effects of the cation moiety on thebcmate 3 1cHI 87
formation at ordinary temperatures and pressuresshdsvn in 1deHI 76

Table 2, quaternary amidinium saltd-fle-1as| and N-Bn-1ael)




5 1eHl 76
6 1feHI 51
7 1geHI 29
8 1heHI 42
9 LieH! 9

10 1jeHI <1

*Reaction conditions: 1 mmol &k, 0.05 mmol ofla-j+HI, 0.2 mL of
MeTHF, 25 °C under 1 atm of G@or 24 h.

Determined byH NMR.

Next, the carbonate formation & with CO, was carried out
in various solvents usingjaeHI (Table 4). Cyclic carbonate34)
was obtained in high yields in non polar and modadyapolar
solvents such as hexane, toluene, tetrahydrofuf&tF), ethyl
acetate (EtOAc) and acetone (entries 1-5). In cdntegsotic
polar solvents such as 1-methyl-2-pyrrolidone (NMR)N-
dimethylacetamide (DMACc),N,N-dimethylformamide (DMF)
and dimethyl sulfoxide (DMSO) gave moderate to lowidge
(entries 6-9). Thus, the catalysis is more effitiamonpolar and
moderately polar solvents than in highly aprotidapasolvents.
These results can be explained by the polarityhef golvents,
which affects activation of the epoxide by catiomioiety of the
catalyst through hydrogen bonds.

Table 4. Effect of solvent for the synthesis of cyclic camlate
under ambient conditio

0O
. 0,

/o\/& . co, la-HI (5 mol%) 0,40

Ph (latm)  Org. solv. oA/
on 25, 24h Ph 2a

Entry Solvent (Q)° Yield/ %°
1 Hexane (0) 88
2 Toluene (0.1) 93
3 THF (20) 97
4 EtOAc (17.1) 95
5 Acetone (17) 87
6 NMP (27.3) 64
7 DMAc (27.8) 59
8 DMAc (27.8) 32
9 DMSO (29.8) 12

®Reaction conditions: 1 mmol &f, 0.05 mmol ofla=HI, 0.2 mL of solvent,

25 °C under 1 atm of CQor 24 h.
Pref. 17.
“Determined byH NMR.

The'H NMR spectrum of an equimolar mixture tdeH| and
2ain deuterated chloroform (CDglin the absence of GQvas
measured in order to observe the activation oefiexide by the
amidinium ion moiety of the catalyst through hydeagoonding
interaction (Figure 2). It was found that the NH probf lasHI
and one proton of the methylene 24 showed downfield shifts
from 9.57 to 9.59 and 4.22 to 4.24, respectivelyilavhnother
proton of the methylene &a gave an upfield shift from 3.97 to
3.96 (Supporting Information, Figure S1). Moreovéne H
NMR spectrum quickly changed in the absence of, @@d
showed a new set of signals at 3.40-3.52 and 3.9B-gpin

3

singlet due to their chemical exchange faster tharthe 'H
NMR time scale. On the other han2a does not form ring-
opened intermediate withasHI in highly polar aprotic solvent
such as DMSO, because ti& NMR spectrum oa with 1asHI

in DMSO-ds did not show peaks of ring-opened structure even
after 3 h (Supporting Information, Figure S2). Thissence of
the activation of the epoxide byesHI can be attributed to the
strong hydrogen accepting ability of DMSO, of whitie tdonor
number is 29.8” Then the carbonate formation 2& with CO,
was carried out usingaeHI in CDCl; and DMSO#d; at 1 atm and
ambient temperature. The reaction in DM8(ave much lower
yield of 3a (17%) than that obtained by using CBH@s$ reaction
solvent (70% vyield) (Supporting Information, Figug3). The
la=HI does not catalyze the reversible ring-openiractien of
3a with iodide anion, because tfhid NMR spectrum oBa with
laeHI in CDCl; did not show peaks of ring-opening products
even after 3 h (Supporting Information, Figure S4).

Figure 2. Partial'"H NMR spectra (400MHz, 25 °C) of a solution

PhO\/A Q E . Q/j

CDCb

fa-Hl  25°C,5min Pho\)1\/|
| CDCls 22 c'P
25°C,3h

)
?_./

(d)
2a \

E/

No peak—

ppm

10 g 8 7 6 5 ]
of 2a (55 pmol) withlasHI (55 pmol) in CDCJ (550 pL) 3 h (a)
and 5 min (b) after mixing, and CDQolutions ofla HI (c) and
2a(d).

A plausible mechanism for the catalytic synthesisavbonate
is shown in scheme 2. Initially, tertiary amidinedhgiodide such
as lesHI activates the epoxide through hydrogen bond®nTh
the ring-opened intermediate is formed by the rapmidic attack
of the halide anion on the activated epoxy groumg, subsequent
nucleophilic attack on CQOleads to the alkylcarbonate aniSn.
Finally, the ring-closure through the eliminatioh the halide
anion gives the cyclic carbonate. The counter arobnthe
catalysts is important factor of the catalytic @ity which was in

within 5 min, which were assignable to the methine andhe order of iodide > bromide > chloride > fluoriddis could be

methylene protons of the ring-opened intermed2aé Then,
after 3 h, the time-averaged signal of the actik@qms of2a’,
2a” and unreactedasH|l appeared ata. 6 ppm as a broad

accounted for by the nucleophilicity of halide argaat the ring-
opening step as well as the leaving ability at thg-closing step,
both in the order of I> Br > CI' > F.
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Table 5 shows the effect of temperature on the ceateo
formation of2a with 1-5 mol%lasHI in the temperature range
25-60 °C at 1 atm of COfor 24 h. Although the3a yield
decreased with decreasing catalyst loading from Bato 2.5
mol% at 25 °C in THF, the yield o3a increased when the
reaction temperature was raised from 25 to 45 °tBérpresence
of 2.5 mol%lasHI (entries 1-3). In the case of using 1 mol%
laeHI, the yield of 3a increased from 78% to 96% when the
reaction temperature was raised from 45 to 60 °@iésn4 and
5). By using toluene as reaction solvent, the efétemperature
was observed, as in the case of using THF (entriE3)6Under
the ambient conditions (25 °C, 1 atm £Qhe reaction progress
in the presence of 5 mol%asHI was monitored byH NMR
(Figure 3). The conversion &fa increased gradually with the
reaction time from the initial stage and nearly thié 2a was
converted to the corresponding cyclic carbonater &4 h.

DBUH" | - Nucleophilicity in
B i)( protic conditions
Q o} ©>Br >Cl >F
pho. A \_/ pho. A \

Catalyst T DBUH*
DBUH*eX™ PhO
(1aHX) iy
(@] +
0 )J\ ?B UH
o o O co,

PhO

pho P

Product yield
17(95%) > Br (33%) [ ]
> Cl™(4%) > F (0%)
Scheme 2.A plausible mechanism for cyclic amidine salt-
catalyzed synthesis of cyclic carbonates from aesand CQ

X<

Leaving ability
I >Br >Cl > F

Table 5. Effect of reaction temperature for the synthedis o
cyclic carbonate under 1 atm of ¢O

0
o - 0,
o \/& . co, 1asHI (1-5 mol%) OJ(o
Ph (1 atm) Org. solv. _0
on 25-60 C, 24 h P
Entry Solvent lasHl/mol %  Temp./°C Yield/ %
1 THF 5.0 25 97
2 THF 25 25 74
3 THF 25 45 96
4 THF 1.0 45 81
5 THF 1.0 60 96
6 Toluene 5.0 25 95
7 Toluene 25 25 78
8 Toluene 25 45 98
9 Toluene 1.0 45 75
10 Toluene 1.0 60 86

®Reaction conditions: 1 mmol &, 0.01-0.05 mmol otasHI, 0.2 mL of
solvent, 25-60 °C under 1 atm of €for 24 h.

Determined byH NMR.

Tetrahedron

100 -

a0

G0

Yield (%)

an

20 4

5 12 15 18 21 24
Reaction time (h)

Figure 3. Time-conversion plots for the carbonate formatidn

2a. Reaction conditions: 1 mmol @&, 0.05 mmol oflasHI, 0.2

mL of THF, 25 °C under 1 atm of GO

Furthermore, we examined the carbonate-forming i@acof
various epoxides withasHI at 25 °C (Table 6). The carbonate
(3a) was isolated almost quantitatively by simple ppéation
from water (entry 1). Epichlorohydrin2l) and glycidyl
methacrylate Zc) containing electron-withdrawing groups, and
other glycidyl ethers such asbutyl glycidyl ether 2d) and allyl
glycidyl ether ge), gave the corresponding carbonatéis-€) in
lower yields than that for the reaction2# at 25 °C (entries 1-5).
4-Phenyl-1,3-dioxolan-2-one3f) was obtained in a low yield,
which could be attributed to the low reactivity ofrsine oxide
(2f) due to steric hindrance around the epoxy grouirye6).
The aliphatic hydrocarbon-substituted epoxides suabk
propylene oxideZg) and 1,2-epoxyhexanel)) had much lower
reactivity than those of other epoxides (entriesad 8).
Although the vyields of aromatic- and hetero-funcéibn
carbonates 3b-f) increased when the reactions carried out
without solvent (entries 9-18), the hydrocarbon-titided
epoxides with low reactivity2g and2h) gave almost no cyclic
carbonate under the same conditions (entries 192apdwhen
2-propanol (IPA) was used as the solvent, the yief@y and3h
were remarkably increased (entries 21-24). The @rstilvent
such as IPA can activate the epoxides via hydroged$formed
between the hydroxy and epoxy groups, which were stigddy
the 'H NMR spectra o2g with IPA in CDC} (Figure 4)° On
the other hand, the reactivity 8 in IPA was slightly decreased
in comparison with that in THF (entry 25). The rewtyi of 2f
was more decreased in IPA compared to neat condifemtsy
26). These results could be explained in term$i@fsblvation of
the alkylcarbonate anion. Especially in the casbudky epoxide
such as2f, the reactivity of the ring-closing reaction is
diminished by IPA. Effect of protic solvents on thgnthesis of
cyclic carbonate was also described previolisshe carbonates
(3b-h) were isolated in high vyields after purification by
partitioning between ethyl acetate and water.

Table 6. Synthesis of various cyclic carbonates by using
lasHI under ambient conditiorfs.

6]
o) 1aHl (5 mol%) o4
/A + COZ o)
R (1 atm) Neat or Org. solv. R/K/
2a-h 25°C, 24-72 h 3ah
Entry 2 R Solvent Time/h  Yield/ %
1 2a PhOCH THF 24 97 (96)
2 2b CICH, THF 24 85
3 2c CH=C(Me)CQCH, THF 24 78



4 2d n-BuOCH, THF 24 67

5 2e CH,=CHCH,OCH, THF 24 64

6 2f Ph THF 24 38

7 29 Me THF 24

8 2h n-Bu THF 24

9 2b CICH, Nea 24 95

10 2b CICH;, Nea 36 >99 (979
11 2c CH=C(Me)CQCH, Nea 24 95

12 2c CH,=C(Me)CQCH, Nea 36 >99 (98)
13 2d n-BuOCH, Nea 24 86

14 2d n-BuOCH, Nea 48 99 (97
15 2e CH,=CHCH,OCH, Nea 24 82

16 2e CH,=CHCH,OCH, Nea 48 >99 (99)
17 2f Ph Nea 24 64

18 2f Ph Nea 72 >99 (99)
19 29 Me Nea 24 3

20 2h n-Bu Nea 24 2

21 29 Me IPA 24 77

22 29 Me IPA 48 96 (919
23 2h n-Bu IPA 24 63

24 2h n-Bu IPA 72 95 (92)
25 2a PhOCH IPA 24 92

26 2f Ph IPA 24 32

& Reaction conditions: 1 mmol @é-h, 0.05 mmol oflaeHI, 0.2 mL of
solvent or bulk, 25 °C under 1 atm of €0r 24-72 h.

PDetermined byH NMR.
¢ Isolated yields are in parentheses.
(a) c—> a'
0" HO 55 pmol
' 110 pymol 4<
a AR
\ LA l
® | oo~
. 55 ymol
» 55 ymol  /7\
.[ aﬂM‘ - . c L
© n,0 I'. a b
1 . ~b HO‘< 55 umol T™S
ap M b
ppm . . . i
1.5 1.0 0.5 0.0

Figure 4. Partial'H NMR spectra (400MHz, 25 °C) of solutions
of (c) 2-propanol (5%mol) in CDCE (550uL), (b) 2g (55 umol)
and 2-propanol (5%mol) in CDCE (550 uL), and (a)2g (110
pmol) and 2-propanol (5mol) in CDCk (550pL).

Finally, we investigated the reaction between epodeand
CS; in the presence of DBU saltég¢HX) to compare with the
carbonate formation dfa with CO, under mild conditions. The
direct incorporation of CSinto 2a gives five-membered cyclic

5

contrast, the use of the bromiddéa{HBr) resulted in an
increased yield of 61%, and the yield was remarkaidyeased
up to 89% when the iodideldHIl) was used as the catalyst
(entries 3 and 4). BotiasHI and lasHBr also gave a small
amount of trithiocarbonate5g) during formation of theta as
main product, and similar reactions of epoxides V@B have
been reported previousfy. The products 4a and 5a) were
separated by silica gel column chromatography usthgxane-
ethyl acetate (entry 4). As with the case of carlbef@ming
reaction, the counter anion of the catalysts isngportant factor
of the catalytic activity, which was in the order iodide >
bromide > chloride > fluoride. Furthermore, theiaziproton on
the amidinium nitrogen atoms of catalyst playedimportant
role because quaternary amidinium sillie-1asl) gave a much
lower yield of4a than that obtained by using tertiary amidinium
salt (LasHI) as dithiocarbonate-forming catalyst (entry %).
addition, the**C NMR signal of CSin CDCk (192.5 ppm) did
not change after addition dfasHI (Supporting Information,
Figure S5), suggesting thassHI does not directly activate GS
before ring opening a2a. Therefore, a plausible mechanism for
the catalytic synthesis of dithiocarbonate from @&d epoxide is
suggested to be similar to that of cyclic carbofiatming
reaction from C@and epoxide (scheme 2).

Table 7. Effect of anion moiety of catalyst for the syntisesf
cyclic dithiocarbonate under ambient conditiéns.

Catalyst (5 mol%) S S
o A ce o, s
Ph” THF o A BT o A
Ph Ph
25<C, 24 h
2a 4a ba

Yield/ %

Entry Catalyst
4a 5a

1 laHF 13 Not detecte

2 laHCI 34 Not detecte

3 lasHBr 61 2

4 laeHI 89 (88} 3 (3f

5 N-Me-lael 13 1

@ Reaction conditions: 1 mmol @i, 2 mmol of C$, 0.05 mmol ofLla*HX or
N-Me-l1ael, 0.2 mL of THF, 25 °C for 24 h.

Determined byH NMR.

¢ Isolated yields are in parentheses.
3. Conclusion

We have demonstrated that the hydroiodides of thiglines
catalyze effectively the reactions of various epdesi with CQ
and the corresponding five-membered cyclic cartbEmatre
obtained in high yields under mild conditions swh ordinary
pressure and ambient temperature. The catalytigitgds highly
affected by the counter anions of the amidiniumalyats; the
iodides catalyze efficiently the carbonate-formirggctions, in
contrast to the bromide, chloride and fluoride deyparts that
show low reactivity or almost no catalysis. The ckoaf the

dithiocarbonate 4a) which is possible to use as starting amine (including amidine) moiety is also importamtterms of

compound for the synthesis of rare-metal absoripiolymer?
Other dithiocarbonates can also give
functionalized polymers for the application of asilke curing
and modification of wool fibeT* The reaction of epoxides with
CS;, can be carried out at room temperature in theepies of 5
mol% of LiBr in THF?? 10 mol% of DMAP in HO,?* 10 mol%
of Et;N in MeNG,** and 5 mol% of Li¢Bu in neaf® As shown
in Table 7, the fluoridel@HF) and the chloridel@g*HCI) gave
cyclic dithiocarbonate4@) in low yields (entries 1 and 2). In

the following two factors. First, the proton on thenidinium

thiocarbamat@itrogen atoms played an important role in the tsgsis of

carbonate. Second, strongly basic amine moietiek as DBU
and DBN are more effective than moderately and web#kic
amine moieties such as triethylamine and pyridiBg. using
DBU hydroiodide as a catalyst, various epoxides wereverted
in excellent yields to the corresponding cyclicbhwarates. The
carbonates were isolated in high yields after singpigfication
by precipitation from water or partitioning betweehy acetate
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and water. Furthermore, DBU hydroiodide also catalyzedt.3.  Synthesis of  1.8-diazabicyclo[5.4.0lundec-7en
effectively the reaction of epoxide with €& well as with C&)  hydrofluoride (1asHF)

which provides the corresponding five-membered cycli . . .
dithiocarbonate under mild, ambient conditions. Wédieve that I/Io gHstlgrgd Ir_nlxture 3‘; DdBUf (1ﬁ527£i 10 n;gml) Inl adth;us
the above results obtained in this study would sasva basis for i € (t mp)‘f‘t’vastr? e to NA ( t'mgd t mmol) a :oom
creating more efficient and green catalysts for,Cé&hd C$% fgingjrﬁ UILZ' mix?trjre 3\/;')(83;(\)’::;5\/'{;&0 ?I'hre(:xr)(?sm: w:s
fixation reactions with epoxy-functional organic qooounds. extracted with acetone (10 mL x 3), and the combinkgnic

4. Experimental section extracts were evaporatéd vacuo The residue was washed with
. _ ether/dioxane (1:1, 10 mL x 5), and the precipitaées driedin
4.1. Materials and instruments vacuofor 48 h at 40 °C to givaéasHF (1.42 g, 83%) as a pale

CO, (>99.99%) was obtained from Fukuho Teisan (Iizuka,ye”OW solid."H NMR (40.0 MHz, CROD, 25 *C)5 (ppm): 1.63-
Japan). 1,8-Diazabicyclo[5.4.0]-7-undecenda)( and 1,5- 1.78 (m, 6 H), 1.98 (quinl = 5.8 Hz, 2 H), 2.77-2.84 (m, 2 H),
diazabicyclo[4.3.0]-5-nonenell)) were purchased from Tokyo 3.27 (t.J=58 Hz, 2 Hl)g 356 (0=6.0 Hz, 2 H), 3'59'3;64 (m,
Kasei Kogyo (Tokyo, Japan), and were dried over Caidl then 2 H), _13'4 (brs, 1 H)"C NMR (100 MHz, CLOD, 25 C1%5
distilled prior to use. 1,2-Dimethyl-1,4,5,6-tetralhgpyrimidine (ppm): 20.4, 24.9, 27'?’ 29.9, 33,'6’ 39.3, 49.535867.4.7F
(10, 1-methyl-1,4,5,6-tetrahydropyrimidine1ld) and N,N- (376 MHz , CROD, 25 °C)5 (ppm): -164.7 (brs).
dimethylN‘-octylacetamidine ) were synthesized according to 4-4, Synthesis of 1.8-diazabicyclo[5.4.0]undec-7iam
the previous publicatiol’® All other starting materials and acetates (lasHOAC and 1asHOCOCH
solvents were purchased from Aldrich, Wako Pure Cbalmi . ) . . .
Industries (Osaka, Japan), Tokyo Kasei Kogyo (Tokiapan) A mixture of carboxylic acid (AcOH or trlfluoroacethnd, 4.2
and Kanto Chemical (Tokyo, Japan), and were usegéaved MMOl) in anhydrous CiCl, (2 mL) was added dropwise over 5
without further purificationH (400 MHz), *C (100 MHz) and Min to a stirred mixture of DBU (609 mg, 4 mmol) inhydrous
19 (376 MHz) nuclear magnetic resonance (NMR) Spectig CI_—|ZCI2 (18 mL) at room temperature. Af‘ger the mixture was
measurements were performed on a JEOL ECS-400/sgirred at room temperature for 6 h, the mixture waaporated
instrument at 25 °C. Th&H NMR spectra were referenced to in vacuo The residue was washed with ether,. and the pretipita
tetramethylsilane (TMS: 0 ppm) as an internal stadcr to the Was driedin vacuofor 12 h at 50 °C to givdaHOAc or
residual protons of the deuterated solvents @D 2.05 ppm, 1&HOCOCEH,.

DMSO-s: 2.50 ppm). The’C NMR spectra were referenced to 4.4.1. 1.8-Diazabicyclo[5.4.0]undec-7-enium acetate
the "C signals of the deuterated solvents (CDGI7.0 ppm,  (1a:HOAC): Colorless syrup (851 mg, 100%)} NMR (400
CD,0D: 49.0 ppm, DMSQk; 39.5 ppm). Thé’F NMR spectra  MHz, CDC, 25 °C)5 (ppm): 1.67-1.83 (m, 6 H), 1.98 (s, 3 H),
were referenced to hexafluorobenzengF{C-164.0 ppm) as an 204 (quin,Jd = 6.0 Hz, 2 H), 2.83-2.88 (m, 2 H), 3.43Jt 5.6
internal standard. The IR spectra were recordedBrsdiscs or  Hz 2 H), 3.49-3.57 (m, 4 H}*C NMR (100 MHz, CDCJ, 25
pellets on a JASCO FT/IR-460 Plus spectrometer. Massc) s (ppm): 19.0, 23.4, 23.5, 26.3, 28.4, 31.3, 37249453.5,
spectroscopy was performed on a Shimadzu GCMS-QP50B0A 165 3, 176.4.

electron ionization (EI) mode. ) ) ) )
4-4-2. 1.8-Diazabicyclo[5.4.0]lundec-7-enium trifluacetate

4.2 S_ynthesis of 1.8-diazabicyclo[5.4.0]lundec-7n (1a*HO COCFy): Colorless syrup (1.06 g, >99%H NMR (400
hydrohalides (1a+HI, laHBr and la-HCI) MHz, CDCl, 25 °C)5 (ppm): 1.59-1.83 (m, 6 H), 2.05 (quihy
To a stirred mixture of DBU (1.52 g, 10 mmol) in adhyus ~ 6-0Hz. 2 H), 2.77-2.87 (m, 2 H), 3-49'3-57 (m, 6H).4 (brs, 1
MeOH (10 mL) was added of ammonium halide (NHNH,Br  H)- "C NMR (100 MHz, CDCJ, 25 °C)3 (ppm): 19.4, 23.9,
or NH,CI, 10 mmol) at room temperature. After the mixturas 26.7, 28.9, 32.2, 38.0, 48.5, 54.3, 116.9 Jg = 293.4 H2),
stirred at room temperature for 6 h, the mixture waaporated 1615 (4Jcr = 33.6 Hz), 166.2.
in vacuo The residue was washed with ether, and the pregipita.5, Synthesis of 1.8-diazabicyclo[5.4.0Jundec-74iam triflate
was driedin vacuofor 12 h at 50 °C to givéaeHI, laHBror  (1a.HOSO,CF,)
lasHCI.
) ) ] A mixture of triflic acid (600 mg, 4 mmol) in anhyalrs CHCI,

4.2.1. 1.8-D|azab|cyclo[5.4.0]uqdec-?-ene hydroied(tiasHI): (12 mL) was added dropwise over 10 min to a stirrédure of
Pale yellow solid (2.81 g, 100%H NMR (4_00 MHz, CDC{, 25 DBU (609 mg, 4 mmol) in anhydrous GEl, (8 mL) at room
°C) 8 (ppm): 1.73-1.86 (m, 6 H), 2.12 (quihz 6.0 Hz, 2 H), temperature. After the mixture was stirred at roompterature
ggg(gb(r)s gmH)%Sg)Nlaé(zl%gzl\/l(sz ZCIE)')@ 32,55803)?(3';;:1)) for 6 h, th.e mixture was evapor.atlard vacuo The residue was
1§ 3 23 7 26 6 28.8 357 37.7 ’48 9 5’4 8.1.66 ) washed with ether, and the precipitate was dnegacuofor 12

T T mE S mEe Ty E ATy e = h at 50 °C to givelaaHOSOCF; (1.12 g, 92%) as a colorless
4.2.2.  1.8-Diazabicyclo[5.4.0lundec-7-ene  hydrobraenid SYrup.'H NMR (400 MHz, CDC}, 25 °C)§ (ppm): 1.65-1.92
(1aHBr): White solid (2.34 g, 100%)'H NMR (400 MHz, (M, 6 H), 2.06 (quin) = 5.8 Hz, 2 H), 2.65-2.77 (m, 2 H), 3.39
CDCl, 25 °C)5 (ppm): 1.70-1.84 (m, 6 H), 2.08 (quih= 6.0 (t J =58 Hz, 2 H), 3.51-3.65 (m, 4 H), 7.39 (brs, 1 HE
Hz, 2 H), 2.99-3.06 (M, 2 H), 3.45-3.50 (m, 2 H), 8%60 (m, NMR (100 MHz, CDC, 25 °C)3 (ppm): 19.2, 23.6, 26.3, 28.7,
4 H), 10.58 (brs, 1 H)1.3C NMR (100 MHz, CDCJ, 25 °C)$ 32.7,38.2, 48.5, 54.4, 120.4 (g = 318.1 Hz), 166.0.

(ppm): 19.4, 23.9, 26.7, 28.9, 32.3, 37.8, 48.865166.2. 4-6. Synthesis of 8-methyl-1.8-diazabicyclo[5.4.0jdec-7-ene-
4.2.3.  1.8-Diazabicyclo[5.4.0Jundec-7-ene  hydrochder ~ 8-ium iodide (N-Me-1ael)
(La+HCI): White solid (1.89 g, 100%):H NMR (400 MHZ, A mixture of methyl iodide (625 mg, 4.4 mmol) in adnous

CDCls, 25 °C)§ (ppm): 1.69-1.84 (m, 6 H), 2.07 (quih= 6.0  cyy,cl, (4 mL) was added to a stirred mixture of DBU (609, mg
Hz, 2 H), 2.96-3.02 (m1,32 H), 3.41-3.47 (m, 2 H), 735604 (m 4 mmol) in anhydrous Ci&Il, (4 mL) at room temperature. After
4 H), 11.2 (brs, 1 H)."C NMR (100 MHz, CDGJ, 25 °C)$ the mixture was stirred at room temperature for 1thé mixture
(ppm): 19.1, 23.6, 26.4, 28.6, 31.8, 37.5, 48.41 5165.7. was evaporateith vacuo The residue was washed with ether, and



the precipitate was drigd vacuofor 12 h at 40 °C to givhl-Me-
lasl (1.18 g, 100%) as a pale yellow solith NMR (400 MHz,
CDCls, 25 °C)3 (ppm): 1.81-1.91 (m, 6 H), 2.25 (quih= 6.0
Hz, 2 H), 2.93-2.98 (m, 2 H), 3.38 (s, 3 H), 3.6563(/h, 6 H).
¥C NMR (100 MHz, CDGJ, 25 °C)5 (ppm): 20.0, 22.3, 26.1,
28.5,29.5,42.0,49.1, 49.3, 55.7, 166.8.

4-7. Synthesis of 8-benzyl-1.8-diazabicyclo[5.4.0]dec-7-ene-
8-ium iodide (N-Bn-1ael)

A mixture of benzyl iodide (872 mg, 4 mmol) in anhyds

7
3 (ppm): 3.33 (s, 6 H), 6.91 (d= 7.2 Hz, 2 H), 8.17 (dI= 7.6
Hz, 2 H)."*C NMR (100 MHz, CDGJ, 25 °C)& (ppm): 40.8,
107.1, 138.1, 157.5.

4-8-7. Triethylamine hydroiodidd geHI): pale yellow solid (890
mg, 97%).*H NMR (400 MHz, CDC}, 25 °C)5 (ppm): 1.49 (t,)
= 7.4 Hz, 9 H), 3.21 (d] = 7.4 Hz, 6 H).*C NMR (100 MHz,
CDCls, 25 °C) (ppm): 8.61, 46.3.

4-8-8. N,N-Dimethylbenzylamine hydroiodidah«Hl): Pale
orange solid (1.05 g, 100%H NMR (400 MHz, CDC}, 25 °C)

CH,CI, (4 mL) was added to a stirred mixture of DBU (609, mg 6 (ppm): 2.89 (s, 6 H), 4.45 (s, 2 H), 7.41-7.49 (nK)3 7.70-

4 mmol) in anhydrous Ci&l, (4 mL) at room temperature. After
the mixture was stirred at room temperature for 1thé mixture
was evaporatedin vacuo The residue was washed with
ether/THF (1:1), and the precipitate was diied/acuofor 12 h
at 40 °C to giveN-Bn-lael (1.49 g, 100%) as a pale yellow
syrup.'H NMR (400 MHz, CDCJ, 25 °C)$ (ppm): 1.71-1.91
(m, 6 H), 2.27 (quinJ = 5.8 Hz, 2 H), 2.91-2.97 (m, 2 H), 3.74
(t,J=5.8 Hz, 2 H), 3.78-3.83 (m, 4 H), 4.86 (s, 2 )23 (d,J

= 6.8 Hz, 2 H), 7.32-7.37 (m, 1 H), 7.38-7.44 (mHR “*C
NMR (100 MHz, CDC}, 25 °C)s (ppm): 20.2, 22.5, 25.9, 28.4,
29.6,47.7,49.7,56.0, 57.2, 126.2, 128.4, 12183,9, 167.4.

4-8. Synthesis of amine and amidine hydrohalides &3jsHI)

A solution of 55% aqueous hydroiodic acid (1 mL, €8 mmol)
was added dropwise over 1 min to a stirred mixturarofdine
(1a-¢ 4 mmol) or amine1f-j, 4 mmol) in dioxane (8 mL) at O
°C. After the mixture was stirred at room tempemtfor 12 h,
the mixture was evaporatéd vacuo The residue was washed
with ether/THF (1:1 or 1:0), and the precipitate velied in
vacuofor 12 h at 50 °C1{*HI and1jHI were dried for 6h at 30
°C) to give corresponding hydroiodidesa¢jHI).

4-8-1. 1.8-Diazabicyclo[5.4.0lundec-7-ene hydroiai@asHI):
Pale yellow solid (1.10 g, 98%). Spectroscopic @etd catalytic
activity are the same as product made faamvith NH,l.

4-8-2. 1.5-Diazabicyclo[4.3.0]-5-nonene hydroiodidébeHlI):
Pale yellow powder (1.01 g, 100%H NMR (400 MHz, CDC},
25 °C)3 (ppm): 2.16 (quinJ = 6.0 Hz, 2 H), 2.24 (quinl = 7.7
Hz, 2 H), 3.19 (tJ = 8.0 Hz, 2 H), 3.51-3.59 (m, 4 H), 3.79Jt,
= 7.4 Hz, 2 H), 9.45 (brs, 1 H’C NMR (100 MHz, CDGCJ, 25
°C) 8 (ppm): 18.6, 18.8, 30.7, 37.8, 42.8, 53.7, 164.4.

4-8-3. 1,2-Dimethyl-1,4,5,6-tetrahydropyrimidine hyiddide
(1ceHI): Paleorange solid (962 mg, 100%) NMR (400 MHz,
CDCl, 25 °C)8 (ppm): 2.16 (quin] = 6.0 Hz, 2 H), 2.54 (s, 3
H), 3.25 (s, 3 H), 3.47-3.52 (m, 2 H), 3.56Jt 6.0 Hz, 2 H),
9.40 (brs, 1 H)°*C NMR (100 MHz, CDGJ, 25 °C)& (ppm):
18.9, 19.4, 38.0, 39.9, 48.4, 161.0.

4-8-4. 1-Methyl-1,4,5,6-tetrahydropyrimidine hydrdide
(1deHI): Red brown oil (901 mg, >99%jH NMR (400 MHz,
CDCl, 25 °C)8 (ppm): 2.17 (quin] = 6.0 Hz, 2 H), 3.02 (s, 3
H), 3.49-3.57 (m, 4 H), 8.35 (d,= 6.0 Hz, 1 H), 9.22 (brs, 1 H).
¥C NMR (100 MHz, CDGJ, 25 °C)5 (ppm): 18.4, 36.8, 42.7,
46.2, 152.0.

4-8-5. N,N-Dimethyl-N‘-octylacetamidine hydroiodid&esHl):
Pale brown solid (1.28 g, 98%H NMR (400 MHz, CDCJ, 25
°C) 6 (ppm): 0.88 (tJ = 6.8 Hz, 3 H),1.21-1.40 (m, 10 H), 1.70
(quin,J = 7.4 Hz, 2 H), 2.39 (s, 3 H), 3.36 (s, 3 H), 3.463(8l),
3.48-3.56 (m, 2 H), 8.43 (brs, 1 HJC NMR (100 MHz, CDGJ,
25 °C) & (ppm): 13.9, 15.8, 22.4, 26.5, 29.0, 30.2, 31824
42.8,44.7, 163.0.

4-8-6. N,N-Dimethylaminopyridine hydroiodidéf«HI): Dark
brown solid (1.04 g, 100%jH NMR (400 MHz, CDCJ, 25 °C)

7.75 (m, 2 H)."*C NMR (100 MHz, CDGCJ, 25 °C)§ (ppm):
42.2,60.7,128.0, 129.1, 130.1, 131.3.

4-8-9. Pyridine hydroiodide 1{HI): White solid (828 mg,
100%)."H NMR (400 MHz, DMSO¢, 25 °C) (ppm): 7.25 (br,
1 H), 8.11 (ddJ = 7.6, 6,4 Hz, 2 H), 8.65 (i, = 7.8, 1.4 Hz, 1
H), 8.97 (ddJ = 6.6, 1.4 Hz, 2 H)**C NMR (100 MHz, DMSO-
ds, 25 °C)3 (ppm): 127.3, 142.1, 146.5.

4-8-10. N,N-Dimethylaniline hydroiodidelj¢HI): Pale yellow
solid (983 mg, 99%)'H NMR (400 MHz, CDC}, 25 °C)?
(ppm): 3.24 (s, 6 H), 7.52-7.60 (m, 3 H), 7.87-7.82 2 H)."°*C
NMR (100 MHz, CDC}, 25 °C)& (ppm): 46.9, 120.6, 130.6,
142.0.

4-9. General procedure in aprotic solvent for fivenembered
cyclic carbonate

The catalysfLa*HI (14.0 mg, 0.05 mmol) was added to a solution
of 2a (150 mg, 1 mmol) in THF (0.2 mL) at room temperatur
The atmosphere inside the flask was replaced with (©&lloon,
ca. 1l atm), and the reaction mixture was stirred at@5 After
24 h, the heterogeneous mixture was diluted with THRL),
and dropped into water (20 mL). The precipitation iiered
off and washed with water. The residue was dine¢acuofor 12

h at 50 °C to give (phenoxymethyl)ethylene carber{@a) (187
mg, 96%) as a white solidH NMR (400 MHz, CDC}, 25 °C)&
(ppm): 4.15 (dd) = 10.4, 3.6 Hz, 1 H), 4.24 (dd,= 10.4, 4.4
Hz, 1 H), 4.53 (ddJ = 8.4, 6.0 Hz, 1 H), 4.61 (dd,= 8.4, 8.4
Hz, 1 H), 4.99-5.06 (m, 1 H), 6.89-6.93 (m, 2 H), 6094 (m, 1
H), 7.31 (ddJ = 8.8, 7.2 Hz, 1 H)**C NMR (100 MHz, CDGJ,
25 °C) & (ppm): 66.2, 66.8, 74.1, 114.6, 122.0, 129.7, 854.
157.7. IR (KBr):¥ = 2926, 1803, 1250, 1166, 1092 tnMS
(EN: m/z= 194 [MT.

4-10. General procedure without solvent for five-mebered
cyclic carbonate

The catalystlasHI (14.0 mg, 0.05 mmol) was added to fluid
epoxide Rb-f, 1 mmol) at room temperature. The atmosphere
inside the flask was replaced with €®alloon,ca. 1 atm), and
the reaction mixture was stirred at 25 °C. After736h, the
mixture was diluted with ethyl acetate, and washedh wiater.
The aqueous phase was extracted with twice ethyl tecetad
the combined organic layers were dried over,9@ and
evaporatedn vacuo The residue was driad vacuofor 12 h at
40 °C to give corresponding cyclic carbonab-f).

4-10-1. (Chloromethyl)ethylene carbonatgb) Colorless oil
(133 mg, 97%)H NMR (400 MHz, CDC}, 25 °C)& (ppm):
3.74 (dd,J = 12.0, 4.0 Hz, 1 H), 3.79 (dd,= 11.8, 5.4 Hz, 1 H),
4.42 (dd,J = 9.0, 5.8 Hz, 1 H), 4.60 (dd,= 8.6, 8.6 Hz, 1 H),
4.94-5.01 (m, 1 H)**C NMR (100 MHz, CDGJ, 25 °C)& (ppm):
43.6, 66.9, 74.2, 154.1. IR (neat)= 2987, 2970, 2925, 1797,
1166, 1071, 768 cth MS (El):m/z= 136, 138 [M].

4-10-2. (2-Oxo-1,3-dioxolane-4-yl)methyl methacrylatgc):
Pale yellow oil (183 mg, 98%JH NMR (400 MHz, CDC}, 25
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°C) 6 (ppm): 1.96 (tJ = 1.6 Hz, 3 H), 4.31-4.38 (m, 2 H), 4.44
(dd,J = 13.2, 3.2 Hz, 1 H), 4.59 (dd= 8.4, 8.4 Hz, 1 H), 4.95-
5.02 (m, 1 H), 5.67 (quin] = 1.4 Hz, 1 H)), 6.14-6.19 (m, 1 H).
¥C NMR (100 MHz, CDGJ, 25 °C)5 (ppm): 18.1, 63.4, 66.0,
73.8, 127.3, 135.1, 154.4, 166.6. IR (neaty 2986, 2960, 2930,
1798, 1724, 1637, 1162, 1052 tnMS (El): m/z= 186 [M].

4-10-3. (n-Butoxymethyl)ethylene carbonasd)( Colorless oil
(169 mg, 97%)H NMR (400 MHz, CDC}, 25 °C)& (ppm):
0.92 (t,J = 7.4 Hz, 3 H), 1.36 (sexi,= 7.4 Hz, 2 H), 1.56 (quin,
J=7.1Hz, 2 H),3.51 ()=6.6 Hz, 2 H), 3.60 (ddl = 11.0, 3.8
Hz, 1 H), 3.67 (ddJ = 10.8, 4.0 Hz, 1 H), 4.39 (dd,= 8.0, 6.0
Hz, 1 H), 4.50 (tJ = 8.2 Hz, 1 H), 4.78-4.85 (m, 1 HYC NMR
(100 MHz, CDC}, 25 °C)6 (ppm): 13.7, 19.1, 31.4, 66.2, 69.6,
71.8, 75.1, 155.0. IR (neat): = 2959, 2934, 2871, 1793, 1171,
1053 cnt'. MS (El):m/z= 174 [M]".

4-10-4. (Allyloxymethyl)ethylene carbonatge)( Colorless oil
(157 mg, 99%)."H NMR (400 MHz, CDC}, 25 °C)& (ppm):
3.63 (dd,J = 11.0, 3.8 Hz, 1 H), 3.70 (dd,= 11.0, 4.2 Hz, 1 H),
4.01-4.12 (m, 2 H), 4.41 (dd,= 8.2, 5.8 Hz, 1 H), 4.51 (dd,=
8.2, 8.2 Hz, 1 H), 4.79-4.86 (m, 1 H), 5.24 (d& 10.2, 1.4 Hz,
1 H), 5.29 (dgJ = 17.4, 1.4 Hz, 1 H), 5.82-5.93 (m, 1 HiC
NMR (100 MHz, CDC}, 25 °C)5 (ppm): 66.3, 68.8, 72.6, 74.9,
118.0, 133.6, 154.9. IR (neaf)= 2924, 2863, 1782, 1166, 1042
cmt. MS (El):m/z= 158 [M]".

4-10-5. Styrene carbonat8f]: Pale yellow solid (163 mg, 99%).
'H NMR (400 MHz, CDC}, 25 °C)$ (ppm): 4.34 (dd,) = 8.0,
8.0 Hz, 1 H), 4.80 (dd] = 8.4, 8.4 Hz, 1 H), 5.68 1,= 8.2 Hz, 1
H), 7.33-7.48 (m, 5 H)**C NMR (100 MHz, CDGCJ, 25 °C)?
(ppm): 71.1, 77.9, 125.8, 129.2, 129.7, 135.7, 45k (KBr): ¥
= 3036, 2982, 2921, 1790, 1168, 1068'cMIS (El): m/z= 164
M] ™.

4-11. General procedure in protic solvent for fivenembered
cyclic carbonate

The catalysfLa*HI (14.0 mg, 0.05 mmol) was added to a solution
of epoxide 2g or 2h, 1 mmol) in 2-propanol (0.2 mL) at room
temperature. The atmosphere inside the flask wdaaeg with

Tetrahedron

for 24 h, to the reaction mixture was added watere Th
heterogeneous mixture was extracted thrice with etlogtate,
and the combined organic layers were dried ovesSNaand
evaporatedin vacuo The residue was purified by silica gel
column chromatography (hexane/ethyl acetate = folpive
dithiocarbonate 4a (2nd fraction, main product) and
trithiocarbonatéa (1st fraction, minor product).

4-12-1. 5-(Phenoxymethyl)-1,3-oxathiolane-2-thione 4a);(
Colorless oil (199 mg, 88%)H NMR (400 MHz, CDC}, 25 °C)

3 (ppm): 3.70 (ddJ = 11.2, 7.2 Hz, 1 H), 3.77 (dd,= 11.2, 8.0
Hz, 1 H), 4.25 (ddJ = 10.2, 4.6 Hz, 1 H), 4.30 (dd~= 10.4, 5.6
Hz, 1 H), 5.37-5.45 (m, 1H), 6.91 (d#i= 8.8, 0.8 Hz, 2 H), 7.00
(t, J = 7.6 Hz, 1 H), 7.30 (dd] = 8.8, 7.2 Hz, 2 H)**C NMR
(100 MHz, CDC}, 25 °C)s (ppm): 36.1, 66.2, 87.8, 114.4, 121.7,
129.6, 157.6, 211.4. IR (neaf)= 2926, 2870, 1597, 1495, 1185,
1045 cni. MS (El):m/z= 226 [MT.

4-12-2. 4-(Phenoxymethyl)-1,3-dithiolane-2-thiola)( Yellow
solid (8.1 mg, 3.3%)'H NMR (400 MHz, CDC}, 25 °C)?
(ppm): 4.07 (ddJ = 12.2, 3.8 Hz, 1 H), 4.19 (dd~= 10.2, 5.4 Hz,
1 H), 4.22 (ddJ = 12.2, 5.4 Hz, 1 H), 4.37 (dd= 9.6, 9.6 Hz, 1
H), 4.60-4.67 (m, 1 H), 6.92 (dd,= 8.6, 1.0 Hz, 2 H), 7.01 (4,
=7.2 Hz, 1 H), 7.28-7.34 (m, 2 HYC NMR (100 MHz, CDG],
25 °C) 3 (ppm): 44.9, 57.2, 66.5, 114.6, 121.9, 129.7, 157.
226.4. IR (neat)y = 2923, 1597, 1487, 1459, 1236, 1036 ‘cm
MS (El): m/z= 242 [M]'

A mixture of benzyl ethe?2 (61.4 mg, 0.145 mmol) and 10%
palladium on charcoal (0.12 g) in dry ethanol (2)mlas stirred
under a hydrogen atmosphere at room temperaturé forThe
reaction mixture was filtered through celite and tholvent
evaporatedin vacuo to give the crude product, which was
purified by flash chromatography (30%,8tCH,Cl.) to give the
titte compound3 (44.0 mg, 91%) as a colourless oil; [Found: C,
64.6; H, 12.2. @H,;0sSi requires C, 64.81; H, 12.39%];s R
(30% E$O/CH,Cl,) 0.43; [ah™-1.9 € 2.1, CHCY); Nmay (liquid
film) 3600-3100 (br), 1470, 1390, 1255, 1105 tnuy (400
MHz CDCL) 3.79-3.56 (2H, m, C}DSi), 3.79-3.56 (2H, m,
CH,OH), 3.46 (3H, s, OMe), 2.95 (1H, dd, 7.0, 4.0 Hz,

CO, (balloon,ca. 1 atm), and the reaction mixture was stirred atCHOMe), 2.00-1.91 (1H, m, GH,CH;0Si), 1.91-1.83 (1H, m,

25 °C. After 48-72 h, the mixture was diluted withydtacetate,
and washed with water. The aqueous phase was extitagted
with ethyl acetate, and the combined organic layesse dried
over NaSQ, and evaporateth vacuo The residue was dridd
vacuofor 6 h at 30 °C to give corresponding cyclic carate 89
or 3h).

4-11-1. Propyrene carbonat&d): Pale yellow oil (93 mg, 91%).
'"H NMR (400 MHz, CDC}, 25 °C)& (ppm): 1.43 (dJ) = 6.4 Hz,
3 H), 3.97 (dd,J = 8.0, 7.2 Hz, 1 H), 4.50 (dd,= 8.8, 7.6 Hz, 1
H), 4.75-4.85 (m, 1 HC NMR (100 MHz, CDGJ, 25 °C)&
(ppm): 19.3, 70.6, 73.5, 155.0. IR (neat)= 2989, 2937, 1790,
1183, 1052 c. MS (El):m/z= 102 [MT.

4-11-2. 1,2-Hexylene carbonat&hj: Colorless oil (133 mg,
92%).™H NMR (400 MHz, CDC}, 25 °C)& (ppm): 0.86 (tJ =
6.8 Hz, 3 H), 1.22-1.45 (m, 4 H), 1.57-1.81 (m, 2 HP14(dd,J
=8.2, 7.4 Hz, 1 H), 4.47 (dd,= 8.0, 8.0 Hz, 1 H), 4.60-4.69 (m,
1 H). ®*C NMR (100 MHz, CDCJ, 25 °C)$ (ppm): 13.7, 22.1,
26.3, 33.4, 69.3, 77.0, 155.0. IR (neat)= 2959, 2934, 2872,
1797, 1174, 1066 cia MS (El): m/z= 144 [M]".

4-12. General
dithiocarbonate
The catalysfLa*HI (14.0 mg, 0.05 mmol) was added to a solution
of 2a (150 mg, 1 mmol) and G%152 mg, 2 mmol) in THF (0.2
mL) at room temperature. After the mixture was stirat 25 °C

procedure for five-membered cyclic

CH,H,CH,0Si), 1.81-1.73 (1H, m, CHMe), 1.35-1.27 (1H, m,
CHMe), 1.06-1.01 (3H, buried m, MBHS), 1.04 (18H, br dJ
4.5 Hz, MgCHSi), 0.97 (3H, dJ 7.0 Hz, CHMe), 0.93 (3H, d
7.0 Hz, CHMe); d (100.6 MHz, CDG)) 92.3, 66.7, 61.5, 60.9,
37.0, 34.4, 32.0, 18.0, 16.9, 15.3, 1197 (Cl, NHy) 333 (30,
MH"), 257 (25), 159 (100), 141 (50), 109 (37%); HRMS, (C
NH,): MH", found 333.2825. GH,;05Si requires 333.2825.

Appendix A. Supplementary data

Supplementary data to this article can be foundnenht
https://doi.org/10.1016/j.tet.2019.XXXXXX.
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Highlights

« Efficient synthesis of cyclic carbonates from epoxides with CO..

« Efficient synthesis of cyclic dithiocarbonate from epoxides with CS,.

« Cyclic amidine hydroiodides had high catal ytic activity.

« Cyclic carbonates and dithiocarbonate were obtained in high yields under mild

conditions.
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