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1. Introduction

The organosulfur compounds are fundamental motifs
organic chemistry because they ubiquitously appeanatural
products, pharmaceuticals and fine chemitalsAmong
numerous sulfur-containing compounds, organic @oates are
a useful structural motif found in various biologliy active
natural products, unnatural drugs, and functioratemials® They
also serve as versatile building blocks toward atrmange of

organosulfur compoundsOver the past years, a number of

methods have been well-established for the synttafsakyP®,

alkenyl,6 and aromatic thiocyanafesHowever, the novel and
of

practical protocol for the direct construction

thiocyanatoacrylate, particularly regio- and stesdective
synthesis of Z-3-thiocyanatoacrylates from simptel aafe raw
materials under environmentally friendly conditions still
remains rarely. For example, He and co-workers hasepred a
direct construction of Z-3-thiocyanatoacrylatesotigh room-
temperature ionic liquid-catalyzed catalyzed remcti of

alkynoate§ KSCN and watér Although this methodology

represents a remarkable advance, it still needsséotoxic and
expensive ionic liquids and proceeds
stereoselectivities (Scheme 1a). Improved protodols the
preparation selective regio- and stereoselectimhegis of Z-3-
thiocyanatoacrylates are therefore highly desirable

Green Chemistry emphasizes the establishment
environmentally friendly chemical reaction that &lsthe usage
of toxic reagents and the utilization of eco-frigndubstances
and nontoxic solvent. Recently,
have attracted much attention from synthetic ararmphaceutical

chemists® DES not only has the close physico-chemical
properties with ionic liquid, but also has a lotamfvantages than

ionic liquid, including nontoxicity, simple and gne preparation,

inexpensive and readily accessibility. A number afamic
. transformation with DES as catalyst or reaction médiee been
! developed during the past few ye&rsiowever, a novel method
for the regio- and stereoselective hydrothiocyamatf various
alkynoates to access Z-3-thiocyanatoacrylates leagrnbeen
reported. Herein, we report an environment-friendsthod for
the selective synthesis of Z-3-thiocyanatoacryl#ttesugh DES-
catalyzed hydrothiocyanation of alkynoates (Schéime In this
process, both the high efficiency and excellentctalities were
achieved with the help of hydrogen bond.

(a) known method
H,O (1 equv.) )
KSCN (1.3 equiv.)

(0]
%ORQ ionic liquid (20 mol%)
4

R 78 - 94%, Z/E=11-14:1 R" H
(b) this paper

0 H,0 (1 equv.) 0
) KSCN (1.3 equiv.) _NCS OR?
=" OR® ChCliglycolic acid (1:2) (3 equiv.) =
R1 R1 H

74 - 95%, Z/E=12-38:1

Scheme 1. Synthetic route of Z-3-thiocyanatoacrylates

with moderate

2. Results and discussion

To find the optimized conditions for the constroatiof Z-3-
thiocyanatoacrylates, the reaction of benzyl prigpéo (La),

SCN and water was selected as the model reactionfiféle
performed the hydrothiocyanation reaction using rbghloric
acid (1M) as the solvent at ambient temperaturelfh, and a

deep eutectic solvents (DES) 20% yield of £)-benzyl 3-thiocyanatoacrylat@d) was obtained

with complex mixtures that included un-reacted suastla.

Next, the effect of solvent on the hydrothiocyamati@action
efficiency was investigated (entires 2-10). Theswilte revealed
that deep eutectic ChCl/glycolic acid (1:2, 1 mL)swasuperior
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reaction medium with a 52% NMR yield (entry 5). Glifcacid ~ 2k). All primary, secondary and tertiary alkyl alcolesiters were
aqueous solution or ChCl aqueous aqueous solutmre gyave compatible under the standard reaction conditidiee present
low or no conversions ofa (entries 3 and 10). These obvious method also works well with aromatic, polycyclic ardimand
differences suggested that the synergetic funatfaglycolic acid  heteroaromatic alcohol esters, delivering the spoading
and ChCl resulted in such an efficient conversidecreasing the products in good to excellent yield®l (- 2p). Propargylic
loading of ChCl/glycolic acid to 3 equivalents hadually no  carboxylates containing natural alcohol, such aufyl alcohol,
effect on the yield. Attempted to lower the reactimedium  cinnamyl alcohol and piperonyl alcohol, were alsolwalerated
loading to 2 equivalents was unsuccessful and yetghped to  under optimal conditions, leading to the correspoggroducts
45% (entry 13). Switching the thiocyanate salt frlt8CN to  in good yields 2g - 2s). The (2Z,2'Z)-ethane-1,2-diyl bis(3-
NaSCN or NHSCN led to a lower yield o2a by prolong the thiocyanatoacrylatePt was obtained in 93% vyield by direct
reaction time to 16 hour. Further optimization bftoptimal double thiocyanation under the optimal conditidhstthermore,
amount of KSCN (entries 12 and 16-18) showed that 1.3he relatively low activity of internal alkynoatesich as but-3-
equivalents of KSCN (entry 16) was the suitable Ibgdi yn-2-one and diethyl acetylenedicarboxylate cao aks used as
Elevating the reaction temperature from room tempee to  the substrates, furnishing the desired thiocyangiimducts 2u -
50°C not only resulted in an excellent yield @& but also 2w) in good yields and excellent stereoselectivitiemwever,
accelerated the reaction rate. Further increasimg reaction when 4,4 4-trifluorobut-2-ynoate or 3-phenylproptelawere
temperature to 60 did not improve the reaction efficiency used as reaction substrates, only a trace amoutiteotiesired
(entry 20). No conversation of 1a was detected imatteence of product could be observed.

deep eutectic ChCl/glycolic acid (entry 21).
P gy (entry 21) Table 2. Substrate scope’
Table 1. Optimization of reaction conditiohs H,0 (1 equiv.)
CO,R? KSCN (1.3 equiv.) NCS  CO,R?
CO,Bn H,O (1 equiv.) NCS CO,B 1/ ChCl/glycolic acid (1:2) (3 equiv.) ARY
/ 227 "SCN" source (x equiv.) : L : 2Bn R 50°C, 10h
So|vent’ temp o NCS COan NCS COzMe NCS COzEt SCN O
1a 2a H H H H H H H SEYS
H
_ 2a,92%,26/1  2b, 83%, 28/1 2c, 93%, 25/1 0
Entry Solvent [SCN]  Yield®  Z/E° a, 92% % ¢ 93% 2d, 76%, 29/1
(X equiv) SCN O SCN O SCN O
1 HCI (1M, 1ni) KSCN (L.5) 20 10:1 R O/W H)ﬁ/ko/\/o'* HJ\HLO/\/OMe
2 HOAc (1M, 1ni) KSCN (1.5) 15 10:1 H H H
3 glycolic acid (1M, 1rh) KSCN (1.5) 28 11:1 2e, 88%, 30/1 2f,82%, 30/1 29, 91%, 32/1
4 ChCliglycolicacid(1:2)(1M, 1)  KSCN (1.5) 40 23:1 SCN O SCN O SCNO  "Pr
5 ChCliglycolic acid(1:2)1 mL) ~ KSCN (15) 52 251 H)\(\ko/\/ms WSS B H/KHJ\O "y
6 ChCl/oxalic acid(1:1)(1 mL) KSCN (1.5) 20 22:1 H H H
7 ChCl/citric acid(1:1)(1 mL) KSCN (1.5) 25 20:1 2h, 82%, 21/1 2i, 84%, 30/1 2j, 79%, 24/1
8 ChCl/glycolic acid(1:1)(1mL) KSCN (1.5) 40 24:1 SCN O SCN O MeMe SCN O
9 ChCliurea (1:1)(1mL) KSCN (L5) trace - y )\Hko H)YkokMe )\(\k
10 ChCI (1 M, 1mL) KSCN(15) N.D. - H ! ©
11 ChCl/glycolic acid(1:2) (5 equiv.)  KSCN (1.5) 52 2%1 2K, 78%, 36/1 21, 78%. 30/1 2m, 75%, 14/1
12 ChCl/glycolic acid(1:2) (3 equiv.)  KSCN (1.5) 52 >25:1
ic aci : Me SCNO @ SOoN
13 ChCliglycolic acid(1:2) (2 equiv.) KSCN (1.5) 45 >25:1 SCN O M
14 ChCliglycolic acid(1:2) (3 equiv.) NaSCN (1.5) 84 >25:1 H)\(\ko H)YJ\O (/f °© ! H
15 ChCl/glycolic acid(1:2) (3 equiv.) NH.SCN (1.5) 43 >25:1 H H s
16 ChCl/glycolic acid(1:2) (3 equiv.)  KSCN (1.3) 52 >25:1 2n, 74%, 14/1 20, 95%, 38/1 2p, 83%, 28/1
17 ChCl/glycolic acid(1:2) (3 equiv.)  KSCN (1.2) 48 >25:1 SCN O SCN O SCN O

18  ChCliglycolic acid(1:2) (3 equiv.)  KSCN (1.1) 43 >25:1 )\(k o )\H( - y )Yko o
19"  ChCliglycolic acid(12) (3 equiv.) KSCN(13) 92  >25:1 H ! O/\L/) H ! O/\/\© ! /\C[ >
(0]

20° ChCl/glycolic acid(1:2) (3 equiv.)  KSCN (1.3) 89 2%1

219 - KSCN (1.3) N.D. . 2q, 87%, 29/1 2r, 78%, 19/1 2s, 88%, 36/1
#Reaction conditionsla (0.3 mmol), “SCN”source, water (0.3mmol), H Q  SCN s o) " NCS,  CO,Et
H o N e =
it . . . ~ \/\OJ\/\H >=?~ EO,C  H
NMR yl_elds _based ofta. The Z/E ratios was estimated #y NMR. SCN O H d h
of glycolic acid. 2t°, 93% 2u, 87%, 28/1 2v, 81%, 18/1
5 equiv. of_ deep eute_ctic _ChCI/egcoIic acid(1:nposes of 5 equiv. of ChCl NCS CO,Et NCS CO,Et
and 10 equiv. of glycolic acid. — >=<
‘At 50°C Mé  H o’ W
€At 60°C 2w, 87%, 35/1 2x, 79%, 15/1

. . . -, . @ Reacti ditionst (0.3 l), KSCN (0.39 1), ChCl/glycoli
With the optimal reaction conditions in hand (Tablentry19), acigicolcz)r; ;;)n vlvleﬁ; (é mgr;mg%;:) 10 h ( mmol) ghyeotic

we proceeded to evaluate the substrate scope ofthiee- b |gojated yields based dn
component reaction and these results are shownbteTa To  ©0.78 mmol of KSCN was used.
our delight, a series of alkynoates bearing vadarbon chain
lengths and diverse isomeric structures employed fo
hydrothiocyanation to provide the desired p-Zhiocyanate
acrylates in 74-95% yields with excellent stereagilities (2a-

It is well known that the scalability and reusabiliof a
catalytic reaction system are of significant impae from the
views of green chemistry and industrial manufacwrim order



to demonstrate the scalability of the hydrothio@t#on reaction,
a large-scale reaction (10 mmol) was conducted uriber
optimal reaction conditions (Scheme 2). The expenital result

showed that a 90% yield @& was obtained, suggesting that the

present reaction system is easy to scale up. Timalbdity of
deep eutectic ChCl/glycolic acid (1:2) was then stigated.
Generally, after completion of the reaction, thedpd was
extracted for the determination of yield By NMR and the deep
eutectic ChCl/glycolic acid (1:2) was reused dingcmpolying

substratela as example, the experimental results revealed that

the deep eutectic solvent could be reused withagnifgiant
reduction in catalytic activity in five consecutiuens.

H,O (1 equiv.)
KSCN (1.3 equiv.)
ChCl/glycolic acid (3 equiv), 50 °C H H

2a, 90%, 1.97¢g

NCS  CO,Et
=—CO0,Bn —

1a, 10 mmol, 1.6g

1st run 90%; 2nd run 88%; 3rd run 85%; 4th run 83%; 5th run 80%
Scheme 2. Large-scale synthesis and reusable experiment.

Based on these results obtained in Table 1 andqu®veports,
a reasonable mechanism for the regio- and stdemtise
hydrothiocyanation reaction is depicted in SchemestBonger
hydrogen bond capabilities of deep eutectic Ch@itic acid
activated alkynoates to in situ generate an alledhtermediate
A through the formation of an intermolecular hydmogeond
between glycolic acid and substrata. Then, the thiocyanate
anion nucleophilic attacked ttfecarbon atom of intermedia
to deliver the intermediat€. Meanwhile, an intramolecular
hydrogen bond between the hydroxyl group of ChCl #mel
nitrogen atom of “SCN” motif was formed in this intezdiate.
Finally, the trapping of a proton (in situ genedatérom
ionization of water) occurs from the less hinderadef trans to
“SCN”, thus resulted in the production of (Z)-benzgh
thiocyanatoacrylat@a.
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Scheme 3. Possible reaction mechanism.

3. Conclusion

In summary, we have developed a practical and emwvient-
friendly protocol for the selective synthesis of 3Z-
thiocyanatoacrylates through deep eutectic solvatalyzed
hydrothiocyanation reaction. Both the high effiadgn(74-95%
yield) and excellent stereoselectivities (Z:E > 1)2:were
achieved through intramolecular and intermolecuigdrogen
bond. In this process, the inexpensive and greep @eitectic
ChCl/glycolic acid not only acts as recycled remttmedia, but
also serves as catalyst. The present reaction doeldeadily
scaled up to a large scale, providing a good oppdayt for
applications in synthetic chemistry and industrydurction.

4, Experimental Section

4.1. General methods and materials

3

Ethyl acetate (ACS grade), hexanes (ACS grade) were
purchased from J&K Scientific Ltd. and used withdutther
purification. Commercially available reagents wesed without
further purification. Reactions were monitored byCILFlash
column chromatography was performed over silica(g3e0-300
mesh).*H NMR and™*C NMR spectra were recorded on a Bruker
AV-lIl 500 MHz NMR spectrometer. High-resolution mass
spectra were performed on a Q-TOF microspectrometer.

4.2. General Procedurefor the Synthesis of 2.

In a vial was placed alkyne (0.3 mmol), ChCl/glycadicid
(2:2) (270 mg, 0.9 mmol), KSCN (38 mg, 0.39 mmol)terg0.3
mmol), and then the contents were reacted atC50Upon
completion, the reaction mixture was purified by urph
chromatography on silicagel (eluent: hexanes/ettogtate) to
afford 2.

4.3. Larger-scale Synthesis of 2a

In a vial was placed benzyl propiolate (1.6 g, 1fhat),
ChCl/glycolic acid (1:2) (9 g, 30 mmol), KSCN (1.2 13
mmol), water (10 mmol), and then the contents weaetesl at
50°C. Upon completion, the reaction mixture was purifiegd
column chromatography on silica gel (eluent: heséstayl
acetate) to afford 2a.

4.4, Recycling resear ch of ChCl/glycolic acid (1:2)

In a vial was consecutively placed benzyl propioldts g,
10 mmol), ChCl/glycolic acid (1:2) (9 g, 30 mmaRSCN (1.26
g, 13 mmol) and kD (0.18 g, 10 mmol), then the mixtures were
stired at 5aC for 10 h. Upon completion, the reaction mixture
was extracted with cyclpentyl methyl ether (10 mL ) Bhe
extraction was product with high purity. The yield vestimated
by gas chromatography. To the recycled ChCl/glycatiid (1:2),
only 10 mmol ofla, 13 mmol of KSCN, 10 mmol of J® were
added to the filter residue, and the next cycle wasied out
under the same reaction conditions.

4.5, Characterization of the compounds
4.5.1. (2)-benzyl 3-thiocyanatoacryla@a).’

Colorless oil (60.4 mg, 92%3tH NMR (500 MHz, CDCJ) 6 =
7.42 — 7.33 (m, 5H), 7.17 (d,= 9.3, 1H), 6.30 (dJ = 9.3, 1H),
5.22 (s, 2H);"*C NMR (125 MHz, CDG)) & 166.17, 138.92,
134.87, 128.89, 128.87, 128.71, 119.75, 112.363%7.

4.5.2.(Z)-methyl 3-thiocyanatoacrylatélf).’

Colorless oil (35.6 mg, 83%jH NMR (500 MHz, CDCJ) & =
7.15 (d,J = 9.3, 1H), 6.26 (dJ = 9.3, 1H), 3.79 (s, 3HyC
NMR (125 MHz, CDC)) & 166.74, 138.61, 119.54, 112.24, 52.46.

4.5.3.(2)-ethyl 3-thiocyanatoacrylate@g).’

Colorless oil (40.5 mg, 86%H NMR (500 MHz, CDCJ) &
7.14 (d,J= 9.2 Hz, 1H), 6.26 (d] = 9.2 Hz, 1H), 4.25 (q] = 7.2
Hz, 2H), 1.31 (tJ = 7.2 Hz, 3H)**C NMR (125 MHz, CDGCJ) &
166.42, 138.25, 120.01, 112.55, 61.81, 14.25.

4.5.4.(Z)-propyl 3-thiocyanatoacrylate2d).

White solid (39.0 mg, 76%)H NMR (500 MHz, CDC}) & =
7.13 (d,J =9.2, 1H), 6.25 (dJ = 9.2, 1H), 4.17 () = 6.8, 2H),
1.67 — 1.63 (m, 2H), 1.38 — 1.21 (m, 10H), 0.8, 7.0, 3H);
*C NMR (125 MHz, CDG)) & 166.48, 138.18, 120.01, 112.50,
65.93, 31.76, 28.94, 28.55, 25.85, 22.66, 14.16. ISR®Alcd
(El) m/z for GHgNO,S: [M]* 171.0354, found: 171.0356.

4.5.5.(2)-cyclopropylmethyl 3-thiocyanatoacryla?e)(’
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Colorless oil (48.3 mg, 88%jH NMR (500 MHz, CDC}) & =
7.15 (d,J = 9.3, 1H), 6.29 (dJ = 9.3, 1H), 4.02 (dJ = 7.4, 2H),
0.87-0.81 (m, 1H), 0.64 — 0.57 (m, 2H), 0.34-0.29 2m); **C
NMR (125 MHz, CDCJ) & 166.49, 138.27, 120.10, 112.56,
70.70, 29.85, 9.78.

4.5.6.(Z)-2-hydroxyethyl 3-thiocyanatoacrylagé).’

Colorless oil (42.3 mg, 82%)'H NMR (500 MHz, CDC)) &
=7.23(dJ = 9.3, 1H), 6.35 (dJ = 9.3, 1H), 4.37 — 4.30 (m, 2H),
3.91 — 3.86 (m, 2H), 2.67 (s, 1HJC NMR (125 MHz, CDC)) &
166.43, 138.96, 119.56, 112.26, 66.94, 60.63.

4.5.7. (Z)-2-methoxyethyl 3-thiocyanatoacrylztg)

Colorless oil (51.1 mg, 91%3H NMR (500 MHz, CDCJ) & =
7.16 (d,J = 9.4, 1H), 6.30 (dJ = 9.4, 1H), 4.33 — 4.31 (m, 2H),
3.62 — 3.59 (m, 2H), 3.37 (s, 3HJC NMR (125 MHz, CDG)) §
166.23, 138.76, 119.66, 112.25, 70.10, 64.55, 59.07

4.5.8. (Z)-2-(tosyloxy)ethyl 3-thiocyanatoacrylé2a).’

White solid (80.4 mg, 82%JH NMR (500 MHz,
Chloroformd) 8 = 7.79 (d J=8.4, 2H), 7.36 (dJ=7.9, 2H),
7.18 (d,J=9.4, 1H), 6.20 (dJ=9.3, 1H), 4.37 — 4.35 (m, 2H),
4.27 — 4.25 (m, 2H), 2.46 (s, 3HJC NMR (125 MHz,
CDCly) 6 165.69, 145.40, 139.56, 132.75, 130.12, 128.10,
119.20, 111.95, 67.10, 62.78, 21.83.

4.5.9.(Z)-2-bromoethyl 3-thiocyanatoacrylatai) ®

Light yellow solid (60.0 mg, 85%);'H NMR (500 MHz,
CDCly) 6 = 7.22 (d,J = 9.2, 1H), 6.31 (dJ = 9.2, 1H), 4.50 (t)
= 6.0, 2H), 3.54 (tJ = 6.0, 2H);**C NMR (125 MHz, CDGCJ) §
165.73, 139.58, 119.25, 112.04, 64.84, 28.10.

4.5.10.(2)-heptan-4-yl 3-thiocyanatoacryla®y.

White solid (40.5 mg, 79%JH NMR (500 MHz, CDC)) & =
7.12 (d,J =9.2, 1H), 6.24 (dJ = 9.2, 1H), 4.97 (&) =7.3, 5.2,
1H), 1.58 — 1.51 (m, 4H), 1.35 — 1.28 (m, 4H), 0.9Q & 7.3,
6H); ®C NMR (125 MHz, CDG)) & 166.29, 137.97, 120.40,
112.68, 76.17, 36.27, 18.65, 14.05. HRMS Calcd (&l for
C;HoNO,S: [M]" 171.0354, found: 171.0352.

4.5.11. (2)-cyclohexyl 3-thiocyanatoacrylagk’

Colorless oil (49.4 mg, 78%3H NMR (500 MHz, CDC)) & =
7.11 (dd,J = 9.3, 4.3, 1H), 6.23 (dd] = 9.3, 4.3, 1H), 4.89 —
4.76 (m, 1H), 1.92 — 1.84 (m, 2H), 1.77 — 1.71 (m,,2H51 —
1.30 (m, 6H);"*C NMR (125 MHz, CDG)) & 165.92, 137.84,
120.56, 112.66, 74.67, 31.64, 25.32, 23.77.

4.5.12.(2)-tert-butyl 3-thiocyanatoacrylatel).

Colorless oil (43.3 mg, 78%jH NMR (500 MHz, CDCJ) & =
7.04 (d,J = 9.3, 1H), 6.16 (dJ = 9.3, 1H), 1.49 (s, 9H)}*C
NMR (125 MHz, CDC)) & 165.78, 136.71, 121.76, 112.93,
83.12, 28.18.

4.5.13.(Z)-phenyl 3-thiocyanatoacrylatérf).’

Colorless oil (46.1 mg, 75%);1H NMR (500 MHz,
Chloroformd) & = 7.46 — 7.39 (m, 2H), 7.35 (d79.3, 1H),
7.29 (t,J=7.5, 1H), 7.17 — 7.12 (m, 2H), 6.51 (9.3, 1H)
¥C NMR (125 MHz, CDGCJ)) & 164.74, 149.88, 140.73,
129.64, 126.54, 121.15, 119.15, 111.84

4.5.14.(Z2)-p-tolyl 3-thiocyanatoacrylatef).

Colorless oil (48.6 mg, 74%)tH NMR (400 MHz, CDCJ) 6 =
7.32(d,J = 9.3, 1H), 7.20 (dJ = 9.0, 2H), 7.01 (dJ = 8.6, 2H),
6.49 (d,J = 9.0, 1H), 2.36 (s, 3H)*C NMR (101 MHz, CDGJ)
8 165.07, 147.78, 140.66, 136.41, 130.23, 120.99,3B1 112.04,

Tetrahedron

21.02. HRMS Calcd (El)
219.0354,found: 219.0352.

4.5.15. (2)-naphthalen-2-yl 3-thiocyanatoacryla?e)(’

White solid (72.7 mg, 95%)H NMR (400 MHz, CDC)) & =
7.92 — 7.80 (m, 3H), 7.65 — 7.61 (m, 1H), 7.55 — {7 2H),
7.37 (d,J = 9.3, 1H), 7.28 — 7.25 (m, 1H), 6.56 @ 9.3, 1H);
*C NMR (101 MHz, CDG)) & 165.01, 147.62, 141.01, 133.73,
131.82, 129.85, 127.96, 127.88, 127.00, 126.27,4620119.30,
118.47,111.95.

4.5.16.(2)-thiophen-3-ylmethyl 3-thiocyanatoacrylatpy.

White solid (56.0 mg, 83%}H NMR (500 MHz,CDCL,) & =
7.36 — 7.31 (m, 2H), 7.16 (d=9.3, 1H), 7.13-7.08 (m, 1H),
6.28 (d,J=9.3, 1H), 5.22 (s, 2H)"C NMR (125 MHz, CDG))
& 166.04, 138.83, 135.66, 127.72, 126.68, 125.3B.6B1
112.24, 62.24HRMS Calcd (El) m/z for ¢4;NO,S,: [M]*
224.9918, found: 224.9915.

4.5.17.(Z)-furan-2-ylmethyl 3-thiocyanatoacrylatgq).’

White solid (54.5 mg, 87%JH NMR (500 MHz, CDC}) 6 =
7.44 (ddJ = 1.8, 0.9, 1H), 7.17 (d] = 9.3, 1H), 6.48 — 6.44 (m,
1H), 6.38 (ddJ = 3.3, 1.8, 1H), 6.27 (d) = 9.3, 1H), 5.17 (s,
2H); °C NMR (125 MHz, CDCJ) 5 165.89, 148.45, 143.84,
139.14, 119.56, 112.23, 111.68, 110.86, 59.02.

4.5.18.(Z)-cinnamyl 3-thiocyanatoacrylater).’

Colorless oil (57.3 mg, 78%jH NMR (400 MHz, CDCJ) & =
7.47 —7.29 (m, 5H), 7.19 (d,= 9.3, 1H), 6.72 (ddJ = 15.9, 1.5,
1H), 6.37 — 6.24 (m, 2H), 4.87 (dd,= 6.7, 1.3, 2H):®*C NMR
(101 MHz, CDC}) & 166.14, 138.77, 135.87, 135.52, 128.78,
128.50, 126.79, 121.97, 119.72, 112.39, 66.29.

4.5%9. (2)-benzo[d][1,3]dioxol-5-ylmethyl 3-thioay@oacrylate
(29).

White solid (69.4 mg, 88%JH NMR (500 MHz, CDC)) 6 =
7.16 (d,J = 9.4, 1H), 6.88 — 6.82 (m, 2H), 6.79 M= 8.4, 1H),
6.27 (d,J = 9.4, 1H), 5.97 (s, 2H), 5.11 (s, 2HJC NMR (125
MHz, CDC}L) & 166.10, 148.17, 148.05, 138.82, 128.60, 122.89,
119.79, 112.28, 109.37, 108.48, 101.42, 67.50,229.8

4.5.20. (2Z,2'2)-ethane-1,2-diyl bis(3-thiocyanatodate) (2t).

White solid (79.2 mg, 93%JH NMR (500 MHz, CDC)) 6 =
7.22 (d,J = 9.3, 2H), 6.29 (dJ = 9.3, 2H), 4.44 (s, 4H)}*C
NMR (125 MHz, CDC)) & 165.91, 139.69, 119.24, 111.95,
62.90.HRMS Calcd (El) m/z for GHsN,O,S,: [M]* 283.9925,
found: 283.9924.

4.5.21. (2)-4-thiocyanatobut-3-en-2-orgai).’

Colorless oil (33.1 mg, 87%JH NMR (500 MHz, CDCJ) & =
7.16 (d,J = 8.8, 1H), 6.67 (dJ = 8.8, 1H), 2.33 (s, 3H)}*C
NMR (125 MHz, CDCJ) & 198.28, 138.34, 124.88, 113.58,
30.03.

4.5.22. diethyl 2-thiocyanatofumaratv).’

White solid (55.6 mg, 81%JH NMR (500 MHz, Chloroform-
d) 5 = 6.84 (s, 1H), 4.42 (§=7.1, 2H), 4.29 (¢J=7.2, 2H), 1.41
(t, =7.2, 3H), 1.33 (}=7.2, 3H);"*C NMR (125 MHz, CDGJ) &
164.64, 161.56, 138.28, 126.50, 108.91, 64.17, 35214+.20,
14.04.

4.5.23.(Z)-ethyl 3-thiocyanatobut-2-enoatéw(.’

Colorless oil (446 mg, 87%)H NMR (500 MHz,
Chloroformd) & = 6.13 (d,J=1.4, 1H), 4.21 (g9J=7.1, 2H), 2.47

m/z for @NO,S: [M]



(d, 3=1.4, 3H), 1.29 (tJ=7.1, 3H);**C NMR (125 MHz, CDG))
$166.13, 146.78, 117.48, 110.45, 61.33, 25.96,914.2

4.5.24. (E)-ethyl 3-bromo-3-thiocyanatoacrylafe)(®

White solid (55.7 mg, 79%JH NMR (500 MHz, Chloroform-
d) 5 = 6.73 (s, 1H), 4.24 (g}=7.2, 2H), 1.31 (t)=7.1, 3H);"°C
NMR (125 MHz, CDC)) & 165.17, 126.31, 125.02, 109.60,
62.09, 14.21.
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