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A Mukaiyama reagent-mediated protocol towards ajkgunlfones and alkynyl phosphonates was hereiordesd without
participation of any transition metal catalystseTransformation proceeded under the mild conditiora one-pot manng
from the easily-accessible substrates without eadasbon triple bonds, featuring for good functiogiups tolerance (u
to 41 examples) and high efficiency (up to 91%dsgltowards alkynyl sulfones and alkynyl phosphesait low cost.

SJ CH,
N Cl
o | ®/ Y
Y - Z
Et;N, DCE, r.t,, 3 h @
Ar = Ph, p-Tolyl, o-Tolyl, CH3CgH,, Alkynyl sulfones and
4-FCgHy, 4-CICgHy, 4-BrCgH,, Alkynyl phosphonates

4-1CgHy4, 4-CNCgHy4, 4,4'-Biphenyl 41 examples, up to 91% yields
2-Naphthyl, 2-Furanyl, 2-Thiophenyl;
Y = S0,Ar, SOsR, P(O)(OR), (R = alkyl).
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An efficient and mild route for the formation sulfar phosphoisubstituted alkynes was her
demonstrated. The Mukaiyama reagent-mediated tanation started from easily-accessible
substrates without carbon-carbon triple bonds,thadeaction proceeded under mild conditions
(room temperature) in a one-pot manner, requiriog fo transition metal-catalysthe
practical protocol featured for good functional gps tolerance (up to 4Xxa&mples) and hic
efficiency (up to 91% yields) towards alkynyl suifs and alkynyl phosphonates at low cost.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Heteroatom decorated carbon-carbon triple bondsh s
alkynyl sulfones and alkynyl phosphonates, haveised broad
research interests for the outstanding1 biologicadl ghoto-
conductive properties (shown in Schemé'13s well as versatile
intermediates for the preparation of various hetgrlic
molecules of great pharmaceutical significanceha field of
synthetic and methodology chemidtry Thus, great attempts
have been endeavoured for the preparation of thefulus
compounds. Typically, expensive substrates comtgimiarbon-
carbon triple bonds were frequently employed for
construction of alkynyl sulfones and alkynyl phospétes,
transition metal-catalyzed sp-hybridized C-S or CeRss-
coupling protocols were generally applied from alestgs?
acetylenic  bromid&! arylpropiolic acid$? 1,1-dihalo-1-

construction of terminal alkynes with the assistaoiceDA and
CIP(O)(OEt)."” But the efficient transformation suffered from
limited scope of substrates and extremely low reacti
temperature (-78C). Then, methylthiomethyl phenyl sulfone
(MP-S) was employed towards acetylenic sulfides with
aldehyde$'” Still, special reagent MP-S restricted the
methodology for general applications. As the loragpding
interests for the formations of sulfur or selenisubstituted
alkynes from our group? we wish to demonstrate a facile
transformation of nitrogen or phosphine-substitutesttylenes
herein from easily-prepared starting materials.

the

CH,3S0, o}

0 =—P-OtBu
CH380, =—9-CHj OtBu
OCHs

O

alkene¥ etc™ and the corresponding S or P containing coupling

partners. However, homo-coupling of the high-cost ihatable
acetylenic compounds or dibromoalkenes was unavtgdalihe
presence of palladium and copper catalysts. Therefitempts
have been devoted to seek the possibilities to therC-S or C-
P bonds in the absence of any transition metalystsa for
higher efficiency. For example, approaches suchasgenated
alkynes coupled with SH reagents or alkynyl lithiceacted with
phosphonyl chloride were successfully develofe@hao also
reported a transition metal-free protocol from diiromo-1-
alkenes and trialkyl phosphites (schem&1yet, research work
has been widely embarked for the construction gierbonds
from easier-accessible substrates. One of the pioigee
documents was reported by Negishi, using methyl resofor

Antifungal reagent Butyrylcholinesterase inhibitor

Scheme 1.Biologically active alkynyl sulfone andgphonate
2. Results and discussions

Initially, 1-phenyl-2-tosylethanondd) was used as the model
substrate for optimization of the dehydration riesnst, as shown
in Table 1. To our satisfactory, in the presencakaiyama’s
reagent, 2-chloro-1-methylpyridinium iodide (CMPI$odium
hydroxide made the reaction take place smoothly in
dichloromethane (DCM) at room temperature for 3 hBpur
providing the desire®-1-phenylethynylS-phenyl sulfoneZa) in
medium yield (52% for entry 1). Sodium carbonate ,(N2y)
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allowed the formation ofa in only 28% yield (entry 2).
However, KCO; offered the desired alkynyl sulfor?a in good
86% yield (entry 3), superior to other potassiufisd&ke KOAc,
tBuOK did in the system (entries 4 and 5). In the esamanner,
no improvement was observed when the reaction wasuctedl
in the presence of @380, and 32% of2a was successfully
isolated (entry 6). Successively, organic base$ ss EfHN,
Et;N and pyridine, were turned to for higher efficienejpwever,
Et;N distinguished from other organic bases testedngithe
desired alkynyl sulfona in excellent 92% yield (entries 7 — 9).
Furthermore, base was proved of great importandagaseful
transformation, for no product was detected in tieeace of any
bases (entry 10). Subsequently, the effects o&mifft solvents
were also tested. Acetonitrile, 1,2-dichloroethane ERQN,N-
dimethyl formamide (DMF) ensured the occurrence loé t
reaction, but in lower yields, up to 85% (entries-113). Other
organic solvents, including 1,4-dioxane, toluenthyleacetate
were ineffective to the transformation and no reectwas
detected after 3 hours (entries 14 — 16). Finaltydecrease was
observed at room temperature under the argon atmeosgentry
17).

Table 1. Optimization of the reaction conditidfls
Ol CHy
N.__CI
1©”
0o 0 Z o
°s? CMPI ]
o O=3)
Sol., Base, r.t,, 3h 0
1a 2a
Entry Base Sol. Yield (%)

1 NaOH CH,Cl, 52
2 Na,CO; CH.CI; 28
3 K.COs CH,Cl, 86
4 KOAc CH,Cl, 20
5 tBuOK CH,Cl, 20
6 CsCOs CH.CI; 32
7 Et,NH CH2C|2 n.d.
8 EtsN CH,Cl, 92
9 Pyridine CH:Cl; n.d.
10 - CH2C|2 n.d.
11 EtsN CH;CN 85
12 Et:N 1,2-dichloroethane 80
13 EtsN DMF 60
14 Et:N 1,4-dioxane n.d.
15 Et:N toluene n.d.
16 Et;N Ethyl acetate n.d.
17 Et:N CH,Cl, 9rf

a) Conditions1a (0.3 mmol), CMPI (0.36 mmol), Base (0.6 mmol) in
Sol. (3.0 mL) at room temperature for 3 hours.sojdted yields. c) the
yield was obtained under the argon atmosphere.

Subsequently, the functional groups compatibilitiesre
also examined in the mild transformation as shawhable 2. To

affording the desired sulfonyl alkyrb in 90% vyield (entry 2).
In the same mannegc was successfully isolated in 89% yield
after the treatment with CMPI (entry 3). Moreovelectron-
sufficient aryl groups were also tested in the systehich was
exemplified by the formation of the alkynyl sulfa®d and2ein
88% and 85% yields, respectively (entries 4 and@nerally,
however, halo substituted substrates gave infeediopmance to
alkoxyl-decorated substrates, which probably wasbated to
the inductive effect. For exampléf, 2g, 2h, 2i and 2j were
smoothly separated after column in yields from 708%679%
(entries 5 — 9). And 4-cyanophenylethynyl phenyfane @k)
was offered in 76% vyield (entry 10). Polyaryl suhséd
substrates like 4,4-biphenyl and 1-(7-methoxy-pimayl
substrates1{ and1m) offerred the desired triple carbon-carbon
bond decorated sulfoned and 2m in 80% and 79% yields
(entries 11 and 12). Subsequently, functional gsoup sulfonic
part were also examined in the transformation, areal lower
efficiency was acknowledged in the protocth was smoothly
transformed into the corresponding alkynyl sulfo@e in
acceptable 60% vyield (entry 13). Other electron-acyl group,
showed positive effect to the transformation anchénylethynyl
4-methoxyphenyl sulfone2¢) was formed in 68% vyield (entry
14). 1-Phenylethynyl 3-chlorophenyl sulfone€p) and 1-
phenylethynyl 4-iodophenyl sulfone2q) were furnished
favorably in 52% and 60% yields (entries 15 an)l Hectron-
deficient aryl substituents, such as 1-phenylethyr
trifloromethylphenyl sulfone 2r) and 1-phenylethynyl 4-
nitrophenyl sulfone 3s) were provided in 48% and 45% vyields,
separately (entries 17 and 18). Polyaryl, such ampghthyl
sulfonyl alkynyl @t) was generated in 72% yield (entry 19).
Worthy of note, phenylethynyl cyclopropyl sulfon8u] was
observed in 68% vyield after the treatment of CMPIr@om
temperature (entry 20). Moreover, chained alkye lk-phenyl-
butynyl phenyl sulfon@v was obtained in 70% yield (entry 21).

Table 2. Substrate scope towards quinolinyl phosphoffates
e} o ,0

(ONJ ¢ CMPI \\S/i
R')k/S\R / R
EtsN, DCE, rt,3h R’

1b - 1t 2b - 2t
Entry 2 R' R Yield (%"
1 2b p-Tolyl Ph 90
2 2c o-Tolyl Ph 89
3 2d 4-CH;OGsH,4 Ph 88
4 2e 3,4-CHO,CsH3 Ph 85
5 2f 4-FCsH,4 Ph 72
6 29 4-CICsH,4 Ph 79
7 2h 3,4-CLCeH,4 Ph 70
8 2i 4-BrCsH, Ph 76
9 2 4-1CeH, Ph 70
10 2k 4-CNGsH,4 Ph 76
11 2l 4-PhGH4 Ph 80
12 2m 2-(7-CH;ONaphthyl) Ph 79
13 2n Ph 44BuCgH, 60
14 20 Ph 4-CHOGsH, 68
15 2p Ph 3-CIGH, 52
16 2q Ph 4-1GH,4 60
17 2r Ph 4-CRCeHa 48
18 2s Ph 4-NQCegH4 45
19 2t Ph 2-Naphthyl 72
20 2u Ph Cyclo-GHs 68
21 2v PhGH, Ph 70

a) Conditions:1 (0.5 mmol), CMPI (0.6 mmol), BX (1.0 mmol) in DCE

our delight,1b underwent the dehydration protocol smoothly, (5.0 mL) at room temperature for 3 hours. b) Isalafields.



Based on the successful formation of the carboberattriple
bond decorated sulfones, the evaluation of thetmtbsscope
was then extended on the construction of alkynylsphonates,
as shown in Table 3. To our deligRtphenylethynylP,P-diethyl

3

To have a better understanding of the dehydratiotopol, the
reactivities of other pyridinium halides were funtlexamined by
the reaction betweerla and 2a at room temperature, as
summarized in the table 4. 2-chloro-1-ethylpyridin iodide

phosphonate4f) was successfully furnished under the standardffered a decreased yield 2& under the mild conditions (40%

conditions in 91% vyield (entry 1). In an analogopattern,
formations of P-(4-methylphenylethynyl}?,P-diethyl
phosphonate 4p), P-(2-methylphenylethynylR,P-diethyl
phosphonated€) andP-(3,4-dimethylphenylethynylR,P-diethyl

yield for entry 1). By comparison, 2-bromo-1-methyidinium
iodide allowed the formation of the desired prodfatin the
same 40% vyield (entry 2). Other different saltshsas 2-chloro-
1-methylpyridinium tetrafluoroborate and 2-bromo-1-

phosphonate4fl) were achieved by the facile protocol, and amethylpyridinium triflate furnished the alkynyl $ahe 2a in

range of 80% - 89% yields were obtained (entries 2)—
Similarly, electron-rich aryl groups were also foucmmpatible
in the system, and various alkynyl phosphondes- 4g were
also smoothly provided in yields from 70% - 79%t(e&s 5 — 7).
Tolerance of haloaryl groups was also examinedggatifyingly,
corresponding productdh — 4k were successfully isolated in
yields from 72% to 80% (entries 8 — 11). Polyasybstrates
were also readily separated, allowing the formatidntte
polyarylalkynyl diethyl phosphonatd$ — 4n in yields from 76%
to 85% (entries 12 — 14). It was noteworthy thaterwryl
substituted starting material8o0 and 3p  underwent the
dehydration procedure, and 2-furanyl and 2-thioghen
substituted alkynyl phosphonatde and4p in acceptable 64%
and 71% yields (entries 15 and 16). Successiveifferent
functional groups tolerance was also tested in rdmesformation

and P-(1-phenylethynyl)P-dimethyl phosphonate4q), P-(1-
phenylethynyl)P-diisopropyl phosphonate  4x), P-(1-
phenylethynyl)P-dibutyl phosphonate 4¢) were readily

furnished in yields from 80% to 89% yields (entried — 19).
Surprisingly, P-(2,2-dimethylbutynyl)P-diethyl phosphonated()
was successfully furnished in acceptable yield,aup6% (entry
20).

Table 3. Substrates scope towards triazolyl phosphofates

/ﬁ\/g CMPI 9
IS R——RR

R EtN,DCE, rt,3h R
3a-3s 4a-4s
Entry 4 R’ R Yield (%"
1 4a Ph Et 91
2 4b 4-CH;CeHa Et 89
3 4c 2-C|‘bCeH4 Et 85
4 4d 3,4-(CHy)2CeHs Et 80
5 4e 4-CH;0CsH4 Et 79
6 4f 2,5-(CH0),CeH3 Et 75
7 49 3,4-CHO,CgH3 Et 70
8 4h 4-FGH4 Et 78
9 4i 4-CICeH4 Et 80
10 4j 4-BrCsHa Et 76
11 4k 4-1CgH4 Et 72
12 4 4-PhGH4 Et 78
13 am 2-Naphthyl Et 85
14 4n 6-CH;O-2-Naphthyl Et 76
15 40 2-Furanyl Et 64
16 4p 2-Thiophenyl Et 71
17 4q Ph Me 88
18 4r Ph iPr 89
19 4s Ph nBu 80
20 4t tBu Et 56

a) Conditions:3 (0.5 mmol), CMPI (0.6 mmol), BX (1.0 mmol) in DCE
(5.0 mL) at room temperature for 3 hours. b) Isalatields.

higher vyields, up to 85% (entries 3 and 4). Howevao,
pyridinium salts gave better performance than Ciigl under
the mild conditions.

Table 4. Effects of analogous pyridinium sélts

Oy B
N _X
[©

%o, 0 _ o

\S/ / \ 1

_/) — %

Et;N, DCE, r.t., 3h O

1a 2a
Entry R X Y Yield (%}

1 Et Cl | 40
2 Me Br I 40
3 Me Cl BR 70
4 Me Br OTf 85

a) Conditionsia (0.5 mmol), pyridinium salt (0.6 mmol), & (1.0 mmol)
in DCE (5.0 mL) at room temperature for 3 hoursisb)ated yields.

Based on the previous demonstratiBflsa plausible mechanism
was proposed for the mild dehydration transformatiahich
was described by the reaction betwdenand2a as shown in
Scheme 2. Firstly, nucleophilic addition reacticok place
between the substrala andCMPI, forming a key intermediate
with a loss of a hydrogen cation. Then, removalidbiide anion
gave an access to another pyridinium intermedigtéch could
be transformed easily into the desired alkynylsudf2a.

Ph | > S\A Ph g | S
e NAT O—E: -Cl
i e G
H CHs -H 0=5=0 CHs
0=$=0 Ph
Ph
1a CMPI
=
o g | HE - Q
® 2a +
ng/jo N om N
CH CHs
O:?:O 3
Ph

Scheme 2. Proposed mechanism
3. Conclusion

In conclusion, an effective and practical transfation of
alkynyl sulfones and alkynyl phosphonates was swstaks
achieved under the mild conditions without the pisttion of
any transition metal-catalysts. The methodologgrmefd an facile
access to S or P-substituted alkynes from easdpared
substrates of different structure with high effidgrand in low
cost, which made a significant contribution to tleeelopment of
the topic.

4, Experimental section

4.1 General remarks
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All reagents were purchased from commercial companie$14.9, 94.37, 85.0, 21.9 ppm. MS (Elyz (%) = 77.04 (48),
and used without further purificatiohl and ®*C NMR spectra  103.05 (48), 125.00 (29), 165.06 (20), 192.07 (285.00 (100).
were recorded on a Varian INOVA-400 spectrometer inIR (KBr): v = 2962, 2177, 1604, 1508, 1443, 1334, 1155, 1083,
deuterated chloroform at 25 °C with residue solvee@ks as 1023, 857, 813, 779, 720, 685, 619, 569, 512.0HRMS (EI):
::ntelranal stan;jar?]SS(: 7.|26hpfprr(_1nfor1H-NMR a(;ldé = 77.16dppm Calcd. for [GsH1,0,S]": 256.0558, Found 256.0556.
or °C-NMR). Chemical shiftsd) are reported in ppm, and spin-
spin coupling constantsl)(are given in Hz, while multiplicities 4.2.5 S-(1-2-Methylphenylethynyl)-S-phenyl suli@w
are abbreviated by s (singlet), d (doublet), plgt), g (quartet) Yellow solid (114.1 mg, 89% vyieldMelting point: 47-48°C.
and m (multiplet). Mass spectra were recorded on &H NMR (400 MHz, CDC)) & = 8.08 (d,J = 7.9 Hz, 2H), 7.68 (t,
ThermoFinnigan MAT95XP microspectrometer and HighJ = 7.2 Hz, 1H), 7.59 (t) = 7.5 Hz, 2H), 7.43 (d) = 7.7 Hz,
resolution mass spectra (HRMS) were recorded on afemtgi 1H), 7.34 (t,J = 7.5 Hz, 1H), 7.23 — 7.12 (m, 2H), 2.35 (s, 3H)
Technologies Accurate Mass Q-TOF 6530 microspectieme ppm. 3¢ NMR (100 MHz, CDCJ)) & = 142.6, 142.3, 134.2,
Infrared (IR) spectra were reported in reciprocaltioeeter (cmh 133.2, 131.7, 130.1, 129.5, 127.4, 126.1, 117.83,90.1, 20.5
Y. Melting points were recorded on a national stamdaelting  ppm. MS (El): vz (%) = 77.04 (93), 103.05 (57), 115.05
point apparatus (Model: Taike XT-4) and were uncugee. (100),125.00 (37), 165.06 (31), 191.07 (91), 256(66). IR
(KBr): v = 3059, 2179, 1651, 1325, 1157, 1082, 850, 753, 72
688, 653, 572, 541 ¢t HRMS (El): Calcd. for [GH;,0,S]":
4.2.1 Preparations of starting materidlsand3 256.0558, Found 256.0561.

A sealed tube (35 mL) equipped with a stirring bar Veagled 4.2.6 S-(1-4-Methoxyphenylethynyl)-S-phenyl sul{@dg

with  2-bromoethanones (1.0 mmol), then sodium . . . . o
- . . Yellow solid (119.8 mg, 88% yield). Melting point: &5 °C.
benzenesulfinate (1.2 mmol) in DMF (20 ml) or phatplfl.0 ' NMR (400 MHz, CDC}) 6 = 8.07 (d,J = 7.5 Hz, 2H), 7.67 (.

mmol) in toluene (20 ml) was added to the tube &edntixtures 3= 7.4 Hz, 1H), 7.58 (&) = 7.6 Hz, 2H), 7.46 (&) = 8.7 Hz,

et s jom temperure i 3 omeotes 1S 50 ok (4.3 1,2, 552 5, 1 pri R (10
MHz, CDCL) 6 = 162.3, 142.2, 134.8, 134.1, 129.4, 127.4, 114.6,

and 24 hours foB). Then, the mixture was diluted with water (20 109.6, 94.8, 84.7, 55.6 ppm. MS (ERiz (%) = 77.04 (100),

mL) and extracted with C}€l, (30mL x 3). Next, the organic 131.05 (88). 207.23 (98), 272.32 (21). IR (KBr)= 2939, 2168,

phace was combined,and dred over ardousa, e 55155 Tk e, 1o, 1205 1175 139 06z
798, 739, 686, 554, 521 &m HRMS (El): Calcd. for

was purified with flash chromatograph column (elunéxture of +,
ethyl acetate and n-hexane), giving the desiredymts. And the [C1sH120,S]"- 272.3190, Found 272.3195.

'"H-NMR spectra of the purified substrates were in atmoce 4.2.7 S-(1-3,4-Methylenedioxyphenylethynyl)-S-phesyifone
with the known literatureS?! (2e)

4.2 General Procedure

4.2.2 Preparations of alkynyl sulfon2®r phosphonate4 Yellow solid (121.7 mg, 85% yield). Melting point: 2003
°C. ™M NMR (400 MHz, CDCJ) & = 8.06 (d,J = 7.8 Hz, 2H),
7.68 (t,J = 7.3 Hz, 1H), 7.59 () = 7.5 Hz, 2H), 7.09 (d] = 8.1
Hz, 1H), 6.92 (s, 1H), 6.78 (d,= 8.1 Hz, 1H), 6.01 (s, 2H) ppm.
*C NMR (100 MHz, CDG)) 5 = 150.9, 147.9, 142.1, 134.2,
129.5, 129.0, 127.5, 112.2, 110.8, 109.0, 102.13,%8K4.3 ppm.
MS (El): m/z (%) = 77.04 (23), 133.02 (54), 163.04 (31), 222.04
(35), 285.97 (100). IR (KBryw = 2964, 2169, 1789, 1651, 1504,

A sealed tube (35 mL) equipped with a stirring bar leasled
with the substrate4 or 3 (0.5 mmol) in DCM (5.0 mL), then
CMPI (0.6 mmol, 1.2 equiv.) and 48t was added to the solution
in one portion. After addition, the tube was seatsd the
mixture was stirred at room temperature for anoghler After the
completion of the reaction (monitored by TLC), théxture was
then washed W|th_d|chloromethane (15 mL3). The organic 1255, 1161, 1085, 1035, 810, 667 trHRMS (El): Calcd. for
phase was combined and then concentrated. The dailgec [C1sH100,S] 286.0300, Found 286.0294
product was purified by column chromatography usiiiga gel 150104 - ' ' ' '

(200-300 mesh) as stationary phase and a mixtugewmbleum  4.2.8 S-(1-4-Fluorophenylethynyl)-S-phenyl sulftf
and ethyl acetate as eluent to give the desiredustoin noted . . . . o
Yellow solid (93.7 mg, 72% yield). Melting point: %% °C.

ields.
yields H NMR (400 MHz, CDCJ) 5 = 8.07 (d,J = 7.6 Hz, 2H), 7.70 (t,
4.2.3 S-(1-Phenylethynyl)-S-phenyl sulfone (2a) J=7.4 Hz, 1H), 7.60 (t) = 7.5 Hz, 2H), 7.56 — 7.50 (m, 2H),

— 13 —
Yellow solid (65.4 mg, 90% vyieldMelting point: 74-75°C. H 7.07 (t,J = 8.1 Hz, 2H) ppm."C NMR (100 MHz, CDC)) 6 =

NMR (400 MHz, CDCJ) 6 = 8.08 (d.J = 7.6 Hz, 2H), 7.69 (§  rog°> (er = 2554 H2), 1418, 1359 = 9.1 Ha), 1344,
= 7.3 Hz, 1H), 7.60 () = 7.5 Hz, 2H), 7.52 (d] = 7.6 Hz, 2H), -6, 127.6, 116.5)¢ ¢ = 22.5 Hz), 114.1%¢ = 3.6 Hz), 92.5,

19 _
7.47 (t.J = 7.4 Hz, 1H), 7.37 (0 = 7.5 Hz, 2H) ppm°C NMR  82:4 PPM. "F NMR (375 MHz, CDGJ) § = -104.33 ppm. MS

(100 MHz, CDCY) 5 = 141.9, 134.3, 132.9, 131.7, 129.5, 128.82,(ED): Mz (%) = 77.04 (20), 107.02 (20), 125.00 (30), 196.04
1275 118.0. 936, 85.4 pom. M (s (0) = 77.04 &1, (100), 259.98 (36). IR (KBr)y = 2181, 1602, 1504, 1336, 1155,

89.03 (38), 125.00 (49), 178.06 (100), 241.99 (BR)YKBr): v = 1583’ §393' Z_ggég ég’oggé' 615'2%%8£”3'st (El)- Caled. for
2160, 1651, 1455, 1323, 1155, 1081, 866, 756, 688, 653, |CHeFC.S]: 260.0307, Found 260.0301.
569 cn. HRMS (El): Calcd. for [GH140,S]": 242.0402, Found 4.2.8 S-(1-4-Chlorophenylethynyl)-S-phenyl! sulf(t

242.0398.
Yellow solid (109.3 mg, 79% vyield). Melting point: @P °C.

4.2.4 S-(1-4-Methylphenylethynyl)-S-phenyl suli@ig '"H NMR (400 MHz, CDCJ) 5 = 8.08 (d,J = 7.6 Hz, 2H), 7.70 (t,

Yellow solid (115.3 mg, 90% vyieldMelting point: 82-83C. J=17.3 Hz, 1':')' 761 (U=75 L_'Z' 2H), 7.46 (d) = 8.0 Hz,
1 - - 2H), 7.36 (d,J = 7.9 Hz, 2H) ppn’C NMR (100 MHz, CDG)) 6
H NMR (400 MHz, CDCJ) & = 8.08 (dJ = 7.8 Hz, 2H), 7.68 (t, ~
J= 7.3 Hz, 1H), 7.60 (t) = 7.3 Hz, 2H), 7.42 (dJ = 7.4 Hz =141.7,138.3, 134.5, 134.1, 129.6, 129.4, 1217116,5 ppm. MS
2H), 747 (43 = 7.6 Hz, 2H), 2.37 (s, 3H) ppriiC NMR (100 (ED: mVz (%) = 77.04 (55), 124.99 (97), 176.04 (38), 212.01
MHz, CDCE) & = 142.6, 142.1, 134.2, 132.9, 129.6, 129.5, 127.5100): 275.94 (48). IR (KBry = 2351, 2179, 1789, 1651, 1556,



1340, 1158, 1085, 1013, 852, 802, 732, 697, 587, dii.
HRMS (EI): Calcd. for [GH.CIO,S]: 276.0012, Found
276.0009.

4.2.9 S-(1-4-Chlorophenylethynyl)-S-phenyl sulfig

Yellow solid (108.9 mg, 70% vyield). Melting point: &9 °C. *H
NMR (400 MHz, CDCY) § = 8.07 (d,J = 8.0 Hz, 2H), 7.71 ()

= 7.3 Hz, 1H), 7.64 — 7.58 (m, 3H), 7.46 Jc¢5 8.3 Hz, 1H), 7.35
(d, J = 8.3 Hz, 1H) ppm-C NMR (100 MHz, CDCJ) 5 = 141.4,
136.7, 134.6, 134.3, 133.5, 131.8, 131.1, 129.6,.712117.9,
90.3, 86.9 ppm. MS (Em/z (%) = 77.04 (36), 125.00 (67),
176.05 (42), 245.95 (100), 309.92 (58). IR (KBv):= 2351,
1652, 1539, 1456, 1339, 1163, 1085, 910, 744, 688, cni-
HRMS (El): Calcd. for [GHsCpO,S]: 309.9622, Found
309.9625.

4.2.10 S-(1-4-Bromophenylethynyl)-S-phenyl sulf@ije (

Yellow solid (122.0 mg, 76% yield). Melting point: 81117
°C.'H NMR (400 MHz, CDCJ) § = 8.07 (d,J = 8.0 Hz, 2H),
7.70 (t,J = 7.4 Hz, 1H), 7.61 () = 7.6 Hz, 2H), 7.52 (d] = 8.2
Hz, 2H), 7.38 (dJ = 8.1 Hz, 2H) ppm**C NMR (100 MHz,

CDCly) 6 = 141.7, 1345, 134.1, 132.3, 129.6, 127.6, 126.7

116.9, 92.2, 86.4 ppm. MS (Eivz (%) = 77.04 (77), 125 (100),
176.04 (55), 255.94 (64), 321.90 (35). IR (KBr)= 2351, 1645,
1506, 1336, 1260, 1162, 1085, 1016, 800, 686, 434 £IRMS
(EI): Calcd. for [GsHCIO,S]": 321.9486, Found 321.9480.

4.2.11 S-(1-4-lodophenylethynyl)-S-phenyl sulf@je (

Yellow solid (128.9 mg, 70% yield). Melting point: 4335
°C. ™H NMR (400 MHz, CDCJ) & = 8.08 (d,J = 7.6 Hz, 2H),
7.70 (t,J = 7.3 Hz, 1H), 7.61 () = 7.5 Hz, 2H), 7.46 (d] = 8.0
Hz, 2H), 7.36 (d,J = 7.9 Hz, 2H) ppn°C NMR (100 MHz,
CDCl) 6 = 141.7, 138.3, 134.5, 134.1, 129.6, 129.4, 121116,5
ppm. MS (El):mz (%) = 77.04 (55), 124.99 (97), 176.04 (38),
212.01 (100), 275.94 (48). IR (KBN:= 2351, 2179, 1789, 1651,
1556, 1340, 1158, 1085, 1013, 852, 802, 732, 687, 517 crit.
HRMS (El): Calcd. for [GHCIO,S]": 276.0012, Found
276.0009.

4.2.12 S-(1-4-Cyanophenylethynyl)-S-phenyl sul{@kie

Yellow solid (101.6 mg, 76% yieldMelting point: 107-108
°C. ™M NMR (400 MHz, CDCJ) & = 8.08 (d,J = 7.9 Hz, 2H),
7.73 (tJ = 7.4 Hz, 1H), 7.69 — 7.61 (m, 6H) ppH'C NMR (100

5
1H), 7.72 — 7.67 (m, 3H), 7.61 @,= 7.5 Hz, 2H), 7.46 (d] =
8.5 Hz, 1H), 7.19 (dJ = 9.0 Hz, 1H), 7.10 (s, 1H), 3.93 (s, 3H)
ppm. °C NMR (100 MHz, CDG) & = 159.8, 142.2, 136.0,
134.3, 134.2, 130.0, 129.5, 128.4, 128.0, 127.5,5,2120.4,
112.4, 106.0, 95.0, 85.1, 55.6 ppm. MS (Efjz (%) = 77.04
(35), 126.04 (37), 139.05 (31), 169.05 (55), 215406), 322.01
(100). IR (KBr):v = 2964, 2167, 1867, 1651, 1622, 1327, 1241,
1157, 1085, 1027, 940, 853, 773, 731, 645, 58%. aHRMS
(EI): Calcd. for [GeH140,S]": 322.0664, Found 322.0669.

4.2.15 S-(1-Phenylethynyl)-S-(4-tert-butylphenyljae (2n)

Yellow solid (89.5 mg, 60% yieldMelting point: 76-77°C. *H
NMR (400 MHz, CDC}) 6 = 7.99 (dJ = 7.7 Hz, 2H), 7.60 (d]

= 7.7 Hz, 2H), 7.53 (d] = 7.7 Hz, 2H), 7.47 (1) = 7.4 Hz, 1H),
7.37 (t,J = 7.5 Hz, 2H), 1.36 (s, 9H) ppriC NMR (100 MHz,
CDCl;) 6 = 158.4, 138.9, 132.9, 131.6, 128.8, 127.5, 126.6,
118.2,93.1, 85.7, 35.5, 31.2 ppm. MS (Etjz (%) = 77.04 (31),
91.05 (32), 149.00 (52), 283.01 (100), 298.05 (BB)KBr): v =
2964, 2181, 1593, 1489, 1332, 1161, 1111, 1082, B5H, 669,
617, 562, 547, 517 ¢ HRMS (EI): Calcd. for [GHs0,S]":
298.1028, Found 298.1033.

4.2.16 S-(1-Phenylethynyl)-S-(p-methoxyphenyl) sel{@o)

Yellow solid (92.6 mg, 68% yieldMelting point: 70-71°C.
'H NMR (400 MHz, CDC)) & = 8.00 (d,J = 8.0 Hz, 2H), 7.51
(d,J = 7.6 Hz, 2H), 7.46 (t) = 7.4 Hz, 1H), 7.36 () = 7.5 Hz,
2H), 7.05 (dJ = 8.0 Hz, 2H), 3.90 (s, 3H) ppr’C NMR (100
MHz, CDCL) 6 = 164.3, 133.6, 132.8, 131.5, 130.0, 128.8, 118.3,
114.7, 92.6, 86.0, 55.9 ppm. MS (EWVz (%) = 77.04 (20),
165.06 (36), 193.04 (46), 208.06 (100), 272.01.(#B)KBr): v
= 2945, 2179, 1593, 1496, 1442, 1330, 1263, 1168211020,
848, 755, 682, 642, 558 &m HRMS (EI): Calcd. for
[C1sH105S]": 272.0507, Found 272.0504.

4.2.17 S-(1-Phenylethynyl)-S-(3-chlorophenyl) swdf@@p)

Yellow oil (71.9 mg, 52% yield)H NMR (400 MHz, CDCJ)
8 = 8.06 (s, 1H), 7.97 (dl = 7.8 Hz, 1H), 7.65 (dJ = 8.0 Hz,
1H), 7.52 (m, 5H), 7.39 (f] = 7.5 Hz, 2H) ppm**C NMR (100
MHz, CDCL) 5 = 143.5, 135.7, 134.5, 133.0, 132.0, 130.9, 128.9,
127.7, 125.7, 117.7, 94.5, 85.0 ppm. MS (Bfjz (%) = 77.04
(20), 151.05 (26), 176.05 (100), 212.03 (72), 236(87). IR
(KBr): v = 2179, 1681, 1575, 1338, 1165, 1118, 1078, 894, 7
754, 680, 576 cth HRMS (El): Calcd. for [GHeCIO,S]":

MHz, CDCk) & = 141.2, 134.8, 133.3, 132.4, 129.7, 127.8, 122.8276.0012, Found 276.0018.

117.7, 115.1, 90.1, 88.6 ppm. MS (Bf)z (%) = 77.04 (36), 125
(100), 203.05 (100), 266.98 (34). IR (KBn: = 2230, 2185,
1681, 1499, 1449, 1338, 1159, 1081, 854, 745, 683, 554,
431 cm'. HRMS (El): Calcd. for [GHJNO,S]": 267.0354,
Found 267.0349.

4.2.13 S-(1-4,4’-Biphenylethynyl)-S-phenyl sulf(2ig

Yellow solid (127.4 mg, 80% yieldMelting point: 92-93C.
'"H NMR (400 MHz, CDC}) 6 = 8.11 (dJ = 7.7 Hz, 2H), 7.70 (t,
J = 7.2 Hz, 1H), 7.64 — 7.56 (m, 8H), 7.46 Jt= 7.3 Hz, 2H),
7.39 (t,J = 7.2 Hz, 1H) ppm**C NMR (100 MHz, CDC)) & =
1445, 142.0, 139.6, 134.3, 133.4, 129.5, 129.8.5,2127.6,
127.4, 127.3, 116.6, 93.8, 86.0 ppm. MS (EBEWz (%) = 77.04
(20), 165.06 (36), 254.06 (61), 318.02 (100). IB(Kv = 3062,
2177, 1600, 1481, 1445, 1328, 1163, 1085, 1005, 856, 743,
718, 686, 640, 576, 551 &m HRMS (EI): Calcd. for
[Co0H140,S]": 318.0715, Found 318.0716.

4.2.14 S-(1-7-Methoxy-2-naphthylethynyl)-S-phealjbae (2m)

Yellow solid (127.3 mg, 79% yieldMelting point: 59-60°C.
'H NMR (400 MHz, CDC)) 6 = 8.11 (dJ = 7.7 Hz, 2H), 8.02 (s,

4.2.18 S-(1-Phenylethynyl)-S-(4-iodophenyl) sulfi@ug

Yellow solid (110.5 mg, 60% yieldMelting point: 106-107
°C. ™H NMR (400 MHz, CDCJ) & = 7.96 (d,J = 7.7 Hz, 2H),
7.78 (d,J = 7.5 Hz, 2H), 7.50 (m, 3H), 7.38 (t,= 7.5 Hz, 2H)
ppm. °C NMR (100 MHz, CDG) & = 141.7, 138.9, 133.0,
131.9, 128.9, 128.9, 117.8, 102.4, 94.2, 85.2 gd&.(El): m/z
(%) = 77.04 (20), 176.04 (25), 250.85 (62), 303(B2), 367.86
(100). IR (KBr):v = 2179, 1867, 1681, 1506, 1338, 1157, 1085,
1005, 850, 734, 659, 590, 536 ¢mHRMS (El): Calcd. for
[C14HolO,S]": 837.9368, Found 367.9375.

4.2.19 S-(1-Phenylethynyl)-S-(4-trifloromethylphgnysulfone
(2r)

Yellow solid (74.5 mg, 48% yieldMelting point: 56-57°C.
'H NMR (400 MHz, CDC)) § = 8.22 (d,J = 8.1 Hz, 2H), 7.87
(d, J = 8.1 Hz, 2H), 7.52 (m, 3H), 7.39 @,= 7.6 Hz, 2H) ppm.
¥C NMR (100 MHz, CDGJ) = 145.4, 135.9J.¢ = 33.3 Hz),
133.0, 132.1, 128.9, 128.2, 126 % = 3.6 Hz), 123.2JcF =
271.5 Hz), 117.6, 95.1, 84.8 ppiE NMR (375 MHz, CDC)) §
-63.24 ppm. MS (Emz (%) = 77.04 (46), 89.03 (41), 105.03



6

(99), 145.02 (100), 246.02 (83), 309.98 (40). IRB(K v =
2181, 1732, 1681, 1405, 1321, 1163, 1064, 852, 758, 663,
591, 533, 431 cih HRMS (El): Calcd. for [GHoFs0,S]":
310.0275, Found 310.0277.

4.2.20 S-(1-Phenylethynyl)-S-(4-nitrophenyl) suf¢as)

Yellow solid (64.7 mg, 45% vyield)Melting point: 120-121
°C. ™M NMR (400 MHz, CDCJ) & = 8.44 (d,J = 8.3 Hz, 2H),
8.28 (d,J = 8.3 Hz, 2H), 7.53 (m, 3H), 7.40 (= 7.5 Hz, 2H)
ppm. °C NMR (100 MHz, CDG) & = 151.1, 147.3, 133.1,
132.3, 129.0, 129.0, 124.8, 117.3, 96.0, 84.5 pd®.(El): m/z
(%) = 77.04 (33), 89.03 (100), 165.06 (20), 17688), 193.05
(21), 223.04 (29), 286.97 (70). IR (KBr):= 2179, 1685, 1533,
1348, 1159, 1085, 848, 740, 685, 598, 532, 463.dARMS
(EI): Calcd. for [GHNO,S]": 287.0252, Found 287.0245.
4.2.21 S-(1-Phenylethynyl)-S-(2-naphthyl) sulf@tg (

Yellow solid (105.2 mg, 72% yieldMelting point: 90-91°C.
'H NMR (400 MHz, CDC}) & = 8.65 (s, 1H), 8.04 (d,= 7.4 Hz,
3H), 7.95 (dJ = 8.0 Hz, 1H), 7.68 (m, 2H), 7.52 @@= 7.6 Hz,
2H), 7.46 (tJ = 7.4 Hz, 1H), 7.36 () = 7.5 Hz, 2H) ppm*C
NMR (100 MHz, CDC}) & = 138.8, 135.7, 132.9, 132.3, 131.7,
130.0, 129.8, 129.8, 129.4, 128.8, 128.2, 128.@.312118.1,
93.9, 85.7 ppm. MS (El)m/z (%) = 77.04 (20), 127.05 (30),
228.07 (100), 292.00 (27). IR (KBN:= 2360, 2177, 1843, 17186,
1648, 1543, 1508, 1338, 1155, 1070, 860, 812, 880, 551,
434 cm'. HRMS (EI): Calcd. for [GH1,0,S]": 292.0558, Found
292.0560.

4.2.22 S-(1-Phenylethynyl)-S-cyclopropyl sulfong (2

Brown oil (70.1 mg, 68% yield)'H NMR (400 MHz, CDC))
8=7.59 (dJ = 7.6 Hz, 2H), 7.50 () = 7.4 Hz, 1H), 7.41 () =
7.5 Hz, 2H), 2.89 — 2.74 (m, 1H), 1.52 — 1.41 (m, 2H)8 (q,J
= 6.4 Hz, 2H) ppm*C NMR (100 MHz, CDG) & = 132.9,
131.7, 128.9, 118.0, 91.3, 84.2, 35.3, 6.5 ppm.(HI$ n/z (%)
=89.05 (28), 115.06 (26), 141.07 (100), 206.03.(WR (KBr): v
= 3057, 2183, 1681, 1488, 1445, 1330, 1143, 888, 857, 713,
652, 547, 532 cth HRMS (El): Calcd. for [GH;,0.S]":
206.0402, Found 206.0399.

4.2.22 S-(1-Phenylbutynyl)-S-phenyl sulfone (2v)

Yellow solid (94.6 mg, 70% yieldMelting point: 54-55°C.
'H NMR (400 MHz, CDC}) & = 7.92 (d,J = 8.0 Hz, 1H),
7.64 (t,J = 7.5 Hz, 1H), 7.49 (1) = 7.7 Hz, 1H), 7.27 (m,
2H), 7.19 (t,J = 8.0 Hz, 1H), 4.00 (s, 1H), 3.55 (s, 1HC
NMR (101 MHz, CDCJ) 6 = 137.8, 135.7, 134.1, 129.1, 128.9,
128.6, 128.0, 126.9, 86.4, 69.9, 49.1, 25.2 ppm.(HIpm/z (%)
= 77.04 (51), 117.17 (38), 125.00 (49), 129.30 J10®5.06
(35), 205.25 (24), 270.35 (M 45). HRMS (El) Calcd. for
[C14H140,S]": 270.3462, Found 270.3460.

4.2.23 P-(1-Phenylethynyl)-P,P-diethyl phosphoridtg

Colorless oil (108.4 mg, 91% yieldfH NMR (400 MHz,
CDCly) & = 7.55 (d,J = 7.1 Hz, 2H), 7.45 (t) = 7.5 Hz, 1H),
7.36 (t,J = 7.4 Hz, 2H), 4.26 — 4.18 (m, 4H), 1.40Jt 7.0 Hz,
6H) ppm.**C NMR (100 MHz, CDCJ) & = 132.8, 132.7, 130.8,
128.7, 119.7, 119.6, 99.4, 98.9, 80.0, 77.0, 63343, 16.3, 16.2
ppm.*P NMR (160 MHz, CDG)) 5 = -5.92 ppm. MS (El)m/z =
89.1 (12), 102.1 (100), 165.0 (27), 182.0 (11),.0988), 210.0
(24), 238.1 (M, 16). IR (KBr):v = 3058, 2986, 2934, 2908,
2187, 1489, 1444, 1390, 1265, 1163, 1024, 974, 860, 690,
650 cm'. HRMS (EI): calcd. for [GH1s05P]": 238.0759, found
238.0753.

4.2.24 P-(1-p-Tolylethynyl)-P,P-diethyl phosphone)

Tetrahedron

Colorless oil (112.3 mg, 89% yieldjH NMR (400 MHz,
CDCL) & = 7.44 (d,J = 8.1 Hz, 2H), 7.16 (dJ = 8.0 Hz, 2H),
4.25 — 4.16 (m, 4H), 2.37 (s, 3H), 1.39J& 7.1 Hz, 6H) ppm.
*C NMR (100 MHz, CDCJ)) & = 141.5, 132.7, 132.7, 129.4,
116.5, 116.5, 100.1, 99.5, 79.3, 76.3, 63.3, 63133, 16.3, 16.2
ppm.*'P NMR (160 MHz, CDG) & = -4.59 ppm. MS (El)m/z =
103.1 (5), 116.1 (100), 179.1 (31), 196.1 (11),.20@8), 224.1
(38), 237.1 (8), 252.1 (M 46). IR (KBr):v = 2985, 2934, 2905,
2184, 1508, 1266, 1158, 1023, 973, 863, 815, 788, 608 cril.
HRMS (EI): calcd. for [GH;/0sP]": 252.0915, found 252.0910.

4.2.25 P-(1-o-Tolylethynyl)-P,P-diethyl phosphon@te)

Colorless oil (107.2 mg, 85% yieldjH NMR (400 MHz,
CDCly) & = 7.50 (d,J = 7.6 Hz, 1H), 7.32 (t) = 7.5 Hz, 1H),
7.22 (d,J = 7.6 Hz, 1H), 7.17 () = 7.6 Hz, 1H), 4.26 — 4.17 (m,
4H), 2.46 (s, 3H), 1.39 (] = 7.1 Hz, 6H) ppm**C NMR (100
MHz, CDCL) & = 141.9, 141.9, 133.19, 133.16, 130.8, 129.9,
125.9, 119.5, 119.4, 104.2, 98.7, 98.2, 83.5, 86%4, 63.3,
20.6, 16.3, 16.2 ppni'P NMR (160 MHz, CDG) & = -5.87
ppm. MS (El):mvz = 103.1 (10), 115.1 (100), 178.1(18), 196.1
(39), 224.1 (5), 252.1 (M 45). IR (KBr):v = 2985, 2938, 2911,
2182, 1480, 1453, 1388, 1265, 1161, 1024, 974, 888, 762,
647 cni. HRMS (El): calcd. for [GH;05P]": 252.0907, found
252.0910.

4.2.26
phosphonate (4d)

Colorless oil (106.5 mg, 80% yieldjH NMR (400 MHz,
CDCl) 5= 7.32 (s, 1H), 7.29 (d,= 7.8 Hz, 1H), 7.11 (d] = 7.8
Hz, 1H), 4.24 — 4.16 (m, 4H), 2.26 (s, 3H), 2.23 (s,,3H38 (t,J
= 7.1 Hz, 6H) ppm*C NMR (100 MHz, CDGJ)) & = 140.3,
137.2, 133.63, 133.60, 130.27, 130.25, 129.9, 11616.7,
100.4, 99.8, 78.9, 75.9, 63.31, 63.25, 20.1, 196524, 16.17
ppm.*'P NMR (160 MHz, CDG) 3 = -4.48 ppm. MS (El)m/z =
115.1 (39), 130.1 (100), 193.1 (10), 223.1 (298.2317), 251.1
(4), 266.1 (M, 21). IR (KBr):v = 2985, 2938, 2905, 2177, 1450,
1451, 1393, 1268, 1164, 1024, 972, 803, 624 .0HRMS (EI):
calcd. for [G4H1405P]": 266.1072, found 266.1066.

4.2.27 P-(1-(4-Methoxyphenyl)ethynyl)-P,P-diethilogphonate
(4e)

Colorless oil (105.9 mg, 79% vyieldjJH NMR (400 MHz,
CDCly) & = 7.47 (d,J = 8.7 Hz, 2H), 6.85 (dJ = 8.9 Hz, 2H),
4.23 — 4.13 (m, 4H), 3.80 (s, 3H), 1.37Jt 7.1 Hz, 6H) ppm.
¥C NMR (100 MHz, CDG)) & = 161.5, 134.50, 134.48, 114.3,
111.4, 111.3, 100.2, 99.6, 78.7, 75.7, 63.23, 636575, 16.23,
16.16 ppm.*P NMR (160 MHz, CDG)) & = -5.43 ppm. MS
(El): miz = 107 (1), 119 (4), 132 (100), 195 (8), 225 (1H)0
(16), 268 (M, 19). IR (KBr):v = 2982, 2938, 2905, 2182, 1603,
1509, 1295, 1257, 1172, 1024, 973, 866, 837, 787. CRRMS
(ED): calcd. for [GsH,704P]": 268.0864, found 268.0859.

4.2.28 P-(1-(2,5-Dimethoxyphenyl)ethynyl)-P,P-diethyl
phosphonate (4f)

Bright yellow oil (111.9 mg, 75% yieldfH NMR (400 MHz,
CDCl) & = 7.00 (d,J = 3.1 Hz, 1H), 6.95 (dd] = 9.1, 3.1 Hz,
1H), 6.81 (d,J = 9.1 Hz, 1H), 4.27 — 4.18 (m, 4H), 3.81 (s, 3H),
3.75 (s, 3H), 1.39 () = 7.1 Hz, 6H) ppm**C NMR (100 MHz,
CDCly) & = 156.23, 156.21, 153.1, 118.9, 118.48, 118.43,311
109.3, 109.2, 96.6, 96.1, 83.5, 80.6, 63.4, 63634,%56.0, 16.24,
16.17 ppm.*P NMR (160 MHz, CDG) & = -5.78 ppm. MS
(El): miz = 147 (59), 161 (100), 224 (24), 242 (68), 270)(283
(9), 298 (M, 77). IR (KBr):v = 2985, 2938, 2905, 2837, 2181,
1501, 1463, 1267, 1234, 1166, 1024, 962, 804, 6@2, 611 crh
! HRMS (El): calcd. for [GH:OsP]: 298.0970, found
298.0965.

P-(1-(3,4-Dimethylphenyl)ethynyl)-P,P-diethyl



7
4.2.29 P-(1-(3,4-Methylenedioxyphenyl)ethynyl)-Bigthyl 760, 668 crit. HRMS (El): calcd. for [GH14O3P]": 363.9725,
phosphonate (49) found 363.9720.

Colorless oil (98.8 mg, 70% yieldfH NMR (400 MHz, 4.2.34 P-(1-Biphenylethynyl)-P,P-diethyl phospher(#t)
CDCL) 6= 7.10 (dJ =8.0 Hz, 1H), 6.95 (s, 1H), 6.77 di= 8.1 Colorless oil (122.6 mg, 78% yieldjH NMR (400 MHz,
Hz, 1H), 5.99 (s, 2H), 4.23 — 4.15 (m, 4H), 1.37)(& 7.1 Hz, > )
o 3 CDCly) 5 = 7.64 — 7.55 (m, 6H), 7.44 (= 7.5 Hz, 2H), 7.37 (,
6H) ppm.™*C NMR (100 MHz, CDG)) 5 = 150.1, 147.7, 128.43, ~° 'z
128.41, 112.61, 112.55, 112.18, 112.16, 108.8,91@0.8, 99.3, J - /-3 Hz 1H), 4.28 — 4.19 (m, 4H), 1.411t= 7.1 Hz, 6H)
A SRS TLEO9) SLE S, 1LY, L U008 HES, 995 ppm. °C NMR (100 MHz, CDG) 5 = 143.5, 139.7, 133.2,

78.4, 75.4, 63.32, 63.27, 16.24, 16.17 ppiR.NMR (160 MHz, 133.1, 129.0, 128.3, 127.3, 127.2, 118.3, 118.24,980.0, 80.5,

€DCL) 8 = -5.70 ppm. MS (Ehmz = 133.1 (4), 146.1 (100), 57°"3" "653"16'3 16,2 ppiiP NMR (160 MHz, CDG) 5
209.0 (9), 239.0 (9), 254.1 (15), 282.1°(\89). IR (KBr):v = 2
= .5.93 ppm. MS (E)m/z = 165.1(15), 178.1 (100), 241.1 (7),
2986, 2907, 2179, 1604, 1505, 1489, 1443, 13393,12307, L (1
A 2711 (14), 286.1 (19), 314.2 (MB8). IR (KB):v = 3036, 2982,

1131, 1101, 1029, 974, 822, 754, 664, 593 CHMRMS (EI): :
Calog, for [GtuOPT 262.0657. found 282.0652 2938, 2908, 2184, 1485, 1265, 1023, 974, 861, §85, 635 cri

' SIS - e ’ ' ' ! HRMS (El): calcd. for [GH:OsP]": 314.1072, found

4.2.30 P-(1-(4-Fluorophenyl)ethynyl)-P,P-diethyl gsphonate 314.1066.

(4h) 4.2.35 P-(1-(2-Naphthyl)ethynyl)-P,P-diethyl phospate (4m)
Colorless oil (99.8 mg, 78% yieldyH NMR (400 MHz, . .

CDCl) & = 7.54 gde _ 5?6 5.4 I—)|/z 2);) 7.05 (tg = 8.6 Hz Colorless oil (122.5 mg, 85% vyieldjJH NMR (400 MHz,

YNGR "I, 138 0= 71 Ha. 6f 5o M. CDCH) 8 = 8.10 (s, 1H), 7.84 — 7.78 (m, 3H), 7.56 — 7.49 (m,
H), 4.25 - 4.15 (m, 4H), 1.38 @= 7.1 Hz, 6H) ppm-C NMR %0700 151 (m, 4H). 1.41 @= 7.1 Hz. 6H) ppm™C NMR

(100 MHz, CDCJ) 5 = 165.2, 162.7, 135.04, 135.01, 134.95,> V- '  4F), LA (= 7.2 1z, :

134.9, 116.3, 116.1, 115.84, 115.80, 115.78, 11887, 97.7, (100 MHz, CDCJ) = 133.89, 133.86, 133.85, 132.5, 128.5,

70.0. 770, 63.4, 63.3, 16.24, 16.18 ppfh NMR (370 MHz,  128:1, 128.0, 127.94, 127.92, 127.89, 127.1, 116128.67,
T O Do e ; -5 99.8,99.3, 80.0, 77.1, 63.4, 63.3, 16.3, 16.2 pPMNMR (160

CDC): 8 = -122.2 (ppm)'P NMR (160 MHz, CDG) 5= -6.18 CDCh & S oS Bl 1R A 1591

ppm. MS (El):mz = 107.1 (15), 120.1 (100), 183.1 (20), 200.1 V2 ) 8 =-5.94 ppm. MS (E)m'z = 139.1(14), 152.

(100), 215.1 (7), 245.1 (10), 260.1 (16), 288.1°(84). IR

7), 213.1 (16), 228.1 (16), 256.1 {MLO). IR (KBr):v = 2985,
(29)35 2905( 2)189 159(9 1)508 1227 1)236 §160)419)'£5 ge7, (KBn):v =3057,2985, 2932, 2908, 2185, 1266, 1159, 1944,
’ ’ ' ! . ! ; ’ ' ' 905, 861, 792, 750, 632, 592 ¢mHRMS (ED): calcd. for

843, 800, 742 cth HRMS (EI): calcd. for [GH;/FOP]": [C.HLOuPT" 288.0915, found 288.0910,

256.0665, found 256.0659.
(1 (A D P 4.2.36 P-(1-(6-Methoxy-2-naphthalenyl)ethynyl)-[jethyl
4.2.31 P-(1-(4-Chlorophenyl)ethynyl)-P,P-diethyl ogpbhonate phosphonate (4n)

(4i)
; . Bright yellow oil (120.9 mg, 76% yieldfH NMR (400 MHz,
0,
Colorless oil (109.1 mg, 80% yleld}H NMR (400 MHz, CDCL) 5= 8.02 (s, 1H), 7.68 (dd.= 8.5, 5.1 Hz, 2H), 7.49 (d.

EEGP P 7(;1174(,3)’3 1:388'?&1 e 76;013 é?mfsgﬁl\'ﬂ*é' (i'g())’ = 8.5 Hz, 1H), 7.16 (d) = 9.0 Hz, 1H), 7.09 (s, 1H), 4.29 — 4.19
; : AR S ' ' (m, 4H), 3.90 (s, 3H), 1.41 (§ = 7.0 Hz, 6H) ppm**C NMR

1M1|_é26 %g%h)g?: é:ils.702’781:(3)3§§’431-32382’8 lfgg;u%ngbsﬁsﬁpl&l’(loO MHz, CDC}) 6 = 159.4, 135.5, 133.7, 133.6, 129.7, 128.7,
S RO MU e AR K — B 21 e N ' y 128.6, 128.0, 127.2, 120.1, 114.2, 114.1, 105.0,5.®9.9, 79.4,

E“S)R 1%201 '\("1'&') 01%(;1)9521:9)-5.29;19 %p(r;b)M;gEg%Z?; 112&1 76.4, 63.34, 63.29, 55.5, 16.3, 16.2 pgf®. NMR (160 MHz,
290 » £99-9 (19), 209.0 (1), 242, L M. CDCl) &= -5.65 ppm. MS (El)mz = 139.1 (21), 182.1 (100),

17). IR (KBr): v = 2986, 2935, 2908, 2189, %587, 1488, 1.393,244.1 (9), 275.1 (7), 290.1 (19), 318.1°(W61). IR (KBI):v =

1267, 1092, 1022, 975, 858, 832, 762, 70I"cHRMS (El):

calcd. for [G,H1.CIOPT': 272.0369, found 272.0364. 2985, 2935, 2905, 2179, 1625, 1480, 1391, 1263212662,
' 1024, 970, 941, 784, 703, 638 tmHRMS calcd. for

4.2.32 P-(1-(4-Bromophenyl)ethynyl)-P,P-diethyl pitasnate  [C,/H.0,P]": 318.1021, found 318.1015.

“) 4.2.37 P-(1-(2-Furanyl)ethynyl)-P,P-diethyl phosphte (40)
: . wé
Bright )ie”OW ol (1E0'5 mg, 76% yieldJH N'\_AR (400 MHz, Bright yellow oil (73.1 mg, 64% yield)'H NMR (400 MHz,
CDCly) & = 7.50 (d,J = 8.5 Hz, 2H), 7.40 (d) = 8.4 Hz, 2H), a - C
4.25 - 4.16 (m, 4H), 1.39 (1,= 7.1 Hz, 6H) ppm°C NMR (100 CDCly) & = 7.45 (d,J = 0.8 Hz, 1H), 6.85 (d] = 3.5 Hz, 1H),
. i ! or A, y ' 6.42 (dd,J = 3.4, 1.7 Hz, 1H), 4.23 — 4.14 (m, 4H), 1.36J(&

A A SRl P 134.5, 120.24, 120.22, 111.4, 88.9, 88.3, 85.12,823.6, 63.5,

o e 50T S " oL 61680 3557, Tk . o € o v
Jaad ' S e 1 1265 1164ED: Mz = 92.1 (100), 155.1 (15), 172.1 (7), 185.1 (1192

IR (KBr): v = 2985, 2938, 2905, 2187, 1483, 1391, 1265, 116
’ ' ; y ' ’ ’ 1471, 1391, 1267, 1215, 1162, 1024, 977, 944, 85T, cni-

[C12H1BrOPT: 315.9864, found 315.9858. HRMS (EI): calcd. for [GoH.Z04P]": 228.0546, found 228.0546.
4.2.33 P-(1-(4-lodophenylethynyl)-diethyl phospiten(4k) 4.2.38 P-(1-(2-Thiophenyl)ethynyl)-P,P-diethyl phiasnate (4p)

. 0 . 1
CD\g';"g"j?"fO ((1ds:j151=rrig, 1728/2 ﬂ‘:'d%ﬂ) '\'7'\’;3 ((ggz '\lﬂfg Bright yellow oil (86.7 mg, 71% yield}H NMR (400 MHz,
3 : ’ b 8.4 12, 20), - =<3 opCL) 5 = 7.42 (d,J = 5.2 Hz, 2H), 7.01 (1) = 4.3 Hz, 1H),

5.9 Hz, 2H), 4.23 — 4.13 (m, 4H), 1.37 (m, 6H) ppi& NMR
(100 MHz )CDQ) 5 = 158 1 1)38 o 1(33 9o )fsi 90 130.8 419 (m, 4H), 1.37 (8 = 7.0 Hz, 6H) ppm**C NMR (100 MHz,
’ " - P NS 2 cDCly) & = 136.1, 136.0, 130.7, 127.5, 119.33, 119.27,,92.8

iégﬁvélagbgl\ffz' ngggélf’_g ig’pg?ﬁsi\&%ﬁgi gg”l" 92.3, 84.0, 81.0, 63.44, 63.38, 16.23, 16.16 pPMNMR (160
) : ; "~ MHz, CDCk) 5 = -6.27 ppm. MS (E)m/z = 95.1 (6), 108.1

(11), 101.1 (32), 164.1 (6), 193.1 (4), 209.1 (1Z38.0 (100), .
290.9 (16), 321.0 (20), 336.0 (25), 364.0°(7). IR (KBry:v =  (100), 171.0 (12), 201.0 (15), 216.1 (12), 244.1,(W3). IR
2984 2998, 2002 2187 1470, 1302 1263, 1024 @ B0, (KBI):V = 3077, 2986, 2938, 2908, 2174, 1263, 1174, 1978,
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852, 801, 715, 638 cmHRMS (EI): calcd. for [GH;40sPS]:  References
244.0319, found 244.0318.
1. (a) Viehe, H. G. Chemistry of Acetylenes; Marbekker: New York,

4.2.39 P-(1-Phenylethynyl)-P,P-dimethyl phosphoiédg

Bright yellow oil (92.5 mg, 88% yield}H NMR (400 MHz,
CDCly) 8 = 7.54 (d,J = 7.5 Hz, 2H), 7.44 (1) = 7.4 Hz, 1H),
7.35 (t,J = 7.6 Hz, 2H), 3.83 (d] = 12.3 Hz, 6H) ppm-*C NMR
(100 MHz, CDC}) & = 132.8, 132.7, 130.9, 128.7, 119.30,
119.28, 100.3, 99.8, 78.4, 75.4, 53.53, 53.47 ppnNMR (160
MHz, CDC}L) & = -2.77 ppm. MS (El)m/z = 89 (9), 102 (100),
115 (48), 179 (6), 195 (6), 210 (M22). IR (KBr):v = 3063,
3000, 2956, 2852, 2187, 1492, 1450, 1271, 1179,18&1, 840,
765, 689, 647 cth HRMS (EI) calcd. for [GH.04P]":
210.0448, found 210.0440.

4.2.40 P-(1-Phenylethynyl)-P,P-diisopropyl phospdter(4r)

Bright yellow oil (118.5 mg, 89% yieldfH NMR (400 MHz,
CDCL) 6 = 7.51 (d,J = 7.5 Hz, 2H), 7.40 (t) = 7.4 Hz, 1H),
7.33 (t,J = 7.5 Hz, 2H), 4.84 — 4.71 (m, 2H), 1.37 Jc 6.1 Hz,
12H) ppm.™®*C NMR (100 MHz, CDG)) & = 132.53, 132.50,
130.6, 128.6, 119.9, 119.8, 98.4, 97.9, 81.4, 78240, 72.35,
24.0, 23.9, 23.7, 23.6 ppritP NMR (160 MHz, CDG) & = -
8.60 ppm. MS (El)m/z = 89 (17), 102 (100), 165 (55), 183 (78),
209 (80), 225 (69), 266 (M3). IR (KBr):v = 3063, 3000, 2956,
2852, 2187, 1492, 1450, 1271, 1179, 1033, 861, 8856, 689,
647 cn. HRMS (EI) calcd. for [GH1405P]": 266.1061, found
266.1066.

4.2.41 P-(1-Phenylethynyl)-P,P-dibutyl phosphor(d& 2.

Bright yellow oil (1127.7 mg, 80% yield)H NMR (400
MHz, CDCL) & = 7.53 (d,J = 7.1 Hz, 2H), 7.42 (t) = 7.5 Hz,
1H), 7.34 (t,J = 7.4 Hz, 2H), 4.13 (dd) = 14.2, 6.7 Hz, 4H),
1.74 — 1.65 (m, 4H), 1.48 — 1.38 (m, 4H), 0.92 &,7.4 Hz, 6H)
ppm. °C NMR (100 MHz, CDG)) & = 132.7, 132.6, 130.7,
128.6, 119.7, 119.6, 99.4, 98.8, 79.9, 76.9, 760, 32.3, 32.2,
18.8, 13.6 ppm>P NMR (160 MHz, CDG)) 5 = -5.60 ppm. MS
(El): m'z =89 (6), 102 (36), 165 (30), 183 (100), 209 223 (6),
239 (27), 294 (M, 1.5). IR (KBr):v = 2961, 2935, 2869, 2187,
1465, 1271, 1066, 1025, 992, 900, 858, 761, 693, &5
HRMS (EI) calcd. for [GsH,405P]": 294.1374, found 294.1379.

4.2.42 P-(2,2-Dimethylbutynyl)-P,P-diethyl phosphent)

Colorless oil (61.1 mg, 56% yieldfH NMR (400 MHz,
CDCL) & = 4.15 — 4.06 (m, 4H), 1.33 (= 7.1 Hz, 6H), 1.25 (s,
9H) ppm.**C NMR (100 MHz, CDG)) & = 110.6, 110.1, 70.3,
67.3, 63.0, 62.9, 29.98, 29.96, 28.1, 28.0, 16621 ppm.>P
NMR (160 MHz, CDC}) & = -5.65 ppm. MS (ESIn/z(%): 218
(M*, 100). IR (KBr)v = 2976, 2935, 2908, 2873, 2215, 2181,
1455, 1392, 1368, 1261, 1164, 1099, 1027, 972, 893,cm".
HRMS (ESI) calcd. for [GH1dOsP](M+H"): 219.1072, found
219.1078.
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