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1. Introduction

organic synthesis, especially as reactive synttietizmediates,

/\ Me
lit. 2
even though such compounds are generally unstafie. { 1 O>(\
J%

Thiocarbonyl compounds are useful and attractivastdor w Q

structurally simple building block thioacetophenoise quite / R unstame

unstable in the monomeric form and can exist ig@ictrimeric = trithiazatriquinane
form, that is, 2,4,6-trimethyl-2,4,6-triphenyl-153ithiane? In 13 &-niiane skeeton -
another instance, Motoki and coworkers reported ttie : @ } : ’ Re
thionation of chalcone with tetraphosphorus deca®il{R,S,,, ‘ Thionation f R m
Berzelius reagentjn carbon disulfide proceeded readily to give 5/, ~s 4 steps ol ]

the corresponding thione dimer in moderate yle®@h the other s—P l% )‘\O — NN
hand, experimental and theoretical observation liaslicated : PaSto (NAC " e
that neighboring group effects influenced the ditgband the T tioxazaltiquinane =)
reactivity of the thiocarbonyl group. Moreover, the electronic 2 RS

effects of the neighboring functional grodbsich as the 4,4'-
bis(N,N-dimethylamino)phenyl group of thio-Michler's kem{f
have also been involved in the stability of thetairbonyl group.

Scheme 1Synthesis of 1,3,5-trioxazatriquinane compounds tae
discovery of novel adamantane-like cage structures.

Recently, we reported the effective synthesis of,5%,3
trioxazatriquinane  skeletons from the  corresponding
acetophenones and their curious opioid receptorniago
ctivities®® Based on this research background, we envisioned
he design and synthesis of 1,3,5-trithiazatrigunenaerivatives
from the corresponding thioacetophenones generatedtu.
However, we found that the thionating conditions of
acetophenone derivatives with, 3, formed an unprecedented
adamantane-like cage structure consisting of pharsish sulfur,
and carbon atoms (Scheme 1). In addition, the adtame-like

The choice of thionating agent is also particuladgential for
the study of thiocarbonyl compounds. The represipta
thionating agents in organic synthesis a8,# and Lawesson’s
reagent (LR) and the latter has tended to be used mor
frequently due to its broad solubility and bettéelds of the
products. At present, the thionation mechanism ¢fi beagents
and their related derivativEsare not completely clear, although
it has been generally accepted that the dithioghiaspylides (R-
PS) generatedn situ upon heating are the reactive spedfd&*

OCorresponding authors. Tel./Fax: +81-29-853-643ihdH: kutsumura.noriki.gn@u.tsukuba.ac.jp (N. Kuitaira),
nagase.hiroshi.gt@u.tsukuba.ac.jp (H. Nagase)
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compound showed a good thionating ability. We descri gnyry  solvent X (equiv) Temp (°C) Time (h)  Yield (%)
herein the details of our findings.

1 Benzene 10 Reflux 20 46 (46
2. Results and discussion 2 Toluene 10 Reflux 20 52
The reaction of acetophenonga) with 10 equivalents of ° Xylene 10 Reflux 20 9
PsSio for 20 hours in refluxing benzene followed by 4 CCl, 10 Reflux 20 19
recrystallization from chloroform gave a colorlesgstal. The'H 5 (CHCl), 10 Reflux 20 27

NMR and™*C NMR spectra of the unknown compound suggesteq,

. . B 10 Refl 4 26
the disappearance of a methyl group and a conmebgboveen a enzene erux
phosphorous and a carbon. THE NMR spectrum showed the 7 Benzene 10 Reflux 60 37
existences of two equivalent phosphorus atoms amathar 8 Benzene 1 Reflux 20 tracé
phosphorus atom at 56.7, 62.0 ppm, respectivehallyi X-ray 4 Benzene 5 Reflux 20 42
crystallography revealed the structure of the umkmoompound
10 Benzene 10 RT 20 trace

as a novel adamantane-like cage compo@adScheme 2j?
Intriguingly, in terms of the structural featurglse reactive PS 11 Benzene 10 60 20 4

moiety was removed from,8,, and the acetyl group dfa  2Isolated yield through recrystallization from ctuform.

seemed to be embedded into the site of the reskiGal As for P Isolated yield through a short silica gel columithvehloroform followed by
physical properties, the adamantane-like cage cangppda was ~ recrystallization from chloroform.

sensitive to polar solvents such as THF, DMF, amsto o2 Wasisolated (16%).

methanol, and DMSO, althougta was fairly stable and storable  After establishing the optimized reaction conditionse
at room temperature for at least 2 months underaaon examined the generality of this promising reactising a variety
atmosphere. of acetophenone derivativdsand BS,, (Table 2). Although all
reaction systems could not be monitored by TLC tuehe

s 1 presence of multiple spots, the simple purificatioperation
b s P~ (short column chromatography followed by recrystalfion, or
o (10 equiv) §§ S 4 h ' grapny y ] y '
)k© f— ;Eé‘ﬁ\@ s> recrystallization alone) gave the correspondingreatdane-like
o ooh S cage compound easily. The tendencies of these reactions were
1a 46% 2a

as follows: (i) the reactions of 2’-substitutél, 1c, and1d gave
2b, 2¢, and2d, respectively, in relatively low yields, althoudtet
Scheme 2Synthesis oRaand the X-ray structure @h. reaction ofle gave no detectable compounds (Entries 1-4); (ii)
the reactions of 3'-substituted acetophenones, thighexception
of 1h, gave the correspondirdgin relatively high yields (Entries
5-8); (iii) the reactions of 4’-substitutdq, 11, and1m generated
2,4-bis(4-methoxyphenyl)thiophene 4™ 2,5-bis(4-
bromophenyl)thiophene ~ 3[),***¢¢1" " and  2,5-bis(4-
nitrophenyl)thiophene 3m),* respectively (Entries 9, 11, and
12). All the NMR spectra of these derivative®b—2m
corresponded to that &a. Interestingly, thé’P NMR showed
the phosphorus atoms are affected by the electrtrdwiwing
group on the phenyl grou@g 56.7, 62.0 ppm2h: 55.7, 60.9
ppm,2i: 54.8, 60.1 ppm2l: 56.0, 61.3 ppm, also see Table S1 in
Supporting Information), although the substituemd athe
phosphorus atoms are relatively distant from edabkro The X-
ray structures oRc bearing an electron-donating group &id
bearing an electron-withdrawing group revealed thaith
derivatives also have the same adamantane-likeeframk (Fig.

1, see Supporting Information).

To gain insight into the formation dla, we attempted to
optimize the reaction conditions usithg (Table 1). The yield of
2awas similar when the reaction was carried out uneffux in
either benzene or toluene (Entries 1 and 2). Howetles,
formation of 2a and the decomposition oRa proceeded
simultaneously as indicated by TLC analysis wheneoé was
used. In addition, the produ2a seemed to gradually decompose
at high temperature (Entries 2 and 3), and halesgévents were
also unsuitable for this reaction (Entries 4 and B)erefore,
benzene was selected as the solvent of choice. Mfifhrds to
the reaction time, the yield &fa was gradually increased over
time, even though the starting matefialwas consumed without
a trace within one hour (Entries 1 and 6). Howeveolgoiged
reaction time led to the decomposition2af (Entry 7). When 1.0
equivalent of ES,, was used, the reaction gave only trace
amounts of the desire@a together with 2,5-diphenylthiophene
(3a) in 16% yield as a by-product (Entry §)In contrast, when
5.0 equivalents of /8, was used, the yield oRa was Table 2
comparable to that of Entry 1 (Entry 9). In additiothe  Synthesis of the adamantane-like cage compo2nds

temperature was also a critical factor for this tiea¢ the N

formation of2a barely proceeded even at 60 °C (Entries 10 anc it \“/\S/%A,

11). A short silica gel column chromatography before ¢ . Py (10equiv) §§'P\S R 31 (Ar=4-BrCaty)
recrystallization led to the stable yield 2di (Entry 1, 46% yield | A e Eéi%\@ 3m (Ar = 4-0;N-CeHy)
in parentheses). This outcome indicated &eand the similar 7 refux.20h N , /\ijm

derivatives 2 were rather stable toward silica gel column

Ar” - 4O
chromatography and we could, therefore, select gpeopriate A prmaeocdia

purification methods depending on the type of pobslfiormed. Enty R (1) Obtained Product Yields (%)
Table1 , N 1 2MeO(b) 2b: 14
Optimization of reaction conditions.
22 2’-Me (10 2c: 10
S
11 a ) .
[e} P,S1o (X equiv) §§«P\s Ph g 3 2'-Br (1d) 2d: trace
" =P-L- a 3 c
)l\© Solvent S/EEE}\O UPh 4 2 -Noz (19) N.D.
Temp., Time s 3a

1a 2a 50 3-MeO (1f) 2f: 39



6% 3’-Me (19) 2g: 46

7 3-Br (1h) 2h: 29

& 3-NO, (1i) 2i: 10

o° 4-MeO (1j) 2j: 14 +4j: 14
10 4-Me (1K) 2k: 38

11°  4-Br(1l) 21: 32 +31: 16
1z 4'-NO;, (1m) 2m: trace +3m: 6

2 Purification: short silica gel column with chloooi followed by

recrystallization from chloroform.
® purification: recrystallization from chloroform.
°N.D. = not detected any adamantane derivatives.

Fig. 1. The X-ray structures ¢fc and2i.

The plausible reaction mechanisms for the formatib2a are
illustrated in Scheme 3, although the reactivityPe,, is quite
complicated and not yet fully clarified****’Path A in Scheme 3
is based on the formation of thioacetophenanesitu. In
refluxing solvents, IS, dissociates into && (I) and then, the
desired thioacetophenone is formed through formfogr-
membered ring| 228b1ibilcibirelBecayse of the thiocarbonyl
group tends to turn into a stable C—S bbhthe more reactive
enthiol form of thioacetophenone immediately reastth the
fragmentsl or lll and the generatelyY recombines with to
form 2a. On the other hand, path B is based on the dieaction
of acetophenone with ,8,,° In this plausible pathway, the
temporary thionation of acetophenone occurs j8& FAnediated
species and the following reassembly of the adamanta

framework gavea

path A
i ﬁ I
(‘g \§ d/'sasicia(ion S//P\S‘ S//P\§
S=Plfc>P=g _P. _P
ST sts sy
7 R/ n %Ph
Ph
~ 1 |
~ 1l FPa s
s( j S ]sm\@ S)H P
S or -
m - \/P:H\/S\ . }\ — i + §7 \§
57/P Pl Ph Ph PN
S v unstable S
1 1
path B
S
iy ] i
Z s Z SH “1s < S
IR -yt g S - 3
STesiiss  SPEsR STpsfss S Ppsh=s
7S ) Top o /\@(O
Ph Ph P 1 Ph
Fogm g i
shs /.P SH s s&s
[2a] «— (05N T IS Tew == 3 Lsw
S:P“\SH S:P~\,S>P’ S:P~‘~S/P’
SR 8) $-R C/)/\ s-R S/)\‘\
gyl & \(5 N W\o,
Ph

Nu: H,0, thioacetophenone, 1, III, etc.

Scheme 3Possible mechanism for the formatior2af

3

Surprisingly, we also found that a novel noradanteetie
cage compoun®, with one sulfur atom removed frob, was
formed by the reaction dfb with P,S;, when refluxing toluene
was exchanged for benzene as the solvent (Schem&hé).
framework of5, consisting of P, S, and C atoms, was determined
by X-ray crystallographic analysis (see Supportinfgrmation).
To our knowledge, there have been only a few noradtana
skeletons consisting of three elements, such asSSiand C
atoms?* Se, S, and C aton35C, N, and O atom¥, Ge, Si, and
S2or Sn, Si, and S&.

0 oMe S < oM
© (10 equiv) ?ﬁ, e
—_— ssfﬁs
toluene é’

reflux, 20 h
1b 5% 5

Scheme 4Synthesis 05 and the X-ray structure &f

The structures of these adamantane-like cage camig@uare
quite similar to that of J5,,. Therefore, we also examined the
thionation of 4,4’-dimethoxybenzophenones) (and N,N-
dimethylbenzamide 8) by using 2a as a thionating agent,
compared with |5,q and Lawesson’s reagent (LR) (Scheme 5).
Each reaction was continued until the ketérer the benzamide
8 were completely consumed. As the results of the eoatipve
experiments, the thionating ability @a was superior to those
representative agents. One of the most remarkalderedtions
was that2a itself had no strong unpleasant smell, which is a
significant problem for IS, and LR. In addition, these
adamantane-like cage compouraddissolved well in benzene or
toluene, unlike S, Therefore, considering the solubility and
the substrate-selectivitg, might be a good thionating agent.

reagent
2a (6 h): 98%

o (0.6 equiv) S
e - U PiSio (2 h): 79%
Ar” SAr toluene Ar” TAr LR (2 h): 93%
I reflux 7
Ar = 4-MeO-CgH,
o reagent
(0.6 equiv 3 2a(2h) 89%
NMe, - NMe, P4S1g (1 h): 29%
toluene LR (1 h): 84%
reflux
8 9

Scheme 5.Thionation of 4,4’-dimethoxtbenzophenor® andN,N-
dimethylbenzamideg), using2a, P;S,q, or LR.

3. Conclusion

In conclusion, the novel adamantane-like cage camgse?2
and the noradamantane-like cage compobincbnsisting of the
three elements, phosphorous, sulfur, and carbon,e wer
synthesized by the reactions of acetophenone dieegal with
P,S;o- These structurally interesting heterogeneousfaldafand
the synthetic method were previously unreported. Tingt
isolations of these compoun@sand5 would assist in the full
elucidation of the reactivity of /8. In addition, by usin®a,
ketone and benzamide were successfully transformed the
corresponding thioketone and benzothioamide, respdg in
high yields. Therefore, the non-foul smelling, argasoluble2a
is expected to represent a new-generation of thimpagents.
Further physicochemical properties of these cagepoands and
the characterization of the intermediates leadmgdamantane-
or noradamantane-like compounds will be reportedh& near
future.

4. Experimental section

4.1. General
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All melting points were determined on a Yanaco MP imglt
point (mp) apparatus and are uncorrected. Infrapttra were
recorded with a JASCO FT/IR 4100 spectrophotométéer®c,

Using Procedure 2; Yield: 10% (183 mg), Colorlessstaly
MP 166.2-166.7 °C; IR (KBr): 2916, 2885, 2861, 145389,
758, 689, 527 cij 'H NMR (400 MHz, CDCJ) 5 2.68 (s, 3H),

and*P NMR spectral data were obtained with JEOL JNM-ECS3.21 (d,%Jys = 11.6 Hz, 2H), 7.37-7.51 (m, 4HC NMR (100

400 instruments. Chemical shifts are quoted in ppsing
tetramethylsilane § = 0 ppm) as the reference fiH NMR
spectroscopy, CDGK5 = 77.0 ppm) for®C NMR spectroscopy,

MHz, CDCk) & 23.3, 44.2 (d"Jcp = 53.4 Hz), 70.6 (dJcp = 9.5
Hz), 125.2, 127.8, 131.4, 135.9, 138.6, The ipsbarapeak was
not observed 3P NMR (160 MHz, CDG) & 56.6, 60.3; HRMS-

and 85% HPO, (5 = 0 ppm) for>’P NMR spectroscopy. Mass ESI (W2): [M + H]" calcd for GH,oP:Ss: 466.7761, found:

spectra were measured with a JEOL JMS-T100LP speetesm

466.7747; Anal Cacld for §ElgP;S;: C, 23.17; H, 1.94. Found: C,

Elemental analysis was performed with a YANACO CHN-23.02; H, 2.09.

CODER JM-10 model analyzer. Column chromatography wa§116

carried out on silica gel (spherical, neutral, 4D-Bn, Kanto
Chemical Co., Japan).

4.1.1. General Procedure 1: Synthesis of 2 (recrystallization
alone):

A mixture of acetophenone derivative (0.860 mmol) and
P4S10 (8.60 mmol) in benzene (5 mL) was stirred undduréfg
temperature for 20 h. After cooling to room tempemt the
reaction mixture was filtered through an 11G-4 gifissr and

7-(3-Methoxyphenyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2f).

Using Procedure 2; Yield: 39% (419 mg), Colorlessstaty
MP 181.1-181.7 °C; IR (KBr): 2922, 2869, 2830, 14885,
691, 533 crit; '"H NMR (400 MHz, CDCJ) § 3.12 (d,2J» = 10.8
Hz, 2H), 3.87 (s, 3H), 7.08 (dd,= 8.2, 2.2 Hz, 1H), 7.14 (dd,
= 2.2, 2.2 Hz, 1H), 7.20 (dd,= 8.2, 2.2 Hz, 1H), 7.49 (dd,=
8.2, 8.2 Hz, 1H)°C NMR (100 MHz, CDGCJ) & 42.9 (d,"Jcp =
53.4 Hz), 55.9, 111.7, 117.0, 117,1, 131.7, 1416,.2, The

washed with CHGI (80 mL). The filtrate was evaporated at 40 quaternary carbon peak was not observé.NMR (160 MHz,

°C, and then the residue was purified by recryz&tion from
hexane/CHGJto give2 as a solid.

4.1.2. General Procedure 2: Synthesis of 2 (short silica gel
column chromatography followed by recrystallization):

A mixture of acetophenone derivativie (2.25 mmol) and

P,Si; (22.5 mmol) in benzene (12 mL) was stirred under

refluxing temperature for 20 h. After cooling to mo
temperature, the reaction mixture was filtered thloan 11G-4
glass filter and washed with CHC{80 mL). The filtrate was
evaporated at 40 °C, and then the residue wasefiltdrrough a
silica gel column chromatography (CHEI The eluate was
evaporated at 40 °C, and then the residue was eurifiy

recrystallization from hexane/CHQb give2 as a solid.

4.1.3. 7-Phenyl-2,4,6,8,9-pentathia-1,3,5-triphosphaadamantane
1,3,5-trisulfide (2a).

Using Procedure 1; Yield: 46% (179 mg), Colorlessstaty
MP 184.2-184.7 °C; IR (KBr): 2920, 2873, 1459, 7580, 687,
532 cm’; *H NMR (400 MHz, CDC}) 5 3.14 (d,?Jue = 11.2 Hz,
2H), 7.57-7.61 (m, 3H), 7.62-7.67 (m, 2HJC NMR (100
MHz, CDCk) 6 42.8 (d,"Jcp = 53.4 Hz), 70.3 (fJcp = 8.6 Hz),
125.6, 130.7 (x2), 132.0 (x2), 140.8P NMR (160 MHz,
CDCly) & 56.7, 62.0; HRMS-ESInz): [M + H]" calcd for
CsHgP5Ss: 452.7605, found: 452.7593; Anal Cacld fosHGP,S;:
C, 21.23; H, 1.56. Found: C, 21.09; H, 1.77.

4.14. 7-(2-Methoxyphenyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2b).

Using Procedure 2; Yield: 14% (146 mg), Colorlessstaty
MP 180.2-180.8 °C; IR (KBr): 2935, 2914, 2833, 14396,
687, 532 crit; '"H NMR (400 MHz, CDCJ) & 3.39 (d,%J» = 10.0
Hz, 2H), 3.94 (s, 3H), 7.10 (d,= 8.0 Hz, 1H), 7.14 (ddl = 8.0,
8.0 Hz, 1H), 7.54 (dd] = 8.0, 8.0 Hz, 1H), 7.64 (d,= 8.0 Hz,
1H); **C NMR (100 MHz, CDGJ)) & 42.5 (d,"Jcp = 50.6 Hz),

CDCl) & 56.7, 62.0; HRMS-ESInf2): [M + H]* calcd for
CH:OP;S;: 482.7710, found: 482.7728; Anal Cacld for
C4HsOP;S;: C, 22.40; H, 1.88. Found: C, 22.27; H, 1.99.

41.7. 7-(m-Tolyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2g).

Using Procedure 2; Yield: 46% (480 mg), Colorlessstaty
MP 168.6-168.7 °C; IR (KBr): 2915, 2865, 1459, 13880,
692, 533 crit; 'H NMR (400 MHz, CDCJ) & 2.45 (s, 3H), 3.13
(d, °Jyp = 10.8 Hz, 2H), 7.36-7.49 (m, 4HJC NMR (100 MHz,
CDCL) & 21.8, 42.8 (d}e = 54.4 Hz), 122.4, 126.1, 130.5,
132.8, 141.0, The ipso carbon peak and the quatecsbon
peak were not observed’ NMR (160 MHz, CDG) & 56.8,
62.2; HRMS-ESIifv2): [M + H]" calcd for GH,PsSs: 466.7761,
found: 466.7762; Anal Cacld forgByP:Ss: C, 23.17; H, 1.94.
Found: C, 23.21; H, 1.98.

4.1.8. 7-(3-Bromophenyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2h).

Using Procedure 2; Yield: 29% (356 mg), Colorlesgstai;
MP 181.8-182.5 °C; IR (KBr): 2918, 2871, 1470, 10795,
689, 564, 536 cm-1; 1H NMR (400 MHz, CDCI3)3.10 (d,
2JHP = 10.8 Hz, 2H), 7.47 (dd,= 8.0, 8.0 Hz, 1H), 7.59 (d,=
8.4 Hz, 1H), 7.71 (dJ = 8.4 Hz, 1H), 7.76-7.78 (m, 1H); 13C
NMR (100 MHz, CDCI3)é 42.6 (d, ICP = 54.4 Hz), 69.5 (d,
2JCP = 7.6 Hz), 124.2, 124.7, 128.7, 132.0, 135.1,4421P
NMR (160 MHz, CDCI3)3 55.7, 60.9; HRMS-ESIn¢/2): [M +
H]+ calcd for C8H779BrP3S8: 530.6710, found: 530.6781al
Cacld for C8H6BrP3S8: C, 18.08; H, 1.14. Found: C9@;7H,
1.28.

4.1.9. 7-(3-Nitrophenyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2i).

Using Procedure 2; Yield: 10% (137 mg), Pale yelloystal;
MP 196.0-196.8 °C; IR (KBr): 2926, 2868, 1523, 145348,
778, 696, 533 cify 'H NMR (400 MHz, CDCJ) & 3.18 (d,2Jp =

56.3, 70.1 (d?Jcp = 8.6 Hz), 114.0, 122.0, 126.62, 126.64, 133.0,11.2 Hz, 2H), 7.84 (dd] = 8.0, 8.0 Hz, 1H), 8.03 (dd, = 8.0,

157.7;%'P NMR (160 MHz, CDG) & 56.3, 63.1; HRMS-ESI
(m2): [M + H]" calcd for GH,OP:S;: 482.7710, found:

482.7699; Anal Cacld for EI;0P;S;: C, 22.40; H, 1.88. Found:

C, 22.66; H, 2.12.

4.15. 7-(o-Tolyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2c).

2.0 Hz, 1H), 8.46 (dd] = 8.0, 2.0 Hz, 1H), 8.51 (dd,= 2.0, 2.0
Hz, 1H);"*C NMR (100 MHz, CDG)) 5 42.6 (d,"Jcp = 54.3 Hz),
69.5 (d,Jep = 7.6 Hz), 120.9, 126.6, 131.8, 132.0, 142.5, 1:49.3
¥p NMR (160 MHz, CDG)) 5 54.8, 60.1; HRMS-ESInf/z): [M

+ H]" calcd for GH;NO,P;S;: 497.7455, found: 497.7478; Anal
Cacld for GHgNO,P;S;: C, 19.31; H, 1.22; N, 2.81. Found: C,
19.24; H, 1.39; N, 2.89.



4.1.10. 7-(4-Methoxyphenyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2)).

Using Procedure 1; Yield: 14% (60.0 mg), Colorlessta;
MP 165.7-166.5 °C; IR (KBr): 2918, 2863, 2832, 14684, 530
cm’; '"H NMR (400 MHz, CDCJ) & 3.09 (d,2Jue = 11.0 Hz, 2H),
3.88 (s, 3H), 7.06 (d] = 8.8 Hz, 2H), 7.55 (d] = 8.8 Hz, 2H);
¥C NMR (100 MHz, CDGCJ) & 42.7 (d,"Jcp = 53.4 Hz), 55.9,
69.9 (ddd,“Jep = 8.2 Hz,%Jcp = 8.2 Hz,%Jep = 8.2 Hz), 115.9
(x2), 127.2 (x2), 132.3 (ddd)ep = 21.1 HzJep = 8.1 HZ,2Jep =
8.1 Hz), 162.1;*P NMR (160 MHz, CDG) & 57.5, 62.6;
HRMS-ESI (W2): [M + H]* calcd for GH;OP:S;: 482.7710,
found: 482.7723; Anal Cacld fors8,0P;S;: C, 22.40; H, 1.88.
Found: C, 22.15; H, 2.09.

4.1.11. 7-(p-Tolyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (2k).

Using Procedure 2; Yield: 38% (408 mg), Colorlessstaty
MP 171.4-171.7 °C; IR (KBr): 2916, 2864, 1459, 13895,
681, 527 cnit; "H NMR (400 MHz, CDCYJ) & 2.44 (s, 3H), 3.11
(d, ?Jyp = 11.0 Hz, 2H), 7.37 (dl = 8.4 Hz, 2H), 7.51 (d] = 8.4
Hz, 2H);"*C NMR (100 MHz, CDGCJ) § 21.5, 42.8 (d'Jcp = 53.4

Hz), 70.1 (d2Jcp = 8.6 Hz), 125.4 (x2), 131.3 (x2), 137.6, 142.7;

*p NMR (160 MHz, CDG@)) § 57.1, 62.3; HRMS-ESInf/2): [M
+ H]" calcd for GH,oP:Ss: 466.7761, found: 466.7755; Anal
Cacld for GHgP;S;: C, 23.17; H, 1.94. Found: C, 22.97; H, 2.04.

4.1.12. 7-(4-Bromophenyl)-2,4,6,8,9-pentathia-1,3,5-
triphosphaadamantane 1,3,5-trisulfide (21).

Using Procedure 1; Yield: 32% (99.0 mg), Colorlessta;
MP 205.2-205.6 °C; IR (KBr): 2924, 2876, 1459, 10809,
693, 534, 528 cify '"H NMR (400 MHz, CDCJ) & 3.09 (d,2Jp =
11.6 Hz, 2H), 7.51 (d] = 8.6 Hz, 2H), 7.73 (d] = 8.6 Hz, 2H);
¥C NMR (100 MHz, CDG)) & 42.6 (d,"Jep = 54.4 Hz), 69.6—
69.9 (m), 126.7, 127.2 (x2), 133.9 (x2), The ipsobon peak
was not observed®P NMR (160 MHz, CDG) & 56.0, 61.3;
HRMS-ESI (W2): [M + H]" calcd for GH,°BrP;S;: 530.6710,
found: 530.6706; Anal Cacld forg8¢BrPsS;: C, 18.08; H, 1.14.
Found: C, 17.91; H, 1.30.

4,1.13. 7a-(2-Methoxyphenyl)dihydro-2,6-
epithio[ 1,2,5] thiadiphosphol o] 2,3-d] [ 1,3,2,4] dithiadiphosphole
2,4,6-trisulfide (5).

Using Procedure 1; Yield: 5% (76.2 mg), Colorlessstaly
MP 213.9-214.4 °C; IR (KBr): 2929, 2912, 2826, 14390,
692, 528 crit; 'H NMR (400 MHz, CDC)) § 3.38 (ddd,Jyp =
39.6 Hz, 14.4 HZ3J,p = 10.4 Hz, 1H), 3.87 (s, 3H), 4.46 (db:
14.4 Hz,%Jp = 12.0 Hz, 1H), 7.03 (d] = 8.0 Hz, 1H), 7.09 (dd,
J=7.4,7.4 Hz, 1H), 7.35-7.40 (m, 1H), 7.49-7.54 1f); °C
NMR (100 MHz, CDC}) & 55.2 (dd,"Jcp = 50.3 Hz,2Jcp = 11.4
Hz), 55.6, 113.0 (dJ = 2.9 Hz), 119.9-120.0 (m), 121.8 (®s
2.0 Hz), 126.9 (dJ = 6.7 Hz), 132.7 (d] = 3.8 Hz), 156.7 (d] =
4.7 Hz), The quaternary carbon peak was not obsehredMR
(160 MHz, CDC}J) & 55.0, 69.8, 124.1; HRMS-ESinz): [M +
H]* calcd for GH,OPsS;: 450.7989, found: 450.7992; Anal
Cacld for GHOP;S;: C, 23.99; H, 2.01. Found: C, 23.83; H,
2.09.

4.1.14. Synthesis of 7. (Scheme 5):

A mixture of 6 (25.0 mg, 0.105 mmol) and,®, (29.0 mg,
0.0630 mmol) in toluene (2 mL) was stirred undedusehg
temperature for 6 h. After the evaporation of thévesat, the
residue was purified by silica gel column chromaapdry
(hexane/ethyl acetate = 30/1) to gi¥é as a dark blue solid (26.6
mg, 98%).

5
4.1.15. Synthesis of 9. (Scheme 5):

A mixture of 8 (28.0 mg, 0.188 mmol) and,®, (51.0 mg,
0.113 mmol) in toluene (2 mL) was stirred underludhg
temperature for 2 h. After the evaporation of thévesat, the
residue was purified by silica gel column chromaapdry
(hexane/ethyl acetate = 10/1) to gi®8 as a pale yellow solid
(27.8 mg, 89%).

References and notes

1. (a) Petz WCoord Chem Rev. 2008;252:1689-1733;
(b) Busetto L, Zanotti VInorg Chim Acta. 2008;361:3004-3011;
(c) Mccormick CL, Lowe ABAcc Chem Res. 2004;37:312—-325;
(d) Chiefari J, Chong YK(B), Ercole F, Krstina &fféry J, Le
TPT, Mayadunne RTA, Meijs GF, Moad CL, RizzardolBang
SH. Macromolecules. 1998;31:5559-5562;
(e) Barton DHR, McCombie SW.Chem Soc, Perkin Trans 1.
1975:1574-1585;
(f) Woodward RB, Ayer WA, Beaton JM, BickelhauptBgnnett
R, Buchschacher P, Closs GL, Dutler H, Hannah ack&P, Itd
S, Langemann A, Le Goff E, Leimgruber W, Lwowski Bguer
J, Valenta Z, Volz HJ Am Chem Soc 1960;82:3800—3802.

2. (a) Campaigne E, Reid WB Jr, Pera Jrg Chem.
1959;24:1229-1232;
(b) Douglass 1B, Hydro WR1 Am Chem Soc. 1951;73:3507;
(c) Campaigne E, Rutan P¥Am Chem Soc. 1947;69:1211;
(d) Cline JK, Campaigne E, Spies JWAm Chem Soc.
1944,66:1136-1137;
(e) Baumann E, Fromm Ber. 1895;28:895-907.

3.  (a) Ozturk T, Ertas E, Mert @hem Rev. 2010;110:3419-3478;
(b) Berzelius JLiebigs Ann Chem. 1843;46:251-281.

4. Karakasa T, Motoki S]1 Org Chem. 1978;43:4147-4150.

5. Nguyen TT, Le TN, Hansen PE, DuusTetrahedron Lett.
2006;47:8433-8435.

6. Abeles RH, Hutton RF, Westheimer FHAmM Chem Soc.
1957;79:712-716.

7. Okazaki R, Ishii A, Fukuda N, Oyama H, InamotoJXChem Soc,
Chem Commun. 1982:1187-1188.

8. (a) Chaffey-Millar H, 1zgorodina El, Barner-KowdIiC, Coote
ML. J Chem Theory Comput. 2006;2:1632—-1645;
(b) Scheeren JW, Ooms PHJ, Nivard R3fthesis. 1973:149—
151;
(c) Tarbell DS, Wystrach VB.Am Chem Soc. 1946;68:2110—
2110.

9. (a) Ozturk T, Ertas E, Mert @hem Rev. 2007;107:5210-5278;

(b) Jesberger M, Davis TP, BarnerQynthesis. 2003:1929-1958;

(c) Foreman MSJ, Woollins JD.Chem Soc, Dalton Trans.

2000:1533-1543;

(d) Cava MP, Levinson MITetrahedron. 1985;41:5061-5087;

(e) Thomsen |, Clausen K, Scheibye S, LawessornB@Synth.

1984;62:158;

(f) Lecher HZ, Greenwood RA, Whitehouse KC, Chaa JAm

Chem Soc. 1956;78:5018-5022.

P4S;0 derivatives or its combination:

(a) Bergman L, Pettersson B, Hasimbegovic V, Svan&.J

Org Chem. 2011;76:1546-1553;

(b) Szostak M, Aubé L£hem Commun. 2009:7122—-7124;

(c) Polshettiwar V, Kaushik MPetrahedron Lett. 2004;45:6255—

6257;

(d) Curphey TJJ Org Chem. 2002;67:6461-6473.

LR derivatives or its combination:

(e) Yokoyama M, Hasegawa Y, Hatanaka H, Kawazoe Y,

Imamoto T.Synthesis. 1984:827-829;

(f) Lajoie G, Lépine F, Maziak L, Belleau Betrahedron Lett.

1983;24:3815-3818.

Davy’s reagent derivatives:

(9) Yde B, Yousif NM, Pedersen U, Thomsen |, LawesSO.

Tetrahedron. 1984;40:2047—-2052;

(h) Davy H.J Chem Soc, Chem Commun. 1982:457-458.

(a) Wong RCS, Ooi ML, Ng SW, Thomas NRorg Chim Acta.

2010;363:2307-2312;

(b) Démarcq MCJ Chem Soc Dalton Trans. 1990:35-39;

(c) Andrews L, Reynolds GG, Mielke Z, McClusley Norg

Chem. 1990;29:5222-5225.

(a) Nagase H, Kutsumura Mrch Pharm Chem Life Sci.

2015348:375-389;

10.

11.

12.



13.

14.

15.

16.

Tetrahedron
(b) Hirayama S, Wada N, Nemoto T, Iwai T, FujiilRagase H.
ACSMed Chem Lett. 2014;5:868-872.

Crystal data oPa: MF CgH;PsSs, FW 452.54, monoclini®2,/n, a 17.

=17.826(16)b = 10.338(9)c = 18.626(17) Ap = 90,5 =
100.311(10)y=9C¢,V=3377(5) R, p(Zz=8)=1.780gcm, T
=173 K,R=8.5%. CCDC1507781. See supporting information
for crystallographic data in CIF.

(a) Xuan J, Feng ZJ, Chen JR, Lu LQ, Xiao Y®dem Eur J.
2014;20:3045-3049;

(b) Zhang G, Yi H, Chen H, Bian C, Liu C, Lei @rg Lett.

2014,16:6156-6159; 18.

(c) Tang J, Zhao XRSC Advances. 2012;2:5488-5490;
(d) Kaleta Z, Makowski BT, Sods T, Dembinski®.g Lett.

2006;8:1625-1628; 19.
(e) Turksoy F, Wallis JD, Tunca U, Ozturk Tietrahedron.
2003;59:8107-8116; 20.
(f) Kiryanov AA, Sampson P, Seed AlIOrg Chem

2001;66:7925-7929; 21.
(9) Freeman F, Kim DSHLI Org Chem. 1992;57:1722-1727, 22.
(h) Campaigne E, Foye WO.Org Chem. 1952;17:1405-1412.

(a) Parham WE, Harper ET, Berger R%m Chem Soc. 23.
1960;82:4932-4936; 24,
(b) Demerseman P, Buu-HNP, Royer R, Cheutin Al Chem 25.

Soc. 1954:2720-2722;

(c) Campaigne El Am Chem Soc. 1944,66:684—686.

(a) Hachiya S, Asai K, Konishi Getrahedron Lett.
2013;54:3317-3320;

(b) Gonzalez JL, Stephens CE, Wenzler T, Brun Rjotes FA,

Chem. 2007;42:552-557;

(c) Ling C, Lahti PM.J Am Chem Soc. 1994;116:8784—-8792.
(a) Jason ME, Ngo T, RahmanFhosphorus Research Bulletin.
1996;6:127-130;

(b) Démarcq MClind Eng Chem Res. 1991;30:1906-1911;

(c) Andrew ER, Vennart WChem Phys Lett. 1976;43:317-320;
(d) Muenow DW, Margrave JLJ Inorg Nucl Chem. 1972;34:89—
94,

(e) Roesky HW, Tebbe FN, Muetterties Ehorg Chem. 1970;9:
831-836.

(a) Flanagan S, Luten HA, Rees WS ldorg Chem.
1998;37:6093-6095;

(b) Martin RL, Stewart LMNature. 1966;210:522-523.
Allegretti PE, Schiavoni MM, Cortizo MS, Castro ERyrlong
JJP.Int J Mol Sci. 2004;5:294-300.

Sudalai A, Kanagasabapathy S, Benicewicz B Lett.
2000;2:3213-3216.

Herzog U, Rheinwald Gl Organomet Chem. 2001;628:133-143.
Pascual MV, Proemmel S, Beil W, Wartchow R, Hoffman
HMR. Org Lett. 2004;6:4155-4158.

Herzog U, Borrmann Hl Organomet Chem. 2003;675:42-47.
Pathak U, Pandey LK, Tank ROrg Chem. 2008;73:2890-2893.
Cho D, Ahn J, De Castro KA, Ahn H, RheeFétrahedron.
2010;66:5583-5588.

Click here to remove instruction text...

Wilson WD, Barszcz T, Werbovetz KA, Boykin D\Eur J Med



