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PREPARATION AND STRUCTURAL STUDIES
OF A NUMBER OF HETEROCYCLIC
PHOSPHORANES

DONALD B. DENNEY,* DOROTHY Z. DENNEY and LUN-TSU LIU

Contribution from the Department of Chemistry, Rutgers, The State University
of New Jersey, New Brunswick, New Jersey 08903

( Received July 25, 1984; in final form August 23, 1984)

A series of monocyclic five-membered ring containing trivalent phosphorus compounds with oxygen,
nitrogen and sulfur bonded to phosphorus, in various combinations has been allowed to react with
trifluoroethyl and 1,1,1,3,3,3-hexafluoroisopropyl benzenesulfenates. In some cases, pentacoordinated
phosphorus compounds resulted. These materials have been studied by various NMR techniques. The
same trivalent phosphorus compounds were allowed to react with 3,4-(bistriflucromethyl)1,2,dithiete. In
some cases phosphoranes were formed and they were also studied by NMR.

It has been well established that 5-membered ring containing phosphoranes are
usually more stable than the corresponding acyclic substances. Initial studies focused
on these materials because of their stability and this seminal work provided valuable
insights into the chemistry of phosphoranes.! Most of these studies concerned
5-membered ring containing compounds with oxygen bonded to phosphorus. More
recently studies of compounds containing nitrogen and sulfur bonded to phosphorus
have been reported.'® Recently it has been shown that trifluoroethyl benzene-
sulfenate, 1,* and 1,1,1,3,3,3,-hexafluoroisopropyl benzenesulfenate,?® 2, usually
react with tricoordinated phosphorus compounds to give mixed thiophenoxyalk-
oxyphosphoranes, 3 and 4. These materials often further react with another mole of
1 and 2 to give dialkoxyphosphoranes, 5 and 6.

ORFp
2CeH5SOREF  +  R3P —= R3P —  R3P(ORp)2 + (CgH5S)2
S-CeHg
1 Rp = CHpCF3 3 Ry = CHpCF3 5 Ry = CHpCF3
2 Rp = CH(CF3)3 4 Rp = CH(CF3)3 6 Rp = CH(CF3);

It has also been demonstrated that the dithiete, 7, often reacts with trivalent
phosphorus compounds to give phosphoranes, 8, which contain a 5-membered ring
with two sulfurs bonded to phosphorus.® All of these reactions take place under

*Author to whom all correspondence should be addressed.
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quite mild conditions and thus it has been possible on many occasions to intercept
otherwise quite unstable phosphoranes.

CF3\ S
S _ CF3
+ R3P — R3P ﬁ
AN
CF3 S s~ cry
7 8

It has been the purpose of this work to study the reactions of a variety of
tricoordinated phosphorus compounds containing one 5-membered ring and con-
taining various heteroatoms with 1, 2 and 7.

RESULTS AND DISCUSSION

The various starting materials were prepared by conventional means and these are
outlined in the Experimental Section. The compounds studied are illustrated below.
Their 'H, 3C, 3P and '°F NMR spectral data are collected in Tables I and IL

— X
L P-ORp
.
9 X=Y=NCHj; Rp=CH»CF3 11 X=NCH3; Y=0; Rp=CHFj3
10 X=Y=NCH3; Rp=CH(CF3), 12 X=NCH3; Y=0; Rp=CH(CF3))
13  X=Y=S; Rp=CH,CF3 15 X=S; Y=0; Rp=CH)CF3
14 X=Y=S; Rp=CH(CF3); 16 X=S; Y=0; Rp=CH(CF3);

S S
<\ o\

C P-S(CHj)3CH3 P-S(CH2) 3CH3
)@KS/ ./

CHj3 °S
17 18

Reaction of 9 with two moles of 1 gave a distillable material, 19, whose 'H, 13C,
19F and 3P NMR spectral data are collected in Tables I and II. That this substance
is a phosphorane containing a single 5-membered ring is strongly supported by the
3'P chemical shift, 8 —58. The structure of 19, a trigonal bipyramid, TBP, is
assigned as illustrated with the provision that rapid ligand reorganization is occur-
ring which renders the various groups equivalent. Such a process is not unexpected
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TABLE I
31p 'H and !°F NMR data®

73

19F
Compound stp 'H T°C
CH3
|
N _
AN 16500 2.63(d) 2.66-2.96(m)"
p-cl 6H 4H
/ Juenp = 14.8
N
|
CHy
P
N 168.3° 2.78(d) 2.33-3.45(m)  4.23-4.70(m)°
\ 3H 2H 2H
P-Cl Jucnp = 150
/
0
\
[ P-Cl 168.1°  3.43-4.00(m)°
7
0
N 20425 293-370(m) 4.27-5.10(m)¢
P-Cl 2H 2H
/
~s
CHjy
|
N
9 P-OCHCF3 140.7° 2.73(d) 2.93-3.57(m)  2.93 (d of q)¢ 26 —81.51(dof t)¢
N/ 6H 4H 2H Jeccn = 87
Jucne = 13.0 Jacer =10 Jeccop = 43
| Jncop = 10
CHy
CHj
|
N 145.4° 2.70(d) 30-34(m)  4.23-4.80(m)* 26 —80.68 (d of d)°
6H 4H 1H J =59
P-OCH(CF3)2 FCCH
10 3 Jcnp = 130 Jeceop = 59
N
|
CH3
CH3
| 140.8° 2.75(d) 2.93-330(m) 3.97(d of @) 3.9-4.5(m)* 26 —81.63 (d of t)°
3H 2H 7H Jrcey = 8.6
Jucnp = 120 Jucce = 80 Jeccor =53
11 P-0CH2CF3 Jocop = 8.0
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TABLE1 (Continued)

19F
Compound ip 1H T°C
CHj3
N 147.2¢ 275d)  2.93-3.30 3.90-4.76° 26 —75.24(m)°
3H 2H 3H
12 P-0OCH(CF3); Juene = 12,0
0
s 1534 392(dofq) 3.22-3.57(m)° 26 —86.3 (d of t)°
2H 4H J, =84
P-0CH,CF FCCH
13 CH7CF3 Jucce = 8.0 Jeccop = 2.0
s Jucop = 8.0
.S,
\P 177.7°  3.10-38Km)  4.50(heptet)® 26 —74.20 (d of d)*
14 -0CH(CF3)) 4H 1H Jrcen = 83
'\s/ Juccr = 6.0 Jeccop = 3.9
S
17349 263-330(m) 3.83-4.68(m)  4.05 (d of q)° 2 —81.0(d of )¢
15 P~OCH»CF3 2H 2H 2H Jrcen = 8.6
Jucce = 8.0 Jeccop = 4.2
~o Jucop = 8.0
\
185.7  2.80-3.40(m) 4.50(heptet)  4.30-5.00(m)¢ —75.20 (d of d)¢
16 [ P-OCH(CF3) 7 oH 1H 2H Jrcen = 6.7
0/ Jucer = 6.0 Jeceop = 6.7
S
\ 108.0¢ 0.80(m) 1.33(m) 2.25(s)  2.63 (d of 1)6.70~7.50(m)*
P-S-(CHy)3CH3 3H 4H 3H 2H 3H
\q Jucen =70
CHj : Jucse = 70
17
s
\ 108.0¢ 0.90(m) 1.60(m) 270(doft) 3.4(m)°
18 P-S(CHp) 3CH3 3H 4H 2H 4H
Jhcen = 6.0
—s Jucse = 11.0
CH3
!
~N
N —57.8° 2.53(d) 2.88(d)  4.25(d of q)° - .
. . : : ) 26 81.50(t)
19 [ P(0CHCF3)3 6H 4H 6H Jecen = 8.7
o N/ Juene = 100 Juene =120 Jyeor = 8.5 —60 —80.64(1)°
' Jucop = 8.5 Jeccu = 8.8

CHy
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TABLE1 (Continued)
19F
Compound tp 'H ToC
CH3
] —-63.1° 2.90(d) 2.6-3.3(m) 3.6-4.6(m) 4.2(d of @)° 26 ~784(doft)
N 3H 2H 2H 6H Jecen = 8.6
Jucnpy = 9.0 Jucer = 8.0 - 60 —81.83()°
Jucop = 8.0 Jecen = 8.5
20 /P(OCH2CF3)3
]
. 2.98(s) 7.1-7.6(m)*
24  (CgM5-S-S-CH3z)p AH 10H
CHj
|
N
\
27 P[OCH(CF3)3])3
N —60.8°  2.10-3.10(m) 2.78(d) 5.2 (hepten)' 26 —76.60(d)"
[ 4H 6H 3H Jeccn =15
CHy Jucnp = 140 Jycep = 70
CHy
|
N
29 [/ \P(S)OCHzCF3
- N/ 84.1° 2.68(d) 3.00-3.60(m)  4.36 (d of q)¢ 26 —80.81(1)°
[ 6H 4H 2H Jrcen = 8.5
o Juene = 125 Juccr = 8.5
3 Jucop = 11.0
CHj3
J
_-N S CFy
\ /
30 P -107" 3.03(d) 3.26-3.70(m) 3.86-4.73° 63 ~81.12(1)8
VAN 3H 4H 2H Jecen = 83
0 9 s CFy Jucne = 130 —59.77(s)
P 37 —8L.1(1)®
CFy Jecen = 8.3
- 60 (mound)
-30 —79.77(1)*
Jeccn = 84
—59.68(q)
Jeccer =120
—57.64 (d of q)
Jrcccr = 12.0
Jecese = 44
P
_N - 85.0¢ 2.75(d) 3.20-3.68(m)  4.1-4.68(m) 4.4 (d of )° 26 — 80.84(t)°
N\ 3H 2H 2H 2H Jrcen = 8.6
31 (5)OCH2CF3 Jnene = 130 Inccr = 80
Jhcop = 20
0
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TABLE1 (Continued)
lQF
Compound iip T°C
s s Fy 203€ 3.3(s) 3.63(s) 461° 26 —80.28(1)°
N/ 2H 2H 2H Jrcen = 8.0
34 P (broad) Juccr = 80 60.47(d)
/ |‘.\ Jucop = 14.0 - jFC%Sng;( 2).3
s s’ CF - —79.90(t
9}12 3 Jeccn =78
Ha —60.10(d)
Jecesp = 23
S S CF3
o/ \ //

35@* /’ —4.4f 0.87(m) 1.42(m) 2.28(s) 295(ofty 7.14m)f 26 —57.6(s)™h
/ l\ . 3H 4H 3H 2H 3H ~57.3(s)
/ $ ] CF3 Jucen = 7.3

SC4Hg Jes = 279 -70
CHjy
_S S CF3
N
\\‘ / “ 26
bt -170¢ 0.97(t) 1.6(m) 31(doft) 3.39(s) 3.63(d)* —58.80(d)’
/1N
LN N 3H 4H 2H 2H 2H Jrcesp = 18
m;{g 3 Jricen = 6.4 Jycen = 16 Jucsp = 1.7 —58.70(d)
' Jucsp = 242 —80 Jecesp = 1.8

2See experimental for details of nmr experiments.

®Solvent is benzene-d.
¢Solvent is chloroform-d.

9dSolvent is dichloromethane, lock is external.

¢Material is neat, lock is external.

fSolvent is dichloromethane-d,.
ESolvent is toluene-dg.

"The 'F NMR of this sample, run on a Varian 200 MHz spectrometer, shows a single resonance, ht 1,/2 = 0.43 Hz.

'Lit —167.3 (neat), F. Ramirez, A. V. Patwardhan, H. J. Kugler and C. P. Smith, J. Amer. Chem. Soc., 89, 6276 (1967).

CHj3

CH3

\|
N

| .- OCH7CF3
N——2P
|\OCH2CF3

19

OCH2 CF3

\

]
| ~OCHCF3

N—P

CHj

’\OCHZCF3

OCH,CF3

20

and is demanded by the various NMR data. In particular the equivalence of the
trifluoromethyl groups in the 1F NMR spectrum is a sensitive detector. Variable
temperature !°F NMR studies showed no change down to —60°C and it is tempting
to conclude that ligand permutation remains rapid on the F NMR time scale.
Negative evidence of this type can always be explained by a static 19 in which there
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TABLEII
13C NMR data®
Carbon
Cpd. 1 2 3 4 5 6 7 8 9 10
¥ 53.5(d) 33.8(d) 619(dofq) 1250(dofq)
Jenp = 105 Jonp =248 Jecp =252 Jop = 2737
cop = 2.8 Jocop = 1.7
11° 49.5(d) 69.7(d) 31.1(d) 616(dofq) 124.8(dofq
Jenp =47 Joop =105 Jonp =218 Jocp =351 Jop = 273.6
Jeop = 11.8  Jocop = 2.8
12f 49.1(d) 70.1(d) 30.8(d) 70.1 (dofh) 122.7(d of q)
Jonp =54 Jeop =101 Jonyp =198 Joop = 28.6 Jop = 2814
Jeop = 16.8  Jecop = 3.4
13f 42.7(s) 61.8(q) 123.7(q)
Jecr = 354 Jop = 2737
14f 41.7(s) 739(dofh) 121.7(dofq)
Jecp = 242 Jop = 283.5
Jeor = 1.7 Jecop = 2.2
15 31.9(s) 75.2(d) 62.6(dofq) 1239(dofq)
Jeop = 162 Jecr = 36.1 Jop = 2778
Jeop =76 Jecop = 40
161 31.9(s) 75.2(d) 74.7(m) 121.8 (dof @)
Joop = 153 Jop = 2777
Jecop = 20
17 138.6(s) 135.1(d) 32.9(d) 33.3(d) 22.1(s) 13.9(s) Plus resonances at
Jesp =23 Jegp =23 Jesp = 243 Jeesp = 3.8 & 21.1 (s, ring CH3),
126.1 (d, Joegp =
5.7), 127.49(s),
136.39(s) 125.27(d.
CSSP = 5.1)
18 41.1(s) 34.5(d) 33.7(d) 22.3(s) 14.3(s)
Jesp = 184 Jecgp = 4.9
19° 41.8(d) 37.4(s) 64.7(dofq) 122.6(dofq)
Jenp = 13.8 Jeer = 357 Jop = 2781
Jeop = 10.4 Jecop = 9.3
20° 48.8(d) 58.1(s) 36.5(s) 63.7(dofq) 126.2(d of q)
Jenp = 226 Jecp =354 Jop = 2740
Jeop =93 Jecop = 90
29° 47.9(d) 31.9(d) 63.3(dof q) ¢
Jenp = 9.4 Jenp = 4.8 Jecr = 28.7
Jeop =23 .
308 53.0(d) 61.6(d) 35.3(d) 66.1 (d of q) ¢ ¢ ¢
Jonp =157 Jegp =20 Jeyp =64 Jeor = 363
Jeop = 12.7 ‘
31° 49.9(d) 65.8(d) 31.9%(d) 64.6 (dof @) ¢
Jonp = 131 Jeop =56 Jenp =71 Jecr = 36.7
Jeop = 3.9 ) ‘
34" 41.1(d) 65.7(dof @) ¢ €121 (d of @)’
Jesp = 3.1 Jecp = 373 op = 264
Jegp = 12.7 Jeesp = 16
358 135.6(d) 131.9(d) 43.2(d)’ 32.5(d)? 22.0(s) 13.4(s) ¢ 1205(q) ¢
Jesp =21 Jegp =19 Josp =93 Jeesp = 49 Jop = 2780
36 41.6(s) 42.5(d) 32.3(d) 222(s) 13.8s) © 120.6(q)
Jesp =90 Joesp = 6.1 Jep = 270.9
2See Experimental for details of nmr experiment. a
®Numbering systems are as follows. c 3 8 ¢ F3

X /S
[ R—
< é -& ~

“Impossible to assign either a chemical shift or a couplmg constant
dAdditional resonances in the aromatic region plus an absorption at & 21.0 due to the aromatic-CH, carbon.

eThe solvent is chloroform-d.
"The sample is neat, the lock is external.
gThe solvent is dichloromethane —d,.

" The solvent is chloroform —d, the temp is —20°.
The data are not as accurate as would be possible because of the instability of the compound.

JThese assignments may be reversed.

*Additional resonances in the aromatic region.

7
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are accidental identical shift values. It should also be noted that a square pyramidal,
SP, structure is not acceptable unless the above mentioned conditions are met. SP
structures have only been found with phosphoranes containing two 5-membered
rings.

Reaction of 11 with 2 moles of 1 affords a material whose NMR spectral data are
in agreement with a phosphorane, 20. Once again rapid ligand reorganization is
indicated and this process is not apparently slowed on cooling.

Compound, 13, reacted with 2 moles of 1 to give as the isolated products
pentakis(trifluoroethoxy) phosphorane, 26, diphenyl disulfide and the compound,
24. These products can be accounted for by a sequence of reactions in which P—S
bonds are broken in intermediates 21 and 23 with the formation of disulfide
linkages. Such reactions are not unknown and they have been discussed, recently.*

s\\\ S\\TCGH5 \\s\\\
[: ///POCH2CF3 + 1= [j P(OCH2CF3)y — P(OCH2CH3)2
/

/S
S
° CeHs
13 21 22 l 1
1 _~5Celis
P(OCHpCF3)5 +—— P(OCH2CF3)3 + [CgH5SCH2}p <+—— CgH55-S 5~P
(OCH9CF3)3
26 25 24 23
+ (CgHsS)2

Compound, 15, reacted with two moles of 1 to give an unstable material with a
broad absorption in its 3P NMR spectrum at 8 —21. Because of the inherent
instability of this material no further studies have been conducted.

Compound, 10, reacted with two moles of 2 to give an unstable material with 8 3!P
—61. This substance decomposed on attempted isolation. It seems likely that it is the
appropriate phosphorane, 27. Other NMR data for this substance are collected in
Table 1. Similarly, 12, 14, and 16 reacted with 2 to give materials that were too
unstable to be isolated. In the case of 14 attempted isolation yielded the phos-
phorane, C;H;P(OCH(CE;),),, 28. This material has been obtained earlier from the
reaction of tris(1,1,1,3,3,3-hexafluoropropyl) phosphite and 2.?° A sequence similar
to that used to explain the formation of 16 and 24 accounts for the production of 28.

The results of this portion of the investigation indicate that the hexa-
fluoroisopropoxy phosphoranes are less stable than the corresponding trifluoro-
ethoxy compounds. Part of the instability is due to steric strain in these more highly
congested molecules. In some cases the greater acidity of the hydrogen on the carbon
bonded to oxygen may also contribute to the compounds inherent instability.

The reaction of 9 with 7 did not yield a phosphorane. The only phosphorus
containing product was the thiophosphoryl derivature of 9, compound 29. This
material was also prepared by another procedure. The pertinent NMR spectral data
are collected in Tables I and II.
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The reaction of 11 with 7 yielded the phosphorane, 30, 88% and the thiophosphoryl
compound, 31, 12%. The variable temperature >F NMR spectra of 30 showed that
below 37°C there are two nonequivalent trifluoromethyl groups bonded to the
5-membered ring. The AG* for the process that renders them equivalent is 14.5
kcal /mol. Within the Berry mechanism for pseudorotation,’ equivalence of the
trifluoromethyl groups can be achieved by placing the 5-membered ring containing
the two sulfurs in a diequatorial disposition. Either 30¢ or 30d are possible; 30c is of
lower energy than 30d. There are two oxygens in apical positions of 30c¢ and the
nitrogen is in the preferred equatorial position. It is interesting to compare the
activation energy for this process to that for the 32a 2 32b conversion.® The AG¥ is
11 kcal/mole. The lower energy for this process is probably due to a higher energy
of 32a relative to that of 30a. In 32a both oxygens are in equatorial positions and the
nitrogen is apical. In 30a only the trifluoroethoxy group is not in a preferred apical
position. It should be noted that a trifluoroethoxy group is undoubtedly more
apicophilic than a regular alkoxy group. A further comparison with 33 is instructive.
The AG* for placing the sulfur containing ring diequatorial is 22.3 kcal/mole.” In
the case of 33 there are no compensating driving forces present which can aid in
lowering the activation energy for placing the ring diequatorial. There is always one
oxygen in an equatorial position. There might be some difference in apicophilicity
between phenoxy and alkoxy but it probably is not great. The structural modifica-
tions in the series 30, 32 and 33 are illustrative of the real differences in activation
energies that arise with relatively modest variation in structure.

CH3 Ve
CH3 S S/\\
" \ | / TCFs
l\ P-OCH,CF3 + 7 — N——P—-S 0"'P<5
/ Q/o OCI{2CF3 & l OCH,CF3
N-CHj3

30a
ﬂ 30b “
CF4CHp-0 OCH3CF3
£H3 32 CF3 3
l s /s CHjy i S
N\ <~ 0—P -~ N—'P<
/ g \S /\CF3 | S
0 OCH,CF3 l ) CFq
N-CH3
30c
31
30d
CF3 ] CF3 OCgHs -
N . N S\ | S\L_o 3
| 0 ¢ "\ g P-N ~
- - | s | CH3
cFrs—( | o CF3 0 CF3 0 aits
s
CH3
32b 33

CF3 32a
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The reaction of compound, 15, with 7 gave a complicated mixture of phosphorus
containing compounds.

s s CF3 s s CF3
O O, DX
\ ‘ /N VAN
/| CH/3 5 | s CF3 s ( s \CF3
OCHCF3 SCuHg SC4Hg
34 35 36

Compounds, 13, 17 and 18 reacted with 7 to give phosphoranes, 34-36. The
variable temperature !°F NMR spectra of 34 showed no change on cooling to
—73°C. This could be due to rapid ligand reorganization between TBP structures or
alternatively a SP structure with the two rings spanning basal positions can account
for the data.

Compound, 35, has § —4.4 in its ®P NMR spectrum which is in the region
expected for a phosphorane. There was no change in its *F NMR spectrum to
— 80°C. Compound, 35, may be undergoing ionization with ring opening of the ring
bearing the trifluoromethyl groups. This possibility is raised because no PSCCF
coupling was observed. Compound, 36, has such coupling and it is a true phos-
phorane. There was no change in its '°F NMR spectrum at —80°C. Rapid ligand
reorganization or a SP structure similar to that discussed for 34 explain this
observation.

Compound, 36, appears to be the first phosphorane with five sulfurs bonded to
phosphorus. Previous attempts to prepare such materials have yielded disulfides and
trivalent phosphorus compounds.*?

EXPERIMENTAL SECTION

'H NMR spectra were run on Varian Model T-60 and FT-80 spectrometers. All chemical shifts are
reported in parts per million relative to internal tetramethylislane. 1°C, ' P, and !°F NMR spectra were
run on a Varian Model FT-80 spectrometer equipped with a 10-mmn, variable temperature, broad band
probe. All 3P chemical shifts are reported in parts per million relative to 85% phosphoric ac1d (external).
All 1°F chemical shifts are reported in parts per million relative to trichlorofluoromethane. 12 C chemical
shifts are reported in parts per million relative to tetramethylsilane. In all cases the >C spectra were
obtained using full proton decoupling, a 30° flip angle and a 2-s repetition rate with no pulse delay. All
spectra are recorded at probe temp (26°) unless stated otherwise. A negative value of the chemical shift
implies a nucleus shielded with respect to the standard.

All manipulations were carried out in an inert atmosphere. All solvents were freshly distilled and
scrupulously dried.

Preparation of [§>P-—CI; X=Y=N(CH,;); X=Y=S8;, X=N—CH;, Y=0; X=S, Y=0. To a
solution of phosphorus trichloride (41.2 g, 0.3 mol) in ether (200 mL) at —40°C was added a solution of
triethylamine (60.6 g, 0.6 mol) and the appropriate, HXCH,CH,YH, compound (0.3 mol) in ether (50
mL). After having been stirred at —40° for 15 min the reaction mixture was allowed to warm to room

temp. The solid was removed by filtration and the filtrate was concentrated at reduced pressures. The
residual oil was distilled, see Table II1.

Preparation of 9-16. To a solution of the appropriate phosphorochloridite (0.1 mol) in ether cooled to
—40°C was added a solution of the appropriate fluoroalcohol (0.1 mol) and triethylamine (10.1 g, 0.1
mol) in ether (50 ml). The reaction mixture was allowed to warm to room temp. and it was stirred for an
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TABLE III
b.p. Yield
Compound (°C/mm Hg) %
CHj
l
N
r N\ 55/0.5 44
| /P‘Cl lit. 70/0.2*
~
|
CHj3
?*3
N 52/2.4 24
lit. 57-58,/2°
p-Cl
0
fs\
’ P-Cl 84/2.0°¢ 31
/
S
— S\
l P-C1 42/0.5¢ 35
0
CH3
|
N
‘/ /P—OCHZCF3 45/25 60
L N
| 9
CH3
CHj
l
N
N\
| P~OCH(CF3)> 47720 65
/
LI!Q 10
CHj3
P
_N
\P 41/10 43
-0CHCF3

“o 1
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TABLEIIl (Continued)

b.p. Yield
Compound (°C/mm Hg) %
CH3 )
l
N
f AN 48/4.0 62
3 P-OCH(CF3)2
~o 1
3
AN
l P-OCH)CF3 60,/0.5 7
/7
8 13

14

s
-
N\
P-OCH(CF3)2 47/0.5 67
/
s
( s

\,
\
/P—OCHZCF3 52,22 62
) 15
S
‘ P-OCH(CF3)y  46/3.0 69
=0 16

aF. Ramirez, A. V. Patwardhan, H. J. Kugler, C. P.
Smith, J. 4Amer. Chem. Soc., 89, 6276 (1967).

1. V. Marlynov, Y. L. Kruglyakand and S. 1. Malekin,
Zr. Obshch. Khim., 38, 2343 (1968).

°C. A. 73, 3470 (1973).

4C. A. 69, 96736 (1968).

additional hour. The solid was removed by filtration and the filtrate was concentrated at reduced
pressures. The residual oil was distilled, see Table III.

Preparation of 17. To a solution of the appropriate phosphorochloridite® (1.28 g, 0.0058 mol) in pentane
(30 mL) at —78°C was added a solution of n-butanethiol (0.52 g, 0.0058 mol) and triethylamine (0.59 g,
0.0058 mol) in pentane (10 mL). The reaction mixture was allowed to warm to room temp and it was
stirred for 2 hr. The solid was removed by filtration and the filtrate was concentrated at reduced
pressures. No further attempts were made to purify the residual oil, 1.27 g (80%).

Preparation of 18. To a solution of the appropriate phosphorochloridite (1.68 g, 0.011 mol) in ether 30
(mL) at —78°C was added butanethiol (0.95 g, 0.011 mol) and triethylamine (1.11 g, 0.011 mol). The
reaction mixture was allowed to warm to room temp and it was stirred for 2 hrs. The solid was removed
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by filtration and the filtrate was concentrated at reduced pressures. The residue was molecularly distilled
(65°, 0.05 mm) to yield 1.77 g (75.6%) of an oil 18.

Preparation of 19. To a solution of 2,2,2-trifluoroethyl benzenesulfeante (4.16 g, 0.02 mol) in pentane
(30 mL) at —50°C was added 9 (2.16 g, 0.01 mol) in pentane (10 mL). The reaction mixture was allowed
to warm to room temp and it was stirred for 30 min. It was cooled to —78°C and the solid was removed
by filtration. After having concentrated the filtrate at reduced pressures the residual oil was molecularly
distilled (52°C, 0.01 mm) to yield 1.64 g (39.6%) of a colorless oil, 19.

Preparation of 20. To a solution of 2,2,2-trifluoroethyl benzenesulfenate (4.16 g, 0.02 mol) in pentane
(30 mL) at —40°C was added 11 (2.03 g, 0.01 mol) in pentane (10 mL}). The reaction mixture was allowed
to warm to room temp and it was stirred for 1 hr. It was cooled to —70°C and the solid was removed by
filtration. After having concentrated the filtrate at reduced pressure, the residual oil was molecularly
distilled (60°, 0.005 mm) to yield 1.61 g (40.1%) of a colorless oil, 20.

Synthesis of 24. Compound 24 was synthesized according to the method of Hayash, ez al.,® to yield a
solid material m.p. 39-40° (lit® 40°).

Reaction of 13 with 1. To a solution of 13 (1.11 g, 0.005 mol) in pentane (30 mL) at —70° was added
2,2,2-trifluoroethyl benzenesulfenate 1 (2.08 g, 0.001 mol). The mixture was allowed to warm to room
temp and it was stirred for one hr. The reaction mixture was cooled to —70°C and the solid was removed
by filtration. This material (m.p. 58-60°) proved to be identical in all respects to diphenyl disulfide. The
filtrate was concentrated at reduced pressures. The residual oil was molecularly distilled (70°, 0.5 mm) to
yield material which was identical in all respects to 26. The residue was recrystallized from pentane to
yield a solid (m.p. 38-39°) which was identical to 24.

Preparation of 27. To a stirred solution of 1,1,1,3,3,-hexafluoro-2-propanol (2.69 g, 0.016 mol) and
triethylamine (1.62 g, 0.016 mol) in pentane (13 mL) at —30°C was added benzenesulfenyl chloride
(2.319, 0.016 mol). The mixture was allowed to warm to room temp and it was then stirred for 1 hr. The
solid was removed by filtration. The filtrate was cooled to —78°C and to this was added 10 (1.136 g,
0.004 mol) in pentane (15 mL). The solution was allowed to warm to room temp and it was stirred for 1
hr. The reaction mixture was cooled to —20°C and the solid was removed by filtration. The filtrate was
concentrated to yield an oil which decomposed on distillation.

Preparation of 29. To a stirred solution of 9 (0.65 g, 0.003 mol) in benzene (15 mL) was added sulfur
(0.19 g, 0.006 mol). The reaction mixture was heated under reflux for 12 hr. The solvent was removed at
reduced pressures and the residual oil was molecularly distilled (88°, 0.25 mm) to yield 29.

Reaction of 9 with Dithiete 7. To a stirred solution of 9 (0.432 g, 0.002 mol) in dichloromethane (2 mL)
at —70°C was added 7 (0.452 g, 0.002 mol). The reaction mixture was allowed to warm to room temp.
The solvent was removed at reduced pressures to yield an oil which could be molecularly distilled (90°,
0.25 mm) to yield 29. Anal. Caled for C,H,, ;N,OPS: C, 29.03; H, 4.83. Found: C, 28.90; H, 4.76.

Reaction of 11 with Dithiete 7. To a solution of 11 (1.22 g, 0.006 mol) in dichloromethane (10 mL) at
—70°C was added dithiete, 7, (1.49 g, 0.0066 mol). The reaction mixture was allowed to warm to room
temp. The P NMR spectrum of this mixture showed two absorptions; at 8 —13.7 (88%) and at
8 + 82.2 (12%). After having concentrated the solution at reduced pressure, the residual oil was
molecularly distilled (42°, 0.25 mm) to yield 31. Anal. Calcd for C;HGE,NO, PS: C, 25.53; H, 3.80.
Found: C, 25.45, H, 3.40. All attempts to isolate 30 failed.

Synthesis of 31. To a solution of 11 (0.406 g, 0.002 mol) in benzene (5 mL) was added sulfur (0.12 g,
0.004 mol). The reaction mixture was heated under reflux for twelve hrs. The solvent was removed at
reduced pressure and the residual oil was molecularly distilled (55°, 0.3 mm).

Reaction of 13 with Dithiete 7. To a stirred solution of 13 (0.45 g, 0.002 mol) in dichloromethane (5 mL)
at —70°C was added dithiete (0.904 g, 0.004 mol). The reaction mixture was allowed to warm to room
temp. All volatiles were removed at reduced pressure. Attempts to purify this material, 34, by sublimation
or recrystallization failed.

Reaction of 17 with Dithiete 7. To a stirred solution of 17 (0.55 g, 0.002 mol) in dichloromethane (2 mL)
at —78°C was added dithiete (0.9 g, 0.004 mol). The reaction mixture was allowed to warm to room temp
and it was stirred for an additional 30 min. The mixture was cooled to —78°C. The yellow solid which
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crystallized from solution was separated by filtration at low temp. This material, 35, had a m.p. of
52-54°C.

Reaction of 18 with Dithiete 1. To a stirred solution of 18 (0.42 g, 0.002 mol) in dichloromethane (2 ml)
at —78°C was added dithiete (0.9 g, 0.004 mol). The reaction mixture was stirred at that temp for an
additional 30 min. after which it was allowed to warm to room temp. All attempts is isolate and purify 36
failed.
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