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6-Aryloxy- and 6-p-tolylthioxy-2,10-dichloro-12-trichloromethyl-12H-dibenzo(d, g 1[1,3,2]dioxaphospho-
cin 6-oxides were synthesized and characterized by IR, 'H, '°C, *P, and mass spectral analyses for the
first time. The 'H chemical shifts for H(12) at the carbon bridge occurred between & 6.15 and 6.40 which
suggested a common environment and one conformer, but the presence of more than one conformer in
each example cannot be entirely eliminated. Obviously the trichloromethyl groups attached to C(12)
induces a significant downfield shift of H(12). An X-ray diffraction analysis of solid 6-(4'-chlorophen-
oxy)-2,10-dichloro-12-trichloromethyl-12H-dibenzo[d, g ][1,3,2]dioxaphosphocin 6-oxide (3j) shows it is
a boat-chair with the trichloromethyl group in a pseudo equatorial arrangement and with the phosphoryl
group in a ‘‘down arrangement’’ of a boat-chair conformer. An interesting by-product, namely tri-
ethylammonium 2-methylphenyl 2-[{2',2',2'-trichloro-1’-(2"-hydroxyl-5"-chlorophenyl) } ethyl]-4-chloro-
phenyl phosphate (5), was isolated when attempts were made to purify a crude sample of 3b. Thus, it
appears that either the initial ring closure did not occur between 1 and 2b or, in the purification process
for 3b, the ring was opened in the presence of residual triethylamine. System 5 was also confirmed by
X-ray analysis.
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dioxaphosphocin 6-oxides, triethylammonium 2-methylphenyl 2-[{2’,2'2’-trichloro-1'-(2"-hydroxyl-5"-
chlorophenyl jethyl]-4-chlorophenyl phosphate, boat-chair conformer, NMR analysis, mass spectral
analysis, conformational analysis, X-ray diffraction analysis.

INTRODUCTION

Dibenzodioxaphosphocin esters have considerable importance in the polymer and oil
industries as stabilizers and antioxidants.'”* A facile synthesis was reported previ-
ously for the 6-alkoxy-, 6-alkylamino-, 6-alkyl-, and 6-aryloxy-derivatives of some
12H-dibenzo[d,g][1,3,2]dioxaphosphocin 6-oxides*™® and for a few 8-substituted-
16H-dinaphtho[2,1-d: 1',2’-g][1,3,2]-dioxaphosphocin 8-oxides.” A variable temper-
ature study and X-ray diffraction analysis on one system suggested a tub-like con-
former for the dibenzodioxaphosphocins® and a distorted and extended boat-like
conformer for a dinaphthodioxaphosphocin system.” Herein we report the synthesis
of dibenzodioxaphosphocin 6-oxides with the large, powerful electronegative tri-
chloromethyl group at C(12) which we initially reasoned might well reduce the
isomer population to one major conformer.

RESULTS AND DISCUSSION

Cyclization of 2,2-bis(2-hydroxy-5-chlorophenyl)-1,1,1-trichloroethane® (1) with aryl
phosphorodichloridates’ 2a—2k was effective in dry toluene with triethylamine after
5 hours at 55—-65°C to give 3=3', etc. We hasten to point out that for an equilibrium
like 3=3’ to exist initially, it is likely that some catalytic impurities would have to
be present. On the basis of spectral data to be discussed, we favor the presence of
3 as the major isomer and perhaps the only isomer in solution, although we cannot
absolutely eliminate the presence of 3’ or other isomers. An alternative method
involved treatment of 1 with phosphorus oxychloride/triethylamine in dry toluene at
40-50°C and led to 6-chloro-2,10-dichloro-12-trichloromethyl-12H-dibenzold, g 1-
(1,3,2])dioxaphosphocin 6-oxide (4). The latter was not purified but was used directly
in a second condensation with a series of substituted phenols/thiophenols to yield
members of 3. This second method was advantageous in that it did not require the
use of the corresponding and rather uncommon phosphorodichloridates which are
often difficult to purify because of thermal decomposition during vacuum distillation.
Isolation of members of 3 was simple and required filtration of the triethylamine
hydrochloride followed by evaporation of the solvent to yield crude ester. Purification
of these products was achieved by washing the solids with water followed by re-
crystallization fro,m isopropyl alcohol. Certain physical data, along with IR and *'P
NMR data, are found in Table 1. Tables II-V contain 'H, ’C, and mass spectral data
for 3. It was noted that 3j was obtained by both routes which supports our hypothesis
that 4 really has the P==0 down in the major conformer and not as illustrated. We
cannot rule out the presence of some 4 in the original reaction mixture, however.
Ester 3j was confirmed by X-ray analysis.
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TABLE 1
Physical data for 3a-3m

IR (cm-1)
Found
Compd  Yield mp MF (Caled %) P-O-C(Ar) 3Ip NMR
(ppm)
(%) °0) C H P=0 o-C P-O
3a 65 204-052 C20H12C1504P 4563 247 1290 1240 970 -17.55
(45.80) (2.31)
3b 61 173-743 C21H14ClsO4P 46.68 274 1285 1235 960 -17.93
(46.83) (2.62)
3c 59 188-89a C21H4Cl504P 4695 2.58 1280 1230 970 -18.26
(46.83) (2.62)
3d 63 185-862 Cp1H 14Cl504P 46.73 248 1290 1230 980 -18.14
(46.83) (2.62)
Je 57 181-822 C22H 16Cl504P 4795 3.3 1270 1240 960 -18.57
(47.82) (2.92)
ki 58 167-682 C22H16ClsO4P 4776 2.84 1290 1230 980 -18.83
(47.82) (2.92)
3g 55 202-032 C2oH 16ClsO4P 4768 271 1300 1240 970 -18.76
(47.82) (2.92)
3h 60 197-982 C722H16Cl504P 4793 297 1290 1230 970 -18.80
(47.82) (2.92)
3i 53 180-812 Ca0H11Cl6O4P 42.81 1.96 1290 1235 970 -16.85
(42.97) (1.98)
3j 57 231-322 CaoH1Cl6OsP 4276 1.83 1290 1240 980 -17.02
(42.97) (1.98)
3k 45 230-31b CoH1CIsNOgP 4204 172 1300 1240 980 -19.15
(42.18) (1.95)
k]| 59 233-34b C4HCl504P 49.61 3.4 1290 1240 975 -18.34
(49.64) (3.47)
Im 65 203-04b C21H14Cl503PS 4520 273 1270 1230 960 -20.15
(4548) (2.54)

3Recrystallized from 2-propanol.

bRecrystallized from chloroform-hexane.
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(or SAr)
OAr
N 6/
)
CLP(O)Ar/EtsN/Toluene \
[2a-2k) o
Other
== Conformers
H
Cl,C AN Clac\—/
\ —
Cl
O=PCl HOAr or HSAV/EN,
Et;N/Toluene Toluene [21-20]
Ar
a. PhO f. 2',4'-(H3C)2CsH30 k. 4-0pN-CgH40
b. 2-H3C-CgH4O g 2.,6'-(H3C)2CeH30 1. 4'-(H3C)3C-CgH40
c. 3-H3C-CgH40 h. 3',5-(H3C)2C¢H30 m. 4'-H3C-CgHy4S
d. 4'-H3C-CgH40 i. 2-Cl-CgH4O
e. 2.,3-(H3C),CgH30 j. 4-Cl-C¢H40
TABLE II
'H NMR data for 3a—3m (8 values; J in Hz)
Compd H(12) Ar-H O-Ar-CHs
3a2 6.36 2.7) 7.20-8.38 (m, 11 H) -
3b2 6.40 (3.5) 7.17-8.29 (m, 10 H) 2.15(s,3H)
3c8 6.39 (3.0) 7.17-8.33 (m, 10 H) 237(s,3H)
3db 6.19(1.6) 7.13-8.22 (m, 10 H) 237(,3H)
3eb 6.35(1.8) 7.13-8.27 (m, 9H) 2.08 (s, 3H)
218(s,3H)
3 6.35(2.5) 7.14-8.24 (m, 9H) 2.16(s,3 H)
218 (s, 3H)
33" 6.40 (2.3) 7.17-8.18 (m, 9H) 2.17 (s, 6 H)
3nb 6.39 7.05-8.16 (m, 9H) 2.11(,6 H)
3ia 6.40 (3.6) 7.13-8.23 (m, 10 H) -
3j2 6.22 7.19-8.24 (m, 10H) -
3kb 6.15 7.17-8.38 (m, 10 H) -
kL 6.20 7.15-8.24 (m, 10 H) 1.34 (s, 9 H)
Im2 6.27 7.10-8.24 (m, 10 H) 237(,3H)

aRecorded in DMSO-dg. YRecorded in DCCl3.
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C NMR data" of dioxaphosphocin 6-oxide moiety of 3a-3m (ppm values: Jec in Hz)

TABLE 1

Compd. C(1/11) C(2/10) C(3/M) C(4/8) C(4a/7a) C(11a/12a) C(12) C(13)
3ab 129.7 131.6 129.0 1249(4.6) 146.0(7.2) 132.1(3.8) 53.6 97.4
3pb 129.8 131.3 128.6 125.2 147.16.0) 1324 533 97.8
acb 129.6 1317 128.0 125.2 146.8(6.1)  132.8 518 98.6
3d¢ 130.1 130.8 129.3 124.2(4.1) 146.2(7.3)  132.6(4.0) 51.7 98.7
3e€ 130.2 1312 128.7 125.3 147.2(6.0) 1321 51.9 98.5
3fc 130.0 131.7 129.1 1254 147.5 133.1 523 99.1
3g¢ 129.2 131.8 128.6 124.6(4.1)  145.6(7.3)  131.9(4.0) 538 97.5
3nb 130.2 1317 128.8 124.54.3) 146.2(7.1) 1321 534 97.8
3ib 129.8 131.2 128.0 125.14.7) 1472 132.7 52.7 98.3
3jd 130.3 1315 128.7 125.2(4.3)  147.5(6.8) 1324 547 98.6
3k¢ 130.8 1322 129.4 124.14.2)  1459(7.3) 133.1(3.3) 544 98.2
31© 131.0 1323 130.2 124.2(4.2) 146.3(7.3) 1326 543 98.3
3mC 130.5 1320 129.2 124.44.6) 1459(7.5) 133.6(4.2) 542 98.3

aData is parentheses are coupling constants J(pC)Hz.
bRecorded in DMSO-de.

CRecorded in DCCl3.
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TABLE IV
*C NMR Data" (ppm) of 6-aryloxy/thioaryloxy moieties in 3a-3m
Compd c(1) C@) C(3" C(@4") C(5") C(6" Methyl
carbons
3ab 149.7(6.5) 1200(4.9) 1300 126.5 130.3 120.0 (4.9) -
3nd 149.9(7.6) 1296 (4.6) 1302 126.3 127.5 122.8 4.1) 16.3
3cd 150.5 1205(5.2) 1409 126.4 1289 117.0 (4.8) 20.9
3dc 148.2(7.5) 1196(47) 1304 136.0 130.4 119.0 4.7) 20.1
3ec 149.3 1286 (4.7) 1390 126.5 128.2 117.6 12.2,19.8
3fc 1474(76) 1292@42) 1320 135.8 1274 119.8 3.9) 16.1,20.6
g 148.2(79) 131.7(39 1294 125.6 129.4 131.7 3.9) 16.3
3nd 1479(72) 121241) 1385 134.6 130.6 117.3 4.6) 19.2,19.9
3ib 146.9 (6.9) 130.0(4.7) 128.1 127.2 123.5 118.3 -
3jb 1485(7.3) 1217470 1302 131.9 130.2 121.7 4.7) -
3ke 152.1 1304 (4.2) 1261 145.6 126.1 130.5 4.2) -
31c 149.3 1194 (4.0) 1270 1434 127.0 119.4 (4.8) 314,354
Im® 147.6(6.8) 1300(4.9) 1280 135.6 128.0 130.0 (4.9) 20.1
2Data in parentheses are coupling constants Jpc in Hz.
bRecorded in DMSO-d. € Recorded in DCCl3.
TABLE V
Mass spectral data (% of ions) for certain members of 3
Compd ~ [M]* (M-HCD* [(MHCD-CIJ* [M-CliCJ* [M- C14HICisPO3]*
3a 522(5.7) 486. (1.3) 451 (24.6) 405 (100) 93 (46.8)
3b 536 (3.9) 500 (20.0) 465 (37.5) 419 (100) 107 (5.6)
3d 536 (4.1) 500 (9.7) 465 (1.0) 419 (100) 107 (17.6)
3e 550 (3.4) 514 (10.1) 479 31.1) 433 (1.3) 121 (32.0)
K4 550 (7.7) 514 (1.3) 479 (6.7) 433 (38.4) 121 (6.8)
3h 550 (9.4) 514 29 479 (3.3) 433 (31.7) 121 (5.7)
3 - 520 (9.3) 485 (2.7) 439 43.7) 127 (38.7)
3k 567 (1.5) 531 (7.3) - 450 (18.1) -
3 578 (10.0) 542 (5.1) - 461 (46.3) 149 (32.5)

aData not recorded for 3¢, 3g, 3j, and 3m.

All 'H NMR spectra (Table II) for 3 showed complex multiplets® in the range of
8 7.05-8.38 which certainly arose from *Jiy; and *Jiy couplings in the aryl systems
and possibly from some long range J, couplings. Interestingly, H(12) appeared as
a relatively clean doublet at & 6.15-6.40 with long range coupling *Jpy = 1.6-3.6
Hz with phosphorus in 3a—g and 3i.*'° Several reports have suggested that relatives
of 3 may exhibit such a diagnostic coupling for the specific stereochemistry involved
in terms of the relative orientation of the P=0 bond to the C—CCl; bond in a trans

lla

isomer.
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Conformations of a boat-chair, boat-boat, twist-boat, and boat-boat systems with
distorted or distended features or a tub-like topology have been considered®’!! for
the dibenzodioxaphosphocin system. 4,8-Di-terr-butyl-2,10-bis(methoxycarbonyl)-6-
oxo-12H-dibenzo[d,g][1.3,2]dioxaphosphocin reportedly had a high population of a
boat-chair isomer.'"® Certain X-ray diffraction analyses of single crystals of the cis
and trans isomers of this system clearly established a boat-chair form in the solid
state. Other structures with large groups present at the 4- and 8-positions exhibited
other forms.'' It is tempting to speculate that 3a—3m are trans isomers, and espe-
cially so since an X-ray analysis of 3j confirmed that it was a trans-isomer with a
boat-chair conformer present for the 8-membered ring in the solid state. However,
small structural deformations could result in unfavorable internal dihedral angles in
any of the other systems and virtually prevent any >Jp; coupling in these latter
examples. Consequently, the *Jp; coupling values may not be wholly reliable to
ascertain a specific configuration around the P atoms. Such a possibility cannot be
eliminated from consideration, and thus, except for 3j, we cannot define categorically
the configuration in those systems which appear to be void of an observable *Jp,.

H
o} OR (or SAr)
4 ClC ./
R —R
OAr (or SAr) o
Cl  cis-isomer Cl  trans-isomer

The *C chemical shifts for all members of 3 are given in Table IIl. Oxygen-
bearing carbons C(4a) and C(7a) have signals in the range of 145.6—147.5 ppm as
doublets (*Jpoc = 7 Hz)."? A doublet in the region of 124.1-125.4 ppm (*Jeocc = 4.2
Hz) was assigned to C(4) and C(8)." Bridgehead carbons C(11a) and C(12a) exhib-
ited low intensity signals as expected at 132.1-133.6 ppm (*Jpocc = 4.0 Hz)."” Low
intensity singlets were observed for the chlorine-bearing carbons C(2) and C(10) at
131.1-132.3 ppm. Signals near 129 ppm were assigned to C(3) and C(9) while those
at about 130 ppm have been specified for C(1) and C(11). Identification of the
bridging carbon C(12) was facile at 51.7-54.4 ppm'* while the trichloromethyl car-
bon appeared at 97.4~99.1 ppm."* The relatively narrow range of the carbon signals
Jor C(4a/7a), C(11a/12a), and C(12) strongly implies the structures have similar
arrangements for the attached groups which supports structures 3. The sulfur deriv-
ative 3m gave both 'H and ’C NMR results which paralleled those of the oxygen
counterparts.

The "C shifts for the 6-aryloxy or 6-p-tolylthiooxy group are illustrated in Table
IV, and the *'P shifts are in Table I. Both sets of shifts are unremarkable. A low
intensity '’C doublet in the range of 148.2-152.1 ppm [*Jpociy = 6.5-7.9 Hz] was
assigned to C(1').'® Both C(2’) and C(6’) displayed doublets [*Jpoccesy = 3.9-5.2
Hz] with varying intensities, depending upon the substitution, in a wide range of
shifts [117.0-131.7 ppm]."”> An upfield shift of approximately 5 ppm was noted for
the C(2’) methyl carbon in 3b, 3f, and 3g, possibly due to a y-interaction with non-
bonded electrons of the exocyclic oxygen atom.*>'? Interestingly, the corresponding
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FIGURE 1 Perspective view of 3j.

carbon C(2') in 3e is flanked by a methyl group [C(3’)—CHj;] and an oxygen atom
which translated into a double <y-interaction producing increased shielding for C(2")
by more than 8 ppm.” The *'P signals appeared within the region from —17.55 to
—20.15 ppm from 85% phosphoric acid.’> Unfortunately, to date no stereochemical
interpretation has been assigned from these *'P chemical shifts.

The EI mass spectra of members 3 exhibited m/z for [M]*, [M — HCI]", [M —
CCL,]", and (M — C,,H,CL,PO,]*. Such fragmentation is reasonable although there
are essentially no model systems in the literature with which to make comparisons.
The structures of the fragments shown are tentative but are also p]ausible.

\//

\ -
/\ @//\ /@//\
a

™- HCI]’ (M- HCY) - CII*
- C14H7ClsPO,

Q\\
>

M- cClyp’

R*[ M - Cy4H,ClsPO,]*

We were able to grow crystals of 3j and subjected them to an X-ray diffraction
analysis. It is clear from Figure 1 that the structure is a boat-chair with a trichloro-
methyl group at C(12) in a pseudo equatorial position and the P=0O group in a
‘‘down position’’ with respect to the bridging 8-membered ring. The molecule has
a pseudo-mirror plane. This symmetry is broken by the para-chlorophenoxy group
which is coplanar with the P—O1 bond. The P—O1 and P—O04 bond as [1.581(2)
and 1.588(2) A] are longer than the P1—O3 bond [1.564(2) A]. The P1—04 bond
is 1.449(2) A. The P1—O03—C15 angle is very large [126.2°(2)] due to steric crowd-
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FIGURE 2 Perspective view of 5.

ing. Similarly, the bulky —CCl, group forces the axial H(13) [this is H(12); num-
bering differs from that of the name for 3] over the 8-membered ring.

An interesting observation was made when purification of ester 3b was attempted
in hot isopropyl alcohol. A crystalline material § was obtained with a melting point
of 177-179°C. Since this value was considerably higher than had previously been
obtained for 3b, an X-ray diffraction analysis of 5 was initiated. The latter revealed
an ‘‘open structure’’ for § which was the triethylammonium salt of the corresponding
phosphorus acid as illustrated (Figure 2, above, note the numbering of the positions
differs from what is employed in the name). Triethylammonium 2-methylphenyl 2-
[{2',2’,2'-trichloromethyl-1’-(2"-hydroxyl-5"-chlorophenyl) }ethyl]-4-chlorophenyl
phosphate (5) represents a relatively rare class of salts of this type. In the X-ray
diffraction analysis of 5, a hydrogen atom was clearly located on the oxygen atom
of the broken P—O bond, and all negative charge is thus located on the phosphate
group. The P1—02 and P1—O04 bonds are quite long [1.620(4) and 1.590(4) A]
while the P1—O1 and P1—O3 bonds are equal in length [1.476(3) and 1.475(4) A]
even though O3 makes a very strong, almost symmetrical, H-bond {O3-N1S: 2.627
A; 03 ... HI1S: 1.43 A; N1S-H1S: 1.22 A] while O1 forms no H-bonds. Moreover,
in this compound steric strain gives large P—O—C angles: P1—02—07: 127.4°(3)
and P1—04—C1: 126.1°(3).

Presumably some triethylamine was present in the crude 3b and may have insti-
gated the ring opening process. It is conceivable that esters 3 and traces of catalysts
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can lead to an equilibrium shown in the original synthesis although we are inclined
to favor the formation of 3 in preference to 3'. Studies of this type of catalyzed
equilibrium with ring-opening and ring-closing have not been common to date in
this family of phosphorus heterocycles."

In summary, we have developed a simple method to obtain the title compounds
from available starting materials. In addition, spectral and X-ray diffraction analysis
support the presence of a boat-chair conformer for the 8-membered ring. An unusual
‘‘open structure’’ 5 was isolated as an ammonium salt of the rare corresponding
phosphate and was substantiated via X-ray diffraction analysis. The data provide a
framework to which future investigations in this family of phosphorus heterocycles
can make comparison.

EXPERIMENTAL

Melting points were taken on a Mel-Temp apparatus and were not corrected. Microanalyses and EI mass
spectral data (70 eV) were performed by the Central Drug Research Institute, Lucknow, India. IR spectra
were recorded in KBr pellets on a Perkin-Elmer 137 spectrometer. All ‘H, C, and *'P NMR spectra
were collected from a Varian XL-400 NMR spectrometer on solutions in DDCl, or DMSO-d,;, and were
referenced from TMS in & values (‘H) or in ppm ("°C from TMS and *'P from 85% H,PO,).

6-Phenoxy-2,10-dichloro-12-trichloromethyl- 12H-dibenzo[d,g][ 1, 3.2 |dioxaphosphocin  6-Oxide (3a):
The following procedure is typical for the syntheses of 3a-3k. A solution of phenyl phosphorodichlor-
idate (2a, 2.1 g, 0.01 mol) in dry toluene (25 mL) was added dropwise over a period of 20 min to a
stirred solution of 2,2-bis(2-hydroxyl-5-chlorophenyl)-1,1,1-trichloroethane (1, 3.86 g, 0.01 mol) and
triethylamine (2.02 g, 0.02 mol) in dry toluene (60 mL). After completion of the addition, the temperature
was slowly elevated to 55—-65°C and was maintained for 6 h. Progress of the reaction was monitored
by TLC analysis. Triethylamine hydrochloride was then filtered from the mixture, and solvent was
evaporated under reduced pressure. The residue was washed with water and then recrystallized from 2-
propanol to yield 3.5 g (65%) of 3a as white crystals, mp 204—-205°C. Spectral and physical data for
3a-3m are in Tables I-V. Analytical data are in Table I.

It was discovered that when crude 3b (125 mg) in 15 mL of 2-propanol was heated slowly to reflux
on a water bath for 15-20 min a mixture resulted. The addition of 10 ml of isopropyl alcohol and
continued heating for another 10 min generated a clear solution. Filtering this hot solution and allowing
the filtrate to stand at room temperature for 3 days produced crystals. The crystals were filtered, washed
with cold isopropy! alcohol, and recrystallized twice again from isopropyl alcohol in the manner de-
scribed above; mp 177-179°C. The sample was subjected to X-ray diffraction analysis which was
discussed in the text as the ‘‘open structure’” §.

6-(4-tert-Butylphenoxy)-2, 10-dichloro- 12-trichloromethyl-12H-dibenzo[d,g ][ 1,3,2 Jdioxaphosphocin  6-
Oxide (31): The typical procedure using CL;P—O0 is illustrated in the preparation of 3l. To a stirred
solution of 1 (3.86 g, 0.01 mol) and triethylamine (2.02 g, 0.02 mol) in dry toluene (50 mL) at 0-5°C
was added dropwise phosphorus oxychloride (1.53 g, 0.01 mol) in dry toluene (15 mL) over a period
of 15 min. After raising the temperature to 40—-50°C, the reaction mixture was stirred for 3 h, TLC
analysis (silica gel) being used to monitor the formation of the monochloride 4. To the same reaction
vessel was added dropwise a solution of 4-terz-butylphenol (21, 1.50 g, 0.01 mol) and triethylamine (1.01
g, 0.01 mol) in dry toluene (10 mL). The temperature of this new mixture was raised to 55-65°C, and
the mixture was stirred for another 3 h. Filtration of triethylamine hydrochloride left a solution which
was evaporated to a solid residue. After being washed with water, the residue was recrystallized from
HCCl;-hexane to yield 3.1 g (53%) of 31 as a white solid, mp 233-234°C (Table I- V). Analytical data
are in Table I.

Crystallographic Data: Compounds 3j and 5 were crystallized from isopropyl alcohol. The intensity
data of both compounds were taken at room temperature. The crystal data, data collection parameters,
and refinement results are summarized in Table V1. Both structures were determined by direct methods
using the program SHELXS-86."” The refinements were carried out by a full-matrix least squares routine
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TABLE VI

Crystal data, data collection, and refinement parameters
Compound 3j 5
Formula Ca0H1104ClsP C21H)505ClsP-CgH 6N
F.W. 559.0 657.8
crystal system monoclinic monoclinic
space group P2y/n P2)/n
a 8.980(2)A 10.425(MA
b 9.534(3) 17.822(8)
c 26.203(7) 16.326(9)
B 97.29(2)° 96.81(9)°
v 2225.2(6)A3 3011.9(10)A3
z 4 4
Dx 1.668 g/cm3 1.450 g/em3
temperature 293K 293K
wavelength 0.71073A 0.71073A
radiation MoKa MoKa
crystal size 0.57 x 0.38 x 0.25 mm 0.40 x 0.20 x 0.15 mm
F(000) 1120 1360
u(MoKa) 0.87 mm-1 0.57 mm-!
28max 53 46*
diffractometer CAD4 CAD4
total unique reflections 4550 4154
no. of observed [226()] 3291 2698
absorption correction integration integration
max./min transmission 0.9531/0.8625 0.9042/0.8212
standard reflections 3,every 2 hr 3,every 2 hr
max. variation 1.5% 4.5%
refinement F F
R 0.039 0.051
Rw 0.044 0.048
no. of variables 324 349
M) 1.4 1.3
(A/0)max 0.05 0.07
(AP)max in diff. map 0.32¢/A3 0.34e/A3

using the program SHELX76."* The hydrogen atoms of both compounds were located from the difference

Fourier maps, and the hydrogen parameters were refined isotopically.

ACKNOWLEDGEMENTS

BSR and PNR are thankful to CSIR, New Delhi, for fellowships. One of us (KDB) gratefully acknowl-
edge the National Science Foundation (DMB-8603684) and the MOST fund (HR8-056) for partial sup-
port to upgrade the XI.-300 NMR spectrometer. One of us (DvdH) gratefully acknowledges support by
the National Institutes of Health, Grant CA-17562.



18:52 28 January 2011

Downl oaded At:

160

C. D. REDDY et al.

REFERENCES

1.
2.

3.

J. D. Spivack, Brit. Patent 2,087,399; Chem. Abstr, 97, 198374 (1982).

K. Idel, H. J. Buysch, D. Margotte and H. Peters, Ger. Offen. 2,929,229 (1981); Chem. Abstr., 94,
193200n (1981).

P. V. Vershinin, P. A. Kirpichnikov, Y. P. Vershinin, V. K. Kadyrova, V. M. Zharova, A. V. Zverev,
V. V. Pozdnev and O. A. Kulikova, U.S.S.R. Su 958,425 (1982); Chem. Abstr.,, 98, 89664p (1983).

. C. D. Reddy, K. D. Berlin, R. S. Reddy, C. N. Raju, M. ElMasri and S. Subramanian, Phosphorus,

Sulfur, and Silicon, 81, 61 (1993).

. C. D. Reddy, R. S. Reddy, C. N. Raju, M. Elmasri, K. D. Berlin and S. Subramanian, Magn. Reson.

Chem., 29, 1140 (1991).

. C. D. Reddy, R. S. Reddy and C. N. Raju, Asian J. Chem., 3, 63 (1991).
. C. D. Reddy, R. S. Reddy, M. S. Reddy, M. Krishnaiah, K. D. Berlin and P. Sunthankar, Phosphorus,

Sulfur and Silicon, 62, 1 (1991).

. M. E. Miville, U.S. Patent 2,776,293 (October 9, 1956); Chem. Abstr., 51, 8140i (1956).
. C. D. Reddy, H. Ammanni and R. S. Reddy, Proc. Indian Acad. Sci. (Chem. Sci.), 100, 477 (1988).
. P. A. Odorisio, S. D. Pastor, J. D. Spivack, L. P. Steinhuebel and R. K. Rodenbaugh, Phosphorus

and Sulfur, 15, 9 (1983).

. (a) J. D. Goddard, A. W. Payne, N. Cook and H. R. Luss, J. Heterocyclic Chem., 25, 575 (1988);

(b) S. D. Pastor and J. D. Spivack, J. Heterocyclic Chem., 28, 1561 (1991); (c) R. P. Arishinova,
Phosphorus, Sulfur, and Silicon, 68, 155 (1992); (d) H. S. Rzepa and R. N. Shephard, J. Chem. Res.
(S). 103 (1988); (e) R. P. Arishinova, O. I. Danilova and B. A. Arbuzov, Phosphorus, Sulfur, and
Silicon, 34, 1 (1987).

. G. W. Buchanan, R. H. Whitman and M. Malaiyandi, Org. Magn. Reson., 19, 98 (1982).

. G. C. Levy and J. D. Cargioli, J. Chem. Soc., Chem. Commun., 1663 (1970).

. P. A. Odorisio, P. A. Pastor and J. D. Spivack, Phosphorus and Sulfur, 19, 1 (1984).

. R. M. Silverstein, G. C. Bassler and T. C. Morrill, ‘*Spectrometric Identification of Organic Com-

pounds,’’ John Wiley and Sons: New York, 1991.

. J. C. Lockhart, M. B. McDonnell and P. D. Tyson, J. Chem. Soc., Perkin Trans., 1, 2153 (1983).
. G. M. Sheldrick, SHELXS-86. Program for the Solutions of Crystal Structures, University of Got-

tingen, Germany, 1986.

. G. M. Sheldrick, SHELX76. Program for the Solution of Crystal Structures, University of Cam-

bridge, 1982.



