
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

CARBON-PHOSPHORUS HETEROCYCLES. SYNTHESIS OF
SUBSTITUTED 2,3,4,5-TETRAHYDRO-5-OXO-2,2-DIPHENYL-1H-2-
BENZOPHOSPHEPINIUM SALTS VIA INTRAMOLECULAR ACYLATION
WITH 115% POLYPHOSPHORIC ACID
G. D. Macdonella; K. D. Berlina; S. E. Ealickb; Dick van der Helmb

a Department of Chemistry, Oklahoma State University, Stillwater, OK b Department of Chemistry,
University of Oklahoma, Norman, OK

To cite this Article Macdonell, G. D. , Berlin, K. D. , Ealick, S. E. and van der Helm, Dick(1978) 'CARBON-PHOSPHORUS
HETEROCYCLES. SYNTHESIS OF SUBSTITUTED 2,3,4,5-TETRAHYDRO-5-OXO-2,2-DIPHENYL-1H-2-
BENZOPHOSPHEPINIUM SALTS VIA INTRAMOLECULAR ACYLATION WITH 115% POLYPHOSPHORIC ACID',
Phosphorus, Sulfur, and Silicon and the Related Elements, 4: 2, 187 — 197
To link to this Article: DOI: 10.1080/03086647808076563
URL: http://dx.doi.org/10.1080/03086647808076563

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086647808076563
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus and Siilfiirr 
1978, Vol. 4, pp. 187-197 

@Gordon and Breach Science Publishers Ltd., 1978 
Printed in Great Britain 

CARBON-PHOSPHORUS HETEROCYCLES. SYNTHESIS OF 
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1H-2-BENZOPHOSPHEPINIUM SALTS VIA INTRAMOLECULAR 
ACYLATION WITH 115% POLYPHOSPHORIC ACID 
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Department of Chemistry, Universil?, of Oklahoma, Norman, OK 73019 

(Received July 30, 1977) 

Intramolecular acylation involving three w-carboxyalkylphosphonium salts la-c has been achieved in the presence of 
1 15% polyphosphoric acid (PPA) to yield the heretofore unknown 2,3,4,5-tetrahydro-5-oxo-2,2-diphenyl-lH-2-benzo- 
phosphepinium salts 2a-c. The open-chain precursors were easily prepared by quaternization of the corresponding 
tertiary arylmethyl-substitu ted phosphines with 3-chloropropanoic acid. Cyclization of the carboxy-substituted salts 
was accomplished at 200°C with PPA in modest yields (37-64%). A mechanism reminiscent of a classic electrophilic 
acylation process was tentatively proposed. An x-ray crystallographic analysis of a single crystal of 2a showed the 
phosphepin ring to exist in a twisted-chair conformation. 

INTRODUCTION 

Polycyclic, carbon-phosphorus (C-P)heterocycles 
possessing a carbonyl function in the ring system have 
been rare in the l i t e r a t ~ r e . ~  To date, the synthetic 
methods available for the synthesis of many keto- 
containing C-P heterocycles have usually been labori- 
ous and often required difficulty accessible  precursor^.^ 
We herein report both the synthesis of w-carboxy- 
phosphonium salts la-c from readily available starting 

C H /C H 

YPY5 C H  qR , P F i  

SCHEME I 

1 f p(c6%)i 
I .  Mg, ether, N2 fC' 

2 . ( C  H5) PCI, 

3. NH4CI/H20, 

+olten[A, N; I 0 
N2 

CICH,C H,CO,H, I. 115% PPA,200°  
la L L L .  

toluene,A, N2 * N 
- 20 2. H20 N 

3.KPF6 

2 I z 

a. R =  H 
b. R = CH3 
c . R = C I  

materials and the subsequent PPA-catalyzed intra- 
molecular acylation to give phosphepinium salts 2 a - ~ . ~  

r, 

R 

RESULTS AND DISCUSSION 

A typical synthesis of the open-chain salts is illustrated 

for l a  in Scheme I and discussed in detail in the Experi- 
mental section. Benzylmagnesiurn chloride was treated 
with diphenylphosphinous chloride to yield, after 
hydrolysis, benzyldiphenylphosphine. Quaternization 
in situ of the crude phosphine with 3-chloropropanoic 
acid in boiling toluene gave salt la, the physical and 
spectral properties of which can be found in Tables I 
and 11, respectively. 

Cyclization of 1 (Scheme I) consisted of adding l a  
to 11 5% PPA at 200°C followed by aqueous hydrolysis 
and precipitation of crude 2a with a saturated aqueous 
KPF6 solution. Purification was easily accomplished by 
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188 G. D. MACDONELL el al. 

TABLE I 
Physical data for phosphonium salts 

l a  

l b  

lc 

2a 

2b 

2c 

R mp (OC) Yield (%) Mol. for. Anal. 

Calc. 
Fd. 
Calc. 
Fd. 
Calc. 
Fd. 
Calc. 
Fd. 
Calc. 
Fd. 
Calc. 
Fd. 

(% P) 

8.05 
8.04 
6.44 
6.20 
7.08 
6.95 

13.00 
12.99 
12.63 
12.67 
12.13 
12.15 

TABLE I1 
11, 'H nmr, and 31P nmr data for phosphonium salts 

1 

31Pmr, 6' 
Ir-principal H nmr spectral assignments, 

'pd maxima (cm-1)' chemical shifts, 6 

l a  3370(m) 
1720(s), 1233(s) 
1440(s), 1 1 12(s) 

Ic 3380(m) 
1720(s), 1220(s) 
11 1O(s), 997(m) 

2a 1670(m), 11 15(m) 
998(w), 840(b) 

2b 1660(s), 1439(s) 
11 12(s), 844(b) 

2c 1710(s), 1437(s) 
11 14(s), 840(b) 

2.50-3.24 [m, CH2CHz, 4H] +25.05d 
4.20 [d, JPCH= 14 Hz, ArCH2,2H] 
6.72-6.94 [m, ArH, 2HJ 
7.10-7.40 [m, ArH, 3H] 
7.40-7.98 [m, ArH, 10H] 
2.14 [ s ,CH~,  3H] +26.04e 
2.46-3.24 [m. CHzCH2, 4H] 
4.17 [ d, JPCH = 14 Hz, ArCHz,2H] 
6.46-6.84 [m, ArH, 2H] 
7.00-7.26 [m, ArH, ZH] 
7.40-8.00 [m, ArH, lOH] 
2.56-3.34 [m, CH2CH2, 4H] +26.72e 

6.66-7.00 [m, ArH, 2H] 
7.00-8.04 [m. ArH, 12HI 
3.16 [s, CHzP, 2H] +21.51 
3.25 [ d of m, .~PCCH = 23 Hz, CHzCO, 2H1 
4.35 [ d, JPCH = 14 Hz, ArCHz, 2H] 
6.96-7.02 [m, ArH, l H ]  
7.42-7.98 [in, ArH, 13H1 
2.35 [ s ,  CH3, 3H] 
3.19 [ S, CHzP, 2H] 
3.28 [ d of m, JPCCH = 24 Hz, CHzCO, 2H] 
4.34 [d, JPCH= 14 Hz, ArCH2, 2H] 
6.89 [s, A*, 1Hj 
7.30-8.06 [ m, ArH, 12H] 
3.40 [d of m,JpCCH= 24 Hz, CHzCO, 2H] 

4.32 [d, J P C H =  14 Hz, ArCHz, 2H] 

+21 .48e 

+21.04f 
3.45 [ s, CHzP, 2H] 
5.06 [d,JpCH= 14 Hz, ArCHz, 2H] 
7.08-8.32 Im, ArH, 14H] 

:The IR spectra were obtained on samples (4 mg) with KBr (400 mg) pellets. 
NMR specta were obtained on DCC13 solutions [except 2c (DMSO-d6 and no 

F3CCOzH)I with F3CC02H added to give a clear solution and tetramethylsilane (TMS) 
as internal standard. Peak positions quoted in the case of doublets were measured from 
the approximate center. 

'31P resonance signals were relative to 85% H3P04; chemical shifts are reported as 
positive downfield from the standard. 

dThe spectra were obtained on samples in DCC13: F3CCOzH(4 : 1). 
eThe spectra were obtained on samples in DMSOd6: F3CC02H(10: 1 ). 
fThe spectra were obtained on samples in acetonede 
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BENZOPHOSPHEPINIUM SALTS 189 

dissolution of 2a in 95% ethanol and reprecipitation by 
the slow addition of ether. Physical and spectral data 
for 2a-c have been listed in Tables I and 11. 

A 31P NMR analysis of the PPA-catalyzed cycliza- 
tion of la -+ 2a revealed only two 31P signals (t25.4 
ppm and t22.5 ppm) throughout the course of the 
reaction. The addition of authentic samples of starting 
material l a  and product 2a increased the relative inten- 
sity of the signal at t25.4 ppm and at t22.5 ppm, 
respectively, confirming the assignments. A similar 
experiment5 had proven useful for the related alkenyl- 
phosphonium salt 3 which gave isophosphinolinium 
salt 4. 

C H  C H \ + , C  H 
6 5\;/c6H5 6 5 p  6 5  bx , P F i  !:!$ & CH3 j P F i  

4 
IJ 3 z 

Addition of l a  to preheated (190OC) PPA caused 
immediate expulsion of a gas, presumably HCL6 This 
extremely fast protonation could give rise to  any 

SCHEME II 

3 J 

number of PPA anion-associated cations (a ”P signal 
was observed at t25.4 ppm relative to 85% H3P04 in 
the mixture) such as 5-8 shown in Scheme 11. A fast 
cyclization followed by immediate proton loss would 
result in product 2 (31P: t 22.5 ppm rel. to 85% H3P04) 
as the -0PPA salt. 

Indeed, this tentative mechanism was similar to a 
classic electrophilic substitution process in which 
substitution and rearomatization have been assumed 
to occur 
signal for an intermediate would not be unreasonable. 

Attempts to cyclize related open-chain salt 10 to 
isophosphinolinium salt 11 gave only simple benzyl- 
methyldiphenylphosphonium hexafluorophosphate 

Therefore the absence of a 31P 

(12) (see Experimental section). This was reminiscent 
of the thermal decarboxylation of 

(carboxymethy1)triphenylphosphonium chloride observed 
previously.8 It was noteworthy that the loss of the 
elements of COz proceeded even upon boiling benzyl- 
diphenylphosphine and chloroacetic acid in benzene.’ 

Characterization of the novel phosphepinium salts 
2 consisted of elemental, infrared, mass spectral,” and 
nmr analyses and chemical degradation studies as well 
as an x-ray crystallographic analysis of 2a. The ‘H nmr 
spectra of salts 2a-c proved quite unusual. A solvent 
dependency was detected for the doublet for the H(l) 
protons and the single, broad line for the H(3) protons 
was apparent. Down field shifts were observed for these 
same protons in acetone-d6 (6 5.01 and 6 3.54, 
respectively) and DMSOd6 (6 5.08 and 6 3.34, 
respectively) compared to the shifts (6 4.35 and 6 3.16, 
respectively) observed in an equally concentrated solu- 
tion of DCC13 : trifluoroacetic acid.” Chemical shift 
differences of t0.66 and 4-0.73 ppm were observed for 
the H(1) resonances in acetone-d6 and DMSO-d,, 
respectively. Smaller differences of t0.38 (acetone-d6) 
and to. 18 ppm (DMSO-d,) were observed for the H(3) 
proton resonances. An increase in ’Jpc- from 14 to 16 
Hz for the H(l) protons as well as broadening of the 
“singlet” for the H(3) protons was also noted with a 
change in solvent from DCCI3 : trifluoroacetic acid to 
DMSO-d,. Similar observations have been made regard- 
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190 G. D. MACDONELL et aL 

ing chemical shifts and coupling constants for benzyl- 
substituted phosphonium salts" and cu-methylene- 
substituted phosphonium salts.'3' l4 

protons was based on the observed coupling (31P-1H) 
and solvent shifts in representative 2a. A doublet of 
mukiplets (3JpCCH = 23 Hz) at 6 3.48 was observed 
for the H(4) protons, and a doublet ('JPCH = 12 Hz) at 
S 3.56 for the H(3) protons appeared only after deutera- 
tion in situ of salt 2a (saturated solution of 2a in 0.5 ml 
of acetone-d, with 1 drop of 40% NaOD in D 2 0  added). 
One hour after mixing salt 2a with NaOD/D20, exchange 
of the H( 1) and H(4) protons had proceeded and a 
doublet appeared for the H(3) protons in the 'H nmr 
spectrum. After 20 hours, a nearly quantitative exchange 
of the H(l) and H(4) protons had occurred while the 
doublet at 6 3.56 (about 80% of this proton had been 
exchanged) remained. 'H {31P} double resonance 
collapsed the H(3) doublet t o  a single line supporting 
the original assignment. Based on these observations, 
it has not been possible to  eliminate a conformational 
change in deuterated 2a as the cause of 'JPCH to 
increase. However, it  appeared unlikely that replace- 
ment of hydrogen by deuterium at C(l) and C(4) could 
change the conformation at phosphorus and C(3) 
sufficiently to account €or the dramatic increase of 
' J ~ c H  from ca. 0 to 12 Hz." Another possibility which 
cannot be ruled out was that the single line observed 
for the H(3) protons was the result of a complex multi- 
plet with ' JpCH = 12 Hz. Further delineation of the 
spin-spin couplings of the five nuclei [P, CH, (3), 
CH,(4)] via 'H{ 'H} double resonance experiments 
were unsuccessful due to the small chemical shift 
difference (8 Hz in acetone-d6) between the H(3) and 
H(4) resonances. 

Variable-temperature experiments were conducted 
with 2a over a temperature range of 260°C. Cooling a 
solution of 2a to -1 10°C resulted only in slight line 
broadening, and heating a solution to +150°C did not 
produce a detectable change. From this data and from 
examination of molecular models (Courtald), it  was 
assumed that the seven-membered ring was conforma- 
tionally rigid in solution over the temperature range 
studied. 

13C NMR chemical shifts and 31P-13C coupling 
constants for phosphepin representative 2a are listed 
in Table 111. The assignments made were based o n  
analogous systems reported previously. l6 The 13C 
resonance for C(5a) at 137.83 ppm was considered to 
result from the deshielding effect of the carbonyl group 
and the reduced 31P-13C coupling (compared to 'Jpc or 
'JPc). The atoms C(9) and C(9a) were assigned on the 
basis of the shielding effect of the positive phosphorus 

The assignment of the signals for the H(3) and H(4) 

TABLE IIIa 
'3C chemical shiftb and 31P-13C coupling constants' for 2a 

Carbon atom(s) Chemical shift Coupling constant 

1 24.64 47.60 
3 13.83 56.00 
4 34.78 d 
5 200.04 d 
5a 137.83 3.72 
6 1 28.89e d 
7 1 30.32e d 
8 1 32.56e d 
9 131.29 7.72 
9a 126.79 7.72 

10,16 118.24 82.60 
11, 15, 17, 21 132.37 9.62 
12, 14, 18, 20 129.71 12.01 

13,19 134.61 d 

a240 mg of 2a in 1.5 ml of DMSO-d, at 37°C. 
bChemical shifts in ppm downfield from TMS. 
'Coupling constants in hertz. 
dNot  resolvable. 
eMay be interchanged. 

as well as their 31P-13C coupling of 7.72 Hz. Carbon 
atoms 6, 7, and 8 could not be differentiated due to 
their proximity in chemical shift as well as the non- 
resolvable 31P-13C coupling. 

31P nmr spectra of la-c and 2a-c exhibited broad 
signals (non-'H decoupled) which compared favorably 
with related compounds 3 and 4.17 However, the 
slightly shielded signals of 2a-c (2a: + 2 1.5 1 ppm), 
compared to la-c (la: +25.05 ppm), probably reflect 
a difference in geometric as well as electronic environ- 
ment about the phosphorus atom. It has been suggested 
that 31P chemical shifts can be related to the internal 
C-P-C bond an e in cyclic phosphorus compounds.18 
Comparison of P chemical shifts of 2a and 45 gave a 
Av of -4.34 ppm in going from a seven-membered ring 
to a six-membered ring. However, the validity of the 
comparison must be considered tentative since no 
comparable oxoisophosphinolinium salts have reported 
31P values. It remains only speculative that this Av is 
due to bond angle effects," as a result of the paucity 
of 31P shifts values for cyclic phosphonium salts and 
the lack of x-ray data for those compounds for final 
confirmation of bond angles. 

Further characterization of the cyclic nature and 
ring size of 2a-c was achieved via basic hydrolysis of 
2a to 1319 which was subsequently reduced to 14. 
Clemmension reduction" of 13 and desulfurization by 
Raney nickelz1 of the thioketal of 13 were employed 
for the preparation of 14. However, only the desulfuri- 
zation procedure proved useful as the strongly acidic 
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BENZOPHOSPHEPINIUM SALTS 191 

KO CH30H H (C 6 H 5 2  )m 
H2° 

13 
N 

14 
/" 

conditions in the Clemmenson process promoted de- 
hydration to yield mainly 15. Thioketalization of 13 
with 1 -2-ethanedithiol followed by desulfurization with 

Zn (H g )  13 - 14 + (C - HCI - 
' 15 

N 

Raney nickel gave a mixture (7:3 via 'H nmr) of 
oxides 14 and 15, respectively. Separation of the mix- 
ture was accomplished with preparative tlc (see Experi- 
mental section). 

- BF3.(C2H,&0 '(C 6 H 5 )& 2 .-* Ni(R) 95% EtOH E+E 
HSCH2CH2SH 

13 

benzene, A 

16 
d 

Additional proof of structure for 14 (and therefore 
2a) was accomplished by an independent synthesis 
(Scheme 111). Physical and spectral data for key inter- 
mediates 17 and 18 were identical with that reported 

SCHEME Il l  

I. Mg, ether 
2 .  L , e t h e r , *  0 &(cH2)30H 

0" 
17 3. 10?'oH2S04 4 

0 

CH, 

rc/ 19 H2° 

previously." Pertinent data for 19 can be found in 
the Experimental section. 

SINGLE CRYSTAL ANALYSIS 

A stereoview of a single molecule of 2a is shown in 
Figure 1, the numbering scheme and bond distances 
in Figure 2 and bond angles in Figure 3. Some addi- 
tional bond angles are given in Table IV. The seven- 
membered heterocycle is in an approximate Cz (twist- 
chair) conformation with the two-fold axis passing 
through the P(2) atom and the midpoint of the 
C(5a)-C(5) bond. The internal torsion angles for the 
ring are as follows: C(l)-P(2), 48.1; P(2)-C(3), 
41.4; C(3)-C(4), -78.0; C(4)-C(5), 8.4; C(5)-C(5a), 
53.6; C(5a)-C(9a), -0.4; C(9a)-C(l), -76.5'. 

The phenyl groups are attached to the P atom such 
that the planes of the two groups are approximately 

FIGURE 1 Stereoview of a single molecule for 2a. (C. K .  Johnson, ORTEP, Oak Ridge National Laboratory Report 
ORNL-3794, 1965. 
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192 G. D. MACDONELL eta,! 

FIGURE 2 
deviations are given in parentheses. 

Bond distances for 2a. Calculated standard 

FIGURE 3 Bond angles for 2a. Standard deviations range 
from 0.1" for bonds involving a P atom to 0.20 for those 
involving only C atoms. Additional bond angles are given in 
Table 111. 

perpendicular. The bond distances of 1.783 and 
1.789 8, for the P(2)-C(16) and P(2)-C(10) bonds 
are consistent with values for other systems containing 

P+-C (phenyl) bonds.23 Because P-C bond distances 
have been shown to vary greatly depending on such 
factors as valency, ionization and hybridization= one 

TABLE IV 
Additional bond angles for 2a calculated standard 

deviations are in parentheses 

must be cautious in making comparisons. Values rang- 
ing from 1.771 -1.792 8, have been reported for the ring 
P+-C bond in three compounds containing six-membered 
rings.23327 In the present structure the values of 1.797 and 
1.813 8, are somewhat larger than the average with both 
values falling completely outside the range and, in fact, 
are closer to the values observed for an acylic P+(sp3& 
C(sp3) bond distance." A possible explanation is that 
the increase in size of the ring allows a reduction of 
strain and more closely resembles the conditions in an 
acyclic compound. The relatively large difference 
between the two distances within a compound was also 
observed in all three compounds containing six-mem- 
bered P + - h e t e r o c y c l e ~ . ~ ~ ' ~ ~  

The C(l &P(2)-C(3) endocyclic bond angle was 
found to have a relatively large value of 106.0".26 
This approach towards the tetrahedral bond angle 
may be taken as a further indication of reduction of 
strain in the phosphepin ring as compared to a typical 
six-membered system. 

In the present structure the counter-ion is the PF; 
anion. Although such groups are notorious for disorder 
and high thermal motion in the solid state, no such 
problems were encountered at -135°C with the aver- 

FIGURE 4 Stereoview of a unit cell of 2a looking down the a axis. The remaining directions are b- and ct .  
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BENZOPHOSPHEPINIUM SALTS 193 

age isotropic B value of about 4.6 A2. It is interesting 
to point out that in this case the PF, group shows two 
different groups of three bond distances having average 
values of 1.602 and 1.579 A. This C3v distortion of 
the octahedral PF, anion has also been observed in 
the crystal structure of 1,2,3,4-tetrahydro-4,Cdimethyl- 
1 -methyl- 1 -phen yl-phosphinolinium hexafluorophos- 
phate in which case the values are 1.608 and 1.580 A." 

A packing diagram viewing a unit cell down the a 
axis is shown in Figure 4. The cation-anion stacking is 
primarily along the two-fold screw axis. The large hole 
seen in the center of this view of the unit cell forms a 
channel through the crystal structure in the a direction. 
In the CHzClz solvate of this compound, this channel 
is filled with solvate molecules. 

Herein we have reported the synthesis of three novel 
phosphepinium salts prepared easily from readily avail- 
able starting materials. Proof of structure for one 
member 2a was based on physical, spectral, and chemi- 
cal data as well as x-ray crystallographic analysis. 
A 31P nmr analysis of the reaction tentatively suggested 
a classic electrophilic substitution process for the intra- 
molecular acylation of la-c to 2a-c via 11 5% polyphos- 
phoric acid. The x-ray analysis is the first recorded for 
a seven-membered, phosphorus-containing cyclic ketone. 

EXPERIMENTAL 

General data. Melting points were obtained on a Thomas- 
Hoover melting point apparatus and were uncorrected. 'H 
nmr, l3C nmr, and 3lP nmr data were obtained on a XL-lOO(15) 
Varian spectrometer with a TT-100 PFT accessory operating 
at 100.1 MHz with tetramethylsilane (TMS) as the internal 
standard for 'H nmr, 25.2 MHz with TMS as the internal standard 
for l3C nmr, and 40.5 MHz with 85% H3P04 as the external 
standard for 3lP nmr. Infrared and mass spectral data were 
collected on a Beckman IR-SA unit and a CEC Model 21 HR 
unit, respectively. Elemental analyses were performed by 
Galbraith Laboratories, Knoxville, Tennessee. 

Starting materials. Reagents (commercially available) were 
purified before use as necessary. Solvents used were reagent 
grade and were dried over sodium where required. 

Preparation of open-chain salts la-c. A typical preparation is 
exemplified in the synthesis of benzyI(2-carboxyethy1)diphenyl- 
phosphonium chloride (la). In a 500 ml, round-bottom flask 
under N2 was placed 1.2 g (0.05 g-atom) of Mg and 10 ml of 
anhydrous ether. Into an attached 125 ml addition funnel was 
placed 6.3 g (0.05 mol) of benzyl chloride in 100 ml of an- 
hydrous ether. The reaction flask containing the Mg was 
charged with approximately 5 ml of the benzyl chloride 
solution. When the reaction had begun, the remaining benzyl 
chloride solution was added dropwise over a 2-hr period, and 
then the solution was stirred for 4 hr. To the addition funnel 
was added 11.0 g (0.05 mol) of diphenylphosphinous chloride 

in 100 ml of anhydrous toluene. This solution was added drop 
wise over a I-hr period to the Grignard solution. When the 
addition was complete, the ether was distilled off, and the 
remaining heterogeneous mixture was boiled 12 hr. After 
cooling to room temperature, the mixture was hydrolyzed 
with 2.7 g (0.05 mol) of NH4CI in 50 ml of degassed (N2 
bubbled through for 0.5 hr) HzO. Two layers separated (under 
Nz), and the organic layer was dried (MgS04). The dried 
organic layer was filtered (under N z )  and delivered to a 500 ml, 
round-bottom flask (under N2) containing 6.5 g (0.06 mol) 
of 3-chloropropanoic acid in 25 ml of anhydrous toluene. The 
solution was then boiled for 24 hr, after which cooling caused 
formation of an oil. Toluene was evaporated to give an extremely 
viscous white oil. The oil was dissolved in a minimum amount 
of hot H2CC12, and the phosphonium salt l a  was precipitated 
by the dropwise addition of anhydrous ether. After standing 
1 2  hr, the white solid was collected by vacuum filtration and 
dried in vacuo (110'15 mm) to yield 11.05 g (58%) of la, mp 
223-225". Physical and spectral data have been given in 
Tables I and 11, respectively. 

Preparation of benzyl(carboxymetliy1) diphenylphosphoniunl 
chloride (10). The procedure was the same as for all other open- 
chain salts except for the quaternization conditions. Benzyl- 
diphenylphosphine (prepared from 2.4 g, 0.1 g-atom Mg; 
12.6 g, 0.1 mol benzyl chloride; and 22.1 g, 0.1 mol diphenyl- 
phosphinous chloride, as before) in 100 ml of toluene was 
delivered to a 250 ml round bottom flask containing 10.0 g 
(0.11 mol) of chloroacetic acid dissolved in 50 mi of ether. 
The reaction mixture was allowed to stand 2 weeks at  0°C. 
A white crystalline solid precipitated which was collected by 
vacuum filtration and air dried to give 6.94 g (1 8.9%) of 10, 
mp 144" dec: ir (KBr) u 1710 (C-), 1438 (P-C6H5), 1270, 
11 83, 11 03 cm-' (P-CbH,); 'H nmr (DCC13: TFA, 20: 1) 

15 Hz, ArCH2,2H], 6.76-7.98 [m, ArH, 15HI. 

Anal. Calcd. for C21HzoCIOzP. H 2 0 :  P, 7.97. Found P, 7.81. 

6 4.06 [d, J ~ C H  = 13 Hz, CH~COZH, 2H], 4.37 [d, JPCH = 

Cyclizations The general cyclization procedure will be illus- 
trated with the preparation of 2a. In a 100 ml beaker was 
placed 60 ml of 115% PPA which was then heated and mech- 
anically stirred on a hot plate to 200". Compound l a  (2 g, 
5.2 mmol) was slowly added with the expulsion of a gas, 
presumably HCL6 After the addition was complete (ca. 10 
min.), the solution was maintained at 200 f 10". with stirring, 
for 90 min. Cooling the solution to  approximately 120" and 
pouring it into 300 ml of ice-water, with stirring, produced a 
homogeneous solution. Addition of 60 ml of saturated aqueous 
KPF6 precipitated 2a. The crude salt was collected by vacuum 
filtration and washed (HzO). Dissolution of crude 2a in 95% 
ethanol was followed by clarification of the solution with carbon 
black. Filtration and evaporation of solvent produced a white 
solid which was stirred in 100 ml of ether. Vacuum filtration 
gave a solid which was dried (110"/5 mm) to yield 1.59 g (64%) 
of 2a, mp 126-1 29". Physical and spectral data were given in 
Tables I and 11, respectively. 

Reaction of salt I0 with PPA. Salt 10 (500 mg, 1.35 mmol) was 
added slowly, with the expulsion of gas,6 to 30 ml of 11 5% 
PPA warmed to 100°C. The light tan reaction mixture was 
stirred at 100°C for 90 min. and then poured into 200 ml ice- 
water to give a homogeneous solution after stirring. Crude 12 
was precipitated by the addition of ca. 30 ml satd. aqueous 
KPF6 The solid was collected by vacuum filtration, washed 
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with water, and air dried (300 mg, 5 1 %). Recrystallization 
(acetonitrile/ether, 111) gave 12, mp 173-174°C: ir (KBr)v 

'H nmr (DCC13:TFA, 20 : l )  6 2.76 [ d , J p c ~ =  14 Hz, CH3, 
3H], 4.96 [d, J ~ C H  = 14 Hz, ArCH2,2H], 7.00-8.12 [m, ArH, 
ISHI. 
Anal. Calcd. for CzoHzoF6Pz. HzO: P, 13.65. Found: P, 13.89. 

Base hydrolysis of 2,3,4,5- tetrahydro-5-0~0-2,2-diphenyC 1 H- 
2-benzo-phosphepinium hexafluorophate (2a). Ketone 2a 
(900 mg, 1.9 mmol) was added to 60 mi of CH3OH/H20 
(4 : 1) in which 6 g of KOH had been dissolved. The resulting 
solution was boiled for 12 hr, cooled, and 50 ml of HzO was 
added. The aqueous solution was extracted (6 x 25 ml HCC13); 
the extracts were combined, dried (MgS04), and filtered. 
Evaporation of solvent gave a light green oil which, after 
standing for 2 hr at room temperature, deposited light green 
crystals Two recrystallizations (hexane/H~CClz, 4 : 1) gave 
480 mg (7370) of 13, mp 114-116": ir (KBr)v 1670 (C=O), 
1438, (P-C~HS).  1190 cm-I (P-0) 1120; H nmr (DCCld 
6 2.45 [s,CH3, 3H], 2.58-2.92 [m,  CHzP, 2H], 3.06-3.42 
[m,  CHzCO, 2H], 7.06-7.94 [ m ,  ArH, 14Hl. 
Anal. Calcd. for C22H~102P: C, 75.85; H, 6.08; P, 8.89. Found: 
C, 75.99;H,6.01;P,9.02. 

2,4-Dintrophenylhydrazine (0.4 g) was dissolved in 10 ml 
of 95% ethanol, 3 ml of HzO, and 2 ml of conc. HzSO4. Ketone 
13 (19 mg, 0.55 mmol) in 5 ml of 95% ethanol was then added, 
and the reaction mixture warmed on a steam bath for 30 min. 
Water (5 ml) was then added and the mixture was extracted 
with 3 x 25 ml of benzene. The benzene solution was dried 
(MgS04) and filtered; to the filtrate was added 5 ml of petrol- 
eum ether (bp 40-60°C). After standing at 0°C for 24 hr, an 
oily residue formed. The liquid was decanted, and the oil was 
dissolved in HCCl3: hexane (1 : 1) which stood overnight at 
0°C during which time yellow needles formed. The solid was 
filtered and dried to yield 11.3 mg (38%) of the 2,4-dinitro- 
phenylhydrazone of 13, mp 165-166°C: ir (KBr)v 3390, 
1620, 1580, 1500, 1420, 1335, 1182 cm-"; 'H nmr (DCC13) 
6 2.15 [s,CH3, 3H], 2.73-4.39 [m,CH2CH2,4H], 7.00-7.10 
[m,ArH, lH],7.264.99 [m. ArH, 13H],8.25-8.37 [m, ArH, 
2H], 9.02-9.05 [m,ArH, IH], 10.76 [s, NH, IH]. 

Anal. Calcd. for C ~ ~ H ~ ~ N ~ O S P .  0.5H20: C, 62.56; H, 4.84. 
Found: C, 62.92; H, 4.85. 

Thioketalization of (3-Diphenylphosphinyl)-2~ropiophenone 
(13). To 544 mg (1.56 mmol) of ketone 13 in 25 ml of benzene 
was added 1.5 ml of 1,2ethanedithiol and 2 ml of freshly 
distilled boron trifluoride-etherate. The solution was boiled 
3 hr and cooled, and 5 ml of petroleum ether (bp 40-60°C) 
was added. The reaction flask was transferred to a refrigerator 
and allowed to stand at  0°C for 1 week. A crystalline solid 
formed and was filtered, washed with petroleum ether (bp 
4O-6O0C), and then recrystallized (benzene) to yield, after 
drying over P2OS at 5 mm, 620 mg (94%) of 16, mp 107- 
i l0"C: ir (KBr)v 1475,1440 (P46H5), 1110 b(P-0, 

3H], 2.44-2.90 [m, CHzCHzP, 4H], 3.29 [s, SCH2CH$,4H], 
7.02-7.24 [m, ArH, 3H], 7.40-7.92 [m,ArH, 11HI. 

Several attempts to obtain ketal 16 in an analytically pure 
state failed and 16 from above was used for the desulfurization 
with Raney nickel. 

Desulfurization of keta l l6 .  To 1.5 g of Raney nickel28 (3g 

1436 (P-CbHs), 11 17 (P-C~HS), 997 (P-C~HS), 840 CM-'; 

P<&J), 889 cm-' (CHz-S); 'H nmr (DCC13) 6 2.32 [S,  CH3, 

alloy) in 15 ml of 95% ethanol was added 500 mg (1.22 mmol) 
of 16 dissolved in 10 ml of 95% ethanol. The reaction mixture 
was boiled 6 hr and filtered hot. Ethanol was evaporated to 
leave an oil which was dissolved in benzene and this solution 
was dried (MgSO4). After standing overnight (O'C), a gummy 
solid formed and was repeatedly recrystallized (benzene) to 
give 54 mg of oxides 14 and 15 (7 : 3 via 'H nmr). Separation 
was performed by spotting an acetone solution of 14 and 15 
onto a pre-coated (Brinkmann, Sil G-200 UVZH, 20 x 20 cm, 
2 mm layer thickness) preparative thin-layer plate and eluting 
with acetone. The plate was dried and developed in an iodine 
chamber. The spot (14: R - 0 76) was scraped, and oxide 14 
was extracted (acetone). fc acetone was evaporated and the 
resulting solid was dissolved in benzene (ca. 2 ml); petroleum 
ether (bp 40-60°C ca. 2 ml) was added to turbidity. After 
standing 12 hr (O'C), the precipitated white solid was filtered 
and dried (PzO5, 60°C/5 mm) to give 11 mg of 14, mp 100- 

1120 cm-I; IH nmr (DCC13) 6 1.66-2.28 [m, CH~CHZP, 4H], 
2.20 [s, CH3,3H], 2.72 it, ArCH2,2H], 7.00-7.22 [rn, ArH, 
4H], 7.28-7.84 [m, ArH, IOH]. Oxide 14 prepared herein was 
identical to that obtained starting from 17-.18+19-.14. 

Clemmension reduction of ketone 13. A mixture of 2.5 g 
(0.038 g-atom) of granular Zn, 1.5 g (5.5 mmol) of HgC12, 
1 ml of conc. HC1 and 5 ml of HzO was placed in a 150 ml, 
round-bottom flask and stirred for 5 min. The supernatant 
liquid was decanted, and the solid material was covered with 
25 ml of conc. HCI and 25 ml of HzO. To this was added 
1.35 g (3.88 mrnol) of ketone 13, and the mixture was boiled 
for 24 hr and then cooled. The resulting solid was filtered off 
and dissolved in HCCl3, and the aqueous phase was extracted 
(3 x 50 ml HCC13). The HCCI, portions were combined, washed 
(2 x 50 ml of satd. NaHC03), dried (MgS04) and filtered; 
HCC13 was evaporated. The resulting oil was chromatographed 
on acidic alumina (Merck activity 1) employing HCC13 as the 
eluent to give a mixture of products. The crude solid produced 
after HCC13 removal was recrystallized from hexanelether 
(2 : 1) to give 400 mg of a white compound. Initial 'H nmr 
(DCC13) analysis indicated this to be predominately unsaturated 
15. Recrystallization (ether) followed by drying over P20, 
(llO"C/S mm) gave 110 mg of 15, mp 147-148°C: ir (KBr) u 

'H nmr (DCCl3) 6 2.14 Is, CH3, 3H], 3.32 [dd, ( J H ~  = 7 Hz, 
J p c ~  = 14 Hz), CHzP, 2H], 5.80-6.20 [m. =CH, IH], 6.50- 
6.74 [m, =CH, IH], 6.98-7.92 [m, ArH, 14HI;rns (70 eV) 
m/e 332 @I+, 50.5%), 215, 202 (25.3%), 201 (loo%), 131,91, 
77 (28.4%). In spite of many recrystallizations, attempts at  
sublimation, and chromatography there were found traces of 
oxide 14 via mass spectral analysis and this precluded a good 
elemental analysis. 

3-(2-Methylphenyl)propanol(l7). Ia a 500 ml, 3-necked, round- 
bottom flask (with Nz) was placed 2.4 g (0.1 g-atom) of Mg 
and 10 rnl of anhydrous ether. To this, 14.0 g (0.1 mol) of 
or-chloio-o-xylene in 100 ml of anhydrous ether was added 
dropwise. After complete addition (ca. 2 hr), the Grignard 
solution was stirred 12 hr. Ethylene oxide (6.6 g, 0.15 mol) in 
100 ml of anhydrous ether was added slowly to the cooled 
(0°C) Grignard solution. After complete addition (ca. 2 hr), 
the reaction mixture was warmed to room temperature and 
stirred for 4 hr. Hydrolysis was accomplished with 100 ml of 
10% HzSO4. The layers were separated and the aqueous layer 
was extracted with ether (3 x 100 ml). The ether extracts 
were combined, dried (MgSO4) and filtered. Ether was evapor- 

101°C: ir (KBI)u 3020,2920,1442 (P-C~HS), 1184 ( P a ) ,  

1438 (P-C~HS), 1190 1118 (P-C~HS), 976, 880cm-1; 
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ated to give a liquid which was distilled under reduced pressure 
to yield 9.24 g (61.5%) of 17, bp 96-98"C/0.8 mm, n @  = 
1.5291 [litzza bp 126-128"C/lO mm, nb5 = 1.52701. 

l-Bromo-3-(2-methylphenyl)propane (18). To 39.6g (0.214 moll 
of 48% HBr in a 250 ml, round-bottom flask was added 0.5 ml 
of conc. HzSO4 and 8 g (0.0534 mol) of alcohol 17. The 
mixture was gently boiled for 18 hr, cooled, and diluted with 
50 ml of benzene. The layers were separated and the aqueous 
phase was extracted (3 x 75 ml) with benzene. The combined 
benzene extracts were washed (satd. NaHC03), dried (MgSO4) 
and filtered. The benzene was evaporated and the resulting liquid 
was distilled under reduced pressure to yield 6.46 g (56.8%) of 
18, bp 69-71OC10.5 mm, n g  = 1.5502 [lit2Zb 'H nmr data were 
identical for 19 as found in this reference]. 

3-(2-Methylphenyl)propyltriphenylphosphonium bromide (1 9). 
Bromide 18 (2.40 g, 1.13 mmol) and 2.58 g (1.02 mmol) of 
triphenylphosphine, in 25 ml of xylene, were boiled vigorously 
under N2 for 24 hr. A solid precipitated during the course of 
the reaction. After cooling, the crude salt was filtered, re 
crystallized from HzCClz/ether (1 : l) ,  and dried over PzO5 
(1 lO0C/5 mm) to yield 2.75 g (58%) of 19, mp 186-188°C: 
ir (KBr) v 1440 (P-CsHS), 11 12 (P-C~HS), 995 (P-C~HS), 
739,638 cm-'; 'H nmr (DCC13)s 1.70-2.10 [m, CH2, 2H], 
2.18 [s, CH3,3H], 3.03 [t, ArCH2, 2H], 3.76-4.14 [m. CHzP, 
2H], 7.02-7.20 [m, ArH,4H], 7.46-7.96 [m, ArH, 15HI. 
Anal. Calcd. for CZsH2sBrP: C, 70.74; H, 5.94; P, 6.51. Found: 
C, 70.80; H, 5.92; P, 6.47. 

Base hydrolysis of 19. Salt 19 (500 mg, 1.05 mmol) was added 
to 20 ml of aqueous 1N KOH and 10 ml of CH30H. The reaction 
mixture was boiled 4 8  hr and cooled, the solution was then 
extracted with HCC13 (5 x 25 ml), the organic phase dried 
(MgSO4) and filtered; HCC13 was evaporated to yield 350 mg 
(100%) of crude 14. The oil was passed through a column of 
alumina (Brinkmann 1077) with benzene as eluent. The benzene 
was evaporated to give, affer recrystallization (ether/hexane, 
1 : 1) pure 14 (168 mg, 48%), mp 100-101°C; ir and *H nmr 
data were identical to 14 prepared from 16. 

Anal. Calcd. for CzzH230P: C, 79.02; H, 6.93; P, 9.26. 
Found: C ,  79.23;H, 7.01;P, 9.34. 

The melting point of 14 prepared from 19 was not d e  
pressed by admixture of 14 obtained from 16. 

Structure determination of 2,3,4,5-tetrahydro-Iox0-2,2- 
diphenyl-1 H-2-benzophosphepinium hexafluorophosphate (2a). 
Initial attempts to grow suitable crystals of 2a from H2CCl2 
and petroleum ether (bp 40-60°C) resulted in the formation 
of the HzCClz solvate with the HzCClz site at  50% occupancy. 
The structure reported here was determined from crystals 
which were obtained by slow evaporation from a mixture of 
acetone, chloroform, and H2O (2: 1 : l) ,  yielding a HzCC12 
free crystal form. 

Preliminary measurements on the data crystal (0.12 x 
0.17 x 0.46 mm) showed the space group to be P21/c with 
four molecules per unit cell and no HzCCl2.The unit cell 
dimensions area = 7.958(2), b = 14.924(2),c = 18.732(3)A, 
P =  97.38(2)" and V = 2206.319 at -135°C. The volume is 
about 60A3 smaller than that of the unit cell for the HzCClz 
solvate at  the same temperature. The calculated density is 
1.434 g cm-3 at -135°C. Integrated intensity data and 
crystallographic data were collected on a Nonius CAD4 auto- 

matic diffractometer at  -1 35°C. For the unit cell parameters 
CuKcu, radiation (A = 1.54051 A)  was used to measure the 
+20 and -20 values of 57 reflections distributed through all 
octants of reciprocal space followed by a least-squares fit to 
the averaged 20 values. For the intensity data Ni filtered CuK6 
radiation was used. A maximum of 50 seconds was used for 
scanning each intensity with 3 of that time spent on the peak 
and of the time spent on each the left and right background. 
In addition the total time was divided into two scans. If the 
results of these two scans differed by more than 30 up to three 
additional scans were made. Less than 50 seconds were used for 
those intensities in which 40,000 counts could be obtained at a 
faster scan speed. The scans were made using 0-20 techniques 
with a variable scan width of (1.10 + 0.11 tan 0)O.  A receiving 
aperture of variable width calculated as (4.0 + 0.86 tan 0)  mm 
and constant height of 6.0 mm was located 173 mm from the 
crystal. A monitor reflection which was measured after every 
25 observations throughout the data collection showed no 
systematic variation with time. Three orientation control 
reflections were recentered after every 100 measurements so 
that a new orientation matrix could be automatically calcu- 
lated if the crystal position changed by more than 0.1" in any 
of the 0, @, x, or 0 angles. It was not necessary to determine 
a new matrix during the extent of this data collection. Of the 
4529 reflections with 20 < 1509 731 were considered indis- 
tinguishable from the background having a net intensity, I < 
20(I). For the purpose of further data analysis these reflec- 
tions were assigned a value of 1.0 T1/2 where T = PK + 
2(LB + RB) and PK = peak height, LB = left background and 
RB = right background. Lorentz and polarization corrections 
were made followed by absorption corrections (p = 23.70 cm-1) 
and determination of individual structure factor amplitudes. 
For the absorption corrections the program of Coppens and 
Leiserowitz and Rabinovich was used.29 This program used the 
numerical integration merhod of Gauss and in this case 216 
sampling points were employed. Each amplitude was assigned 
an experimental weight, based on counting statistics, using a 
scheme which has been previously described.30 

The structure of 2a was determined using direct methods 
and the program MULTAN.31 The positions of the 31 non- 
hydrogen atoms were among the 34 highest peaks in an E-map 
calculated from the phase set which showed the highest figures 
of merit. h e  structure was initially determined from a data 
set measured from a crystal form containing HzCCl2. Although 
this data yielded the same structure it was abandoned when 
attempts to refine the structure failed. The hydrogen atoms 
were located in a difference Fourier map based on the partially 
refined position of the non-hydrogen atoms. 

The structure was refined using 9 x 9 block-diagonal least- 
squares methods in which the quantity C w ~ ( k F ~  - Fc)2 was 
minimized. Least-squares refinement using isotropic tempera- 
ture factors for H atoms and anisotropic temperature factors 
for P, F, 0 and C were terminated when all shifts were less than 
the corresponding estimated standard deviation. The R value 
(21 kFo - Fcl/Z I kFol) based on final parameters given in 
Tables V and V135is 0.053 for all 4529 data. 

peaks around the phosphorous atoms. All other peaks were 
between 0.2 and -0.2 e .  A-3. All least-squares refinements 
were done with the block diagonal program of Ahmed.32 The 
atomic scattering factors for P, F, 0 and C atoms were taken 
from the International Tables for X-ray Crystallography 33 
while scattering factors for the H atoms were those of Stewart, 
Davidson and S i m p ~ o n . ~ ~  In the structure factor analysis the 
average values of WF AF2 did not show a significant variation 

The final difference Fourier map showed several negative 
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TABLE V 

Positional parameters ( ~ 1 0 4 )  and anisotropic temperature factors (xlO4) for non-hydrogen atoms. Temperature factors are of the 
form e ~ p [ - 2 n ~ ( U l l h ~ a * ~  + U22k2b*2 + U3312c*2 + 2U12hka*b* + 2U13hLr*c* + 2Uz3klb*c*)]. Calculated standard deviations 
are given in parentheses 

X Y Z u11 u22 u33 u12 u13 u23 

C(1) 6137(2) 8414(1) 7476(1) 
P(2) 6542.1(6) 9592.8(3) 7338.8(2) 
C(3) 8299(3) 9885(1) 7999(1) 

9665(2) 
9297(2) 

1041 5(2) 
7579(2) 
7508(3) 
5949(3) 
4466(3) 
4526(2) 
6082(2) 
4717(2) 
3643(3) 
2193(3) 
181 l (3)  
2868(3) 
4330(3) 
7087 (2) 
7645(3) 
8027(3) 
7855(3) 
7280(3) 
6 894 (3) 
1524.4(7) 
2193(2) 
-23 7 (2) 

819(2) 
3278(2) 

763(2) 
2224(2) 

9152(1) 
8332(1) 
7795(1) 
821 7(1) 
8060(1) 
7964(2) 
7997(2) 
8128(1) 
8252(1) 

10256(1) 
10492(1) 
10988(1) 
11252(1) 
11 01 9(2) 
10517(2) 

9795(1) 
10652(1) 
10848(1) 
101 91 (2) 
9350(2) 
9141(1) 
75 30.9(4) 
7110(1) 
7768(1) 
7949(1) 
73132)  
6583(1) 
8490(1) 

8075iij 
851 3( 1) 
8688(1) 
8754(1) 
9485(1) 
9737(1) 
9260(1) 
8527(1) 
8268(1) 
7443(1) 
6824(1) 
6874(1) 
7543(1) 
81 61 (1) 
81 19(1) 
6459(1) 
6306( 1 ) 
5622(1) 
5094(1) 
5240(1) 
5923(1) 
6299.7(3) 
7070(1) 
6590(1) 
5545(1) 
6039(1) 
6049(1) 
6578(1) 

201 (9) 
175(2) 
257(10) 
179(9) 
209(9) 
222(8) 
209(9) 
281 (1 0) 
371(12) 
273(10) 
205(9) 
203(9) 
221 (9) 
261(10) 
249(10) 
239(10) 
326(11) 
312(11) 
204(9) 
333(11) 
348(11) 
367(11) 
583(15) 
425(12) 
257(3) 
529(9) 
387(9) 
698(11) 
513(11) 
908(13) 
652(10) 

191(8) 
168(2) 
226(9) 
291 (1 0) 
258(9) 
372(9) 
206(9) 
318(10) 
380(12) 
364(11) 
270(10) 
194(8) 
205(9) 
322(10) 
311(10) 
227(9) 
354(11) 
353(11) 
234(9) 
261(10) 
305( 10) 
358(11) 
297( 10) 
246(10) 
284(2) 
427(8) 
6 5 2 0  1) 
600(10) 

1046(16) 
337W 
342(8) 

254(9) 
187(2) 
259(9) 
339(10) 
276(9) 
488(9) 
269(9) 
281 (1 0) 
266(10) 
34600)  
327(10) 
252(9) 
248(9) 
280(10) 
409(12) 
5 12( 12) 
379(12) 
280(10) 
236(9) 
273(9) 
292(10) 
229(9) 
240(10) 
264(9) 
231(2) 
304(7) 
733(10) 
353(7) 
752(12) 
432(9) 
647(10) 

with either 1 Fol or sin .9/A indicating that the weighting scheme 
used was r e a ~ o n a b l e . ~ ~  A comparison of observed and calculated 
structure factors in the final least-squares refinement cycle 
indicated the presence of minor extinction effects for which no 
correction was made. 

ACKNOWLEDGEMENTS 

We gratefully acknowledge support of this work by the USPHS, 
National Cancer Institute, grant CAI 1967 (to KDB) and grant 
CAI 7562 (to DvdH). We (KDB) also gratefully acknowledge 
partial funding from the National Science Foundation for 
purchase of the XL-100 spectrometer (CP 17641) and the 
TT-100 pulse-FT accessory (CHE 76-05571). 

Supplementary material available. Listing of the hydrogen atom 
parameters (Table Vl) and FO and Fc tables may be obtained 
from the senior authors upon request. 

REFERENCES AND NOTES 

1. Abstracted in part from the thesis of GDM submitted as 
partial requirement for the degree of Master of  Science in 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

the Oklahoma State University, 1975; Predoctoral candi- 
date, 1976-present. 
This work was presented in part at  the Fifth lnternational 
Congress of Heterocyclic Chemistry, Ljubljana, Yugoslavia, 
July, 1975. 
S. I). Venkataramu, G.  D. Macdonell, W. R. Purdum, 
M. El-Deek and K. D. Berlin, Chem. Rev. 77, 121 (1977). 
We gratefully acknowledge the encouragement and 
generous sample of 115% PPA obtained from Mr. J. P. 
Cassidy, FMC Corp., Inorganics Division. The 11 5% PPA 
used contained a minimum of 83.2% P20s. 
W. R. Purdum, G. A. Dilbeck and K. D. Berlin, J.  Org. 
Chem. 40, 3763 (1975). 
C. K. Bradsher and L. S. Davies, J. Org. Chem. 38,4167 
(1973). 
E. S. Krongauz, A. L. Rusanov and T. L. Renard, Russ 
Chem Rev. 39, 747 (1970). 
D. B. Denney and L. C. Smith, Chem. Ind. 290 (1961) 
and D. B. Denney and L. C. Smith, J.  Org. Chern 27, 3404 
(1 962). 
Similar behavior has been noted for (carbethoxymethy1)- 
triphenylphosphonium chloride dihydrate. W. J. Considine, 
J.  Org. Chem. 27, 647 (1962). 
Mass spectral data for all compounds reported herein are 
available upon request. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



BENZOPHOSPHEPlNIUM SALTS 197 

11. For a recent review see M. Barfield and M. D. Johnston, 
Jr., Chem. Rev. 73, 53 (1973). 

12. M. Gordon and C. E. Griffin, J. Chem. Phys. 41, 2570 
(1964) and C. E. Griffin and M. Gordon, J. OrganomeraL 
Chem. 3,414 (1965). 

745 (1968). 

Kaesz, Tetrahedron, 20,499 (1 964). 

Magn Resonance Spectrosc. 3,63 (1967) for a review of the 
isotope shift effect and J. B. Lambert and L. G. Greifenstein, 
J. Am. Chem. SOC. 96, 5120 (1974) and references cited 
therein. There does not appear to be any instances of a 
similar situation in which a comparison might be made 
between our compounds and a system like X-CH-CH -+ 

X-CH-CD. We note a 2 J p c ~  of 10.0 Hz for 3,3,5,5-tetra- 

deuterc-1-phenyl-4-phosphorinanone [ J. P. Albrand, D. 
Gagnaire, J. Martin and J. B. Robert, Bull. SOC. Chim. 
France 40 (1969)]. Attempts by us to resolve the 2 J p c ~  
coupling in the non-deurerated compound failed. We feel 
if a new 2 J x ~ ~  appeared in B that was different from 
2 J ~ ~ ~  in A, it would be unusual. 

SOC. 98,2109 (1976). 

40, 1150 (1975). 

13. D. W. Allen, 1. T. Millar and J. C. Tebby, Tetrahedron Lett. 

14. J. B. Henderickson, M. L. Maddox, J. J. Sims and H. D. 

15. See H. Batiz-Hernandez and R. A. Bernheim, Progr. Nucl. 

A 

B 

16. G. A. Gray, S .  E. Cremer and K. L. Marsi, J. Am. Chem. 

17. G. A. Dilbeck, D. L. Morris and K. D. Berlin, J. Org. Chem. 

18. D. G. Gorenstein, J. Am. Chem. SOC. 99, 2254 (1977). 
19. Cleavage of benzylphosphonium salts resulted in the forma- 

tion of toluene and a phosphine oxide. The mechanistic 
implications of this reaction have been discussed by W .  E. 
McEwen, Top. Phosphorus Chem. 2, 1 (1 965); See also 
Ref. 3 for a general review of recent work. 

Preparation, Vol. 12 (Academic Press, New York, N.Y., 
1968), p. 10. 

21. G. R. Pettit and E. E. van Tamelen, Org. Reactions 12, 
356 (1962). 

22. (a) C. NormantChefnay, Bull. SOC. Chim. Fr. 4,1351 

20. S. R. Sandler and W. Karo, Organic Functional Group 

(1971); (b) H. J. Bestmann, R. H c t l  and H. Haberlein, 
Justus Liebigs A n n  Chem. 718, 33 (1968). 

23. See for example S. R. Holbrook, M. Poling, D. van der 
Helm, R. W. Chestnut, P. R. Martin, N. N. Durham, K. D. 
Berlin and W. R. Purdum, Phosphorus 6, 15 (1975); 
S. R. Holbrook, D. van der Helm, W. Taylor, R. W. 
Chestnut, N. N. Durham, M. L. Higgins, T. E. Snider and 
K. D. Berlin, Phosphorus 6, 7 (1975) and references cited 
therein. 

(Wiley, New York, N.Y., 1969), p. 165 and references cited 
therein. 

25. See for example P. Goldstein, K. Seff and K. N. Trueblood, 
Acta Cryst. B24, 778 (1968) and A. F. Peerdeman, J. C. P. 
Holst, L. Horner and H. Winkler, Tetrahedron Lett. 81 1 
(1 965). 

26. D. E. C. Corbridge, The Structural Chemistry of Phosphorus 
(Elsevier, New York, N.Y., 1974), p. 396 and references 
cited therein. 

27. K. K. Wu and D. van der Helm, Cryst. Struct. Comm. 6, 
143 (1977). 

28. Prepared by digesting 3 g Ni-A1 alloy (City Chemical Corp.) 
in 3.68 g of NaOH dissolved in 15 ml of HzO at 50-60°C. 
L. F. Fieser and M. Fieser, Reagents for Organic Synthesis 
Vol. 1 (John Wiley and Sons, lnc., New York, N.Y., 1967), 
p. 729. 

29. P. Coppens, L. Leiserowitz and D. Rabinovich, Acta Cryst. 
18,1305 (1965). 

30. D. van der Helm, S. E. Ealick and J. E. Burks, Acta Cryst. 
B31, 1013 (1975). 

31. G. Germain, P. Main and M. M. Woolfson, Acta Cryst. 
A27, 368 (1971). 

32. F. R. Ahmed, Computer program NRC-10, National 
Research Council, Ottawa (1966). 

33. International Tables for  X-ray Crystallography, Vol. 111 
(Kynoch Press, Birmingham, 1962), pp. 202,214. 

34. R. F. Stewart, E. R. Davidson and W. T. Simpson, J. Chem 
Phys 42,3175 (1965). 

35. See paragraph at  end of paper regarding supplementary 
material. 

24. J. J. Daley, Perspectives in Structural Chemistry, Vol. 3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


