
 

 

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

The Synthetic Utility Of Dioxyphosphoranes In Organic Synthesis
Philip L. Robinsona; Slayton A. Evans Jr.a; Jeffery W. Kellya

a The William Rand Kenan, Jr., Loboratories of Chemistry, The University of North Carolina, Chapel
Hill, North Carolina, USA

To cite this Article Robinson, Philip L. , Evans Jr., Slayton A. and Kelly, Jeffery W.(1986) 'The Synthetic Utility Of
Dioxyphosphoranes In Organic Synthesis', Phosphorus, Sulfur, and Silicon and the Related Elements, 26: 1, 15 — 24
To link to this Article: DOI: 10.1080/03086648608084565
URL: http://dx.doi.org/10.1080/03086648608084565

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/10.1080/03086648608084565
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phorphoru\ uiid S u l f w .  1986. Vol 26. pp 15-24 
O~OX-hh4X/Xh/2h01-0015/%15 OO/O 

19x6 Gordon and Breach. Science Publishers. Inc 
Pnnted in the Unlted Kmgdorn 

THE SYNTHETIC UTILITY OF 
DIOXYPHOSPHORANES IN ORGANIC 

SYNTHESIS 

PHILIP L. ROBINSON, JEFFERY W. KELLY AND 
SLAYTON A. EVANS, JR.* 

The William Rand Kenan, Jr., Loboratories of Chemistry, The University of 
North Carolina, Chapel Hill, North Carolina 2 751 4 USA 

Diethoxytriphenylphosphorane. DTPP. prepared by reaction of triphenylphosphine and diethyl peroxide. 
is a "hydrolytically active" dioxyphosphorane which promotes mild and efficient cyclodehydration of 
diols to cyclic ethers in neutral media. Simple 1.2-. 1.4-. and 1.5-diols afford good vields of the cyclic 
ethcra hut 1.3-propanediol and 1.6-hexanediol give mainly 3-ethoxy-1-propanol and 6-ethoxy-I -hexanol. 
respectively. with DTPP. Tri- and tetra-substituted 1.2-diols afford the relatively stable 1.3.2- 
dinxaphospholanes in the presence of DTPP and the reaction conditions dictate whether epoxides. 
ketones. or allylic alcohols are obtained. 

Preparative routes to a majority of a-phosphoranes can generally be traced to the 
intermediacy of trivalent phosphorus reagents at some stage. In fact, a common 
procedure involves " redox" reactions between alkyl, aryl, or aminophosphines 
and compounds possessing weak heteroatom-heteroatom bond (e.g.. -0-0--, 
-O-S--,2 -S-S-.3 -O-Cl,4 -S-N-,5 etc.) as well as carbon-halogen6 and 
halogen-halogen bonds.' Other a-phosphoranes are conveniently prepared by the 
reaction of trivalent phosphorus compounds with o-quinones and a-diketones,8 the 
equivalent of a (4 + 2lcycloaddition reaction. These "organophosphorus reagents"' 
have been particularly effective in promoting mild synthetic transformations such as 
substitution and condensation reactions. Our current research effort has focused on 
determining the feasibility of diethoxytriphenylphosphorane, Ph ,P(OEt) *,- as an 
effective cyclodehydrating reagent for a wide variety of diols. 

Diethoxytriphenylphosphorane (DTPP), prepared by oxidative addition of tri- 
phenylphosphine (TPP) with diethyl peroxide, is a stable, but hydrolytically active 
dioxyphosphorane which has been isolated and spectroscopically characterized." 
DTPP is isolated by "flash djstillation" at 150-160" (0.05 torr) and is stable 
indefinitely in anhydrous toluene solvent under Ar or N, up to 70". The 13C, 'H, 
and 31P NMR spectral parameters described in Chart 1 are in agreement with the 
pentacoordinated trigonal bipyramidal conformer having diapical ethoxy groups as 
previously proposed by Denney." 

In the I3C NMR spectrum some pertinent phosphorus-carbon couplings are 
clearly evident. For example, *JpOc = 7.2  and 3Jpocc = 5.5 Hz attributable to 
phosphorus coupling to the ethox; carbons are readily observable while the phos- 
phorus-ipso carbon coupling is also diagnostic. A pentet (6  2.56, 3JHccH = ,JmH = 7 
Hz) is observed for the CH, group in the 'H NMR spectrum TCDCl,) implying 
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DlOXY PHOSPHORANES 17 

abstraction from CDCl and chloride ion, presumably resulting from a-elimination 
of trichlorocarbanion, displaces TPPO from Ph,P'-OCH,CH3 to give ethyl chlo- 
ride (508). The other products, ethanol and ethyl formate, are obtained in nearly 
equal amounts while only a trace of ethyl ether is observed by 13C NMR analysis 
(Scheme 1). 

7O"C,  7 2  h + P- OCH2CH3 

P h 3 P ( O E t ) 2  + CDC13 ,-\. Ph3P-OCH2CH3 ' ('$ D-CC13 
( DTPP 1 

CC13 

P h 3 P 0  + E t Z O  \OD 

+ 
11 

L- c1 + :CC12  

Ph3P-OCH2CH3 + 

E t O D  + D k C H 2 C H 3  + E t C l  + P h 3 P 0  d 
25% 25% 50% 

SCHEME 1 

a = E t C l  
b = E t O D  
c = E t , O  

r I I I I I I I I 

90 80 70 60 50 40 30 20 10 

(m) 

CHART 2 I3C KMR spectrum of the Ph,P(OEt)? + CDCl, reaction mixture. 
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It is evident that ethyl formate arises from dichlorocarbene insertion into the 
hydroxyl bond of ethanol followed by slow hydrolysis of the intermediate dichloro- 
methoxyethane (HCCl zOCH2CH3).'2 

When 1,1,2.2-tetrachloroethane (TCE) and DTPP are combined and stirred at 
65°C for 72 h, DTPP is quantitatively decomposed to TPPO by 31P NMR analysis. 
In fact, ethanol, ethyl chloride, and trichloroethene are also formed in a 1 : 1 : 1 
ratio. Apparently, ethoxide anion from ion pair 1 initiates /%elimination of HCI 
from TCE to form trichloroethene. Accordingly, chloride ion displacement of TPPO 
from Ph3P+-OEt gives ethyl chloride. 

DTPP undergoes ligand exchange with compounds containing sufficiently acidic 
hydrogens via the oxyphosphonium-alkoxide ion pair 1. If a diol is added to DTPP, 
the exchange of ethanol by the diol commences to form the prerequisite 1.3.2- 
dioxaphosphorane-betaine combination. In this way, formation of the cyclic ether by 
intramolecular displacement of TPPO from betaine 2 can be achieved (Scheme 2). 

C H Z C I ~  or I Tdumc 

SCHEME 2 Ligand exchange of DTPP with a d i d  

The ligand exchange processes are rapidly accomplished suggesting that intramo- 
lecular displacement of TPPO from betaine 2 is rate-limiting. For example, 
cyclodehydration of phenylethane-l,2-diol (3) to phenyl oxirane (4) with DTPP was 
monitered by 31P NMR as a function of time (Chart 3). At 70°C, DTPP (31P 
6 - 55.0) very quickly undergoes ligand exchange forming 1,3,2-dioxaphospholane 5 
( 31P 6 - 36.9). It is clear that decomposition of 5 is considerably slow, requiring 700 
minutes for 95% conversion. 

(31P 6-36 .9 )  
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100, 

19 

TIME ( m t n . )  

CHART 3 ” P NMR results of the DTPP/phenylethane-l.2-diol cyclodehydra~ion reaction versus time. 

To gauge the efficiency with which DTPP promotes cyclodehydration of diols, a 
series of simple a, w-diols were examined with the DTPP reagent. 1,2-Propanediol 
reacts with DTPP in refluxing CH,Cl, or toluene solvent (80-95°C) to give 
propylene oxide (83-88%). 1,3-Propanediol, on the other hand, reacts with DTPP 
affording < 3% oxetane and mainly 3-ethoxy-1-propanol (> 97%). These latter 
results indicate that whle “ phosphorylation” of the hydroxyl group does occur, 
subsequent closure of betaine 2 to the four-membered oxetane is thermodynamically 
d is favored  relative to e thoxide  d isp lacement  of T P P O  from 
Ph,P+-OCH,CH,CH,O-(H). 

1,4-Butanediol and 1,5-pentanediol are smoothly converted to tetrahydrofuran 
(85%) and tetrahydropyran (72%). respectively, with DTPP; however, reaction of 
DTPP with 1,6-hexanediol affords essentially no oxepane ( <  6%) but mainly 6- 
ethoxy-1-hexanol (50%) and starting diol (44%) by GLC and 13C NMR analysis. 

These and other results summarized in Table I. reveal the potential usefulness of 
DTPP-promoted cyclodehydrations of 1,2-, 1,4-, and 1.5-diols to the corresponding 
cyclic ethers. In general, the rate of ring closure decreases in the following order of 
chain -+ ring formation: 3 > 5 > 6 > 4 > 7. This trend. resulting from the relative 
enthalphy differences due to ring strain and entropic differences associated with ring 
closure, is also found in the cyclodehydration of diols employing the 
TPP-CC14-K ,CO, reagent and the dialkoxydiarylsulfurane reagent reported by 
Martin et aI.l3 

Despite their immense biological significance, only a few synthetic routes to arene 
oxides (from diols) are currently available. As a straightforward demonstration of 
the utility of DTPP, 9,10-epoxy-9,10-dihydrophenanthrene (6) can be prepared in 
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20 P. L. ROBINSON. J. W. KELLY. S. A. EVANS. JR.  

TABLE 1 

Efficiency of Ring Closure in the Ph,P(OEt)2 Promoted Cvclodehvdrat~on of 3.4. 5.6.  and 7-Membered 
Rings 

no-OH 

w on 

P 
-d - 

P 
L 
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DIOXY PHOSPHORANES 21 

> 99% by cyclodehydration of 9.10-dihydro-trans-9,lO-phenmthrenediol (7) with 
DTPP in CH,CN : CH,Cl, solvent. g:: DTPP 8 

Interestingly, reactions of tri- and tetra-substituted 1,Zdiols with DTPP afford 
stable 1,3,2-dioxaphospholanes whch are selectively decomposed to epoxides, 
ketones, or allylic alcohols depending on the reaction conditions. For example, 1,3,2- 
dioxaphospholane 8 (31 P 6-48.3), obtained from reaction of DTPP with 2-methylpen- 
tane-2,3-diol (9), reacts with LiBr (60°C, 3 days in C6D6) to give only 2-methyl-3- 
pentanone (10; > 95% by 13C NMR). In CDCl, solvent (60°C), 2-methyl-2,3- 
epoxypentane (11; 60% in 72 h) is the only product and in toluene solvent (lOO°C) 
both 3-hydroxy-2-methyl-1-pentene (12; 31%) and ketone 10 (26%) are obtained after 
24 h. Amberlyst-15, a beaded polystyrene sulfonic acid resin, may promote re- 
arrangement of phosphorme 8 or epoxide 11 to ketone 10. The allylic alcohol 12 
probably forms from intramolecular proton abstraction within the appropriate 
betaine followed by elimination of TPPO. An independent experiment has shown 
that LiBr does not promote rearrangement of an authentic sample of epoxide 11 to 
ketone 10 under these reaction conditions; therefore, i t  seems reasonable to suggest 
that hydride migration occurs directly from within phosphorane 8 or its betaine. 
(Chart 4) 

+ All CDC13 

60°C,72h 
60% 

h b - 1 5 .  H* 

951 I 
CHART 4 Reactions of Phosphorane 8 

truns-l,2-Cyclohexanediol (13) and l-methyl-truns-l,2-cyclohexanediol (14) are 
quantitatively converted to the corresponding epoxides (15,16) when treated with 

13R=H L 17 -0 15R = H 

14 R - Me 16R = Me 
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22 P. L. ROBINSON, J .  W. KELLY. S. A. EVANS. JR 

DTPP. Epoxide formation is consistent with the "3-exo-tet" cyclization from the 
transient betaine intermediate 17. By contrast, cis-l,2-cyclohexanediol (18) reacts 
with DTPP in refluxing dichloromethane (48 h) to afford > 95% 1,3,2- 
dioxaphospholane 19 (31P 6-37.7) whch readily distills at 150°C (0.05 torr) with only 
minor decomposition. Vacuum thermolysis of dioxaphospholane 19 (220°C, 15-23 
torr) gives cyclohexanone (20; > 90%). A synchronous 1,2-hydride shift withn 
phosphorane 19 or the corresponding betaine 21 satisfactorily accounts for forma- 
tion of ketone 20. 

L 7 o = i [ 4 y + I z d  OH O-PPh C 0 P P h j  

+ 20 
3 

18 19 21 

I t  is also noteworthy that the 13C NMR spectrum of 19 exhibits phosphorus-carbon 
couplings within the cyclohexyl ring where the geminal coupling (2Jpor = 2.5 Hz) is 
smaller than the vicinal coupling constant (3Jpocc = 5.0 Hz). This 1s in contrast to 
the couplings observed for the acycfic dioxyphosphorane, Ph ,P(OEt), (vide supra) 
(See Chart 5 ) .  

II 

621.7 

f\l 

19 Ph 

I 
I 1 I 

150 I W  50 b 
( V P )  

CHART 5 l 3  C NMR spectrum of dioxyphosphorane 19. 
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DIOXY PHOSPHORANES 23 

Interestingly, lithium bromide catalyzes the decomposition of dioxaphospholane 
19 at 60°C to afford ketone 24 in 958.  It seems reasonable to suggest that here 
lithium cation coordinates with the apical oxygen (i.e., 22) and this interaction serves 

to further weaken the P-0 bond and promote formation of betaine 21 and the 
subsequent 1,2-hydride shift. In the presence of wet chloroform, dioxyphosphorane 
19 is expectedly hydrolyzed to TPPO and diol 18 (Chart 6). 

ca. 2 2 %  

CHART 6 Reactions of dioxyphosphorane 19. 
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24 P. L. ROBINSON. J. W. KELLY, S. A. EVANS. JR 

In summary, DTPP is isolable, easy to prepare and stable in nonprotic anhydrous 
solvents. The cyclodehydration reaction conditions are mild (40-100°C) and effec- 
tively neutral. Finally, the isolation of the product(s) from triphenylphosphine oxide 
is conveniently accomplished by distillation or “rapid” column chromatography. 
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