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We have synthesized the first known compounds containing a trivalent phosphorus function
and an epoxide ring. The compounds are stable at room temperature and can be distilled in
vacuo. They show no tendency to experience transfer of oxygen to phosphorus, although under
more vigorous conditions phosphines have been used to effect deoxygemation of epoxides to
olefins.!

The epoxy phosphines 3 and 6 were prepared as shown in Scheme I.
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3-Phospholene oxides have been converted to epoxides previously by oxidation with per-—
acetic acid,® or via the bromohydrin.® We have found that the epoxidation of phospholene
aoxides 1 and 4 with m-chloroperbenzoic acid proceeds well in refluxing methylene chloride. Thus,
reaction of 1 with a slight excess of the peracid in methylene chloride gave epoxide 2 (81%,
bp 81-82°/0.05 mm) as a hygroscopic solid; pmr (CDCl,) § 1.66 (d, 2JPH = 14 Hz, P-CHs), 2.00-
2.64 (m, -CHz~), 3.70 (d, 3, = 26 Hz, epoxy H); *'P NMR (CDCl.) § -60.5 ppm (downfield from

85% H3PO,). Similarly, phosggolene oxide 4 (as a 30:70 mixture of cis:trans isomers)“ gave 5
(76%, bp 120-123°/0.1 mm) as a hygroscopic solid; pmr (CDCl,) § 1.21-2.65 (m, ring CH;), 1.56
(d, 2JPH = 14 Hz, P-CHs), 1.63 (d, *J,, = 14 Hz, P-CHs), 3.45 (d, *J, = 25 Hz, epoxy H), 3.62
(d, *J,, = 22 Hz, epoxy H); >'P NMR (CDCl,) & -61.4 (33%) and —62.4 ppm (67%). Both 2 and 5

PH
gave correct analyses.
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Marsi has reported that phenylsilane reduction of phospholane oxides proceeds in good
yield with retention of counfiguration at phosphorus.® We have applied this method to the
epoxyphospholane oxides, and have obtained exclusive reaction at phosphorus, with no detect-
able side reaction at the epoxide function. Reaction of 2 with phenylsilane gave 3 (67%) as a
distillable liquid, bp 60-61°/16 mm; pmr (CDCl;) & 1.10 (d, 2JPH = 4 Hz, P-CHs), 1.76-2.12 (m,
-CH;), 3.66 (d, 3JPH = 4 Hz, epoxy H); 1P NMR (CgHs) 6 +36.4. Likewise, oxide 5 gave epoxy-
phosphine 6 (67%) as a mixture of cis, trans isomers, bp 105-110°/15 mm; pmr (CDCls) § 1.00
and 1.10 (both d, zJPH = 4 Hz cis and trams P-CHs), 1.00-2.15 {(m, ring -CH:-}, 3.56 and 3.64
(both m, epoxy H). Methiodides formed from the phosphines gave the correct analysis; the pre-
cipitate from 3 had mp 185-6°, from 6 mp 178-182°.

Arubzov and co-workers had reported previously? that peracetic acid oxidation of 3-phos-
pholene oxides occurred at only one face of the ring and gave a single epoxide isomer which was
suggested from dipole moment measurements to be that with phosphoryl oxygen and epoxide oxygen
trans to one another.® 1In our work, m-chloroperbenzoic acid epoxidation also gave one (by *'P NMR)
isomer. We have used '>C NMR techniques to deduce the relatiomship of the oxirane ring to the
phosphoryl oxygen, and have arrived at the same conclusion on the directive effect of the phos=-
phoryl group on epoxidation as did Arbuzov. For the purpose of this structure assignment, both
the cis (2b) and trans (2a) isomers were required. An isomer mixture was therefore prepared by
another method (Scheme II). This involves addition of bromine to a n-hexane solution at 0° of
3 from Scheme I to form the bromophosphonium bromide, followed by hydrolysis in an ice-aqueous
NaHCOs slurry. The resulting epoxy phospholane oxide mixture was dominated (90%) by the same
isomer as obtained from the direct oxidationm.

Reduction of this oxide mixture with phenylsilane at 80° for 1 hr gave a phosphine mixture,
again with the predominant isomer (90%) identical to the product of Scheme I. While the
formation of the other isomer proceeds in only low yield by this method, an adequate concentra-

tion was obtained for comparative spectral measurements on both the oxide and the phosphine.
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The '*C NMR spectra are given in the Table. Tt might be expected that there would be a
pronounced difference in chemical shifts for CHs of an isomer pair; this carbon would be §-

oriented to the epoxy oxygen, and it is known from a study of steroidal epoxides,’ as well as
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of alicyclic alcohols,® that greater S-deshielding of CH; occurs when syn to oxygen than when
anti. On the basis of its CHs signal being the more downfield (by 2.9 ppm), the major epoxy
oxide isomer resulting from Scheme II and the single isomer from epoxidation of 1 may be
assigned structure 2a. The same '>C NMR relation 1s observed for the phosphines resulting
from P-deoxygenation; the major isomer from Scheme IT and the single isomer frowm Scheme I had
the more downfield (by 3.0 ppm) CHs signal and is assigned structure 3a.

'2C NMR was used in another way to confirm the structures of the phosphines. Epoxyphos—
pholane 3 from Scheme I was quaternized (retention®) with methyl iodide, and the *3C spectrum
of the product (7) showed two P-CH; resonances (§ 13.7 and & 10.4 ppm) through the §-deshielding
effect., Quaternization of 3 with CD;I gave the corresponding deuteriomethyl iodide salt 8
whose spectrum as expected from the deuterium coupling effect showed only one P-CH; resonance
(5§ 13.9 ppm). That it is the upfield P~CH; resonance that is missing implies that the new
methyl group Is being incorporated on the side of the ring opposite to the epoxide moiety and
that this was the position originally occupied by phosphoryl oxygen.

Further evidence that the P-CH; and epoxide ring were cis to one another in the phosphine
3 was provided by the lithium aluminum hydride reduction (in THF at room temperature) to 1-
methyl-3-phospholanol (81%, bp 100-101°/16 mm). The single product had 'H and ®'P WMR spectra
identical to those reported for the cis phospholanol isomer as obtained by a different method,'®
and also exhibited the characteristic aromatic solvent-induced shift reported for that isomer.
Since hydride reduction of epoxides gives retained configuration at the carbinol site,'' phos-
phine 3 is shown to have the cis structure 3a.

Based on these results, the single isomer obtained on epoxidation of each of the cis,
trans forms of bicyclic oxide 4 can be assigned structures with the epoxy group opposite to
phosphoryl oxygen.

Acknowledgement. Support of this work by Public Health Service Research Grant CA-05507,

National Cancer Institute, is gratefully acknowledged.

Table. **C NMR Data®

Compound P-CHs Cc-2,5 Cc-3,4
2a 20.4(60) 30.1(65) 53.5(5)
2b 17.5(60) 30.8(62) 55.0(3)
3a 15.0(18) 28.2(15) 60.2(5)
3b 12.0(15) 30.8(18) 62.8(3)
7P 13.7(50), 10.4(50) 28.1(52) 59.3(s)
[ 13.9(50) 28.4(54) 59.5(2)

#proton noise-decoupled '2C NMR spectra were obtained on CDCls solutions at 22.62
MHz on a Bruker HFX-10 spectrometer using the Fourier transform technique.
Chemical shifts are in ppm (£ 0.1 ppm) downfield from internal TMS; 2'P-'3°¢C

coupling constants (*+ 1 Hz) are given in parentheses. bMethanol solution.
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