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Abstract: Three stable alkylidenephosphiranes have been synthesized from the addition of the terminal phosphinidene

complex PR-P—W(CO)s to allene, 1,1-dimethylallene, an

d tetramethylallene. IsopropylidenephosphiBaveas

characterized by a single-crystal X-ray structure determination. Demetalation of its W@ provides the

uncomplexed compound. The addition reaction with tetr

amethylallene also yields vinylphosphirane epimers, which

rearrange to phosphole@6. Ab initio MP2/6-31G* structures and energies are presented for the parent uncomplexed

methylenephosphirane and its dimethyl derivatives.

Ring strain augmented by the presence of an exocyclic double

Only recently did Yoshifuji et af.report the first synthesis

bond makes the heteroatom analogues of methylenecyclopro-of a congested methylenephosphiraBgyia the addition of

panes {) fascinating compounds? Strain underlies, for

example, the biradical interconversion of the valence isomers
2 and3, which consequently have received particular atterstién.

While synthesizing such systems is inherently challenging, their
presence as reactive and versatile intermediates has been we
established. Expectantly, the stability of the methylene deriva-
tives of the aziridines, oxiranes, and thiiranes increases with
bulky substituents on the heteroatom, ring, and/or double bond.

dichlorocarbene to a sterically protected 1-phosphaallene (eq
1). No structural details were provided. Subsequently, Manz

Mes*

Il /

Mes* — p——C—C

Ph
Mes* = 2,4,6-t-Bus-Ph

These sterically congested systems are typically generated via

ring closure reactions, either thermally or photochemically
induced, rather then b.g, the epoxidation of or the nitrene
addition to allenef Our interest in these heterocycles and
their even more strained higher homologues, the radialéfes

arose because of the noticeable elusive phosphorus anafogues
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X=0,N, S, 80, SO, X=8§, Si, Ge
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and Maa¥ reported two similarly congested methylene-
phosphirane$a,b. These stable compounds were obtained
from thermal N-extrusion of diazaphosphole precursors, thereby
extending the method explored in detail by Quast and co-
workers! for the syntheses of the O-, S-, and N-analogues.
Product formation is presumed to occur via ring closure of the
reactive 2-phosphacumulene intermediates (eq 2). The yields
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are modest due to competing biradical H-abstractions. The
difference between theb initio geometry of the parent
methylenephosphiranezsP (7),12 and the single-crystal X-ray
structure of6a emphasizes the effect of steric crowding (see
also later)t® These two synthetic routes are, however, rather
limited in scope due to the high sensitivity of phosphaallene
and 2-phosphacumuleng&sA third route has been attempted,
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i.e., the simple addition of BsP to phenylallene, but the
intermediacy of a reactive derivative Gf as suggested by
Gasparyan et al3 however, is speculative at best.

Mes*

\ Cl

>

Cl

tBu\
P Ph
,»P: Ph

tBuU

H
b H

‘I)>:<H
HY
7

Only two methylenediphosphiranes have been reported, botl
of which are again highly congested. Yoshifuji e? @imployed
also in this case the Cglarbene addition to a 1,3-diphos-
phaallene to forn8, while Baudlet* used a condensation route
instead for the synthesis 8f Single-crystal X-ray structures
were reported for both. Likewise, there are only two reports
on the more strained phospha[3]radialenes. Yoshifuji &t al.
employed again the Cgtarbene addition to phosphabutatriene
followed by a rearrangement to giv®, while Maercker and
Briedert® used a condensation reaction to synthegizérom
dichlorophosphines and 3,4-dilithio-2,5-dimethyl-2,4-hexadiene.

0 == D A

X=0,N, S, 80, SO,

Mes*

8 9

X=8§, Si, Ge

We decided to explore an alternative access to the methyl-

enephosphiranes, namely, the addition of singlet, transition-
metal-complexed phosphinidenes{R—M) to allenes. Since
Mathey’s pioneering work on the development of sutlsitu
generatetl electrophilic phosphinidenes, their use toward the

syntheses of organophosphorus compounds has become a viablZ

option!® While Gaspar, Cowley, and co-workétsshowed
recently by ESR spectroscopy that the parentPlhas a triplet
ground state, conforming to theoretical predictidhthe transi-
tion-metal-complexed phosphinidenes-R-W(CO)s are be-
lieved to be singlet carbene-like spectés? Its cycloaddition

to olefins (eq 3) is a convenient route for the synthesis of
phosphiranes. Those of the pard&®and the smallest phos-
phaspiro compound4 are illustrative?® In the present study,
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hthe use of this terminal phosphinidene complex for the syntheses

of several methylenephosphiranes, including its parent, will be
described.
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Results and Discussion

Reaction of the phosphinidene precurd@with allene and
its 1,1-dimethyl and tetramethyl derivatives affords the new
methylenephosphirand$a 16b, and16¢ respectively. These
are formed with surprising ease in reasonable yields and at a
modest temperature of ca. 86. The crystalline products are
remarkably stable and can be stored for weeks in air at ambient
temperatures without showing signs of decomposition. They
are characterized by, 13C, and3'P NMR spectroscopic data
and by a single-crystal X-ray structure determinationéb.
he geometrical, electronic, and reactivity aspects of these
methylenephosphiranes will be discussed. We start with ad-
dressing the allene reactivities toward the phosphinidene
complex, followed by a structural analysis Db to illustrate
that stable methylenephosphiranes do not need to be heavily
substituted. We then elaborate on the demetalatidrébfand
use theoretical data for structure and energy evaluations.

Phosphinidene Addition. The carbene-like cycloaddition of
thein situ generated PhP—W(CO)s to the parent allenel6a)
yields a stable methylenephosphirane under mild conditions. The
surprise is not in the ease of the addition, because F*h
W(CO) adds with equal ease to gaseous ethylene and meth-
ylenecyclopropane, for example, to form the parent phosphirane
13 and spirophosphapentarid, respectively?® Rather, the
stability of the producii6aappears to stand out. The synthesis
of methylenephosphiranes via the addition of a phosphinidene
to allenes appears then as a viable alternative to the carbene
addition to phosphaallenes (eq 1) and to the cyclization of
phosphacumulenes (eq 2), the difference being that the phos-
phinidene precursors are inherently more stable than the
phosphaallenes and phosphacumulenes which typically require
bulky substituents to be synthetically accessible, thereby limiting
their synthetic scope. Because the transition metal group of
16 can be removed (see later) and its P-substituent can be varied
(e.g, alkyl, phenyl, alkoxy, amin€'f the phosphinideneallene
addition is a versatile route.

Not surprisingly then, methylenephosphiranes can also be
generated from the 1,1-dimethylt%b) and tetramethylallenes
(159. The phosphinidene complex adds exclusively to the
unsubstituted double bond &&b to give 16b, but gives in the
case ofl5c besidesl6c a mixture of theanti/synvinylphos-

(23) Hung, J. T.; Yang, S.-W.; Gray, G. M.; Lammertsma,XOrg.
Chem.1993 58, 6786.
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phiranesl9. The chemical stability of the complexed methyl-
enephosphiranes is startling in comparison with methyleneox-
iranes, -aziridines, and -cyclopropanes, which are prone to
isomerization, polymerization, and decomposition reactions.
The substituted derivativelssb and 16c do not show any sign

of decomposition or rearrangement when heated in solution at
80 °C for two days. The absence of any formation of
phosphamethylenecyclopropah@ contrasts the reportezi=

3 biradical rearrangement of the analogous oxy, thio, and imino
derivatives®4> Attempts to alkylate the phosphirane ring of
16b in a manner analogous to that employed for methylene-
azirine$* proved fruitless.

Figure 1. Crystal structure ofi6b (thermal ellipsoids with 50%

N /'W(CO)s Ph_ /W(CO’S probability). Selected bond lengths (A) and angles (deg)CP1.85(1),
P % P—C2 1.776(8), C+C2 1.47(1), C2C3 1.31(1), C3-C4 1.47(1), C3-
| breH w o C5 1.50(1), P-C6 1.799(7), W-P 2.500(2), C+P—C2 47.8(4), W-P—
Reves ¢ R=CH, HCH: C6 124.0(3), C+C2—C3 142.3(8), C2C3—C4 123.0(7), C2C3—
. e H C5 120.4(7).
17 18

Table 1. Selected Bond Distances (A) and CPC Angles (deg) for

: . - _ the X-ray Structures 0i6b, 6a, 14, and13, the Microwave

Th.e high m_tramolecular sele_ct_|V|ty f(_)r PiP W.(CO)5 Structure of Phopshirane,8sP, and the Theoretical Structures of
addition to15b is somewhat surprising in light of the intermo- ¢ {.p and GH:P
lecular olefin competition reactions which showed isobutylene " ”
to react slightly faster than other (poly)methylated olefi#¥s. bc;n;i 16bz ) 6 14 @ l ol ((;ZHSPE

i i i P P-C(1 1.85(1) 1.967 1.855(7) 1.905 1.83(2) 1.867
This selective formatl_on_ atf6b over1_8 may be thermodynaml_ P-C(2) 1776(8) 1790 17946) 1818 180(2) 1867
cally controlled, but it is also sterically the least demanding C)-C(2) 147(1) 1490 1508(9) 1460 1.50(2) 1.502

pathway. Addition of PRP—W(CO) to 15c to give 16¢ C(2-C(3) 1.31(1) 1.331 1.470(1) 1.330

illustrates, however, that the higher substituted olefinic bond is 1.475(10)
sterically accessible. P—C(6) 1.799(7) 1.839 1.819(7) 1.80(1)
The reaction with15c is, as noted, accompanied by the C)PC(2) 47.8(4) 464  48.6(3) 512 486(1) 474

formation of thesyn andanti-phosphirane&9. Formally, these 2 This study.” Reference 10; reported estimated standard deviations

represent thesyn and anti-) addition of Pr-P—W(CO)s to are 0.003-0.004 A. for bond lengths and 0.Xor the bond angle.

2,4-dimethyl-1,3-pentadiene, which we confirmed indepen- ¢ Reference 249 This study, MP2(fc)/6-31G*.¢ Reference 30.

dently. However, we can only speculate on their formation since . . .

tetramethylallene does not rearrange to 2,4-dimethyl-1,3-pen-Summar'zed in Table 1 together with those reported for the

tadiene at 70C in the presence of CuCl nor does isolafét X-ray structures of methylenephosphirae,'® the related

rearrange td9. Interaction of the electrophilic PHP—W(CO)s W(CO)s-complexed spirophospha[2.2]pentaié*> and the

with the hyperconjugatively weakened-CH; single bond or ~ Parent W(CO3-complexed phosphirank32® Comparison of

a biradical addition, each followed by a subsequent [1,3]-H- their |mport§nt bond distances and bpnd angles illustrates that

shift, might explain the formation of these products. the phosphirane ring of structutb differs from that of the
Prolonged heating of the mixture of vinylphosphiraries more conges'tetﬂSa Instead, the resemblance with the spiro

gives as the main product phosphole2@ which evidently ~ compoundl4is much better. For example, the-E(1) bond

results from a [1,3]-sigmatropic shift. Recently, vend length of 16b of 1.85(1) A is similar to the 1.855(7) A bond

otherd7226have reported on such rearrangements. length of 14 but substantially shorter than the 1.967 A bond
length reported fo6a. The much longer PC(1) bond of the
Ph e CHs CHy latter must be attributed to its high degree of substitution,
b W(CO)s reflecting the repulsion between the two phenyl groups and the

P-mesityl substituent, as noted by Manz and M¥aghe other
phosphirane PC bond is in all three cases much shorter than
the P-C(1) bond. Forl6b this difference is a significant 0.07
19 20 A (4%). This shorter PC(2) bond of16b of 1.776(8) A is
) ) within experimental uncertainties the same a6arand14, and
_ Ex_penmental Structures. The ORT_EP plot ofL6bis shown deviates little, if any, from those reported for W(GO)
in Figure 1. lts relevant bond distances and angles are complexed phosphiranes (ca. 1.81 A) and phosphirenes (ca. 1.79
(24) Quast, H.; Weise, AAngew. Chem., Int. Ed. Engl974 13, 342. A).Bb'Nb Thus, while the difference in hybridization contributes
(b)(ig)ré;)e\/r\t/;r%% ?{;-LSEEe?S??b% eﬁ]rg. ghecg]réioggmg/?olréa éﬁgr?i to tge differenge in lengths between the PYsiC(1)(sp) and
r fh 1S P T : : P(sp)—C(2)(sp) bonds, this effect appears to be rather small.
1383.57’ 6557. (¢) Hung, J-T.; Lammertsma, & Org. Chem1993 58, Evidently, the phosphirane-RC(1) bond is elongated. Ad-
(26) Richter, W. JChem. Ber1985 118 1575. ditional strain resulting from the distal olefinic bond is the likely

G, 13
H, [1.3]
L —_—
H
HC

CH,
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cause of this effect; noteworthy is the similar influence of the Table 2 Absolute (au) and Relative Energies (kcal/mol) aHeP
cyclopropyl ring. Small differences in the phosphirane CC bond and GHsP Isomers

may suggest a conjugative effect with the exocyclic double bond.  Compd MP2(fc)/6-31G* ZPVE AEP
Thus, the C(l‘)’C(Z) bond of16b of Only 147(1) A is shorter 23 —457.64570 45.83 0.00
than those of botl®a and 14, albeit that the differences fall 24 —457.63957 46.20 3.52
within the error marging®23 However, the 1.31(1) A short 25 —535.99143 83.52 0.00
double bond ofl6b would argue against such an electronic 26 —535.98761 83.60 2.47
effect. a Zero-point vibrational energies at HF/6-31G* (kcal/mélRelative

Because of its simple substitution pattetfb shows no signs ~ MP2(fc)/6-31G* with inclusion of 0.89-scaled ZPVE.
of steric distortion, which sets it apart not only froda but . a1 .
also from the sterically congested methylenediphosphirgnes FOr comparisond(*'P) for the W(COj-complexed triphen-
and 9. For example, structur® has a 2-fold axis, and the ~Y/Phosphirene is-161.4 and-190.3 ppm for the uncomplexed

. . . a

exocyclic=CCl, group of structur@ is twisted by 20.4. Also form. o _ ,
the phenyl rings of8 are deformed into boat forms which The demetalation is also reflected in the NMR coupling
underscores the presence of significant steric strain. Methyl- constants. Thus, whil22bhas sizabléJp—c couplings of 40.8
enephosphiranéa shows a similar twisting of the double bond; 12 for the olefinic carbon and 21.3 Hz for the methylene carbon
i.e., the C(1)-C(2)~C(3)—C(4) torsion angle is 26.9(8) In pf thg phosph|ran.e ring, the W(CQL)omplexed parertt6aand
sharp contrast, the isopropylene group (C(3), C(4), and C(5)) its dlmethg/l der|vat|\(e 16b d|§play an absence of thqge
of structure16b is within 1.T° coplanar with the phosphirane ~ c0UPlings® Such a difference is not unexpected as transition
ring, and theP-phenyl ring is planar within 138 metal complexation significantly reduces the negafie ¢

These geometrical comparisons indicate that the phosphiraneCOUIOIIng constant due to an increase in the phosphorus

rings of 16b and spirophospha[2.2]pentand are surprisingly coordination number from 3 to 4. In the casel®aand16b

similar, which may suggest these systems to have similar ring this apparently results in a °°'”C'de”t?" absencéJafc for
strain as well. the ring carbons. The largt—c coupling constant of 40.8

31 : . . - . Hz for the olefinic carbon of uncomplexet2b compares well
The>P NMR chemical shifts, which are a sensitive electronic .+ the 47.6 Hz coupling constant @a and the 43.9 Hz

probe, also suggest similarity between the methylenephos-cq piing constant in triphenylphosphire#e. Likewise, the
phiranes16a and 16b and spirophospa[2.Z]pentarid. The smaller coupling of 21.3 Hz for the methylene carbo2@b s

slightly more shielded chemical shifts b6a(0 = —164.9ppm) = gjmijar to the 21.3 Hz coupling reported for the GRearbon in
and16b (6 = —162.4 ppm) may suggest a marginally smaller g,

i — _ b, _ . A C .
CPC angle as inl4 (6 = —154.8 ppmf>2’ The X-ray Theoretical Structures and Stabilities. Ab initio quantum

structures point in the same direction (47.8(f)r 16D), but mechanical calculations were performed at MP2(fc)/6-31G* for
the differences are within the error margins. 2-methylenephosphirang3), its isomeric phosphamethylenecy-

Demetalation. Embolded by the chemical stability ab, clopropane 24), and its dimethyl derivative®5 and26. For
we attempted decomplexation of its W(G@youp?® Succes-
sive addition of iodine at-30 °C in the dark, and monitoring H 424
of the reaction by'P NMR for complete conversion @b (6 Tuzo ﬁ““‘
= —183.3 ppm), followed by quenching witikkmethyl imida- rons P 2 /N 1
zole yielded after chromatography the parent isopropylidene- " ‘-3°°cz/_"f‘ffH H/A\
phosphirane22b, which was characterized by NMR spectro- \f 480 Ny WO N

H

h 23 (0.0) 24 (3.5)

LCOW, g Ph
\P/ p/
H h—H N-methyl- H y—H
16b l2 imidazole
-_— HC ——= H, H H
1.421 1.421
Wd 2 226 | |

HaC P P

_ N WRCVA S RCA

scopic methods. The expected reduced stability of this uncom- \f 1450 Ny 458 NCHy

plexed compound is reflected in its slow decomposition at room HaC

temperature, bu22b keeps reasonably well in solution below 25 (0.0) 26 (2.4)

—10 °C. Maercker and Briedéh reported a similar air

sensitivity for 2,3-diisopropylidene-1-phenylphosphirane, which computational simplification, these parent systems have no

is a phosphirane with an exocyclic allene. transition metal complex and the P-atom carries a hydrogen
The W(CO} decomplexation is clearly reflected in the NMR  instead of a phenyl substituent. Bachr&dias reported earlier

features. The change in phosphorus coordination is evident fromon the geometry 023, its P-H inversion barrier, and its ring

the 3P NMR chemical shifts. Thus, decomplexation results in strain energy. The MP2(fc)/6-31G* structures of this species

a 39.7 ppm upfield shift of th&'P NMR chemical shift fromd and 24—26 are shown with relative energies (kcal/mol) in

= —162.4 ppm forl6b to 6 = —202.1 ppm for22b. This parentheses. Absolute and relative energies with 0.89-scaled

resonance is at much higher field than those of the highly zero-point vibrational energy (HF) corrections (ZPVE) are listed

substituted methylenephosphirarie® = —93.4 ppm) andba in Table 2.

(0 = —134.5 ppm), which is in accordance with expectations.  All methylenephosphiranes have-£(1) bonds that are ca.

0.1 A longer and therefore presumably also weaker than the
(27) Goldwhite, H.; Rowsell, D.; Vertal, L. E.; Bowers, M. T.; Cooper, P—C(2)= bonds in accordance with the X-ray structurel6b.

M. A, Manatt, S. L.Org. Magn. Resonl983 21, 494. The differences between this structure and that calculated for
(28) (a) Marinetti, A.; Mathey, F.; Fischer, J.; Mitschler,JJ.Chem. .

Soc., Chem. Commui984 45. (b) Marinetti, A.: Fischer, J.: Mathey, J. 29 are modest. Both-PC bonds of the experimental structure

F.J. Am. Chem. S0d.985 107, 5001. are shorter by 0.040.06 A, which is mainly attributed to
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complexation by the W(CQ@)group and to a lesser extent to
P-phenyl stabilizatio?® The same difference in-C bond
lengths exists between the X-ray structure of the WEO)
complexed phosphirant3?® and the microwave structuiof

positive. Mass spectra were recorded on a HP 5985 at 70 eV. Melting
points were determined on an electrothermal melting point apparatus
and are uncorrected. Elemental analyses were performed by Atlantic
Microlab, Inc., Norcross, GA. All materials were handled under an

: P P : atmosphere of dry, high-purity nitrogen. Reagents and solvents were
the parent phosphirane;8:P. This *tightening” effect in the used as purchased, except for THF, which was distilled from sodium

W(C_(_))_g,-complexed phos_ph|ranes is in line Wl_th their remarkable benzophenone prior to use, and toluene, which was dried over molecular
stabilities. The comparison of the phosphirane bond lengths gjeyes. chromatographic separations were performed on silica gel
indicates that the observed methylenephosphiEieis not columns (236-400 mesh, EM Science). The synthesis of [5,6-
particularly strained. This is also supported by the reported dimethyl-2,3-bis(methoxycarbonyl)-7-phenyl-7-phosphanorbornadiene-
“modest” 30 kcal/mol ring strain energy (HF/6-31G*) f28.12 ]pentacarbonyltungsteri?) is described in ref 17c.
For phosphirane itself (isP) Bachrack reported a ring strain (2-Methylene-1-phenyl-1-phosphirane)pentacarbonyltungsten (16a).
energy of only 20 kcal/mol. For comparison, methylenecyclo- Allene (158 was passed through a 30 mL toluene solution containing
propane has a ring strain energy of 37 kcal/mol and cyclopro- complex12 (0.77 mmol, 0.50 g) and CuCl (30 mg, 0.3 mmol) at-55
panone of 26 kcal/mol, and those of methyleneaziridine and 60 °C for 2.5 h and monitored by TLC. Following evaporation of the
aziridine are 39 and 27 kcal/mol, respectively (same level). solvent, chromatography _of t_he reaction mixture on silica (hexane
These energies underscore that the methylenephosphiranes dR¢nzene. 4:1) and crystallization of the product gave 210 mg (55%) of
. . - . 6aas colorless crystals. Mp: 16203°C. 3P NMR (GDe): 6 =
not need stab_|I|2|ng substltuen_ts to be synth_etlcally acce_SS|bIe._164.9 v = 251.1 Hz). 13C NMR (GoDg): 0 = 197.7 (d,2Jp_c
It is also ewaent that _b_Iocklng the reactive, _trlcoordl_nate = 29.3 Hz,trans CO), 195.7 (d2Jp_c = 7.2 Hz, cis-CO), 132.1 (s,
phosphorus with a transition metal group limits its reactivity. H,c=) 131.4 (d2J_c = 17.7 Hz,0-phenyl), 130.7 (sp-phenyl), 128.9
2-1sopropylidenephosphiran@y) is a modest 2.5 kcal/mol ~ (m, mphenyl), 121.1 (s=C—), 18.4 (s, PCH). H NMR (CsDe): 0
more stable than the isomeric 2,2-dimethyl-3-methylenephos- = 7.29-6.91 (m, phenyl, 5 H), 5.88 (dMJp_y = 13.5 Hz, 1H=CH,),

phirane 26), which is in line with the observed formation of
16b. The minor geometrical differences between the two
isomers are as expected. Both® bonds of structur@5 are
shorter than the corresponding ones of its isog&r Introduc-
tion of two methyl groups on the ring carbon lengthens the
P—C(1) bond by nearly 0.02 A. It is not surprising that large
sterically repulsive, but electronically stabilizing groups, as in
6a, lengthen this bond even more. Cleavage of theCPL)
bond would give a phosphatrimethylene biradical from which

5.76 (dm23Jp_y = 31.5 Hz, 1H=CHy), 1.51 (d 2J4-1 = 12.0 Hz, 1H,
PCH,), 1.29-1.33 (m, 1H, PCH).
(2-1sopropylene-1-phenyl-1-phosphirane)pentacarbonyltung-
sten (16b). Complex12 (1 mmol, 0.64 g) and a-34-fold excess of
1,1-dimethylalleneX5b) were heated at 5560 °C in 5 mL of benzene
with CuCl (10 mg, 0.1 mmol) fo2 h in asealed autoclave to give
after workup a yield of 385 mg (77%) df6b as colorless crystals.
Mp: 84—86°C. 3P NMR (GDs): 6 = —162.4 £Jp_w = 252.0 Hz).
13C NMR (CsDg): 6 = 198.0 (d,2Jp—c = 29.5 Hz,trans-CO), 195.7
(d, 2Jp_c = 6.9 Hz,cis-CO), 142.8 (s, MgC=), 134.3 (d,*Jp-c = 23.8

a phosphamethylenecyclopropane could result. However, thisSHz, P-phenyl), 131.3 (Js—c = 13.8 Hz,0-phenyl), 130.4 (g3-phenyl),

is not a likely event becaugt is 3.5 kcal/mol less stable than
23 at MP2(fc)/6-31G*+ ZPE. Dimethyl substitution will not
influence this energy difference much.

Conclusions. The important observation of this work is that

stable methylenephosphiranes can be synthesized with surprisin
ease using the carbene-like addition of the phosphinidene

complex PR-P—W(CO) to allenes. These additions have been
accomplished with the parent allene, and its 1,1-dimethyl and
tetramethyl derivatives. The X-ray structure of 2-isopropy-
lidene-1-phosphiran&6b shows no signs of steric distortion.
Its geometrical parameters compare, in fact, well with those of
the reported X-ray structure of the W(C&omplexed
spirophospha[2.2]pentan®4. Demetalation of the W(CQ)
group from16b was accomplished to give the uncomplexed
product 22b. Theoreticalab initio calculations on model

systems are in agreement with the experimental data, underscor

ing the stability of these systems.
This leads to the conclusion that the addition of phosphin-

128.8 £Jp—c = 9.9 Hz,m-phenyl), 116.4 (s, M€=C—), 25.0 (d,2Jp—c
= 3.3 Hz, CH), 23.3 (d,%Jp_c = 8.4 Hz, CH), 17.9 (s, PChH). H
NMR: 6 = 7.37-7.3 and 6.96-6.93 (m, phenyl, 5 H), 1.86 (dJp—n
= 2.7 Hz, CH), 1.62 (d,*Jp-n = 3.0 Hz, CH), 1.60-1.53 (m, 1H)
nd 1.44-1.37 (m, 1H, CH). MS (®W): m/z(rel intens) 500 (M,
1.1), 444 (M— 2CO, 18.0), 416 (M- 3CO, 19.9), 388 (M- 4CO,
25.9), 376 (PhPW(CQ)4.2), 360 (M— 5CO, 93.6), 348 (PhPW(CQ)
50.4), 320 (PhPW(CO), 46.9), 292 (PhPW, 100). Anal. Calcd for
Ci1eH1sPWGs: C, 38.41; H, 2.60. Found: C, 38.50; H, 2.62.
(2-1sopropylene-3,3-dimethyl-1-phenyl-1-phosphirane)penta-
carbonyltungsten (16c). Complex12 (1 mmol, 0.65 g) and tetra-
methylallene {5¢ (1 mmol, 0.09 g) were heated at-450 °C in 20
mL of toluene with CuCl (100 mg) under an atmosphere of nitrogen
for 1 h togive after workup 430 mg (58%) of a 1:1:1 isomeric mixture
of 16¢ 193 and19b, as determined by theitP NMR chemical shifts
atd = —134.8 {Jp_w = 245 Hz),—137.4 {Jo_w = 255.0 Hz), and
—142.5 {Jp_w = 255.0 Hz) ppm, respectively. After chromatography
16cwas obtained as a colorless ofl!P NMR (CDCE): 6 = —134.8
({p-w = 245.0 Hz). 3C NMR (CDCk): ¢ = 195.0 (d,2Jp-c = 12.1
Hz, cis-CO), 125.9 (s, &), 124.2 (dXJp-c = 7.7 Hz, PG=), 127.1

idenes to allenes is a convenient and versatile synthetic route;31 4 (m, Ph), 29.3 (m, G 24.3 (m, CH), 21.9 (s, CH), 19.1 (d,
to simply substituted, but stable, methylenephosphiranes. Itisij,_c = 45.9 Hz, PCMg). H NMR (CDCL): ¢ = 7.54-7.20 (m,

a welcome alternative method to the carbefhehosphaallene

Ph, 5H), 2.12 (s, CH 3H), 1.85 (d2Jp_y = 13.5 Hz, CH, 3H), 1.50

and 2-phosphacumulene cyclization routes, both of which are (m, CHs, 3H), 1.16 (d,*Je-4 = 10.7 Hz, CH, 3H).

more limited by their accessibility of the phosphorus-containing
unsaturated systems.

Experimental Section

NMR spectra were recorded on a Brucker ARX 300, wide-bore
spectrometer. Chemical shifts are referenced in parts per million to
internal MaSi for theH and*3C NMR spectra and to external 85%
H3PO, for the 3P NMR spectra. Downfield shifts are reported as

(29) For example, thePC bond lengths of triphenylphosphirene (1.8197
A, X-ray structure3®c are shortened by 0.63.05 A on W(CO3 complex-
ation (.e.,1.7901 and 1.7868 A, X-ray structurg}.

(30) Bowers, M.; Baudet, R. A.; Goldwhite, H.; Tang, R.Am. Chem.
Soc.1969 91, 17.

(2-(2'-1sobutylene)-2-methyl-1-phenyl-1-phosphirane)pentacar-
bonyltungsten (19a). Complex 12 (1 mmol, 0.65 g) and 2,4-
dimethylpenta-2,3-dienel 69 (2 mmol, 0.18 g) were heated at 86
in 20 mL of toluene with CuCl (100 mg) under an atmosphere of
nitrogen fa 1 h togive after workup 430 mg (58%) of a 1:1 isomeric
mixture of 19a and 19b, as determined by thef*P NMR chemical
shifts atd = —137.4 and—142.5, respectively. After chromatography
and crystallization19a was obtained as a colorless oif!P NMR
(CDCly): 6 = —137.4 {Jp_w = 258.6 Hz). 13C NMR (CDCk): = ¢
196.4 (d,2Jp—c = 8.0 Hz,cis-CO), 140.5 (d3Jp-c = 10.1 Hz, G),
127.4 (s, CHE, 129.1-132.8 (m, Ph), 30.6 (diJp_c = 17.4 Hz, CH),
25.8 (t,3Jp-c = 11.0 Hz, C), 25.9 (m, Ck), 23.3 (s, CH), 20.4 (s,
CHs). H NMR (CDCl): 6 = 7.40-7.15 (m, Ph, 5H), 5.15 (#Jp_n
= 12.8 Hz, CH=), 1.83 (s, CH, 3H), 1.67 (d4Jy_n = 4.41 Hz, CH,
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3H), 1.47 (d,%Jp_+ = 19.8 Hz, CH, 1H), 1.43 (d,3Jp_n = 29.9 Hz,
CHy, 1H), 1.10 (d,3Je—4 = 11.8 Hz, CH, 3H).

(2,2,4-Trimethyl-1-phenyl-3-phospholene)pentacarbonyltung-
sten (20). Monitoring of the reaction ofl5c with complex12 at 45
°C using®P NMR showed the appearance not onlydof= —134.8
ppm (L6¢) but also of two additional resonancesbat —137.4 {Jp-w
= 255 Hz) and—142.5 ppm ¥Jp-w = 255 Hz) (L9a,b). On continued
heating 19a,b disappeared with the simultaneous emergence of a
resonance at = 40.0 ppm {J—w = 231 Hz) Q0). This phospholene
20was separated by preparative thin layer chromatogragtyNMR
(CDCl): ¢ = 40.0 (J-w = 230.6 Hz). 3C NMR (CDCk): 6 =
198.9 (d,2Jp-c = 21.7 Hz,transCO), 197.1 (d2Jp—c = 7.1 Hz,cis-
CO0), 135.9 (s=C—CHs3),135.6 (d,3Jp_c = 5.1 Hz,=C—H), 134.6
(d, {p—c = 30.3 Hz, ipso-Ph), 131.7 (Jp-c = 10.2 Hz,0-Ph), 129.9
(d, “Jp—c = 1.9 Hz,p-Ph), 128.1 (d3Jp-c = 8.8 Hz,m-Ph), 48.2 (d,
p_c = 22.7 Hz, C), 39.2 (d*Jp_c = 27.8 Hz, CH), 29.2 (d,&] =
15.4 Hz, CH), 24.2 (s, CH)), 18.7 (d,3Jp_c = 5.5 Hz,=C—CH3). *H
NMR (CDCl): 6 = 7.72-7.12 (m, Ph, 5H), 5.17 (3Jp_y = 16.9 Hz,
CH=), 3.10 (m, CH), 1.93 (s, CH, 3H), 1.44 (d,2J—4 = 28.4 Hz,
CHs, 3H), 0.86 (d,2Jr— = 12.9 Hz, CH, 3H).

2-Isopropylene-1-phenyl-1-phosphirane (22b).To a stirred solu-
tion of complex16b (0.5 mmol, 250 mg) in 10 mL of CHGlwas
added dropwise an equimolar amount of iodine in 10 mL of GH(I
—30°C in the dark over 1 h. The reaction was followed®y NMR
spectroscopy to minimize excess of iodine and to verify completion of
the reaction to the W(CQJ complex21b. 3P NMR (GDg): 6 =
—183.3 {Jp-w = 173.2 Hz). The reaction mixture was allowed to
warm to room temperature, and a 6-fold exceshl-ohethylimidazole
was added over 5 min, after which the reaction mixture was chromato-
graphed over silica with hexane to yield 48 mg (54%)2@b as a
light yellow oil. 3P NMR (CDCE): ¢ = —202.1. 3C NMR
(CDCl3): 6 =139.1 (d,*Jp—c = 40.8 Hz,P-phenyl), 136.0 (d2Jp—c =
9.2 Hz, MeC=), 131.8 (d,2Jp-c = 19.5 Hz, o-phenyl), 128.5 (s,
p-phenyl), 128.2 (d3Jp_c = 5.2 Hz,m-phenyl), 120.5 (d}Jp_c = 40.8
Hz, Me,C=C-), 24.6 (s, CH), 23.8 (s, CH), 15.7 (d,"Jp_c = 21.3
Hz, PCH). *H NMR (CDCl): 6 = 7.37-7.14 (m, phenyl, 5 H), 1.97
(s, CH), 1.93 (s, CH), 1.69-1.61 (m, 1H) and 1.341.16 ppm (m,
1H, CH). MS (¥W): m/z(rel intens) 176 (M, 44.9), 161 (M-CHs,
54.7), 134 (M— CgHe, 100), 107 (PGH,, 80.7).

Crystal Structure Analysis of 16b. CieH130sPW, M = 500.10,
crystal size 0.28 0.56 x 0.15 mm, monoclinic, space grol2i/c, a
=15.151(1) Ab=6.947(5) A,c = 17.791(2) A3 = 104.276(8), V
= 1814.8(3) R, Z = 4, pcac = 1.830 gcm 3, 4135 unique reflections
were measured on an Enraf-Nonius CAD4 diffractometer (Ni-filtered
monochromatized Cu & radiation ¢ = 1.5418 A)) using anw/20
scan mode (scan width 1.34ackground/scan ratio 0.5) up t6 2=

J. Am. Chem. Soc., Vol. 119, No. 36, 1®937

148, with index ranges-18 < h < 18,-8 < k< 0,=< 0 —| = 22;
3272 were observed with> 30(l), abs coeff= 129.746 cm?, 209
parameters. The data manipulation and structure solution were carried
out using the Enraf-Nonius MolEN software. Intensities were corrected
for Lorentz and polarization effects; no decay was observed, and an
empirical absorption correctioM{ax = 99.35%, Tmin = 42.25%) was
applied. Variances were assigned on the basis of standard counting
statistics, with the addition of an instrumental uncertainty term,04
The structure was solved by standard Patterson and difference Fourier
techniques and refined by weighted full-matrix least squares. The final
model contains anisotropic thermal parameters for all non-hydrogens,
and isotropic hydrogen atoms in calculated positions riding on their
attached carbon atoms. The final difference Fourier map contained
maximum Ap values near the W atomApmax = 0.741, Apmin =
—0.400), with no peaks interpretable as extra atoms. Rmalb.54%,
Ry = 7.69%, GOF= 2.526,A/0max = 0.00.

Computational Methods. Theab initio calculation® were carried
out using the GAUSSIAN 92 and 94 suite of prograthsGeometries
23—26 were optimized at the SCF level with the d-polarized split-
valence 6-31G* basis set and with inclusion of the effects of valence
electron correlation by using MglleiPlesset perturbation theory at
second order (MP2(fc)). The force constant matrices, vibrational
harmonic frequencies, and zero-point vibrational energies (ZPVE) were
calculated analytically for the HF-optimized geometries. All structures
are minima, characterized by real frequencies only.
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Supporting Information Available: Positional and thermal
parameters and a complete listing of bond lengths and angles
for 16b (10 pages). See any current masthead page for ordering
and Internet access instructions.
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