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Carbon-Phosphorus Heterocycles. A New Route to
Tetrahydrophosphinolines, Tetrahydroisophosphinolines, and Related
Systems via Cyclization of Alkenyl-Substituted Phosphonium Salts
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A convenient method of wide scope for the synthesis of the rare tetrahydroisophosphinolinium and tetrahydro-
phosphinolinium salts has been developed from readily available starting materials. Treatment of a variety of ter-
tiary phosphines (all containing an aryl group and/or an arylmethyl group) with allylic type halides gave phospho-
nium salts containing a §-alkenyl substitutent. Cyclization of these salts occurred in the presence of 115% po-
lyphosphoric acid (PPA) at 160° for 30 min to give the C-P heterocycllc systems in modest to good yields (24—

82%). Work-up of the reaction mixtures simply involved addition to ice water. The resulting homogeneous solu-
tion was treated with KPFjg (saturated agqueous solution) which caused the precipitation of the PFs~ salt of the re-
spective isophosphinolinium or phosphinolinium system. TH NMR, 3P NMR, infrared and mass spectral and el-
emental analyses support the structures of these phosphorus analogs of the corresponding tetrahydroisoquinoline
and tetrahydroquinoline heterocycles. Benzyldiphenylvinylphosphonium bromide (3e) cyclized at 300° with 115%
PPA after 1.25 hr to give, after work-up, 1,2,3,4-tetrahydro-2,2-diphenylisophosphinolinium hexafluorosphate
(4e, 51%). Thus, formation of the six-membered ring was favored over formation of the phospholane ring system.
A mechanism is tentatively put forth to involve a rather classic electrophilic substitution in the cyclization pro-
cess. The role of the anion(s) of PPA is unknown but probably involves direct association with the phosphonium
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cation prior to addition of KPFs.

Carbon-phosphorus (C-P) heterocyclic systems that are
the analogs of the quinoline and isoquinoline ring system
have rarely been recorded.? A paucity of synthetic methods
exists for these C-P heterocycles, but the procedures are
fraught with tedious manipulations, uncommon starting
materials, and long overall reaction times. A number of ar-
ticles have appeared concerning phosphinolines* and iso-
phosphinolines® in recent years, but no simple, systematic
routes have been published from readily available precur-
sors. We have discovered® that 1,2,3,4-tetrahydroisophos-
phinolines 1 and 1,2,3,4-tetrahydrophosphinolines 2 can be

\P/ X | X
+ —P%

1 2

prepared as phosphonium salts from simple open-chain
precursors that can easily be synthesized from readily ac-
cessible reagents.

To illustrate, benzyldiphenylphosphine can be obtained
as shown in an inverse Grignard flask and, without isola-

(CeHs)oPCl + CgHsCHMgCl (CgH5)2PCHoCgHs

tion, can be quaternized with allyl bromide to yield allyl-
benzyldiphenylphosphonium bromide (3a). In the presence
of 115% polyphosphoric acid (PPA)7 at 160° for 30 min,
phosphonium salt 3a undergoes ring closure (Scheme I) to
produce the 1,2,3,4-tetrahydro-4-methyl-2,2-diphenyliso-
phosphinolinium hexafluorophosphate (4a) in good yield
(75%) via addition of saturated aqueous KPFg to the mix-
ture. Reprecipitation from methylene chloride by the slow
addition of ether gave pure 4a. Other examples of this
novel cyclization are shown in Chart I with more detailed
information on the properties of compounds listed in Ta-
bles I and I1.

During the cyclization process, a gas is given off, presum-
ably HBr.2 On the assumption that protonation of 3a by
PPA occurs in such a manner so as to remove Br~ (lost as
HBr) and to disrupt the alkene linkage also, the most logi-

ether
—

Scheme I
P(C:H;),

CH —-CHCH Br,

benzene A

1, 160°, 30 min

2, H,0 CH3
3. KPF,

3a + 115% PPA

4a

élm

CeHs, /CGH5

CHCOCH j
CH)N A
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cal second step is an electrophlhc attack on the benzene
ring. Loss of a proton to regenerate the aromatic ring could
logically follow. The P* group is insulated from the aro-
matic ring by a methylene group and apparently has little
effect on the cyclization.

\/
P Np!
+ + + H*
——
CH, CH,

Scheme 11
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Chart I
C.H; CsH; CH; CeH;
/ \P/ R///
~ ~
+ R 1.160°, 30 min + (CH), o
115% + R ,X —;HZO——’ R ) s 6
PPA 3 KPF, R
R/ R/
3b-h 4b-h
Compd R R R x Compd R R Rt R n
3b H CH; —CH,CH=—CH, Br 4b* H CH; CH, H 1
3c H H —CH,CH=CHCH, Br 4c H H CH, H 2
3d H CH, —CH,CH=—=CHCH,4 Br 4d H CH, CH, H 2
3e H H ~CH=CH, Br 4¢’ H H H H 1
3t H H i Br 4t H H - (CHy)y— 1
3g Benzo —CH,CH=CH, PF, 4g Benzo CH, H 1
3h Benzo \@ Cl1 4h Benzo —(CH,);~ 1
a Tsolated as the bromide salt and was converted to the hexafluorophosphate derivative. ® The reaction was performed at 300° for 1.25 hr.

The preference for a five- or six-membered ring being
formed was examined with 3e, although from theoretical
principles both would have high-energy intermediate pre-
cursors. It was observed that 4e was produced only when a
temperature of 300°C was maintained for 1.25 hr. NMR
analysis of the reaction mixture indicated that only a me-
tathesis exchange took place at lower temperatures (160
and 180°, respectively).

Benzyldiphenylvinylphosphonium bromide (3e) was ob-
tained from a modification of our procedure and one used
by Shutt and Trippett® as shown in Scheme II. As before,
the benzyldiphenylphosphine produced was not isolated

but was allowed to react with 8-bromophenetole to make
the intermediate benzyl-3-phenoxyethyldiphenylphospho-
nium bromide (5). Compound 5 was then treated with a so-
lution of ethyl acetate-triethylamine to generate 3e.
Interestingly, compounds 3¢ and 3d underwent ring clo-
sure to produce the seven-membered rings, 4¢ and 4d, and
not the six-membered ring. These cyclic compounds were
identified by NMR (and infrared, mass spectral, and ele-
mental analyses) owing to the characteristic doublet seen
in the spectra for the methyl group on the saturated ring
and not the ethyl substituent. With this in mind, we could
assume that protonation had occurred at the vy carbon (in

Table I
C:H; C:H;
N/
l‘:\RN _
R X
R/
3a-h
Quatemizing solvent Equiv of Molecular
Compd R R R X Mp, C (reaction time, hr) halide¢ Yield,%  formula Anal,,% P
3a’ H H —CH,CH=—CH, Br 201-203  Benzene (24) 2.49 52 CyHyuBrP  Caled 17.80
Found 7.58
8»° H CH, -CH,CH==CH, Br 173175  Benzene (24) 1.84 48 CyH,BrP Caled 7.58
Found 7.50
3¢ H H —CH,CH—CHCH, Bi 177-180  Toluene (24) 1.33 48 Cy,H,BrP  Caled 7.53
Found 7.64
3d”*° H CH, -CH,CH=CHCH, Br 170-173  Ether-benzene 1.33 35 C,H,BrP Caled 7.28
(2.75:1) (48) Found 7.19
3e’ H H -CH=CH, Br 220-222  Phenol (48) 1.0 62 C,H,,BrP Calcd 8.08
Found 8.16
3f H H 5 Br  235-236 Benzene (24) 1.44 70 CyH,BrP Caled 7.33
Found 7.20
3g Benzo —CH,CH=—CH, PF, 158-161 Benzene (2.0) 1.1 43  CyHyFyP, Caled 12,10
Found 11.81
3h Benzo ~5 c1 223-226  Benzene (60) 1.41 65 Cy,H,CIP  Caled 17.23
Found 7.24

“Based on 1 equiv of phosphine. ? Yield based on starting benzylic halide. ¢ When ether is used as the quaternizing solvent, the yields of
3b-d are decreased to 25, 26, and 29%, respectively. @ Isolated as benzyl-g-phenoxyethyldiphenylphosphonium bromide and, upon treat-
ment with ethyl acetate-triethylamine, converted to 3e. Previously reported in ref 9.
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Table 11
CeH;
\ / R///
LH) _
R ePFS
R//
R
4a-h
Compd R R! R"! R n Mp, ‘c Yield, % Molecular formula Anal,,% P
4a H H CH, H 1 172.5-174.5 75 CyoHy FeP, Caled 13.40
Found 13.09
41 H CH, CH, H 1 185.5-187 28 Cy3H,,F,P, Caled 13.00
Found 12.97
4c H H CH; H 2 214-216 30 Cy3H, Fy P, Caled 13,00
Found 12.88
4d H CH, CH, H 2 233-235 24 Cy.H,(F,P, Caled 12.63
Found 12.69
4e H H H H 1 174-176 51 CyiH, F,P, Caled 183.82
Found 13,61
41° H H ~(CH,)y— 1 326-328 55 Cy4H,,BrP Caled 17.33
Found 7.23
4g Benzo CH, H 1 219-220 55 CygHy F P,y Caled 12.10
Found 11,92
4h Benzo ~(CH,)s— 1 264266 25 CyH,y Fy P,y Caled 11,52
Found 11,33
a [solated as the bromide and converted to the hexafluorophosphate derivative. ¢ Isolated as the bromide derivative,
(CsHs), Scheme III
P -
- ’ PFB Tr Cer,
(CeH,).P . , Br™
’ CH, + CHCH CHy=P%
\P/CGHE R L cH, e, CH,
N 4c, R=H
3 d, R=CH
Ny 1807 CH : 6a _
o, € o (CHYPTY  PF
R CHy 6a + 115% PPA %ﬂ‘—i -
3¢, R=H SEame e 8
d R = CH, CH,CH;, 3. KPF,
7a
relation to the P atom). The suspected cation formed pref- Chart I
erentially can possibly be defended on the grounds of
greater hyperconjugative stabilization at the v carbon be- (ljﬁH5
cause there are five hydrogens available as compared to R"—P% _ , PFy”
just four adjacent hydrogens on the 8 carbon in the cation R |~ Br 1 160°, 30 min
formed via protonation at the v carbon in 3¢ or 3d. More- CH, +115% 2 H,0 CH
over, protonation at the 3 carbon would also place the two PPA 3 ypp, :
positive centers further apart, possibly creating a more sta- R
ble intermediate owing to less charge repulsion. 6b-d
Sutprisingly, this synthetic procedure was also found to Compd R=R R Compd  R=R R
be applicable to the preparation of the isomeric phosphino- 6b H CH, 7h H CH,
line derivatives. For example, it was possible to react tri- 6c H C,H, 7c H C.H,
phenylphosphine with halo alkenes, such as 1-bromo-2- 6d Benzo  CH; 7d Benzo  CgH;

butene, to give 2-butenyltriphenylphosphonium bromide!®
(6a) in high yield (94%). When treated with PPA (Scheme
III), 6a underwent ring closure to 1,2,3,4-tetrahydro-4-
methyl-1,1-diphenylphosphinolinium hexafluorophosphate
(7a) (82%). Additional examples are listed in Chart II along
with more detailed information on the physical properties
of the products and precursors in Tables IIl and IV,

" Unlike the isophosphinoline system, the cyclic interme-
diate precursors. suspected for the phosphinoline deriva-
tives are not easily defended. The obvious difficulty with

applying current theory as a rationale is that the benzene
ring is already bonded to a positively charged P atom. Intu-
itively, an intermediate such as represented by 8 seems un-
tenable on the grounds of suspected strong electrostatic re-
pulsion between like charges on adjacent groups. However,
PPA anion (PPA™~) very likely stabilizes the intermediate
by association, since an excess of this anion is presumably
available. This is supported by the observation that the en-
tire reaction mixture is soluble in water. Only upon satura-
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Table II1
T6H5
Rl/_______P+
R I ,Br”
CH,
RI
6a-d
Quaternizing Equiv of
Compd R! Rt Mp,°C solvent (hr) halide? Yield, % Molecular formula Anpal, ,% P
8a’ H C¢H; 241-243 Xylene (19) 0.73 94 C,y,H,,BrP
6b H CH;, 187189 Xylene (18) 0.73 88 C,;H,,BrP Calced 9.24
Found 9,32
6c H C,H; 198-200 Toluene (12) 1.43 M C,H,, BrP Caled 8.87
Found 9.15
6d Benzo C.H; 259.5-261 Benzene (12) 1.81 59 Cy¢HyyBrP Caled 6.92
Found 7.00
@ Based on 1 equiv of phosphine, #? This compound was previously reported in ref 10.
Table IV
C.H;
R//_____P:/
R ,PF,~
CH,
Rl
7a~-d
Compd R. R! R Mp, °C Yield, % Molecular formula Apal,,% P
Ta H H C:H; 203.5-205 82 CyoHy Fo Py Caled 13.40
Found 13 .42
Tb H H CH, 179.5-182 67 CyH,y  FoPy Caled 15.48
Found 15.09
Te H H C,H; 145-147 42 CisHyy FePy Caled 14.95
Found 14.90
7d Benzo C:H; 192-194.5 33 CoeHy ¥ P,y Caled 12.09
Found 11.99
CeH, CeH; tensive 'H NMR and 3P NMR studies. The NMR spec-
R—~1|9/ R 1I> trum of 4g showed the methylene protons (attached to the
* :L T naphthalene group) as a doublet each with geminal cou-
> etc. pling. There was also observed a Jpcy of 16.0 Hz; appar-

CH;

@ T @)
+
8
CBHS%/
NG
~

PPA"
8a

tion of the aqueous solution with the PFg~ anion did the
phosphonium salt precipitate (in the case of 4f, a saturated
solution of NaBr was added). Further speculation seems
unwarranted on the mechanism until more data become
available, although an intermediate like 8a is also reason-
able. ‘
Structural identification of members of the isophosphi-
noline and phosphinoline ring systems rests on elemental,
infrared, mass spectral,’' and NMR analyses found in Ta-
bles I-V. The most revealing physical data came from ex-

CH,

ently the geminal coupling is a result of the electronic ar-
rangement and stereochemistry of the newly formed ring
fusion. The methylene group can be characterized as an
ABX system!? (X = P) with values of 64 = 4.61, 6 = 5.28,
Jap = 16.0, Jax = Jpx = 16.0 Hz. The newly formed meth-
yl group in 4g appears as a doublet of doubets at 6 1.75
(Jpeecu = 7, Juccu = 2.0 Hz) which could be the result of
long-range P-H coupling. This phenomenon is not ob-
served in 4e¢ (or 4d) as the methyl group appears as a clean
doublet at 6 1.48 (Jyccu = 7 Hz) in the seven-membered
rings. The presence of the methyl group in 4g also elimi-
nates the possibility of a seven-membered ring. The 'H
NMR spectrum of 4e showed that the benzylic protons ad-
jacent to phosphorus occurred as a doublet (even at 25-Hz
sweep width) which suggests that the two rings are proba-
bly close to being coplanar.

The negative 3'P chemical shift values for the open-
chain phosphonium compounds listed in Table V show the
differences to be relatively small. These compare very well
with many open-chain compounds,!2 but it should be noted
that phosphonium salts have on rare occasions been re-
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Table V

NMR Spectral Data for Reaction Products

Ir absorption spectra in

KBr, % selected bands, am™ !

1 31
H NMR spectral assignments, chemical shifts, 5° P NMR, 6°

Compd
3a 1443 (), 1114 (vs), 997 (m), 4,26 [dof d (Jpoy = 15, Jycon = 6 Hz), —23.96¢
940 (s), 45 (vs), 691 (vs) PCH,CH, 2 H], 4.99 [d (Jpey = 14 Hz),
C¢H;CH,P, 2 H], 5.16-5.80 (m, ~CH=CH,, 3 H),
7.13 (s, CgH;, 5 H), 7.5-8.14 [m, (C;H;)P<, 10 H]
3 1433 (s), 1111 (vs), 999 (m), 2.10 (s, CH,, 3 H), 4.28 [d of d (Jpcy = 15,
942 (m), 745 (s), 694 (s) Jaccu = 6 Hz), PCH,CH, 2 H], 4.92 [d (Jpcy = 15 Hz),
ArCH,P, 2 H], 5.14-5.76 (m, —CH=CH,, 3 H), 6.78
(s, ArH, 1 H), 6.99 (s, ArH, 3 H), 7.46—8.06 [m,
(CeH;),P<, 10 H]
3¢ 1443 (s), 1111 {vs), 997 (m), 1.24-1.84 {(m, CH,, 3 H), 4.15 [d of d (Jpey = 15, —24.79¢
980 (m), 752 (vs), 690 (vs) Jycon = 7 Hz), PCH,CH, 2 H], 4.91 [d (Jpcy = 15 Hz),
C,H;CH,P, 2 H], 4.90-5.96 (m, CH=CH, 2 H), 17.10 (s,
CH;, 5 H), 7.46-8.02 [m, (C¢H;),P<, 10 H]
3d 1431 (s), 1110 (s), 998 (m), 1.24-1.70 (m, CHCH,, 3 H), 2.08 (s, ArCH,, 3 H),
976 (m), 741 (vs), 688 (vs) 4.17[{d of d (Jpey = 15, Jyccy = 7 Hz), PCH,CH,
2 H|, 4.86 [d (Jpey = 15 Hz), ArCH,P, 2 H],4.90—
6.0 (m, CH=CH, 2 H), 6.77 (s, ArH, 1 H), 6.98 (s,
ArH, 3 H), 7.48-8.16 [m, (CzH.),P<, 10 H]|
3e 1433 (s), 1111 (s), 995 (m), 5.07 [d (Jpcy = 15 Hz), ArCH,P, 2 H], 5.91-6.62
977 (s), 960 (vs), 691 (s) (m, CH==CH,, 2 H), 6.97-7.40 (m, ArH, PCH=CH,,
6 H), 7.46-8.06 [m, (CgH;),P<, 10 H]
3f 1431 (m), 1111 (s), 746 (s), 1.30—-1.80 {m, cyclopentenyl ring, 1 H), 2.00-2.76
698 (s), 690 (s) (m, cyclopentenyl ring, 3 H), 5.00 (br m, CH, 1 H),
5.06 [d of d (Jpcy = 14, Jycon = 4 Hz),
CeH,CH,P, 2 H|, 5.91 (br s, CH=CH, 2 H), 7.07 (s,
CcH,CH,, 5 H), 7.44-8.06 (m, (CzH;),P<, 10 H)
3¢’ 1435 (m), 1114 (s), 933 (m), 3.79 [dof d Upcy = 15, Jycen = 6 Hz),
836 (vs), 732 (m), 682 (m) PCH,CH, 2 H], 4.83 (& (Jpcy = 15 Hz), ArCH,P,
2 H], 5.18-5.84 (m, CH=CH,, 3 H), 7.12—-7.96 (m,
ArH, 17 H)
3h° 1437 (m), 1114 (m), 801 (s), 1.98—2.74 (m, CH,CH,, 4 H), 4.30-4.70 (m, CH, 1H),
780 (8), 725 (vs), 692 (vs) 5.17 [d (Jpoy = 15 Hz), ArCH,P, 2 H], 5.96 (br m,
CH=—CH, 2 H), 7.06-8.06 (m, ArH, 17 H)
4n” 1439 (s), 1117 (s), 840 (vs), 1.56—-1.80 [d of d (Jpccen =6, Jrcen = 2 Hz), -17.17
743 (s), 689 (s) CH,, 3 H], 2.35-2.80 (m, CH, 1 H), 3.10-3.64 (m,
CH,, 2 H), 4.02 [d Upcy = 14 Hz), ArCHP, 1 H},
4,10 [d Jpoy = 14 Hz), ArCHP, 1 H], 7.22-7.96
~ (m, ArH, 14 H)
4v 1439 (s), 1117 (s), 844 (vs), 1.56—1.80 [d of d (Jogcon = 8, Juccn = 2 Hz),
743 (s), 690 (s) CH,, 3 HJ, 2.30 (s, ArCH;, 3 H),2.41-2.80 (m,
CH, 1 H), 3.10-3.56 (m, CH,, 2 H), 3.99 [d
{(Jpoy = 14 Hz), ArCHP, 1 HJ, 4.05 [d Upoy =
14 Hz), ArCHP, 1 HJ, 7.08-7.96 (m, ArH, 13 H)
4¢’ 1437 (), 1116 (s), 840 (vs), 1.48 [d Uyecoq = 7 Hz), CH;, 3 HJ, 1.66-2.96 —14.227
746 (s), 690 (s) (m, CH,CH,, 4 H), 3.02-3.42 (m, CH, 1 H), 4.05
[t Jpcq = 15 Hz), CH, 1 H], 4.52 [t Wpen =
15.0 Hz), CH, 1H], 7.06-7.98 (m, ArH, 14 H)
44’ 1435 (s), 1110 (s), 838 (vs), 1.47 [d (Jyoox = T Hz), CH,, 3 H], 1.64-2.94
745 (s), 690 (s), (m, CH,CH,, 4 H), 2.30 (s, CH;, 3 H), 3.04-3.38
(m, CH, 1H), 3.98 [t Upcy = 15 Hz), CH, 1 H],
447 [t (Jpey = 15.0 Hz), CH, 1 HJ, 6.96 (s,
ArH, 1H), 7.24-8.02 (m, ArH, 12 H)
4¢’ 1437 (9), 1116 (s), 840 (vs), 2.90—3.56 (m, CH,CH,, 4 H), 4.12 [d (Jpcy = 14 Hz),
758 (s), 746 (s), 691 (s) CH,, 2 H], 7.20-7.88 (m, ArH, 14 H)
414 1437 (s), 1115 (s), 1758 (s), 1.69—2.82 [m,~(CH,);~, 6 H], 3.30 (m, ArCH, 1 H),
683 (m) 4.05 [t (Jpoy = 16 Hz), ArCHP, 1 H], 4.5 (m,
PCH, 1 H), 5.34 [t Upcu = 16, Jyex = 1 Hz),
ArCHP, 1 H], 6.7-8.3 (m, ArH, 14 H)
4g° 1441 (m), 1406 (s), 1114 (s), 1.75 [d of d Upgeon =T, Jucen = 2 Hz), CH;,

835 (vs), 742 (m), 685 (m)

3 H|, 3.00-3.14 {(m, CH, 1H), 3.50-3.98 (m, CH,,
2 H), 4.61 [t (Jooy = 16.0 Hz), CH, 1 H], 5.28

[t Jpew = 16.0 Hz), CH, 1 H], 7.06—8.52 (m,

ArH, 16 H)
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TableV
(Continued)

Ir absorption spectra in

1 i b 31
Compd KBr, @ selected bands, cm H NMR spectral assignments, chemical shifts, § P NMR, 6°
4h" 1441 (s), 1397 (m), 1111 (s), 2.04-3.00 [m, —(CH,),~, 6 H], 3.64-3.96 (m, ArCH,
838 (vs), 731 (m), 686 (m) 1 H), 4.06-4.40 (m, PCH, 1H), 5.00 [t (Jpcy =
17 Hz); ArCHP, 1 H], 5.62 [t (Jpcy = 17 Hz),
ArCHP, 1HJ, 7.06-9.00 (m, ArH, 16 H)
8a 1433 (s), 1110 (vs), 998 (m), 1.50-1.70 (m, CH,, 3 H), 4.42-4.76 [d of d —~21.14¢
968 (m), 749 (s), 691 (s) (Jpon = 15, Jucey = T Hz), PCH,CH, 2 H),
5.08-6.12 (m, CH=CH, 2 H), 7.54-8.0 (m,
(C6H5)3P——, 15 H) ]
8b 1433 (s), 1119 (vs), 996 (m),  1.44-1.74 (m, CHCH;, 3 H), 2.82 [d (Jpcy = -21.84
977 (s), 1760 (vs), 691 (s) 14 Hz), PCH,, 3 H), 4.82 [dof d (Jpcy =
15, Jycen = 8 Hz), PCH,CH, 2 H], 5.06—6.38
(m, CH=CH, 2 H), 7.54-8.2 (m, (C¢H,),P<, 10 H)
8c 1433 (s), 1119 (vs), 975 (s), 1.06-1.48 [d of t (Jpeoy = 20, Jucen = 7 Hz),
767 (vs), 738 (vs) PCH,CH,, 3 H], 1.50-1.74 (m, CHCH,, 3 H), 3.12—
3.56 [s* (Jpew = 13, Juccx =T Hz), PCH,CH,,
H)], 4.25 [d of d (Jpcy = 15, Jycey = 7 Hz),
PCH,CH, 2 H], 5.02-6.2 (m, CH==CH, 2 H), 7.58-8.24
[my (CGH5)2P<9 10 H]
8d 1431 (m), 1111 (s), 971 (s), 1.36—1.64 (m, CH,, 3 H), 4.72 [d of d (Jpcy =
7(s), 690 (s) 14, Jycen = T Hz), PCH,CH, 2 H], 5.0-6.14
(m, CH=CH, 2 H), 7.34—8.46 (m, ArH, 17 H)
7a’ 1437 (s), 1115 (s), 840 (vs), 1.47 [d (Jycew = 7 Hz), CHy, 3 H|, 1.85—3.56 —~10.74*
750 (s), 693 (s) [m, (CH,CH,, CH), 5 H], 7.22-8.0 (m, ArH, 14 H)
To' 1437 (m), 1119 (s), 840 (vs),  1.47 [d Jyecw = 6 Hz), CH,, 3 H], 2.32-2.50 -9.77%
767 (s), 1749 (s), 687 (s) (2 d Upey = 14 Hz), PCH,, 3 HJ, 1.88—3.18 (m
CH,CH,, 4 H), 3.18—3.56 (m, CH, 1 H), 7.42—17.92
(m, ArH, 9 H)
T¢’ 1437 (m), 1114 (s), 840 (vs),  1.12—-1.46 (m, PCH,CH,, 3 H), 1.45 [d (yccy =
722 (s), 1741 (s), 689 (s) 7 Hz), CH,, 3 HJ, 1.98-3.10 [m (CH,CH,, PCH,CH,),
6 H], 3.18-3.52 (m, CH, 1 H), 7.42—-7.92 (m, ArH,
9 H)
¢ 1437 (m), 1111 (s), 840 (vs),  1.28 [d (Jycow = 7 Hz), CH,, 3 HJ, 2.04-3.58
773 (s), 739 (s), 720 (m), [m (CH,CH,, CH), 5 HJ, 7.03—8.38 (m, ArH, 16 H)
690 (s)

@ The spectra were obtained on samples (4 mg) with KBr (400 mg) pellets. All compounds displayed medium to strong absorption in the
regions 1431-1443 and 1110-1119 em-* which have often been assigned to the C¢Hs-P bond. Many examples are reported to support the
assignment ranges but little definitive evidence is available to substantiate the correctness of the assignment; see L. C. Thomas, “Interpre-
tation of the Infrared Spectra of Organophosphorus Compounds,” Heyden, London, 1974. Chapter 15. ® Spectra obtained on DCCl3 solation
of each compound with Me,Si as internal standard; peak positions quoted in the case of doublets are measured from the approximate center,
and relative peak areas are given as whole numbers ¢ 31P resonance is relative to 85% H3PO4. ¢ 1TH NMR spectra obtained in DCCls with 4-5
drops of acetone-dg added. ¢ NMR data was on the PFg~ derivative in acetone-ds. ' TH NMR spectra obtained on DCCls solution with 4-5
drops of CF3CO2H added. & Time averaged for 200 scans. » *H NMR spectra obtained in pyridine-ds. Heteronuclear 31P decoupling caused
the collapse of the triplets at 6 5.00 and 5.62 to doublets (J = 17 Hz). Homonuclear decouplmg gave aJpcu = 17 Hz. ! The spectra were ob-
tained on samples (1.0 g) in DCCl3 (4 ml) /'The spectra were obtained on samples (1.0 g) in DCCl; (3 ml) and CF3CO2H (1 ml). # The spec-
tra were obtained on samples (1.0 g) in CHsCN (4.0 ml) with 5 drops of CF3COzH added. The PF¢~ moiety has a value of 6 +144.35 and &
+144.32 in 7a and 7b, respectively, compared to KPFg in Hz0 (all compared to 85% H3PO, standard external) which has a value of §
+144.68.¢ Appears as a sextet.

ported to have positive 6 values. The cyclic derivatives also  hydrolysis, phosphonium salt 3h gave 1-methylnaph-

show expected shifts, but the variations could possibly be
due to angular strain at phosphorus which could influence
the symmetry around P and thus the shielding characteris-
tics. Further work is obviously needed in this area before
any quantitative judgments can be made.

Additional support for the structure identification of
compounds 3h and 4a resulted from identification of the
base hydrolysis products in each case. As a model for base

CoHs__ CeHs CsHs
0\ - Colls

P\
Q 10% KOH
CONS

3h 10

thalene (9) and I-cyclopentenyldiphenylphosphine oxide
(10) in modest yields. Thus C—P bond cleavage at the ben-

0
C 5 CGHS
\+/ e cH, _PCH),
10% KOH
CHy;  cH,0H H,0 CH,
4a n

zylic position was found to take precedence as expected.!*
Similar results were observed in the preparation of 11.
Compound 9 was compared to the known compound while
10 and 11 were identified by elemental analyses and spec-
tral data.
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Oxidative degradation of 4h with potassium ferricyanide
and dehydration of the resulting diacid (Scheme IV) gave
the known 1,2-naphthalene dicarboxylic anhydride (12), es-
tablishing that the new ring juncture was formed at the 2
position of the naphthalene ring. Further structural infor-

Scheme IV
COOH ON-0
K, Fe(CN), COOH , o
QO |~ Q0
12
4h— 0
TSP(CH),
CH,
109 KOH .
Mt e it
CH,OH, H,0 @@

13

mation came from hydrolysis of 4h in 10% KOH (4:1 meth-
anol-water), which cleaved the naphthylic C-P bond to
give 13 in good yield. The NMR spectrum, infrared spec-
trum, and elemental analysis of 13 support the expected
structure.

Interest in heterosteroids as possible regulatory antago-
nists in metabolism has made the synthesis of new rep-
resentatives of this class desirable. Although several at-
tempts!® to synthesize phosphasteroids (where carbon is
replaced by phosphorus in the steroid skeleton) are record-
ed, only three examples have been reported in the litera-
ture to date. The synthesis of 14 (an 11-phosphastercid)é
and similar structures 15!7 and 16,18 both possessing the

CH; , Br

CHO
16 R=CH,, OCH, CH,

17-phosphasteroidal skeleton, were only very recently ad-
vanced. We report herein the synthesis of a fourth phos-
phasteroid, 4h, where P is incorporated in the 12 position
and several model compounds. The utility of heterophe-
nanthrenes as precursors and model compounds for the
synthesis of heterosteroids has been well recognized. How-
ever, few examples of C-P heterophenanthrenes are
known!® and the routes to these are often very tedious.
Work is continuing on the extention of the method for the
preparation of novel phosphorus heterocycles.

Experimental Section

General Data. Melting points were obtained with a Thomas-
Hoover melting point apparatus and are uncorrected. Infrared
spectra were recorded on a Beckman IR-5A unit as KBr pellets. 'H
NMR and 3P NMR spectra were obtained with a X1.-100(15) Var-
ian spectrometer and run in DCClz with tetramethylsilane as an
internal standard unless otherwise indicated. Mass spectral analy-

Dilbeck, Morris, and Berlin

ses were performed on a CEC Model 21 HR unit. Elemental analy-
ses were carried out by Galbraith Laboratories, Knoxville, Tenn.
Anhydrous solvents such as ether, benzene, toluene, and xylene
were dried over sodium and filtered prior to use.

Starting Materials. The tertiary phosphines were either pre-
pared by the classic Grignard reaction as described in the text
(phosphines 3a—e) or via a lithium cleavage process.2%¢ One excep-
tion was 1-naphthyldiphenylphosphine, which was obtained by the
reaction of 1-naphthylmagnesium chloride and diphenylphosphi-
nous chloride and isolated and identified.2%® Triphenylphosphine
was commercially available. The 115% PPA was obtained from
FMC Corp.”

The benzyl-substituted phosphonium salt 3f was prepared from
3-cyclopentenyldiphenylphosphine?®¢ and benzyl bromide. Stan-
dard apparatus used was a 300-ml, three-necked, inverse Grignard
flask, addition funnel, mechanical stirrer, condenser, and a No
inlet. To this was attached a 300-ml, three-necked, round-bot-
tomed flask, condenser, and a Nj inlet. The preparation of allyl-
benzyldiphenylphosphonium bromide (3a) will be described as a
general procedure.

Allylbenzyldiphenylphosphonium Bromide (3a). To 1.09 g
(0.045 g-atom) of Mg in 20 ml of anhydrous ether was added a cat-
alytic amount of iodine and ethyl bromide. After the reaction
began, 5.7 g (0.045 mol) of benzyl chloride in 40 ml of ether was
slowly added dropwise over a 15-min period followed by a 30-min
period at reflux. To the Grignard mixture was slowly added 9.92 g
(0.045 mol) of diphenylphosphinous chloride in 40 ml of ether over
a 20-min period. This mixture was boiled for 1 hr after the final
addition. In the lower, attached flask was placed 8.0 g (0.066 mol)
of allyl bromide in 100 ml of anhydrous benzene. The benzene so-
lution was heated to almost reflux, and the contents in the upper
flask were added dropwise over a 2.5-hr period. When all the liquid
in the upper flask had drained, it was rinsed with 25 ml of ether.
The ether, via continued heating and a steady rate of Ny, was ex-
pelled from the lower flask. Allyl bromide (5.6 g, 0.046 mol) in 25
ml of benzene was added to the lower flask. The upper flask was
removed, and the solution was boiled with stirring for 24 hr under
Ns. A precipitate formed and was collected by vacuum filtration,
dissolved in a minimum amount of HoCCls, and then reprecipitat-
ed by the dropwise addition of ether until the solution became
cloudy. After 24 hr, a white precipitate was collected by filtration
and dried in vacuo to give 9.3 g (52%) of 3a, mp 201-203°. Infrared,
NMR, and analytical data are given in Tables I and V.

Ring Closures to Produce the Isophosphinolinium Salts.
The general procedure will be illustrated with the preparation of
4a (the most typical), 4b, and 4e.

1,2,3,4-Tetrahydro-4~-methyl-2,2-diphenylisophosphinoli-
nium Hexafluorophosphate (4a). In a 100-ml beaker was placed
60 ml of 115% PPA which was heated to 160°. Compound 3a (2.0 g,
5 mmol) was added over a 10-min period followed by an additional
30 min of stirring. During the addition, a gas was given off, proba-
bly HBr.8 The solution was cooled to 110-115° and slowly poured
into 500 ml of ice water which resulted in a homogeneous solution
upon stirring for 15 min. Precipitation of crude 4a resulted upon
the addition of 50 ml of a saturated KPFg solution. The crude, wet
solid was collected by filtration and dissolved in a minimum
amount of HpCClg, and the water layer was separated. The solid
was reprecipitated by the dropwise addition of ether until the solu-
tion became cloudy. A second reprecipitation from HoCClg-ether
gave 1.70 g (75%) of 4a, mp 172.5-174.5°. Infrared, NMR, and ana-
lytical data are given in Tables IT and V.

1,2,3,4-Tetrahydro-4,7-dimethyl-2,2-diphenylisophosphinol-
inium Hexafluorophosphate (4b). Phosphonium salt 3b was
slowly added to 120 m! of 115% PPA at 160° and, when the addi-
tion was complete, a stirring period of 45 min followed. When
cooled to 110°, the solution was poured into 500 ml of ice water
and stirring produced a homogeneous solution. A saturated NaBr
solution (100 ml) was added, and the mixture was extracted with
three 200-ml portions of HaoCCly and dried (MgSO4). The HoCCly
solution was reduced to ca. 50 ml, and the dropwise addition of
ether produced the crude bromide 4b. The bromide proved excep-
tionally tedious to purify with much loss of product. Thus, this salt
was dissolved in 90 ml of anhydrous methanol and addition of 30
ml of a saturated solution of KPFg with stirring produced a heavy
precipitate. Purification by reprecipitation from HyCCls-ether
gave 1.30 g (28%) of 4b, mp 185.5-187°. Infrared, NMR, and ana-
lytical data are given in T'ables Il and V.

1,2,3,4-Tetrahydro-2,2-diphenylisophosphinolinium  Hex-
afluorophosphate (4e). To 70 ml of 115% PPA at 300° was added
2.0 g (5 mmol) of 3e over a 10-min period followed by an additional
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1.25 hr of stirring. The very dark solution was cooled to 120° and
slowly poured into 250 ml of ice water. Continued stirring gave a
clear solution that was filtered through a small piece of glass wool
to remove a small amount of insoluble material. Upon addition of
35 ml of saturated KPFg, a heavy precipitate separated that was
extracted (owing to slow filtration) with two 200-ml and one 100-
ml portions of HaCCly. The solution was concentrated to ca. 40 ml
followed by treatment with ether to produce crude 4e. Infrared,
NMR, and analytical data are given in Tables IT and V.

Ring Closure to Produce the Phosphinolinium Salts. The
general procedure will be illustrated with 7a, which was typical of
all systems studied.

1,2,3,4-Tetrahydro-4-methyl-1,1-diphenylphosphinolinium
Hexafluorophosphate (7a). Compound 6a (2.0 g, 5 mmol) under-
went cyclization when treated with 60 ml of 115% PPA at 160° for
30 min. The crude heterocyclic salt 7a was precipitated from 300
ml of water upon addition of 500 ml of a saturated KPFg solution.
Two reprecipitations from HyCCly—ether produced 1.9 g (82%) of
7a, mp 203.5-205°, Infrared, NMR, and analytical data are given
in Tables IV and V.

Base Hydrolysis of 3-Cyclopenten-1-yl(1-naphthylmethyl)-
diphenylphosphonium Hexafluorophosphate (3h). The phos-
phonium compound 3h (400 mg, 0.74 mmol}*was boiled for 16 hr in
50 ml of methanol-water (4:1) containing 5 g of KOH. The mixture
was cooled and 50 ml of water was added. The water layer was ex-
tracted with ether and then chloroform and, after drying (MgSOy),
gave 280 mg of residue. This residue was chromatographed over
neutral alumina (benzene) to give 80 mg (76%) of 1-methylnaph-
thalene (9), identical with an authentic sample, and 130 mg (65%)
of 1-cyclopentenyldiphenylphosphine oxide (10):2%¢ ir» 1600 (C=C),
1437, 1122 (P-CgHs), 1186 cm~1 (P — 0); 1H NMR (CCly) § 2.00
[quartet (J = 7 Hz), CHg, 2 H], 2.50 [m, —-(CHg)2~, 4 HJ, 8.21 [d (J
= 10 Hz), CH, 1 H], 7.20-7.80 (m, 2 CgHj;, 10 H); mass spectrum
(70eV) m/e 268 (M™*).

Base Hydrolysis of 1,2,3,4-Tetrahydro-4-methyl-2,2-diphen-
ylisophosphinolinium Hexafluorophosphate (4a). Compound
4a (400 mg, 1 mmol) was heated in 40 ml of methanol-water (4:1)
with 4 g of KOH for 12 hr. The solution was cooled and 50 ml of
water was added. This was extracted with HCCls and dried
(MgS0y). The residue was chromatographed an acidic alumina
{Merck activity I) using benzene to give 217 mg (85%) of 11: ir
(film) » 3450 (hydrate), 1439, 1121 (P-CgH3), 1188 em~! (P — O);
1H NMR (DCCly) 6 1.34 [d (J = 7 Hz), CHg, 3 H], 2.12 (s, CHg, 3
H), 2.50 [d of d (Juccu = 6, Jpcu = 11 Hz), PCH;CH, 2 H], 3.55
(m, CH, 1 H), 7.00~7.90 (m, aromatic H, 14 H); mass spectrum (70
eV) m/e 334 (M).

Anal. Caled for CooHosOP: C, 79.02; H, 6.93. Found: C, 78.50; H,
7.386.

Oxidative Degradation of 4h. Preparation of 1,2-Naph-
thalenedicarboxylic Anhydride (12). The procedure was essen-
tially that of Cope with some modifications.?! The eyclic product
4h (0.125 g, 0.23 mmol), 7.0 g of KsFe(CN)g, and 1.25 g of KOH
were heated at 70-75° 60 hr in 25 m] of water. The reaction mix-
ture was filtered, carefully acidified (concentrated HCI), and ex-
tracted with ether. The residue from the ether solution was sub-
limed at 160° (0.2 mm) to give 5 mg (11%) of anhydride 12, mp
162-165° (lit.22 mp 168°). The low solubility of 4h in water could
explain the low yield of 12.

Base Hydrolysis of 6,6a,7,8,9,9a-Hexahydro-6,6-diphenyl-
5H-benzo[ h]cyclopent[clisophosphinolinium Hexafluoro-
phosphate (4h). Compound 4h (300 mg, 0.56 mmol) was heated
for 14 hr in 40 ml of methanol-water (4:1) containing 4 g of KOH
under Ns. An additional 20 ml of water was added and the mixture
was extracted (3 X 25 ml of HCClg). The organic layer was dried
(MgS0y), and the residue from the chloroform solution was chro-
matographed over neutral alumina (benzene) to yield 180 mg
(79%) of 13: mp 168-169°; ir (KBr) » 1429, 1116 (P-CgH;), 1174
cm™! (P — 0); TH NMR (DCCly) 6 2.10 {m, -(CHg)s~ 6 H], 2.62 (s,
CHs, 3 H), 2.95 (m, CH, 1 H), 3.60 {m, CH, 1 H), 7.30-8.00 (m, aro-
matics, 16 H); mass spectrum (70 eV) m/e 410 (M¥).
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Anal, Caled for CasHo7PO: C, 81.91; H, 6.63; P, 7.56. Found: C,
81.84; H, 6.61; P, 7.72.

Registry No.—3a, 53201-22-2; 3b, 54229-88-8; 3¢, 54229-89-9;
3d, 54229-90-2; 3e, 23901-74-8; 3f, 54229-91-3; 3g, 54229-93-5; 3h,
54229-94-6; 4a, 54229-96-8; 4b, 54228-98-0; 4¢, 54230-00-1; 4d,
54230-02-3; 4e, 54230-04-5; 4f, 54230-05-6; 4g, 54293-27-5; 4h,
54230-07-8; 5, 23901-73-7; 6a, 28975-45-3; 6b, 54230-08-9; 6c,
54230-09-0; 6d, 54230-10-3; 7a, 54230-12-5; Th, 54293-29-7; 7c,
54230-14-7; 7d, 54230-16-9; 10, 38868-18-7; 11, 54230-17-0; 12,
5343-99-7; 13, 54230-18-1; 1-naphthyl chloride, 90-13-1; 3-cyclo-
pentenyldiphenylphosphine, 54230-19-2; benzyl bromide, 100-39-
0; benzyl chloride, 100-44-7; diphenylphosphinous chloride, 1079-
66-9; allyl bromide, 106-95-6; 1-bromo-2-butene, 4784-77-4; 3-
methylbenzyl chloride, 620-19-9; 1-naphthylmethyl chloride, 86-
52-2; B-bromophenetole, 589-10-6; ethyl acetate, 141-78-6; triphen-
ylphosphine, 603-35-0; diphenyl-1-naphthylphosphine, 1162-90-9.
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