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Abstract—I[4-t-Butyl-2,6-bis(1-methoxy-1-methylethyl)phenyl]phosphine, t{dutyl-2,6-bis(2-methoxy-1,1-dimethylethyl)phenyl]phos-

phine, and [4-butyl-2,6-bis(3-methoxy-1,1-dimethylpropyl)phenyl]phosphine were prepared and allowed to react with sulfur or selenium,

to give heterocyclic compounds containing phosphorus—oxygen bond, via rearrangement of the methyl moiety of the meth@xy g88up.
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Compounds with multiple-bonded heavier main-group
elements, such as phosphorus, are currently of intérest.
By utilizing an extremely bulky 2,4,6-tfi-butylphenyl
group (hereafter abbreviated as Ar; Chart 1) as a sterically
protecting auxiliary, we and others have successfully
prepared various types of multiple bonded phosphorus
compounds, such as diphosphehéChart 2)? dithioxo-
phosphorane (thioxophosphine sulfi®&3 and diselenoxo-
phosphorane (selenoxophosphine selerdeRecently, we

Contrary to this, the Mox-substituted dithioxophosphorane
6 was not stable, suggesting a weak intramolecular inter-
action within the molecule. When a solution 6fwas
concentrated, the compound dimerized7t¢Scheme 152

On heating, the monomeric dithioxophosphorénegas re-
generated from the dim@t®® As for a selenium congener of

6, we have not been successful in preparation of the Mox-
substituted diselenoxophosphoran8. An attempted
preparation oB by the reaction of MoxPHKwith selenium

have developed some novel substituents, such as then the presence of a base, according to the preparative

2,4-dit-butyl-6-(dimethylamino)phenyl group (abbreviated
as Mx)> the 2,4-dit-butyl-6-methoxyphenyl group
(abbreviated as Mox), the 2,4-dit-butyl-6-(dimethyl-
aminomethyl)phenyl group (abbreviated as Marhxje
2,4-dit-butyl-6-(methoxymethyl)phenyl group (abbrevi-
ated as Momx§, the 4t-butyl-2,6-bis(dimethylamino-
methyl)phenyl group (abbreviated as Marhgnd the 2,4-
di-t-butyl-6-[1,1-dimethyl-2-(dimethylamino)ethyl]phenyl
group (abbreviated as Madfjhaving both a bulky-butyl
group and an electron donating part at thpositions.

Dithioxo- and diselenoxophosphorane derivati¢emnd5,”
bearing the Mx group, are highly stabilized, mainly by intra-
molecular coordination (compared with the kinetically
stabilized ‘genuine’ dithioxophosphora8end diselenoxo-
phosphorane3). The intramolecular coordination in the
solid state was confirmed by X-ray crystallography in the
case of the compounds bearing the Mx-type substitdénts
as well as the compounds with the Mafrand the Maar
substituents?

Keywords phosphorus heterocycles; phosphines; rearrangements; steric
and strain effects.
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method of diselenoxophosphoranes with the Mx-type
substituents, resulted in the formation of a heterocyclic
compound9.5°

This striking difference in the stabilizing abilities between
the Mx group and the Mox group prompted us to examine
the effect of oxygen-functional group on the =), and
—PESe) moieties by using other type of substituents. As a
part of our investigation on the modified 2,4,64#utyl-
phenyl group, we now report the introduction of-Butyl-
2,6-bis(1-methoxy-1-methylethyl)phenyl group i Chart

3), 44-butyl-2,6-bis(2-methoxy-1,1-dimethylethyl)phenyl
group p) and 4t-butyl-2,6-bis(3-methoxy-1,1-dimethyl-
propyl)phenyl groupd).

Results and Discussion

Preparation of 2-bromo-5+-butyl-1,3-bis(methoxyalkyl)
benzenes

In order to introduce a bulky #butyl-2,6-bis(methoxy-
alkyl)phenyl moiety into a molecule, the corresponding
bromobenzene40a-c were prepared as follows. Bromo-
benzenelOawas prepared by a route shown in Scheme 2.
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Scheme 1.

Oxidation  of  2-bromo-8-butyl-1,3-dimethylbenzene  derivative 18. While methylation of19 with an excess of
(11)*** afforded the isophthalic acid derivativa2,1? dimethyl sulfate gave the mono-methoxy derivati2®
which was then converted to the corresponding dimethyl (Chart 4) as a major product (59%) with only a trace amount
esterl3. The este.3was then allowed to react with methyl-  (3%) of the desired dimethoxy derivatid®b, methylation
magnesium bromide to give 2-bromotbutyl-1,3-bis(1- of 19 using Mel/NaH afforded.Ob in good yield (93%).
hydroxy-1-methylethyl)benzene 14 in 64% vyield.
Methylation of 14 afforded10ain 92% vyield. Similarly, bromobenzeng&0cwas prepared from a synthetic
intermediatel8 by a route as shown in Scheme 4. Thus, the
Bromobenzend Ob was prepared as shown in Scheme 3. Wittig reaction of the diformyl derivativd8 with methyl-
2-Bromo-1,3-bis(bromomethyl)- tSbutbeenzene](B)13 was enetriphenylphosphorane afford2t(91%). Hydroboration
allowed to react with potassium cyanide in acetonitrile in of 21 gave diol22 as a major product (72%) along with
the presence of 18-crown-6 to afford the dicyano derivative the Markovnikov-type produc23 (24%, Chart 4). Then
16in 89% yield. Methylation at the benzyl posititiof 16 22 was methylated with Mel/NaH to givelOc almost
with Mel/KOH in dimethyl sulfoxide gave 2-bromo-5- quantitatively.
butyl-1,3-bis(1-cyano-1-methylethyl)benzenk7) in 65%
yield. Successive reduction of the cyano groupl hwith 0 g 9

Bi W
diisobutyl aluminum hydride and lithium aluminum hydride y COH MeOC COMe
afforded the dihydroxy derivativel9 via the diformyl __KwmnO, _MeoH, H*

1 13

Me Me
Me Me Me OMe HO Br OH MeO Br OMe
ig?/i MeMgBr ‘)\?/% NaH, Mel 7‘\?/%
—— —————
a b c 14 10a

Chart 3. Scheme 2.
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Preparation of primary phosphines and diphosphenes

with methanol in the presence of triethylamine, compounds
29ab were obtained vi@8ab [28a §p (THF-CGDe)=164

Since bromobenzenekla-c were prepared as described (m); 28b: 6p (CDCl;)=144.6 (br. s)].

above, attempted preparation of primary phosphines bear-

ing the substituenta—c were made by a normal procedure On the other hand, the relatively stable phosphonous
via phosphonous dichlorides (Scheme 5). At first, appro- dichloride 26¢ reacted with methanol to giv81 via 30
priate reaction conditions were determined for metallation [6p (THF-GDg)=175 (m)]. It should be noted that

of bromobenzened0a-c with butyllithium in THF. As

successive reaction @cwith PCk and methanol in aceto-

for compounds10ab, the best results were obtained at rlwitrile (instead of THI;) afforde@9c[5p (CDCl;)=28.3 (dd,
room temperature and the corresponding benzene deriva-Jp=586 Hz and “Jpy=21Hz] via intramolecularly

tives 25ab were formed in good yields (96 and 92%,

cyclized intermediate®7c [6p (MeCN-GDg)=164 (br.

respectively), after quenching of the reaction mixtures s)] and28c[dp (MeCN—-GDg)=164 (m)]. Thus, the cycli-

with water. Although lithiation of10c proceeded effec-
tively (97% vyield of 25¢) at —78°C, attempted lithiation

zation reaction is largely affected by the solvent.

of 10c at room temperature gave a complex mixture of As an alternative method, the phosphorus atom was intro-

products.

Then, bromobenzene$0a-c were lithiated with butyl-

lithium in THF under the conditions mentioned above,

and the resulting mixtures were allowed to react withPCl
(Scheme 6). However, onliOc gave satisfactory results to
afford the corresponding phosphonous dichloél@e In the
cases ofl0ab, intramolecular cyclization of intermediary
phosphonous dichloride®26ab proceeded. Compounds
27ab were observed by'P NMR spectroscopic monitoring
during the reactionq7a 6p (THF-CDe)=166; 27b: 6p
(THF—-CsDg)=156]. Intermediate26ab were not detected

duced by use of diethyl phosphorochloridite as a phosphorus
source. Thus, bromobenzen&®ab were lithiated with
butyllithium and the resulting phenyllithium24ab were
allowed to react with diethyl phosphorochloridite to form
32ab [32a &p (THF-GDg)=170.9, 32b: 6p (THF-
CsDe)=168.2]. The reaction mixtures were worked up,
and ethyl phosphinate83ab were obtained in 63 and
45% vyield, respectively, after column chromatographic
treatment. Phosphonous dichloridéc and ethyl phosphi-
nate33ab were reduced with LiAlHin THF at OC, to form

the desired phosphinégla—c (Scheme 7). Although phos-
phine 34awas isolated, attempted isolations3#b,c have

by this monitoring, indicating that the cyclization reactions been unsuccessful due to the oxidation reaction during the

are rapid. When compound¥ab were allowed to react

MeO. OH H H
i@k '
20 23

Chart 4.

isolation process.

Me Me Meo\ OMe Me OMe
f /

(F20)q Br (Ghz), (00 L (A M0 (GHon

n-BuLi H,0O
—— —_—
THF
10a: n=0; b: n=1; - _
c: n=2 24a-c 25a-c

Scheme 5.
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Scheme 6.

Furthermore, phosphonous dichlorid&cwas converted to
the corresponding diphospheBBc by addition of lithium

naphthalenide. Although diphospheB&gcwas formed as a
major product (indicated by P NMR spectrum of the reac-
tion mixture), the isolated yield @d5cwas only 4% due to

M. Yoshifuji et al. / Tetrahedron 56 (2000) 43-55
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i) n-Buli / THF
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10a—c 26a—c orn=2in MeCN 27a-c
=011, ) =
n=0.11\) nBuLi/ THF "2 | MeOH MeOH
ii) CIP(OEt),
MeO_ EtQ OEt OMe MeO OMe MeO_ MeQ 0,
(Ha2C)a P (CHy), j\gﬁ/ls (:g,éﬁ:)n
32a,b 28a-c
H,0 [0] H,0
mMeo_ H.§ OEt ome o Me0 §, OMe MeO_ H\‘P,,q
(H2C)n P (CHa)a \;\g,;/ (il‘géﬁ:)“
33a,b 29a—c

dichloride 26b reacted (before formation dt7b) with t-
butyllithium at —78°C to form diphosphen@&5b (diphos-
phene35b was decomposed during the isolation process).
Contrary to this, in the reaction @bawith t-butyllithium at
—78C, a signal due to diphosphene was not observetby

the decomposition during the aluminum column-chromato- NMR spectroscopic monitoring, probably because the cycli-
graphic treatment. It should be noted that phosphonouszation reaction o26ato 27 was rapid.

Table 1. 3P NMR data for primary phosphines

Tables 1 and 2 show'P NMR chemical shifts of phos-
phines 34a-c, diphosphenes35b,c, and some related

R! . - i
compounds. The chemical shifts 8a—c are very similar
n Q PH, to that of ArPH (34d) and considerably different from those
R? of (2,4-dit-butyl-6-methylphenyl)phosphine 346 and
RL R2 5 (JomfHz) in CDCh MoxPH, (34f). Slmllarly, the chemical shifts foB5b,c are
very close to that for diphospherie probably because the
CMe,OMe CMegOMe 34a —129.1(216.6) steric hindrance around the phosphorus atom plays an
CMe,CH,0OMe CMeCH,OMe 34b —129.4 (209.3)
CMe,CH,CH,0Me CMeCH,CH,OMe 34c —130.2 (209.2)
t-Bu t-Bu 34d  —129.9'(210.6) Table 2. 3P NMR data for diphosphenes
t-Bu Me 34e —143.0° (203.0)
t-Bu OMe 34f  —155.4 (207.4) R’ R’
t-Bu NMe, —141.6' (213.7) p—p C |
t-Bu CH,NMe, —143.6 (203.6) -
t-Bu CMeNMe, —134.5 (206.8) R? R2
t-Bu CMeCH,NMe, —127.4 (208)
CH,NMe, CH,NMe, —148.7 (207.4) R R? 8 in CDCl
aData taken from Ref. 15. CMe,CH,OMe CMeCH,OMe 35b 493.7
b Data reported in Ref. 16:149.9 (p=201.1 Hz) in GDs. CMe,CH,CH,OMe CMeCH,CH,OMe 35¢ 493.8
¢ Data taken from Ref. 6a, measured igDG. t-Bu t-Bu 1 492.4
94 Data taken from Ref. 5a. t-Bu NMe, 428.2

¢ Data taken from Ref. 7.
f Data taken from Ref. 10.
9 Data taken from Ref. 9.

aData taken from Ref. 2, measured igDG.
P Data taken from Ref. 5a, measured in THRBgG
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important role in the chemical shift of these compounds and The chemical shift foB7cis very close to that for ArPS2)

electronic effects of the methoxy groups #a—c on the
chemical shift are relatively small.

Reaction of the phosphines with sulfur or selenium

We have reported that the sterically protected (2,4,6-tri-
butylphenyl)phosphine (ArP} reacted with elemental

[8p (CDCl;)=298.2]%

However, dithioxophosphorar/c changed to compound
38cin the reaction mixture, which was isolated in 26% yield
after column chromatographic treatment. Similar results
were obtained in the case of the reaction of the phosphines
34ab, giving 38ab, although intermediary dithioxophos-

sulfur in the presence of a base such as 1,8-diazabicyclo-phoranes37ab were not observed by*P NMR spectro-

[5.4.0]undec-7-ene (DBU) to give dithioxophosphorar#
Thus, the reactions of phosphin8da—c with elemental

scopic monitoring during the reaction.

sulfur were carried out in order to investigate the effect of When phosphin®4c was allowed to react with elemental
the methoxy groups on the phosphorus center in the seleniumin benzene in the presence of a catalytic amount of
corresponding dithioxophosphoranes. When phosphineDBU at room temperature, a signal due to diselenoxophos-

34cwas allowed to react withg3n benzene in the presence

phorane40c was observed ab,=267.4, along with some

of a catalytic amount of DBU at room temperature, a signal signals due to the precursors such as phosphine sel@@ie

due to dithioxophosphorarg/cwas observed§=295.2),

6p=—52.3 (t,lJpH:458 Hz), satellite dlJs.=736 Hz], by

along with some signals of precursors such as phosphine®PNMR spectroscopy. The chemical shift #ficwas simi-

sulfide 36¢ [86p=—25.0 (t, *Jp=465 Hz)], by **PNMR

lar to that for ArPSg (3) [8p (CDCl;)=273.0]¢ However,

spectroscopic monitoring during the reaction (Scheme 8). the reaction was complicated and the product isolated after
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column chromatography wa&2c(11% yield based of00), 2-Bromo-5--butylisophthalic acid (12)'%. To a mixture
probably via intramolecular rearrangement4gic to 41c of 2-bromo-5t-butyl-1,3-dimethylbenzene 11, 4.51g,
followed by oxidation of41c during the isolation process 18.7 mmol)}*® aqueous potassium hydroxide (113 mmol
performed in the air. of KOH in 45 mL of water), and pyridine (90 mL) was
added KMnQ (31.1g, 197 mmol) at 10C over a 9-h
In the reaction of phosphin@awith selenium, formation  period. The resulting mixture was stirred for a further
of 41awas observed as a major producty NMR moni- 11 h, then cooled to room temperature. An appropriate
toring, howeverdlawas isolated in very low yield (3%), amount of aqueous NaH3Qvas added to the reaction
due to decomposition during the isolation procedure. When mixture at OC, in order to consume unreacted KMpO
34bwas allowed to react with selenium under similar con- Then the resulting mixture was acidified with aqueous
ditions, the reaction became more complicated than the caseH,SO, to form colorless precipitates. The precipitates,
of 34aand only trace amount @flb was obtained. In these  which consisted ofl2 and half-oxidized compound 2-
reactions of34ab, intermediary diselenoxophosphoranes bromo-5t-butyl-3-methylbenzoic acid4Q), were filtered
40ab were not observed by*P NMR spectroscopic moni-  off and the filtrate was extracted with . The organic
toring during the reaction, and products of #e-type were phase was washed with saturated aqueous NacCl, dried
not isolated because of difficulties in separation from other over MgSQ, then the solvent was removed under reduced
decomposition products. pressure to give 951.4 mg (17%) b2.

Although the chemical shift of the dithioxophosphor&Te 12: Colorless prisms, mp 260—282 (AcOEt); *H NMR

is similar to that of MoxP$(6) [8p (CsDe)=277.6]°*37 and (200 MHz, CDB,0OD) 8 1.34 (9H, st-Bu) and 7.75 (2H, s,

6 behave differently in reactivities. CompouB@affordeda  arom.); **C{*H} NMR (50 MHz, CD;OD) & 32.1 (QVley),

rearranged compound rather than a dimeric comp8&hd’  36.5 CMes), 116.2 (arom., CBr), 130.7 (arom., CH), 138.4

In the case 087, the methoxy group seems to interact with (arom.), 153.1 (arom.), and 171.1<€0); IR (KBr) 3600—

the phosphorus atom more effectively than observe,in 2500 (br.), 2968, 1722, 1699, 1402, 1248, 1225, 908, and

due to the conformational flexibility. Because sulfur is more 688 cm *; MS (70 eV)m/z (rel intensity) 302 (M +2; 21),

electronegative than phosphorus, the phosphorus atom 300 (M*; 22), 287 (M"—Me+2; 99), and 285 (M —Me;

the —PES), moiety has a partially cationic character. In 100). Found:m/z 299.9994. Calcd for GH13BrO,: M,

the case of dithioxophosphoranes bearing aniline-type 299.9997.

ligands such as MxRJ4), this cationic character causes

intramolecular coordination of the nitrogen atom as shown 43: Colorless prisms, mp 182—183 (AcOEt); *H NMR

in Chart 1. When the oxygen atom 87 coordinates to the (200 MHz, CDC}) 6 1.33 (9H, st-Bu), 2.49 (3H, s, Me),

phosphorus atom, the carbon atom of the methoxy group7.43 (1H, d,*J=2.5 Hz, arom.), 7.74 (1H, d'J=2.5 Hz,

may become positive to be attacked by the sulfur atom arom.), and 9.4-10.3 (1H, br. s, OH}*C{*H} NMR

of the —P€S), moiety. The situation in the diselenoxo- (50 MHz, CDC}) 6 24.1 (Me), 31.0 (Me,), 34.5 CMey),

phosphorand0 seems to be similar. 120.6 (arom., CBr), 126.4 (arom., CH), 131.5 (arom.), 131.6
(arom., CH), 139.5 (arom.), 150.0 (arom.), and 172.9

In conclusion, interaction between the methoxy group and (C=0); IR (KBr) 3200-2200 (br.), 2968, 1701, 1684,

the phosphorus atom is relatively small in the primary 1585, 1460, 1425, 1311, 1284, 1248, 1192, 1032, 937,

phosphine34 and diphosphen@&5, while there is a large 887, 715, and 644 cit; MS (70 eV) m/z (rel intensity)

interaction in the dithioxophosphoran@gand diselenoxo- 272 (M*+2; 23), 270 (M"; 24), 257 (M"—Me+2; 100),

phosphoranest0. This interaction causes methyl-group and 255 (M'—Me; 100).

migration in 37 and 40, to give the cyclized product38

and 41, respectively. Thus, benzene-fused five- to seven- Dimethyl 2-bromo-5-t-butylisophthalate (13). A mixture

membered ring heterocyclic compound9,(38, 41, and of 12 (5.19 g), methanol (50 mL), sulfuric acid (5 mL) was

42) containing theendocyclic phosphorus—oxygen bond heated under reflux for 3h and then cooled to room

were obtained in this study. Detailed mechanistic studies temperature. The reaction mixture was poured into

of the sulfurization reaction and the selenation reaction, as200 mL of water and the resulting suspension was neutra-

well as studies on properties of the heterocycles, are inlized by addition of solid NaHC® Then the mixture was

progress. extracted with ether and the combined organic phase was
dried over MgSQ. The solvent was removed in vacuo and
the residue was recrystallized from hexane to gi@

Experimental (3.43 g, 60%).

Melting points were measured on a Yanagimoto MP-J3 13: Colorless plates, mp 100—1@ (hexane);"H NMR
micro melting points apparatus and were uncorrected. (200 MHz, CDC}) & 1.32 (9H, s,t-Bu), 3.95 (6H, s,
(200 MHz) andElP (81 MHz) NMR spectra were takenona OMe), and 7.69 (2H, s, arom.}3C{*H} NMR (50 MHz,
Bruker AC-200P spectrometer. UV-Vis spectra were CDCl) 6 30.8 (QMe3), 34.7 CMe;), 52.6 (OMe), 115.6
obtained on a Hitachi U-3210 spectrometer. IR spectra (arom., CBr), 129.4 (arom., CH), 134.9 (arom.), 150.7
were recorded on a Horiba FT-300 spectrometer and masgarom.), and 167.3 (€0); IR (KBr) 1734, 1716, 1475,
spectra were taken on a JEOL HX-110 spectrometer. All 1442, 1433, 1365, 1338, 1292, 1267, 1254, 1216, 1196,
experiments, except for the work-up and chromatographic 1177, 1155, 984, 968, 877, 795, 715, and 647 tm
treatment, were carried out under argon with anhydrous andMS (70 eV)nvz (rel intensity) 330 (M +2; 20), 328 (M';
deoxygenated solvents unless otherwise noted. 20), 315 (M"—Me+2; 100), and 313 (M—Me; 100).
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Found: m/z 328.0301. Calcd for QH.;BrOs M, recrystallized from ethanol to give 11.0 g (89% vyield) of
328.0310. 16.

2-Bromo-5--butyl-1,3-bis(1-hydroxy-1-methylethyl)- 16: Colorless needles, mp 145—2@5(EtOH); 'H NMR
benzene (14)To a solution 0f13(299.8 mg, 0.911 mmol) (200 MHz, CDC}) 6 1.35 (9H, s,t-Bu), 3.87 (4H, s,
in THF (15 mL) was added 9.3 mmol of methylmagnesium CH,), and 7.51 (2H, s, arom.}*C{*H} NMR (50 MHz,
bromide (0.93M in THF) at . The resulting mixture was CDCl) § 25.7 (CH), 31.0 ((Me;), 34.9 CMey), 116.7
stirred at ambient temperature for 18 h. The reaction was (CN), 121.6 (arom., CBr), 127.0 (arom., CH), 130.8
guenched by addition of aqueous MH at CC. Then the (arom.), and 152.2 (arom.); UV (GBN) 220 (sh, loge
resulting suspension was extracted using ether and saturate8.99), 235 (sh, 3.67), 261 (sh, 2.47), 268 (2.57), and
aqueous NaHC@®and the organic phase was dried over 280 nm (sh, 2.24); IR (KBr) 2254, 1481, 1458, 1412,
MgSO,. Removal of the solvent under reduced pressure 1363, 1149, 1028, and 889 ¢ MS (70 eV)m/z (rel inten-
followed by chromatographic treatment (SIOHCL) sity) 292 (M*+2; 13), 290 (M"; 15), 277 (M"—Me+2;
afforded 193.1 mg (64%) df4. 100), and 275 (M—Me; 99). Found: C, 57.50; H, 5.49;
Br, 27.20; N, 9.47%. Calcd for GH1sBrN,: C, 57.75; H,
14: Colorless crystals, mp 135—1%7 *H NMR (200 MHz, 5.19; Br, 27.44; N, 9.62%.
CDCls) 6 1.32 (9H, st-Bu), 1.81 (112H, s, CMg, 3.06 (2H,
br. s, OH), and 7.66 (2H, s, arom'fC{*H} NMR (50 MHz, 2-Bromo-5+-butyl-1,3-bis(1-cyano-1-methylethyl)benzene
CDCl,) 6 30.2 ((Mey), 31.2 (Me,0), 34.9 CMe3), 74.8 (17). To a solution of16 (5.10 g, 17.5 mmol) in dimethyl
(CMe,0), 116.6 (arom., CBr), 123.9 (arom., CH), 146.6 sulfoxide (50 mL) was added 1.0 mL of water and 14.1 g
(arom.), and 149.9 (arom.); IR (KBr) 3334, 3018, 2929, (251 mmol) of powdered KOH. The resulting dark solution
2870, 1477, 1458, 1400, 1362, 1255, 1213, 1178, 1136,was cooled using an ice-bath and 15.0 mL (240 mmol) of
1011, 956, 901, 760, and 737 chm MS (70 eV) m/z (rel iodomethane was added. Then the mixture was warmed to
intensity) 330 (M +2; 14), 328 (M 14), 315 room temperature and stirred for 41 h. The reaction mixture
(M*—Me+2; 96), 313 (M —Me; 100), 297 was extracted with ether, washed with saturated aqueous
(M*—20H+3; 24), 295 (M'—20H+1; 21), and 57 NacCl, and then the organic layer was dried over MgSO
(t-Bu™; 44). Found:m/z 328.1041. Calcd for GH,sBro.: The solvent was removed under reduced pressure and the
M, 328.1038. residue was treated with column chromatography {5i0
CHCl,) to give 3.96 g (65%) ol.7.
2-Bromo-5+-butyl-1,3-bis(1-methoxy-1-methylethyl)-
benzene (10a)A solution 0f14(1.34 g, 4.07 mmol)in THF ~ 17: Colorless fine needles, mp 222—22Z5EtOH); *H
(50 mL) was added to ca. 25 mmol of NaH &0over a NMR (200 MHz, CDC¥) 6 1.33 (9H, st-Bu), 1.94 (12H,
5-min period. The resulting mixture was stirred dCCfor s, CMe), and 7.48 (2H, s, arom.)®*C{H} NMR
5min, and 24.1 mmol of iodomethane was added. The (50 MHz, CDCL) & 28.3 ((Mey), 31.1 ((Me;), 35.1
reaction mixture was warmed to room temperature and (CMe3), 38.3 CMe,), 120.8 (arom., CBr), 123.5 (CN),
stirred for 21 h. The reaction was quenched by addition of 124.3 (arom., CH), 140.0 (arom.), and 150.9 (arom.);
methanol and the solvent was removed in vacuo. The UV (hexane) 224 (sh, log 3.59), 228 (3.58), 234 (sh,
residue was worked up using hexane and aqueoyS®a  3.53), 269 (2.22), and 278 nm (2.10); IR (KBr) 2231,
and the organic phase was dried over MgSRemoval of 1415, 1371, 1020, and 739 ¢th MS (70 eV) m/z (rel
the solvent gave 1.33 g (92%) thba intensity) 348 (M +2; 18), 346 (M"; 18), 333
(M*—Me+2; 100), 331 (M —Me; 100), and 57 t(Bu™;
10a Colorless crystals, mp 62-85; 'H NMR (200 MHz, 30). Found: m/z 346.1056. Calcd for €H,3BrNo: M,
CDCl3) 6 1.32 (9H, st-Bu), 1.76 (12H, s, CMg, 3.12 (6H, 346.1044.
s, OMe), and 7.43 (2H, s, aromC{*H} NMR (50 MHz,
CDCly) 6 27.5 (QVie;0), 31.2 (QVes), 34.6 (CMe3), 50.5 2-Bromo-5+-butyl-1,3-bis(1-formyl-1-methylethyl)benzene
(OMe), 79.6 CMey0), 117.9 (arom., CBr), 125.3 (arom., (18). To a solution ofl7 (4.24 g, 12.2 mmol) in benzene
CH), 143.8 (arom.), and 148.9 (arom.); IR (KBr) 1477, (260 mL) was added 30.3 mmol of diisobutylaluminum
1396, 1375, 1360, 1171, 1068, 1012, 879, 850, and hydride (1.01 M solution in toluene) and the resulting
748 cmi't; MS (70 eV) mvz (rel intensity) 358 (M +2; mixture was stirred at ambient temperature for 4 h. The
11), 356 (M"; 11), 343 (M'—Me+2; 100), 341  resulting mixture was cooled using an ice-bath and 5%
(M"—Me; 99), 247 (M —Br-OMe+1; 27), 72 aqueous sulfuric acid was added to the mixture. After
(CMe,OMe™; 55), and 57 #Bu™; 17). Found: m/z being stirred for 20 min, the reaction mixture was worked
356.1354. Calcd for GH,BrO,: M, 356.1351. up using benzene and saturated aqueous NaCl. The organic
layer was dried over MgSQand the solvent was removed
2-Bromo-5+4-butyl-1,3-bis(cyanomethyl)benzene (16)To under reduced pressure to git8 (4.29 g, 99% vyield).
a mixture of 2-bromo-1,3-bis(bromomethyl)tdutylben-
zene (5 17.0g, 42.5 mmolff and 18-crown-6 (2.92g, 18 Colorless powder, mp 142.5-14%0) 'H NMR
11.0 mmol) in acetonitrile (200 mL) was added potassium (200 MHz, CDC}k) 6 1.36 (9H, s,t-Bu), 1.53 (12H, s,
cyanide (8.16 g, 125 mmol) and water (33 mL), then the CMe,), 7.42 (2H, s, arom.), and 9.78 (2H, s, CHO);
resulting mixture was refluxed for 3.5h. The reaction “C{'H} NMR (50 MHz, CDCl) & 23.8 (QMe,), 31.2
mixture was extracted with ether and saturated aqueous(CMes), 35.0 CMes), 52.7 CMe,), 121.6 (arom., CBr),
NaCl, and then the organic layer was dried over MgSO 125.3 (arom., CH), 143.5 (arom.), 150.9 (arom.), and
The solvent was removed in vacuo and the residue was203.0 (CHO); UV (hexane) 223 (sh, leg 4.02), 232
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(3.79), 267 (2.54), 280 (2.39), and 306 nm (2.07); IR
(KBr) 2962, 2803, 2705, 1722, 1587, 1469, 1389, and
1016 cm Y, MS (70 eV) vz (rel intensity) 352 (M; 0.2),
323 (M"—CHO; 5), 273 (M —Br; 37), and 57 £Bu™;
100).

2-Bromo-5+-butyl-1,3-bis(2-hydroxy-1,1-dimethylethyl)-
benzene (19) A THF (80 mL) solution of 18 (1.61 g,

M. Yoshifuji et al. / Tetrahedron 56 (2000) 43-55

15% vyield, indicating that the second methylation
proceeded slowly.

10b: Colorless oil;'H NMR (200 MHz, CDC}) 6 1.33 (9H,
s,t-Bu), 1.58 (12H, s, CMg, 3.35 (6H, s, OMe), 3.79 (4H,
s, CHy), and 7.37 (2H, s, arom.}?C{*H} NMR (50 MHz,
CDCly) § 26.2 ((Me,), 31.3 (QVley), 34.6 CMey), 42.7
(CMey), 59.0 (s, OMe), 81.1 (CH, 121.3 (arom., CBr),

4.50 mmol) was added dropwise to a suspension of 125.5 (arom., CH), 145.4 (arom.), and 148.2 (arom.); UV

LIAIH 4 (473 mg, 12.5mmol) in THF (10 mL) at°QC.

(hexane) 233 nm (sh, log 3.90); IR (neat) 1590, 1479,

Then the resulting mixture was stirred at room temperature 1462, 1392, 1363, 1198, 1109, 1012, 966, and 736%cm

for 1.5 h and treated with MeOH. The reaction mixture was

MS (70 eV) mi/z (rel intensity) 339 (M —CH,OMe; 12),

extracted with ether, washed with saturated aqueous NaCl,305 (M —Br; 28), 245 (M"—Br—20Me+2; 9), and 57

and then the organic layer was dried over MgS®he

Bu™; 100) (molecular ion peak was not observed in the mass

solvent was removed in vacuo, then the residue was treatedspectrum).

with column chromatography (SHICHCIl;—Et,0) to afford
1.10 g (68%) of19.

19: Colorless powder, mp 210.5-2135 (hexane);'H
NMR (200 MHz, CDC}) 6 1.32 (9H, s,t-Bu), 1.42 (2H,
br. s, OH), 1.57 ngH, s, CMg 4.10 (4H, s, CH), and 7.45
(2H, s, arom.);*C{*H} NMR (50 MHz, CDCl;) 6 26.7
(CMey), 31.2 ((Me3), 34.9 CMes), 44.0 CMey), 69.9
(CHp), 120.8 (arom., CBr), 126.5 (arom., CH), 144.4
(arom.), and 148.7 (arom.); UV (CBl,) 235nm (sh,
loge 3.74); IR (KBr) 3330, 2958, 2881, 1475, 1411,
1394, 1363, and 1031 cm; MS (70 eV)nmvz (rel intensity)
307 (M"—Me-20H; 10), 276 (M—Br—1; 5), 267
(M*—t-Bu—20H; 7), 259 (M —Br-OH-1; 27), 245
(M*—Br—20H; 55), and 57tBu™; 100) (molecular ion
peak was not observed in the mass spectrum).

2-Bromo-54-butyl-1,3-bis(2-methoxy-1,1-dimethylethyl)-
benzene (10b). Method AA THF (25 mL) solution of19
(1.12 g, 3.14 mmol) was added to ca. 9.9 mmol of sodium
hydride at OC and the resulting mixture was stirred for
15min at OC. To this suspension was added 1.2 mL
(19 mmol) of iodomethane atG and the reaction mixture

20: Colorless oil;"'H NMR (200 MHz, CDC}) 6 1.32 (9H, s,
t-Bu), 1.57 (12H, s, CMg, 3.35 (3H, s, OMe), 3.78 (2H, s,
CH,OMe), 4.10 (2H, s, €,0H), 7.40 (1H, d Jy=2.5 Hz,
arom.), and 7.41 (1H, d¥Ju4=2.5Hz, arom.);**C{*H}
NMR (50 MHz, CDCkE) & 26.3 (QVie,CH,OH), 26.7
(CMe,CH,OMe), 31.3 (Mey), 34.8 (CMes), 42.7
(CMe,CH,OH), 44.0 CMe,CH,OMe), 59.0 (s, OMe),
70.0 (CHOH), 81.1 CH,OMe), 121.0 (arom., CBr),
125.9 (arom., CH), 126.2 (arom., CH), 144.2 (arom.)
145.6 (arom.), and 148.5 (arom.); UV (hexane) 235 nm
(sh, loge 3.62); IR (neat) 3432, 2964, 2873, 1590, 1477,
1461, 1392, 1363, 1108, 1041, 1012, 879, and 736%cm
MS (70 eV) m/z (rel intensity) 339 (M —OMe; 2), 291
(M*—Br; 3), 259 (M"—Br—OMe—1; 45), 245 (M —Br—
OMe—-OH+2; 67), and 57ttBu™; 100) (molecular ion peak
was not observed in the mass spectrum).

2-Bromo-5+4-butyl-1,3-bis(1,1-dimethyl-2-propenyl)ben-
zene (21) To a solution of methyltriphenylphosphonium
bromide (7.80 g, 21.8 mmol) in THF (60 mL) was added
22.0 mmol of sodium bis(trimethylsilyl)amide (1.00 M
solution in THF) and the resulting mixture was heated to

was stirred for 6 h at ambient temperature. Then the mixture reflux for 3 h. Then the reaction mixture was cooled to room
was treated with methanol and the solvent was evaporatedtemperature, and to this mixture was added a THF (50 mL)
The residue was worked up using hexane and aqueoussolution of18. The resulting mixture was stirred at ambient
NaHSQ, and the organic layer was dried over MgSO  temperature for 2 h. Then the reaction was quenched by
The solvent was removed under reduced pressure to giveaddition of water. The mixture was extracted with ether
1.13 g (93%) of10b. and the organic phase was dried over MgSénd the
solvent was removed in vacuo. The residue was treated
Method B: To a solution 0fl9(180.3 mg, 0.505 mmol) and  with column chromatography (Sihexane—CHG) to
benzyltriethylammonium chloride (3.2 mg, 0.014 mmol) in give 2.03 g (91%) oR1
benzene (45 mL) was added 50% aqueous NaOH (2.0 mL)
and the reaction mixture was vigorously stirred for 30 min. 21: Colorless oil;'H NMR (200 MHz, CDC}) & 1.34 (9H,
Then the mixture was cooled over an ice-bath and 1.15 mL s,t-Bu), 1.60 (12H, s, CMg, 4.91 (2H, dd3J=17.6 Hz and
(12.1 mmol) of dimethyl sulfate was added. After being 2J=0.8 Hz, CH), 5.00 (2H, dd3J=10.6 Hz and®J=0.8 Hz,
stirred for 6 h, the reaction mixture was treated with 29% CH,), 6.24 (2H, dd, %J=17.6 Hz and 3J=10.6 Hz,
aqueous ammonia, and the resulting mixture was stirred atCH=CH,), and 7.43 (2H, s, arom.)*C{*H} NMR
room temperature for 30 min. Then the mixture was (50 MHz, CDCL) & 29.7 (QMey), 31.3 (Me3), 34.9
extracted with benzene, the organic phase was dried over(CMes), 44.1 CMe,), 110.7 (CH), 122.4 (arom., CBr),
MgSQ,, and the solvent was removed in vacuo. The 124.0 (arom., CH), 147.6 (arom.), 148.5 (arom.), and
residue was treated with column chromatography ¢5i0 148.8 CH=CH,); UV (hexane) 240 (log 3.62) and
CHCI,) to give 6.4 mg (3%) oflOb, 110.3 mg (59%) of 266 nm (2.47); IR (neat) 3082, 2966, 1633, 1465, 1408,
2-bromo-5t-butyl-1-(2-hydroxy-1,1-dimethylethyl)-3-(2- 1362, 1173, 1016, 989, 903, 879, 742, and 676 tnVS
methoxy-1,1-dimethylethyl)benzene20Qj, and 49.2 mg (70 eV) m/z (rel intensity) 350 (M +2; 39), 348 (M'; 38),
(27% recovery) of the startin@9. Attempted reaction of 335 (M"—Me+2; 49), 333 (M"'—Me; 48), and 57tBu™;
the isolated20 with dimethyl sulfate under similar con- 100). Found: nVz 348.1455. Calcd for &H,oBr: M,
ditions with longer reaction time (1 day) gad®b in only 348.1453.
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2-Bromo-5+-butyl-1,3-bis(3-hydroxy-1,1-dimethylpropyl)-
benzene (22) To a THF (25 mL) solution 021 (199 mg,
0.570 mmol) was added 3.40 mmol of borane—THF
complex (1.0 M solution in THF) at®C, and the reaction
mixture was stirred at room temperature for 45 min. The
resulting solution was cooled to°@©, and the reaction
was quenched by addition of water. Aqueous NaOH
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residue was extracted with hexane. The organic phase was
dried over MgSQ, and the solvent was removed to give
2.16 g (99%) ofi0c

10c Colorless crystals, mp 42-43; *H NMR (200 MHz,
CDCls) 6 1.31 (9H, st-Bu), 1.58 (12H, s, CM4), 2.40 (4H,
t, 3J=7.5 Hz, H,CH,0), 3.11 (4H, t,%J=7.5 Hz, CHO),

(5.46 mmol), 30% aqueous hydrogen peroxide (5.3 mmol) 3.19 (6H, s, OMe), and 7.33 (2H, s, arom:3c{*H} NMR

were added successively to the reaction mixtur€@t and

(50 MHz, CDCk) & 30.4 (QMley), 31.2 (QVe,), 34.8

the resulting mixture was stirred at room temperature for (CMej3), 39.4 CH,CH,0), 40.3 CMe,), 58.4 (OMe), 70.5
3 h. Then the reaction mixture was extracted with ether, the (CH,O), 121.6 (arom., CBr), 124.8 (arom., CH), 146.1

organic phase was dried over MgG@nd the solvent was

(arom.), and 148.3 (arom.); IR (neat) 1589, 1477, 1462,

removed under reduced pressure. The residue was treated387, 1363, 1205, 1119, 1012, 966, and 879 §mMS

with column chromatography (SHE,O) to give 157.6 mg
(72%) of22 and 52.8 mg (24%) of 2-bromo+#sbutyl-1-(2-
hydroxy-1,1-dimethylpropyl)-3-(3-hydroxy-1,1-dimethyl-
propyl)benzene?3).

22: Colorless plates, mp 123-125 'H NMR (200 MHz,
CDCly) & 1.30 (9H, st-Bu), 1.39 (2H, br. s, OH), 1.58 (12H,
s, CMe), 2.42 (4H, t,%=7.5 Hz, (H,CH,0), 3.41 (4H, t,
3)=7.5 Hz, CHO), and 7.33 (2H, s, arom.}C{*H} NMR
(50 MHz, CDCk) & 30.5 (QMle,), 31.2 (QMes), 34.8
(CMes), 40.3 CMe,), 42.5 CH,CH,0), 60.4 (CHO),

(70 eV) miz (rel intensity) 414 (M +2; 0.4), 412 (M';
0.4), 275 (M'—Br—t-Bu—1; 52), 243 (M —Br—t-Bu—
OMe—2; 81), and 57 Bu™; 100). Found:m/z 412.1981.
Calcd for G,Ha7BrO,: M, 412.1977.

General procedure for the lithiation of the bromo-
benzenes 10a-cTo a solution of 10 (0.08 mmol) in
THF (3mL) was added 0.09 mmol of butyllithium
(1.54M in hexane) at room temperature (fbOab) or

at —78C (for 109 and the resulting mixture was further
stirred at those temperatures for 20 min. Then the reac-

121.5 (arom., CBr), 124.8 (arom., CH), 146.1 (arom.), and tion was quenched by addition of water. The reaction

148.7 (arom.); IR (neat) 3292, 2960, 2927, 2871, 1591,

mixture was extracted using ether and the organic phase

1479, 1463, 1404, 1385, 1363, 1061, 1039, 1028, 1014,was dried over MgS® Removal of the solvent afforded

985, 879, 775, and 740 cm; MS (70 eV)m/z (rel intensity)
339 (M"—CH,CH,OH; 0.3), 259 (M —Br-CH,
CH,0OH-1; 17), 219 (M —Br—CMe,CH,CH,OH+1; 42),
and 57 {-Bu™; 100) (molecular ion peak was not observed

25.

25a(96% yield): Colorless oil'H NMR (200 MHz, CDC})
6 1.34 (9H, s,t-Bu), 1.54 (12H, s, CMg, 3.07 (6H, s,

in the mass spectrum). Found: C, 62.55; H, 8.57%. Calcd for OMe), 7.24 (1H, t,“J=1.6 Hz, arom.), and 7.32 (2H, d,

C,oH33BrO,: C, 62.33; H, 8.63%.

23: Colorless crystals, mp 148—149 *H NMR (200 MHz,
CDCly) & 1.06 (3H, d,3J=6.4 Hz, CHVle), 1.30 (9H, s,
t-Bu), 1.54 (3H, s, CMg, 1.57 (3H, s, CMg), 1.58 (6H,
s, CMe), 2.33-2.49 (2H, m, €,CH,0), 3.41 (2H, t,
3)=7.5Hz, CHO), 5.20 (1H, q,3J=6.4 Hz, tHMe), 7.35
(1H, d, *J=2.4 Hz, arom.), and 7.40 (1H, d)=2.4 Hz,
arom.); *C{*H} NMR (50 MHz, CDCl;) 6 17.6 (CHVe),
24.4 ((Mey), 30.4 (QVle,), 30.6 ((Mey), 31.2 ((Me,), 34.8
(CMe;), 40.2 (CMeCH,), 42.6 CH,CH,0), 46.6
(CMe,CO), 60.6 (CHO), 69.4 CHMe), 120.9 (arom.,
CBr), 125.1 (arom., CH), 126.0 (arom., CH), 145.9

(arom.), 146.4 (arom.), and 148.6 (arom.); IR (neat) 3325,

4J=1.6 Hz, arom.);®*C{*H} NMR (50 MHz, CDCly) &
28.1 (Mey), 31.5 (QMey), 34.8 CMey), 50.5 (OMe), 77.1
(CMe,), 120.3 (arom., CH), 121.1 (arom., CH), 145.1
(arom.), and 150.7 (arom.); IR (neat) 1599, 1462, 1435,
1377, 1362, 1242, 1173, 1076, 877, 816, 760, and
719cm*; MS (70 eV) mz (rel intensity) 278 (M 3),
263 (M"—Me; 100), and 247 (M—OMe; 10). Found:
m/z 278.2246. Calcd for GH300,: M, 278.2246.

25b(92% yield): Colorless oil'H NMR (200 MHz, CDC})
8 1.33 (9H, s,t-Bu), 1.34 (12H, s, CMg, 3.33 (6H, s,
OMe), 3.40 (4H, s, CH), 7.22 (1H, t,*J=1.7 Hz, arom.),
and 7.30 (2H, d,*J=1.7 Hz, arom.); ®°C{*H} NMR
(50 MHz, CDCL) & 26.1 (QMley), 31.5 ((Me;), 34.9

2966, 2929, 2879, 1475, 1458, 1412, 1402, 1392, 1362,(CMes), 39.3 CMe,), 59.3 (OMe), 82.9 (Ch), 120.6
1311, 1149, 1095, 1068, 1059, 1030, 1012, 901, 881, 744, (arom., CH), 120.7 (arom., CH), 146.4 (arom.), and 149.9

and 636cmY MS (70eV) m/z (rel intensity) 368
(M*—OH+1; 0.3), 366 (M —OH-1; 0.3), 341
(M*—CH(OH)Me+2; 3), 339 (M"—CH(OH)Me; 2), and
261 (M"—CH(OH)Me—Br; 100) (molecular ion peak was
not observed in the mass spectrum).

2-Bromo-5+-butyl-1,3-bis(3-methoxy-1,1-dimethylpropyl)-
benzene (10c)A THF (100 mL) solution of22 (2.02 g,
5.24 mmol) was added to sodium hydride (31 mmol) at
0°C over a 15-min period. The resulting mixture was stirred
at 0°C for 5 min, and to this mixture was added 32.1 mmol
of iodomethane at®C. The reaction mixture was warmed to

(arom.); IR (neat% 1597, 1477, 1456, 1362, 1194, 1111, 964,
874, and 714 cm*; MS (70 eV)mvz (rel intensity) 306 (M ;

8), 261 (M'—CH,0OMe; 100), 215 (M —2CH,0OMe—1;
11), and 57 #Bu™; 11). Found:m/z 306.2558. Calcd for
CyoH340,: M, 306.2559.

25c(97% vyield): Colorless oil*H NMR (200 MHz, CDC})
5 1.33 (9H, s,t-Bu), 1.35 (12H, s, CMg, 1.94 (4H, t,
3)=7.8 Hz, (H,CH,0), 3.20 (4H, t,3J=7.8 Hz, CHO),
3.24 (6H, s, OMe), 7.14 (1H, tXJ=1.7 Hz, arom.), and
7.20 (2H, d,*J=1.7 Hz, arom.);**C{*H} NMR (50 MHz,
CDCly) & 29.3 (QMe), 31.5 (QVley), 34.9 CMey), 36.8

room temperature and stirred for 72 h. Appropriate amount (CMe,), 43.4 CH,CH,O), 58.4 (OMe), 70.1 (CLD),
of methanol was added to the mixture in order to quench the 119.8 (arom., CH), 120.1 (arom., CH), 147.8 (arom.), and
unreacted NaH. Then the solvent was evaporated and thel50.1 (arom.); IR (neat) 1597, 1460, 1363, 1117, and
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715 cmi & MS (70 eV)mvz (rel intensity) 334 (M'; 20) and
276 (M"—t-Bu”—1; 100). Foundnvz 334.2865. Calcd for
CyoH350,: M, 334.2872.

Attempted preparation of the phosphonous dichlorides
26a,h To a solution of bromobenzen&Oa (39.4 mg,
0.120 mmol) in THF (4 mL) was added 0.123 mmol of
butyllithium at room temperature and the resulting solution
was stirred for 10 min. The solution was cooled t€@nd
0.287 mmol of PG was added. Then the reaction mixture
was warmed to room temperature. Formation of the cyclized
product27awas observed by'"P NMR spectroscopy. To this

solution was added 1.0 mL of methanol at room temperature
and the solvent was evaporated. The residue was worked.,
up with hexane and saturated aqueous NaCl, the organic

phase was dried over Mg30Oand the solvent was
removed in vacuo. Chromatographic treatment of the
residue afforded 8.3 mg (24%) of t3utyl-3,3-dimethyl-
7-(1-methoxy-1-methylethyl)-2-oxa-1-phosphaindan 1-oxide
(293). Similarly, 6+-butyl-4,4-dimethyl-8-(2-methoxy-1,1-
dimethylethyl)-2-oxa-1-phospha-1,2,3,4-tetrahydronaphth-
alene 1-oxide49b) was obtained froni0b in 41% yield.

29a Colorless crystals, mp 139-142 'H NMR
(200 MHz, CDC}) & 1.35 (9H, s,t-Bu), 1.60 (3H, s,
CMeOP), 1.61 (6H, s, @®eOMe), 1.75 (3H, s,
CMe,OP), 3.43 (3H, s, OMe), 7.13 (1H, pseuddilp=
“Ja=1.5Hz, arom.), 7.29 (1H, dd,*Jp=5.5Hz,
4Jaw=1.5Hz, arom.), and 7.96 (1H, dJp=631.8 Hz,
PH); 3c{*H} NMR (50 MHz, CDCly) & 24.1 (s, Mey),
28.6 (s, ®Mey), 30.5 (d, Jpc=4.0Hz, QVle,), 31.1 (s,
CMe,), 31.2 (s, ®le3), 35.3 (d,Jpc=0.7 Hz, CMe3), 49.4
(s, OMe), 77.8 (dJpc=1.0 Hz,CMe,), 87.0 (d,Jp=0.8 Hz,
CMe,), 116.9 (d, Jp=13.2 Hz, arom., CH), 121.1 (d,
Jp=126.6 Hz, arom., CP), 121.7 (dpc=10.4 Hz, arom.,
CH), 151.6 (dJpc=7.7 Hz, arom.), 154.3 (dlpc=20.9 Hz,
arom.), and 157.5 (d,Jpc=2.6 Hz, arom.); *'PNMR
(81 MHz, CDCL) & 34.6 (d, “Jp=632.9 Hz); IR (KBr)
2393, 1603, 1460, 1383, 1363, 1240, 1223, 1066, 980,
881, 773, and 557 cit; MS (70 eV) mVz (rel intensity)
310 (M'; 3), 295 (M"—Me; 65), 280 (M"'—2Me; 100),
and 263 (M'—Me—-OMe-1; 80). Found:nvz 310.1718.
Calcd for G/H,;05P: M, 310.1698.

29b: Colorless oil,"H NMR (200 MHz, CDC}) & 1.32 (9H,
s,t-Bu), 1.34 (3H, s, CMg, 1.40 (3H, s, CMg), 1.60 (3H, s,
CMe,), 1.61 (3H, s, CMg), 3.34 (3H, s, OMe), 3.60 (1H, d,
2314=10.2 Hz, G4,0Me), 3.97 (1H, dd3Jp=15.1 Hz and
2)4u=11.3 Hz, CHOP), 4.01 (1H, d, %J44=10.2 Hz,
CH,OMe), 4.30 (1H, dd, %Jp=139Hz and
2344=11.3 Hz, CHOP), 7.34 (1H, dd,*Jp;=3.6 Hz and
4Ja=1.8 Hz, arom.), 7.49 (1H, dd}Jpy=5.0 Hz and
“Jan=1.8 Hz, arom.), and 7.68 (1H, d'Jp=586.5 Hz,
PH); 3c{*H} NMR (50 MHz, CDCly) & 26.9 (s, Mey),
28.0 (s, ®MMey), 28.2 (s, MMey), 28.6 (s, Bley), 30.9 (s,
CMe,), 35.1 (s,CMejy), 37.7 (d,%Jpoc=4.6 Hz,CMe,), 43.1
(d, “Jpc=1.9Hz, CMe;), 59.0 (s, OMe), 711 (d,
Jpoc=5.7 Hz, CHOP), 82.1 (s, CH,OMe), 121.7 (d,
Jp=111.4Hz, arom., CP), 121.8 (d3Jp,=10.0Hz,
arom., CH), 124.8 gd?JpC=12.6 Hz, arom., CH), 151.2 (s,
arom.), 151.3 (d,“Jpc=4.9 Hz, arom.), and 154.9 (d,
2Joc=2.7 Hz, arom.);3PNMR (81 MHz, CDC}) & 22.3
(d, Y3p=585.0 Hz); IR (neat) 1726, 1601, 1473, 1396,
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1365, 1238, 1232, 1106, 1010, 941, 821, and 756tm
MS (70eV) mvz (rel intensity) 338 (M; 6), 323

(M"—Me; 11), 306 (M —OMe-1; 5), 293

(M*—CH,OMe; 31), and 57 tBu™; 100). Found:mz

338.2012. Calcd for ¢gH3,05P: M, 338.2011.

Formation of [4-t-Butyl-2,6-bis(3-methoxy-1,1-dimethyl-
propyl)phenyl]phosphonous dichloride (26c) To a
solution of 10c (33.6 mg, 0.0813 mmol) in THF (5 mL)
was added 0.0882 mmol of butyllithium (1.47 M in hexane)
at —78C, and the resulting solution was stirred at that
temperature  for 20 min.  Phosphorus trichloride
(0.138 mmol) was added to the solution and the resulting
ixture was stirred at-78C for 20 min. Aliquots of the
reaction mixture were occasionally removed and analyzed
by **P NMR spectroscopy and a signal du@6z[6p (THF—
Ce¢Dg)=152.7] was observed as a single product. The
reaction mixture was stirred for an additional hour. Triethyl-
amine (0.10 mL) and methanol (0.80 mL) were added to the
solution and the resulting mixture was warmed to room
temperature 3P NMR spectrum of the reaction mixture
indicated the formation 080. The solvent was removed
in vacuo and the residue was worked up using ether and
saturated aqueous NaCl, dried over MgS@nd the
solvent was evaporated. Chromatographic treatment of
the residue afforded 13.9 mg (39%) of dimethylt{Butyl-
2,6-bis(3-methoxy-1,1-dimethylpropyl)phenyl]phosphonate
(3.

31: Colorless crystals, mp 68—7; *H NMR (200 MHz,
CDCly) 6 1.29 (9H, sf-Bu), 1.56 (12H, s, CMg, 2.02 (4H,
t, 3\]HH27-6 Hz, Q"zCHzO), 2.92 (4H, t, 3JHH:7.6 Hz,
CH,0), 3.16 (6H, s, OMe), 3.55 (6H, fJp=11.0 Hz,
POMe), and 7.39 (2H, d¥Jp=5.1 Hz, arom.);*C{*H}
NMR (50 MHz, CDC}) & 30.2 (s, Q/ey), 30.9 (s, Gley),
34.6 (d,°Jp=1.5 Hz,CMey), 41.7 (d,3Jp=3.8 Hz,CMe,),
47.3 (s,CH,CH,0), 52.2 (d,Jpc=7.2 Hz, POMe), 58.4 (s,
CH,OMe), 69.7 (s, CHO), 120.5 (d,"Jpc=99.9 Hz, arom.,
CP), 123.5 (d,3Jp=15.6 Hz, arom., CH), 152.7 (d,
“Jpc=4.2 Hz, arom.), and 157.0 (dJ-c=8.8 Hz, arom.);
31p{’H} NMR (81 MHz, CDCly) & 23.3; IR (KBr) 1591,
1460, 1394, 1362, 1232, 1207, 1173, 1122, 1061, 1047,
1020, 829, 762, and 638 ¢t MS (70 eV)m/z (rel inten-
sity) 442 (M*; 0.1), 427 (M'—Me; 1), 411 (M —OMe; 2),
397 (M"—CH,OMe; 2), 384 (M —CH,CH,OMe+1; 21),
and 275 (M —t-Bu—P(0)(OMe)—1; 100).

Preparation of the ethyl phosphinates 33a,b To a
solution of bromobenzendOa in THF (25 mL) was
added 1.62 mmol of butyllithium at room temperature,
and the resulting solution was stirred for 10 min. Then
the solution was cooled to°G, and 6.18 mmol of
diethyl phosphorochloridite was added to the solution.
The resulting mixture was stirred at room temperature
for 1 h. The solvent was removed under reduced pressure,
the residue was worked up using hexane and water, the
organic phase was dried over Mgg@nd the solvent was
evaporated. Chromatographic treatment of the residue
afforded 331.4 mg (63%) of ethyl [#butyl-2,6-bis(1-meth-
oxy-1-methylethyl)phenyl]phosphinate33g). Compound
33bwas obtained fromi0b by a similar procedure in 45%
yield.
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33a Colorless oil;"H NMR (200 MHz, CDC}) & 1.30 (9H,
s,t-Bu), 1.37 (3H, t3J,,=7.0 Hz, CHMe), 1.65 (12H, br. s,
CMe,), 3.28 (6H, s, OMe), 3.9-4.3 (2H, mHzMe), 7.24
(2H, d, “Jor=4.4Hz, arom.), and 7.92 (1H,
Jpr=585.1 Hz, PH);**C{*H} NMR (50 MHz, CDCl;) &
16.2 (d, 3Jpc=7.7 Hz, CHMe), 27.9 (s, ®ley), 28.6 (s,
CMey), 30.9 (s, ®les), 34.6 (s,CMes), 49.6 (s, OMe),
62.6 (d,%Jpc=4.8 Hz, CH), 79.1 (d,3Jpc=3.1 Hz,CMe,),
122.7 (d, %Jp=12.6Hz, arom., CH), 1243 (d,
13,=138.8 Hz, arom., CP), 152.6 (d?Jp=8.8 Hz,
arom.), and 153.6 (d,*Jo=3.0 Hz, arom.); *PNMR
(81 MHz, CDCL) & 23.3 (d, 1Jp=585.3 Hz); IR (neat)
2447, 1603, 1464, 1381, 1362, 1190, 1211, 1171, 1068,
1020, 935, 879, 781, 752, and 623 cmMMS (70 eV)mz

(rel intensity) 370 (M; 2), 369 (M"—1; 10), 338
(M*—OMe—1; 100), 309 (M —20Me+1; 96), and 295
(M*—OMe-OEt+1; 84). Foundnvz 370.2254. Calcd for
CooH3:04P: M, 370.2273.

dl

33hb: Colorless oil:'H NMR (200 MHz, CDC}) 6 1.31 (9H,
s, t-Bu), 1.33 (3H, t,%3,=7.0 Hz, CHMe), 1.56 (6H, s,
CMe,), 1.58 (6H, s, CMg), 3.34 (6H, s, OMe), 3.60 (2H, d,
2)uu=9.3Hz, H,0Me), 3.64 (2H, d, 2Jy4=9.3 Hz,
CH,OMe), 3.9-4.2 (2H, m, 8,Me), 7.50 (2H, d,
“Jpr=4.5Hz, arom.), and 8.11 (1H, d'Jp=569.1 Hz,
PH); “C{H} NMR (50 MHz, CDCl) & 15.7 (d,
3Jo=7.1Hz, CHMe), 29.0 (d, “Jp=11.2 Hz, QVe,),
30.9 (s, BMey), 34.9 (d, °Jp=1.1 Hz, CMey), 42.8 (d,
3Jpc=4.2 Hz,CMe,), 58.9 (s, OMe), 62.3 (d’Jp=6.1 Hz,
CH,Me), 82.9 (sCH,OMe), 124.8 (d3Jp=13.5 Hz, arom.,
CH), 126.0 (d, 'Jpc=127.0 Hz, arom., CP), 152.6 (d,
2Jpoc=9.2 Hz, arom.), and 152.7 (dJp=3.3 Hz, arom.);
%P NMR (81 MHz, CDC}) & 27.9 (d, 'J5=568.6 Hz);
IR (neat) 2466, 1599, 1461, 1396, 1363, 1222, 1108,
1025, 944, 750, and 619 ¢y MS (70 eV)m/z (rel inten-
sity) 398 (M'; 3), 383 (M"—Me; 6), 353 (M —OEt; 34),
261 (M"—P(O)H(OEt)—-CHOMe+1; 100), and 57tBu™;
41). Found: m/z 398.2586. Calcd for &H3gO,P: M,
398.2586.

Preparation of the phosphines 34a—cA THF (5 mL) solu-
tion of the phosphinat&3a (52.0 mg, 0.140 mmol) was
added to 0.261 mmol of LiAlg at CC and the resulting
mixture was stirred for 1 h. An appropriate amount of

methanol was added to the mixture and the solvent was
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PH), and 7.16 (2H, d,"Jp=2.2 Hz, arom.); **C{*H}
NMR (50 MHz, CDC}) & 28.3 (s, ®ey), 31.2 (s, Bley),
34.4 (s, CMes), 50.3 (d, Jp=5.4 Hz, OMe), 80.0 (d,
3Jpc=1.9 Hz, CMe,), 122.8 (d,3Jpc=1.0 Hz, arom., CH),
126.2 (d, 'Jpc=27.5Hz, arom. CP), 148.1 (d,
2Jpc=4.2 Hz, arom.), and 149.0 (d‘,]pczl.l Hz, arom.);
3P NMR (81 MHz, CDC}) 6 —129.1 (t,%Jp=216.6 Hz);
IR (KBr) 2355, 2339, 1598, 1462, 1415, 1377, 1360, 1240,
1182, 1169, 1068, 877, 847, 816, 735, and 606 LnVS
(70 eV)mvz (rel intensity) 310 (M; 4), 278 (M —PH,+1;
100), and 263 (M—PH,—Me+1; 85). Found: nmz
310.2051. Calcd for GH3,0.P: M, 310.2062.

1,2-Bis[41-butyl-2,6-bis(3-methoxy-1,1-dimethylpropyl)-
phenyl]ldiphosphene (35c) Phosphonous dichlorid@6c
was prepared from 201.2 mg (0.487 mmol) of the bromo-
benzenelOcby a method described above, then the solvent
and unreacted Pglwas removed under reduced pressure.
THF (20 mL) was added to the residue and the solution was
cooled to—78C. To the solution was added 1.0 mmol of
lithium naphthalenide at the same temperature and the
resulting mixture was stirred for 30 min. Then the reaction
mixture was warmed to room temperature, and the solvent
was removed in vacuo. Hexane was added to the residue, the
insoluble material was removed by filtration, and the solvent
was evaporated. Chromatographic treatment,@4hex-
ane—benzene) of the residue afforded 6.9 mg (4%) of the
diphosphen&5c

35c Yellow crystals, mp 116—1FT (decomp);'H NMR
(200 MHz, CDC}) 6 1.35 (18H, s,t-Bu), 1.47 (24H, s,
CMe,), 2.10 (8H, t,2Ju=7.3 Hz, (H,CH,0), 3.06 (8H, t,
234u=7.3 Hz, CHO), 3.17 (12H, s, OMe), and 7.33 (4H, br.
s, arom.);**c{*H} NMR (50 MHz, CDCly) 6 31.2 ((Mey),
32.6 ((Me,), 34.6 CMes), 40.4 CMey), 44.9 CH,CH,0),
58.4 (OMe), 70.0 (CkD), 122.6 (arom., CH), 138.4 (arom.,
CP), 149.4 (arom.), and 152.1 (arom3P{*H} NMR
(81 MHz, CDCE) 6 493.8; UV (hexane) 291 (log 4.0),
343 (3.6), and 466 nm (2.8); IR (neat) 1589, 1460, 1360,
1196, 1113, 962, 879, and 746 cfy FAB-MS mz (rel
intensity) 365 (M/2+1; 100), 349 (M /2—Me; 21), 333
(M*/2—0Me; 21), 306 (M/2—t-Bu—1; 52), and 274 (M/
2—2CH,OMe; 25) (molecular ion peak was not observed in
the mass spectrum).

removed in vacuo. Hexane was added to the residue andGeneral procedure for the reaction of phosphines 34a—c

insoluble materials were filtered off. Removal of the solvent

under reduced pressure followed by chromatographic treat-

ment (SiQ/CHCIy) afforded 11.7 mg (27%) of [4-butyl-
2,6-bis(1-methoxy-1-methylethyl)phenyl]phosphing4§).
[4-t-Butyl-2,6-bis(2-methoxy-1,1-dimethylethyl)phenyl]-
phosphine 34b) [8p (CDCly)=—129.4 (t,%Jp=209.3 Hz)]
was formed from33b by a similar procedure, however,
attempted isolation of34b resulted in decomposition.
Similarly, attempted isolation of [#butyl-2,6-bis(3-
methoxy-l,l-dimeth%/lpropyl)phenyl]phosphiné34(:) [6p
(CDCl3)=—-130.2 (t,"Jpy=209.2 Hz)], formed by the reac-
tion of phosphonous dichloridg6cwith LiAIH 4, resulted in
decomposition oB4c

34a Colorless crystals; mp 124—1%5(decomp)*H NMR
(200 MHz, CDC}) 6 1.30 (9H, s,t-Bu), 1.68 (12H, s,
CMe,), 3.17 (6H, s, OMe), 4.16 (2H, dJpr=216.4 Hz,

with sulfur . Phosphin@4was formed in situ by the method
described above. To a mixture of phosphidda—c
(0.17 mmol) and elemental sulfur (0.6 mg-atom) were
added successively benzene (10mL) and DBU
(0.02 mmol), then the resulting mixture was stirred at
room temperature for 1-3 days. The solvent was removed
under reduced pressure and the residue was washed with
hexane. Chromatographic treatment (SCHCI;) of the
washings afforde®8a-c.

38a (53% vyield): mp 115-11C; H NMR (200 MHz,
CDCly) & 1.34 (9H, st-Bu), 1.60 (3H, s, CMgOP), 1.67
(6H, br. s, Me,OMe), 1.74 (3H, s, CMgP), 2.39 (3H, d,
3Jp=15.8 Hz, SMe), 3.39 (3H, s, OMe), 7.09 (1H, pseudott,
4Jpr="Jyy=1.7 Hz, arom.), and 7.36 (1H, d&lJp=6.5 Hz
and*Jy=1.7 Hz, arom.);*C{*H}NMR (50 MHz, CDCl,)

8 14.5 (d, 2Jpc=4.2 Hz, SMe), 25.9 (s, Ke,), 26.9 (d,
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Jpc=1.0 Hz, QMe,), 29.5 (d,Jpc=1.6 Hz, QVle,), 30.8 (d,
Jpc=2.7 Hz, QMley), 31.1 (s, ®Mey), 35.2 (d,%Jp=1.1 Hz,
CMe;), 48.1 (s, OMe), 78.0 (d®Jpc=0.8 Hz, CMe,OMe),
87.7 (d,%Jp=4.2 Hz, CMe,0P), 117.1 (d3Jp=14.2 Hz,
arom., CH), 123.0 (®Jpc=11.4 Hz, arom., CH), 124.9 (d,
1J,c=107.2 Hz, arom., CP), 151.0 (8l.=8.4 Hz, arom.),
152.4 (d,2Jpc=23.2 Hz, arom.), and 156.7 (81p=3.1 Hz,

24), 396 (M'—S; 82), 381 (M —SMe; 83), 371 (M —t-
Bu; 55), 355 (M —t-Bu—Me—1; 93), 323 (M’ —t-Bu—
SMe—1; 93), and 57 ttBu™; 100). Found:nv/z 428.1971.
Calcd for GoHs,0,PS: M, 428.1973.

Typical procedure for the reaction of phosphines 34a—c
with selenium. Phosphing84a—c was formed in situ by the

arom.);*P{*H} NMR (81 MHz, CDCl;) 4 106.4; IR (KBr) method described above. To a mixture of phospliisa-c
1603, 1456, 1377, 1363, 1252, 1224, 1190, 1144, 1072,(0.18 mmol) and elemental selenium (0.58 mg-atom) were
1061, 947, 916, 901, 877, 847, 802, 775, 698, 611, andadded successively benzene (10mL) and a base
559 cm % MS (70 eV) m/z (rel intensity) 372 (M'; 46), (0.03 mmol), then the resulting mixture was stirred at
342 (M"—OMe+1; 12), 340 (M —S; 12), 325 room temperature for 1-3 days. The solvent was removed
(M*—SMe; 20), and 295 (M—SMe—-S+2; 100). Found: under reduced pressure and the residue was washed with
m/z 372.1345. Calcd for gH,g0,.PS: M, 372.1347. hexane. The hexane-insoluble material was removed by
filtration, and the filtrate was treated with column chromato-

38b(11% yield): Colorless oil'H NMR (600 MHz, CDC})

6 1.32 (9H, st-Bu), 1.35 (3H, s, CMg, 1.42 (3H, s, CMg),
1.75 (6H, s, CMg), 2.35 (3H, d,Jp=15.2 Hz, SMe), 3.32
(3H, s, OMe), 3.67 (1H, d?J,,=9.6 Hz, (H,OMe), 3.97
(1H, dd, 3Jp=22.5 Hz and®J,y=11.2 Hz, CHOP), 4.09
(AH, d, 2,u=9.6Hz, H,0OMe), 4.48 (1H,
dd, 3Jpy=13.9Hz and %J,,=11.2 Hz, CHOP), 7.34
(1H, dd, “Jp=4.4 Hz and*Jy,=2.0 Hz, arom.), and 7.59
(1H, dd, *Jp=6.2 Hz and*J,y=2.0 Hz, arom.);*C{*H}
NMR (150 MHz, CDC}) 6 13.8 (d, *Jpc=3.6 Hz, SMe),
27.0 (s, ey, 29.4 (s, Mey), 30.2 (s, Bley), 30.8 (s,
CMe,), 30.9 (s, ®le;), 35.1 (s, CMes), 38.1 (d,
3)o=4.6 Hz, CMe,), 44.1 (d, 3J,=2.3 Hz, CMe,), 59.0
(s, OMe), 72.6 (d,%Jpc=8.5Hz, CHOP), 82.6 (s,
CH,OMe), 123.1 (d,2Jo=11.0 Hz, arom., CH), 126.1 (d,
13,=91.6 Hz, arom., CP), 126.9 (dJpc=13.9 Hz, arom.,
CH), 151.1 (d, %Jpc=12.5Hz, arom.), 151.2 (d,
23p=6.7 Hz, arom.), and 154.3 (dJp=3.2 Hz, arom.);
3p{'H}INMR (81 MHz, CDCl;) 6 97.4; IR (neat) 1600,
1469, 1107, 1041, 812, 701, and 684¢mMS (70 eV)
m/z (rel intensity) 400 (M; 0.4), 385 (M"—Me; 10), 367
(M*=S; 7), 353 (M —SMe; 100), 321 (M —SMe-S; 11),
and 57 {-Bu™; 17). Found:m/z 400.1666. Calcd for
CooH340,PS: M, 400.1660.

38¢(26% yield): Colorless oil*H NMR (600 MHz, CDC})
8 1.17 (3H, s, CMg), 1.30 (9H, s,t-Bu), 1.59 (1H, m,
CH,CH,0), 1.62 (3H, s, CMg, 1.62 (3H, s, CMg), 1.84
(3H, s, CMg), 1.91 (3H, d,*Jp=15.3 Hz, SMe), 2.18 (1H,
m, CH,CH,0), 2.39 (1H, m, ®,CH,0), 2.91 (1H, m,
CH,0), 3.03 (1H, m, CHO), 3.11 (1H, m, E,CH,0),
3.17 (3H, s, MeO), 4.19 (1H, m, GBP), 4.70 (1H, m,
CH,OP), 7.31 (1H, dd,*Jp=4.5 Hz and “Jy,=2.1 Hz,
arom.), and 7.36 (1H, dd'Jp=5.9 Hz and*Jy=2.1 Hz,
arom.); ®°C{*H} NMR (150 MHz, CDCk) & 13.5 (d,
2Joc=4.5 Hz, SMe), 27.6 (s, Key), 30.9 (s, Bley), 32.4
(d, *Jp=6.2 Hz, QMle,), 34.7 (d, *Jp=1.4 Hz, CMey),
37.2 (s, Mey), 39.9 (d, 3Jp=2.6 Hz, CH,CH,OP), 42.1
(d, 3Jpc=3.2 Hz, CMe,), 42.6 (d, %Jo=2.6 Hz, CMe,),
459 (s, CH,CH,OMe), 58.4 (s, OMe), 63.9 (d,
2Jo=6.5Hz, CHOP), 70.0 (s, CH,OMe), 123.1 (d,
3Jo=13.3 Hz, arom., CH), 125.2 (dJo=14.9 Hz, arom.,
CH), 131.9 (d, “Jpc=99.3 Hz, arom., CP), 152.3 (d,
4Jpc=4.5 Hz, arom.), 154.1 (FJp=11.8 Hz, arom.), and
157.6 (d,%Joc=6.6 Hz, arom.);**P{*H} NMR (81 MHz,

CDCly) 6 101.9; IR (neat) 1591, 1464, 1389, 1363, 1169,

1117, 1066, 1038, 985, 781, 677, and 600¢mMS
(70 eV) mvz (rel intensity) 428 (M; 2), 413 (M"—Me;

graphy to gived41 and/or42.

41a (3% yield): Colorless crystals, mp 150-%&1 'H
NMR (200 MHz, CDC}) 6 1.34 (9H, s,t-Bu), 1.59 (3H,
s, CMg), 1.66 (3H, s, CMg), 1.68 (3H, s, CMg), 1.74 (3H,
s, CMe), 2.37 (3H, d,%Jp=13.6 Hz, SeMe), 3.43 (3H, s,
OMe), 7.07 (1H, pseudo-fJp="3y=1.9 Hz, arom.), and
7.31 (1H, dd, *Jp=6.5Hz and “Jy4=1.6 Hz, arom.);
3c{*H} NMR (50 MHz, CDCl;) & 8.2 (d, 2Jpc=4.2 Hz,
SeMe), 25.9 (s, ®e,), 26.8 (d,Jpc=1.1 Hz, Me,), 29.6
(s, Mey), 30.8 (d,Jpc=2.5 Hz, Me,), 31.2 (s, Bey), 35.1
(d, %Jpc=1.1Hz, CMe;), 47.5 (s, OMe), 78.1 (s,
CMe,OMe), 89.5 (d,%Jp=7.2 Hz, CMe,0OP), 117.1 (d,
33oc=13.7 Hz, arom., CH), 122.9 (dJ)o=10.9 Hz, arom.,
CH), 126.6 (d, 2Jp=83.5Hz, arom., CP), 150.5 (d,
2Joc=7.9 Hz, arom.), 150.7 (FJpc=22.0 Hz, arom.), and
156.6 (d, *Jpc=3.1 Hz, arom.);**P{*H} NMR (81 MHz,
CDCly) & 70.6, satellite,'Js.7=841.9 and 436.6 Hz; IR

(KBr) 1600, 1458, 1377, 1362, 1190, 1070, 947, 914, 899,

877,845, 771, 642, 570, 536, and 521 ¢S (70 eV)my
z (rel intensity) 468 (M'; 17), 373 (M"—SeMe; 24), and
293 (M"—SeMe-Se; 100). Foundyz 468.0216. Calcd for
Ci1gHod0,PSe: M, 468.0236.

41b (trace): **P{*H} NMR (81 MHz, CDCl;) & 82.9,
satellite, ' Jps=832.4 and 420.4 Hz.

42¢(11% yield): Colorless oil*H NMR (200 MHz, CDC})
8 1.26 (3H, s, CMg), 1.30 (9H, st-Bu), 1.56 (3H, s, CM8g),
1.70 (3H, s, CMg), 1.78 (3H, s, CMg), 1.91 (3H, d,
33p1=11.8 Hz, SeMe), 2.0-2.2 (2H, m,HzCH,0), 2.7—
2.9 (3H, m, G,CH,O and CHO), 3.1-3.2 (1H, m,
CH,0), 3.17 (3H, s, OMe), 4.1-4.3 (1H, m, GB), 4.5—
46 (1H, m, CHO), 7.30 (1H, dd, “Jpo=4.6 Hz
and “J44=2.0 Hz, arom.), and 7.43 (1H, d8Jp=5.6 Hz
and*Jy,=2.0 Hz, arom.)*C{*H} NMR (50 MHz, CDCl)
8 5.0 (d, 2Jp=4.9 Hz, SeMe), 28.3 (s, I@e,), 30.8 (s,
CMe;), 31.7 (s, ®ley), 34.7 (d,*Jp=1.5 Hz, CMe3), 35.8
(s, OMey), 40.1 (s, CH,CH,OP), 41.7 (d,3Jp=3.8 Hz,
CMe,), 41.8 (d, 3J,=3.4Hz, CMe,), 46.7 (s,
CH,CH,OMe), 58.3 (s, OMe), 64.3 (d2Jpc=7.1 Hz,
CH,OP), 69.9 (s,CH,OMe), 122.7 (d,3Jpc=13.7 Hz,
arom., CH), 125.4 (d3Jpc=15.2 Hz, arom., CH), 129.1
(d, YJp=119.4 Hz, arom., CP), 152.7 (d'Jpc=4.2 Hz,
arom.), 154.1 (d,%Jpc=13.4 Hz, arom.), and 155.8 (d,
2Joc=8.4 Hz, arom.):**P{*H} NMR (81 MHz, CDCl,) &
(42.2, satellite, 'Jser=424.2 Hz; IR (neat) 1593, 1463,
1223, 1117, 1068, 985, 757, and 609 ¢mMS (70 eV)
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m/z (rel intensity) 445 (M —Me; 1) and 365 (M —SeMe;

1993 34, 1043. (b) Yoshifuji, M.; Sangu, S.; Hirano, M.; Toyota,

100) (molecular ion peak was not observed in the massK. Chem. Lett1993 1715.

spectrum).
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