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The dearomatizing anionic cyclization Nfalkyl-N-benzyldifr-naphthyl)phosphinamides € 1, 2) and
subsequent trapping with a series of electrophiles (MeOH, MeiSOMe, Me;O"BF,~, AllylBr, and
PhCHBr) have been accomplished. Optimized reaction conditions (base, temperature, reaction time)
allow for synthesizing tetrahydroHtnaphtho[1,2:][1,2]-azaphosphole 1-oxidds8 and18 and tetrahydro-
1H-naphtho[2,1€][1,2]azaphosphole 3-oxide$6 and 27—29 in high yield and diastereoselectivity.
Appropriate selection of the base proved to be critical for promoting anionic cyclization of 2-naphthyl
derivatives. The dearomatized heterocycles are transformed quantitatively(italkylamino)phosphinic
acids by acid hydrolysis of the-fN linkage. Bioactivity assays on five human tumor cell lines for one
of these amino acids revealed growth inhibition factorgd)@it a micromolar scale. Additionally, evidence

for the feasibility of intermolecular nucleophilic dearomatization and sequential nucleophilic attack to
both aromatic rings of dinaphthylphosphinamides have been obtained.

Introduction

constitute an attractive approach for the regio- and stereo-
controlled formation of hydroaromatic compounds incor-

Many natural products and compounds of pharmaceutical porating different degrees of functionalizatidfihe nucleophilic

importance consist of a partially saturated carbocyclic or

attack can occur either inter- or intramolecularly, the

heterocyclic system which imparts some rigidity to the molecule |atter process being called dearomatizing anionic cyclization
and acts as a scaffold to which a variety of functional groups (DAC).2* Drozd and co-workers discovered the feasibility
are connected. This architecture provides the harmoniousy pAC reactions almost 40 years ago when investigating the
combination of conformational preferences and spatial arrange-|ithiation of aryl mesityl sulfone& However, the synthetic scope

ment of substituents appropriated for eliciting a biological
responsé.Nucleophilic dearomatizing reactions Ar),? i.e.,
the conjugate addition of a nucleophile to an aromatic ring,

* Corresponding author. Fax+34 950 015481. Tel.+34 950 015478.
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(1) (a) Harborne, J. B., Baxter, H., Ed8hytochemical Dictionary. A
Handbook of Bioactie Compounds from Plant$aylor & Francis: London,
1993. (b) Pettit, G. R.; Pierson, F. H.; Herald, C Anticancer Drugs from
Animals, Plants, and Microorganismdohn Wiley: New York, 1994. (c)
Dewick, P. M.Medicinal Natural Products. A Biosynthetic Approaémd
Ed.; John Wiley: Chichester, England, 2001.

(2) Lopez-Ortiz, F.; Iglesias, M. J.; Femdez, |.; Andjar-Sanchez, C.;
Ruiz-Ganez, G.Chem. Re. 2007, 107, 1580.
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of these transformations was rather limifethe boost of DAC
methodology as a useful synthetic tool in organic chemistry
started in the late 1990s with the work of Clayden’s group on
tertiary arylcarboxamidesThe anionic cyclization ofl-benzylic

(3) For reviews on NAr reactions based on complexation of aromatic
m-systems to transition metals, see: (a) Brooks, B. C.; Gunnoe, T. B.;
Harman, W. D.Coord. Chem. Re 200Q 206—207, 3. (b) Pape, A. R.;
Kaliappan, K. P.; Kadig, E. P.Chem. Re. 200Q 100, 2917. (c) Smith, P.

L.; Chordia, M. D.; Harman, W. DTetrahedror2001, 57, 8203. (d) Keane,
J. M.; Harman, W. DOrganometallics2005 24, 1786. For some recent
contributions, see: (e) Pigge, F. C.; Coniglio, J. J.; DalviJRAm. Chem.
Soc.2006 128 3498. (f) Pigge, F. C.; Dhanya, R.; Hoefgen, RABgew.
Chem., Int. Ed2007, 46, 2887.

10.1021/j0701607s CCC: $37.00 © 2007 American Chemical Society
Published on Web 11/03/2007



DAC of N-Alkyl-N-benzyl(dinaphthyl)phosphinamides

SCHEME 12

7 (i)
Ph I(lj N/_F>h 0 @Nphw
2PN - -
R - \ E
1a-c H By (iiy >
R'= Me, Bn, tBu 2

(vi)

Me
9 P (v
PhP—N —

O Me
Ph.i
See
Me Li Me

1d

Ph,,

X

JOC Article

HQ Ph HQ oy
iR i i-P=pp
> (iv) 1
NR! —— | NHR
H p H Bn
3 5 Y=H, Me
o\~\Ph E c\)/Ph
g )
P () B oY
NR |_NHR!
A Bn A Ph
4 6
L e
SN”ph t @H--ﬁ\ Jo
) ¢ N7 Ph
Me Ph |
E Me
7 8

aConditions: (i)sBuLi (1.5—2.5 equiv), HMPA or DMPU (6 equiv), THF-90°C, 0.5-12 h; for 1d tBuLi, HMPA or DMPU (6 equiv), THF,—90 °C,
1 min to 12 h; (i) MeOH (5.0 equiv)-90 °C, 0.5 h; (iii) E* = DTBMP, RX, or RCHO,—90 °C, 0.5-2 h; (iv) 2 N HCI (aq), MeCO or 0.6 N HCI (g),
MeOH, rt; (v) tBuLi, THF, —90 °C, 2 h; (vi) E" = Mel, PhCHO, M@SnCl, (Bu)sSnCl, PhSnCl.

phenyl and naphthyl carboxamides furnished dihydroaromatic benzazaphospholésand4 with high regio- and stereocontrol
products containing a pyrrolid-2-one fragment that proved to (Scheme 1}! DAC reactions of chiral phosphinamides (e.g.,
be valuable starting materials for the synthesis of natural 1d) and subsequent alkylation proceed with very high enanti-

products of the kainic acid famifyand some non-natural
analogue$.

oselectivity!2 The dearomatized producdsand4 were readily
transformed into the correspondipeaminophosphinic acidé

The essentials of DAC methodology are the existence of and 7 by solvolysis of the PN linkage. This family of

acidic protons, generally of benzylic type, in the proximity of

an electron-withdrawing group linked to an aromatic ring. This

compounds showed interesting antitumor propeffies.
Mechanistic studié4 have shown that the PO linkage of

group directs the approach of the base to the deprotonation sitephosphinamides direct the lithiation in THF at both thertho

without suffering nucleophilic addition and, at the same time, and benzylic positions. The coordinating cosolvent (HMPA or
activates the aromatic ring toward the subsequent intramolecularpppu) seems to catalyze the conversion of tiého anion

attack of the carbanion formelN-Benzylphosphinamides fulfill
nicely these criteria. We have shown thédalkyl-N-benzyl-
diphenylphosphinamideka—c can be lithiated at the benzylic
position upon treatment witBuLi in THF in the presence of
HMPA or DMPU. The NG anions formed undergo anionic
cyclization by Michael addition to the ortho position of the
P-phenyl ring leading to dearomatized speditsshich were

into the corresponding benzylic species that cyclize to the
phosphorus-stabilized lithium intermedidelnterestingly, in
the absence of HMPA or DMPU tertiary diphenylphosphina-
mides can be deprotonated at tleetho position almost
quantitatively and trapped very efficiently with a variety of
electrophiles to givertho functionalized phosphinamid&sand

8 with low to moderate regioselectivity (Scheme'1).

trapped with a series of electrophiles affording tetrahydro-2,1- Naphthalenes are known to be less reluctant to nucleophilic

addition than benzenésFurthermore, the introduction of a
dihydronaphthalene fragment would be very interesting taking
into account that dihydronaphthalenes are useful skeletons for

(4) For reviews, see: (a) Clayden, Qrganolithiums: Selectity for
SynthesisPergamon: Amsterdam, The Netherlands, 2002. (b) Mealy, M.
J.; Bailey, W. F. J.Organomet. Chem2002 646, 59. (c) Clayden, J.;

Kenworthy, M. N.Synthesi®004 1721. For some recent examples, see:
(d) Monje, P.; Graa, P.; Paleo, M. R.; Sardina, F.QOrg. Lett.2006 8,
951. (e) Wang, Z.; Xi, ZSynlett2006 1275. (f) Nishiwaki, K.; Ogawa,
T.; Tagami, K.-I.; Tanabe, G.; Muraoka, O.; Matsuo,Tetrahedror2006
62, 10854. (g) Liu, L.; Wang, Z.; Zhao, F.; Xi, 4. Org. Chem2007, 72,
3484.

(5) (a) Drozd, V. N.Int. J. Sulfur Chem1973 8, 443. (b) Truce, W. E.;
Madaj, E. J., JrSulfur Rep1983 3, 259.

(6) (a) Crandall, J. K.; Ayers, T. Al. Org. Chem1992 57, 2993. (b)
Padwa, A.; Filipkowski, M. A.; Kline, D. N.; Murphree, S.; Yeske, P.EE.
Org. Chem.1993 58, 2061. (c) Clayden, J.; Kenworthy, M. N.; Heliwell,
M. Org. Lett.2003 5, 831.

(7) (8) Ahmed, A.; Clayden, J.; Rowley, NLhem. Commurl998 297.
(b) Ahmed, A.; Clayden, J.; Yasin, S. £&hem. Commuril999 231. (c)
Clayden, J.; Knowles, F. E.; Menet, C.J.Am. Chem. SoQ003 125
9278.

(8) (@) Clayden, J. InStrategies and Tactics in Organic Synthesis

Harmata, M., Ed.; Elsevier: Amsterdam, The Netherlands, 2004; Vol. 4,

Chapter 4, pp 7296. (b) Clayden, J.; Tchabanenko, &hem. Commun.
200Q 317. (c) Clayden, J.; Menet, C. J.; Tchabanenko,TEtrahedron
2002 58, 4727. (d) Clayden, J.; Knowles, F. E.; Baldwin, . RAm. Chem.
Soc.2005 127, 2412.

(9) (@) Ahmed, A.; Bragg, R. A.; Clayden, J.; Tchabanenko, K.
Tetrahedron Lett2001, 42, 3407. (b) Bragg, R. A.; Clayden, J.; Blandon,
M.; Ichihara, O. Tetrahedron Lett.2001, 42, 3411. (c) Clayden, J.;
Kenworthy, M. N.; Heliwell, M.Org. Lett.2003 5, 831.

the synthesis of biological active moleculgs'6In a preliminary
communication we have reported that the nucleophilic dearo-
matization ofN-alkyl-N-benzyldi(1-naphthyl)phosphinamides
affords new benz@]-1-phosphisoindoles in high yield and

(10) Moran-Ramallal, A.; Lpez-Ortiz, F.; GonZaz, J.Org. Lett.2004
6, 2141.

(11) (a) Fernadez, I.; Lgez-Ortiz, F.; Tejerina, B.; GamiGranda, S.
Org. Lett. 2001, 3, 1339. (b) Ferhadez, |.; Lpez-Ortiz, F.; Mehedez-
Velazquez, A.; Gara-Granda, S.J. Org. Chem.2002 67, 3852. (c)
Fernandez, |.; Forére-Acebal, A.; Gar@a-Granda, S.; Lpez-Ortiz, F. JOrg.
Chem.2003 68, 4472. (d) Ferhadez, |.; Ruiz Gmez, G.; Iglesias, M. J.;
Lopez-Ortiz, F.; Avarez-Manzaneda, RArkivoc 2005 375.

(12) Ferdadez, |.; Ruiz Gmez, G.; Alfonso, I.; Iglesias, M. J.; lpez-
Ortiz, F. Chem. Commur2005 5408.

(13) (a) Ruiz-Gmez, G.; Ferfadez, |.; Lgpez-Ortiz, F. Patent to
PharmaMar S.A., P200601793. Es 2006. (b) Ruizr@p, G.; Iglesias, M.
J.; Serrano-Ruiz, M.; GamiGranda, S.; Francesch, A.; pez-Ortiz, F.;
Cuevas, CJ. Org. Chem2007, 72, 3790.

(14) (a) Fernadez, |.; Gonzkez, J.; Lgpez-Ortiz, F.J. Am. Chem. Soc.
2004 126 12551. (b) Mofa-Ramallal, A.; Ferhadez, |.; Lgez-Ortiz, F.;
GonZaez, J.Chem. Eur. J2005 11, 3022.

(15) Ferdadez, |.; Om-Burgos, P.; Ruiz-Quoez, G.; Bled, C.; Gafar
Granda, S.; Lpez-Ortiz, F.Synlett2007, 611.
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SCHEME 22
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aConditions: (i)nBuLi, THF, —30°C, 30 min; (ii) PC§ (2 equiv), THF,—30°C, 45 min; (iii) ArMgBr (Ar = 1- or 2-naphthyl) (2.15 equiv), THFELO,
rt, 1 h; (iv) mCPBA, CHCl,, 0 °C, 30 min.

i 31
diastereoselectivity’ In contrast to diphenylphosphinamides, TABLE 1. lIsolated Yields and*'P NMR Data of Compounds

- : 10-12
the process can be performed very efficiently in the absence of - a
coordinating additives without observing products derived from roduct R Ar y('oi)';j (5 r':])
ortho lithiation. We describe here the detailed study of the P PP
dearomatizing anionic cyclizatierelectrophilic quench se- 10a Me >97 164.08
ence of 1-naphthyl- and 2-naphthylphosphinamides. The 10b Bn o 16107
qu _ phthy phthylphosphinamides. 1la Me 1-Np 94 56.03
dearomatized anions generated in the DAC reaction were 11b Bn 1-Np 88 54.71
trapped with methanol as protonating agent and with a series 11c Me 2-Np 80 68.55
of alkylating agents. The reaction conditions were optimized 12a Me 1-Np >97 39.66
X . 12b Bn 1-Np >97 40.38
for each electrophile, and the results are compared with those 12
. . i . ) c Me 2-Np 96 32.97
obtained for diphenylphosphinamides. The elaboration of the
new azaphosphol derivatives formed into the corresponding
y-aminophosphinic acids is examined. In addition, preliminary SCHEME 37
anticancer assays on one of the new dihydronaphtkeni- g-yp) R (1-Np) R
nophosphinic acids obtained are also shown. o —ph _ H.P=N PN
(1-Np)P-N O “‘ Ph 7, 'Ph
e R oo OO - U
Results and Discussion 12 >9:%
13 14
The starting phosphinamidéga—c were synthesized through  a R=me: b R=Bn | Yield%) %P (ppm) [Yield(%) 5P (ppm)
the three step process shown in Schené (®: preparation of al s 4574 al s 45.34
dichloroaminophosphinel) through reaction of the appropriate b| 98 46.39 b| 2 44.59

lithiated amine with PGl (ii) condensation ofL.O with 1-naph-
thyl or 2-naphthylmagnesium bromide to give diarylamino-
phosphined 1; and (iii) oxidation of11 by treatment witrmeta
chloroperbenzoic acidCPBA). Compound40ab have been
previously synthesized through reaction of P®ith the
corresponding benzylamine. However, neither yields nor the full
characterization of these compounds were gi¥é¢n.our hands,
the use of this methodoloé¥afforded a mixture of mono- and
di-addition products after a tedious workup. We found that
dichloroaminophosphine) can be prepared in almost quantita-
tive yields by allowing the reaction of 2 equiv of phosphorus
trichloride with a solution of the lithium benzylamine resulting
from the deprotonation of the corresponding benzylar@inéth
nBuLi in THF at —30 °C for 30 min. The'H and 3P NMR
spectra of the crude products indicated purities higher than 97%
Therefore, the compounds were used without additional puri-
fication. The condensation of dichlorophosphiriéswith an
excess of 1-naphthyl- or 2-naphthylmagnesium brofide
room temperature was monitored througlP NMR. The
conversion ofL0into 11 is evidenced by an upfield shift of ca.
100 ppm. The dinaphthylphosphinamirilsthus formed were
isolated as syrups stable to air and were quantitatively trans-

aConditions: (i)sBuLi (2.5 equiv), THF,—90 °C, 30 min; (ii) MeOH
(2 mL), —90 °C, 20 min.

formed into phosphinamided2 upon oxidation with m-
chloroperbenzoic actd at 0 °C (Scheme 2). Yields an#P
NMR data of compound&0—12 are given in Table 1.
Dearomatization—Protonation Studies. First, we investi-
gated the DAC reactions of 1-naphthylphosphinamides. Lithia-
tion of compoundsl2ab by reaction with 2.5 equiv o$BulLi
in THF at —90 °C for 30 min, followed by quenching with
methanol at the same temperature, led to the formation of the
phosphorus-containing tricyclic systei¥showing arans6,5-
ring junction in very high yield, together with small amounts
(2 — 6%) of the epimer at the NCcarbon,14 (Scheme 3). The
"diastereoselectivity of the process improves with increasing the
bulkiness of the R substituent linked to the nitrogen. Thus, the
ratio 13al4a of 94:6 for R= Me increases to 98:2 fat3hb:
14b, where R= PhCH. The dearomatized product8ab were
purified by precipitation from diethyl ether. Crystals ®8a
suitable for X-ray analysis were grown by recrystallization from
a mixture of dichloromethane, acetonitrile, and tetrahydrofurane
at room temperature (see Supporting Information for structural
data). Compound4a could be isolated through column chro-

(16) (a) Gant, T. G.; Meyers, A. [Tetrahedron1994 50, 2297. (b)
Hulme, A. N.; Henry, S. S.; Meyers, A. I.. Org. Chem1995 60, 1265.

(c) Reynolds, A. J.; Scott, A. J.; Turner, C. |.; Sherburn, MJ.3Am. Chem. (19) PC} was added to a toluene solutionfmethylbenzylamine and
Soc.2003 125 12108. (d) Engelhardt, U.; Sarkar, A.; Linker, Angew. triethylamine (2.5 equiv) at-78 °C, and the mixture was stirred for 30
Chem., Int. Ed2003 42, 2487. min at this temperature.

(17) Ruiz-Ganez, G.; Lpez-Ortiz, F.Synlett2002 781. (20) For other examples of Grignard addition to aminodichlorophos-

(18) (a) ForlOa(bp 165°C/0.15 Torr), see: Imbery, D.; Friebolin, H. phines, see: (a) Burg.; A. B.; Slota, P. J.,JdrAm. Chem. S0d.958 80,
Z. Naturforsch. BL968 23, 759. (b) Forl0b (6 (3'P, 30% CHCY) = 138.1 1107. (b) Strecker, R. A.; Snead, J. L.; Sollot, G.JPAm. Chem. Soc.
ppm), see: Gouesnard, J. P.; Dorie, J.; Martin, GCah. J. Chem198Q 1973 95, 210.

58, 1295. (21) Alternatively, the oxidation can be also performed witsObl

9706 J. Org. Chem.Vol. 72, No. 25, 2007
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TABLE 2. Distribution of Products Obtained in the Dearomatization—Alkylation of Dinaphthylphosphinamides 12a,b

T t
SM EX (°C) (h) 18 19 20 21 22 23

1 12a Mel —90 2 42 6) 6 (@) 1 (@) 24

2 12& Mel -90 2 43 @) 6 (@) 2 (@) 6

3 12& Mel —-90 2 64 6) 9(a) 4 ()

4 12 Mel -90 8 76 @) 7 (@) 3@ - - -

5 12a CRSOsMe -90 8 89 @) 4 (a) - 9 (a)® - -

6 12d MesOBF, -90 14 51 8) 2 (@) 4 (a) - 1 3

7 12 Me;OBF; -30 8 64 @) 13 @) 16 (a) - - -

8 120 Mel -90 8 11 p) 3(b) - - - -

9 12b Mel -30 8 78 b) 10 (b) 4 (b) - - -
10 120 CFRSOsMe -30 8 30 b) 20 (b) - 29 () - -
11 121 Me;OBF, —-30 8 41 p) 15 (b) 27 ) - - -
12 12a CH;=CHCH,Br -30 23 41¢) 5(c) - 11 @© 28 1

aHMPA (6 equiv) was used as cosolvent. A total of 6% and 3% of dearomatized compb8adad 13b were also obtained.A total of 19% of13a
was isolated® TMEDA (6 equiv) was used as cosolvent. A total of 13% and 1% of dearomatized compb8adad 13b were also detected.Only 2%
of 13awas formed Not isolated ! A total of 15% of dearomatized protonation products was also forf8thall amounts o13a(5%) and13b (2%) were
isolated." The major product formed wds3b (73%).' The NMR spectra for the reaction crude showed the presence of two other diastereomers in percentages
of 8% and 2% A total of 9% of 13b. kK Minor amounts £5%) of the products corresponding to the 1,4-conjugated addition of the organolithium to the
phosphinamide were also detected.

SCHEME 42 SCHEME 52
o N R %@ (1-Np) R
(2-Np) ST o RN : OpN U gepen
P Ni\ne “a (Z‘Np)Me 12500 ' P | O NP
12¢ H H
15 18a (89%): R= Me, E= Me
(i), (iv), (v) 17a: R= Me 18a-c b (78%): R= Bn, E= Me
§3P (ppm) Yield (%) b: R= Bn ¢ (41%): R= Me, E= Allyl
Me _—
PR, N 2np @ 4094 27 R_E 5% (ppm)
H B b 40.39 19 (1-Np) R (1-Np) R (1-Np) Me  18a Me Me  60.87

=1 Dl 25 8b Bn Me 62.83
"’HO PN Osp<N 8 P=N 18c Me Allyl 6003
“1Ph Ph " ‘uph 19a Me Me 51.11
19c Me Allyl .
16 (75 %), 5 3'P 49.50 ppm 200 Mo Mo 5348

20b Bn Me 53.83

. . . i . 19a-c 20a-b 21a-c 21a Me Me 61.82
aConditions: (i)sBulLi (2.5 equiv), THF, HMPA (6 equiv);-90°C, 30 21b Bn Me 62.96
min; (i) MeOH, —90 °C, 20 min; (iii) LDA (2.5 equiv), THF,—85 °C to (1-Np) Me (1-Np) me Zc Me Alyl e
—30°C, 1.5 h; (iv)—30 °C, 1 h; (v) MeOH,—30 °C, 20 min. O=p=N O=p=N 23 40.06

Ph ""Ph
matography (eluent: ethyl acetate/hexane 1:1). The very small
22 23

amount of benzo-1-phosphaisoindalb formed did not allow
its isolation. It was identified from the crude reaction mixtefe.

Compared with the DAC reactions of diphenylphosphina-  2Conditions: (i)sBuLi (2.5 equiv), THF,T (°C), 30 min; (i) EX (2.5
mides 1,11 and arylcarboxamide®;82the nucleophilic dearo- ~ €auiv),T (°C), t (h).
matization-protonation of naphthylphosphinamideab shows
two notable differences. First, the anionic cyclization of lithiated
12ab occurs almost quantitatively without the requirement of
a coordinating cosolvent. Moreover, addition of HMPA during
the metalation step proved to be detrimental for the process.
After protonation with methanol, a mixture of seven products
is obtained and the yield df3a decreases until 73%. Second,
the annelation of the five-membered ring to the desaromatized
naphthalene system takes place witlrans stereochemistry
exclusively. The preference for thieans junction may be
explained by assuming that the methanol approach to the
carbanionic center is under the control of the® linkage
through hydrogen-bonding formation.

Next, as a logical extension, we decided to apply the DAC-
protonation methodology developed for 1-naphthylphosphina-
mides to the 2-naphthyl derivativi2c. Unfortunately, under
the reaction conditions shown in Scheme 3 for phosphinamides
12ab, the isomerl2c furnishes a very complex mixture of

products, as evidenced by tHd and3!P NMR spectra of the
crude reaction mixture. When the lithiation wigBuLi is
realized in the presence of HMPA, the conversion reaches 91%.
Careful column chromatography of the crude reaction mixture
allowed the isolation of dihydronaphthalenEsin a yield of
46% as a mixture of diastereoisomers in a ratio of 59:41,
coeluting with phosphinamid&2c (Scheme 4). Compound$

are the [1,4] conjugated addition products resulting from the
attack of the organolithium base to theposition of phosphi-
namide 12c¢?? The relative configuration of the sterogenic
centers ofL5 could not be established unequivocally. Attempts
of promoting the anionic cyclization df2cby using alternative
protonating agentd and increasing the temperature of the
reaction to—30 °C, were unsuccessful.

Dihydronaphthalene&5 represent the first examples of an
intermolecular nucleophilic dearomatizing reaction of an arylphos-
phinamide? However, the performance of thispr reaction
is very modest both in terms of yield and degree of structural
diversity that may be achieved. To avoid the direct attack of

(22) The structures of all new compounds were assigned based on their
spectroscopic data: APCI-MS and 1BH( 13C, 3P, DEPT, selective
gTOCSY) and 2D (gCOSY45, gHMQC, gHMBC, and gNOESY) NMR (23) 2,6-ditert-Butil-4-methylphenol, tert-butanol, p-toluensulphonic
experiments. See Supporting Information for structural characterization. acid, andBuCONHCHMe were also used as the proton source.

J. Org. ChemVol. 72, No. 25, 2007 9707
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(). ). i

(1-Np) Me (1 -Np) Me (1-Np) Me B
O\PAN \P“N O:P‘N ~P.4N

R Np)FI(’? N/_F’“ (). (i), “‘P“ “ "Ph
120 Me (i)
22 (66 %) 23 (5%) 24 (15 %) 25 (4%
Sp 38.39 ppm dp 47.71 ppm
(), (i)

aConditions: (i)sBuLi (2.5 equiv), THF—90 °C, 30 min; (iij) PhCHBr (2.5 equiv),—90 °C, 8 h; (iii) H20.
SCHEME 72

(6]
oA 000

12¢

Me

28 (37 %) Me
531P: 54.9 ppm 5 31P: 48.45 ppm 29 (25 %)
531P: 29.32 ppm

27 (27 %)

aConditions: (i) LDA (2.5 equiv), THF~=85 °C to —30 °C, 1.5 h; (ii) —30 °C, 1 h; (iii) Mel (2.5 equiv),—30 °C, 12 h.

the alkyl-lithium base to the 2-naphthyl ring ®2cwe explored However, at this temperature the analogous reaction of dearo-
the feasibility of using the non-nucleophilic and bulky base LDA matized17b (R = Bn) furnishesl8b in very low yield (11%,

as deprotonating agent. Clayden and co-workers showed thatentry 8). Fortunately, at-30 °C anions17b undergo addition
lithium amides metalate tertiafy-benzyl-arylcarboxamides at  to Mel very efficiently to givel8bin 78% yield. Methylations
the NG, position and that the anions undergo dearomatizing with harder electrophiles produced a beneficial effect only for
anionic cyclization very efficiently* We were pleased to see the reaction ofl7a with CR:SO;Me. The dearomatization is
that the deprotonation ofi2c with LDA in THF in the quantitative, and the amount d8a obtained increases to 89%
temperature range 6f85 to —30 °C, followed by quenching (entry 5). The’’P NMR spectrum of the crude mixture showed
with methanol at-30 °C, provided the anticipated dearomatized the presence of a new stereoisomer in 7% yield, tentatively
heterocyclel6in high yield and selectivity (Scheme 4). Similar assigned to produ@l (Scheme 5) based on the magnitude of
to the analogous DAC reaction of naphthylcarboxamides, the the3'P chemical shift§er 61.82 ppm, see Chart S1, Supporting

product with acis 6,5-ring junction is exclusively forme#fa Information). Under the reaction conditions optimized for
Purification of benzophosphaisoindth was achieved by flash ~ quenching with Mel, the methylations &b with CRSO;Me
chromatography? and of17ab with MesO™BF,~ proceed with low yield and/or

Dearomatization—Alkylation Studies. In order to expand stereocontrol. Increasing the temperature or the reaction time
the scope of the dearomatizing anionic cyclization reactions of (entries 6, 7) does not produce significant improvements. These
dinaphthylphosphinamidel?2a—c, the electrophilic quenching  results indicate that M®*TBF,~ reacts in a more indiscriminate
with several alkylating agents was also investigated. The resultsmannef® as compared with the other methylating reagents and

obtained in the DAC-alkylation process using Mel, GEOs- that bulky R substituents linked to the nitrogen hinder the

Me, MesO*BF,~, AllylBr, and BnBr are shown in Schemes approach of the electrophile to the carbanionic center.

5-8 and Table 2. Alkylation of 17aby reaction with allylbromide revealed the
Three reagents, Mel, GBO;Me, and MgO*BF,~, were existence of two competing pathways, electrophilic trapping of

evaluated for installing a methyl group adjacent to the phos- the dearomatized anion and oxidation of the anion restoring the
phorus atom of the dearomatized anidiéab formed in the  aromaticity of the naphtlyl ring. High conversions are observed
benzylic deprotonation df2aand12b. In all cases, heterocycles  when the process is accomplished-80 °C for 23 h. In this
18ab are the major products formed. They were isolated by way, dearomatized allylheterocycl8cis obtained in moderate
precipitation from diethyl ethe? Compound18b could be yield (41%) together with isomerk9 (5%) and21 (11%) and
recrystallized from a mixture of ethanol, dichloromethane, and significant amounts of the rearomatized derivati2 (28%)
hexane at room temperature. The crystal structure obtained(Scheme 5, Table 2, entry 12 Additionally, compound23
through X-ray diffraction is given as Supporting Information.  epimer of22 at the NG, carbon was barely detectable in the

After some optimization, we find out that methylation bfa 3P NMR spectrum of the crude mixture. Rearomatization
(R = Me) with Mel at—90°C for 8 h affordsl8ain highyield  becomes the dominant process when arii@a is allowed to
and with high stereoselectivity (Table 2, cf. entries4). react with benzyl bromide. Under the reaction conditions

optimized for the methylation with Mel (THF-90 °C, 8 h),

(24) (a) Clayden, J.; Menet, C. J.; Mansfield,@rg. Lett.200Q 2, 4229.
(b) Clayden, J.; Tchabanenko, K.; Yasin, S. A.; Turnbull, M. &ynlett
2001, 302. (c) Clayden, J.; Menet, C. J.; Mansfield, DChem. Commun. (25) In the reaction ofl7a with MesO™BF,~, small amounts of
2002 38. (d) Clayden, J.; Menet, C. Jetrahedron Lett2003 44, 3059. rearomatized byproduc®2 and23 are also formed (Table 2, entry 6).
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SCHEME 82
(1-Np) pme o}
OspaN (1-Np)<\\ _OH
H P H PH
Ph X ~Ph «H,80,4
SOk (LT e
13a (i) 30
(1-Np) Me 0 o]
O=paN (1-NP)\‘I‘3/OH (1-Np)\‘,‘3/OH
Me, Me,, H *H,SO, Me,, H
z Ph 2 ~Ph ’ ' wPh
18a 31 32
I\Ille
Ph,, N,'V'e ph,l'@NHz o
H,[ po@Ne)
/, ~o (iii)
H 2h

16

aConditions: (i) 4.5 N HSQ,, dioxane (1:1), reflux, 8 h; (il N NaOH; (ii) 2 N HCI, acetone, rt, the1l N NaOH.

the treatment ofl7a with BnBr provides a mixture of 2,3-  under the reaction conditions us€€27 For brominated elec-
dihydro-1H-naphtho[1,2e]}?azaphosphole 1-oxidex2 (66%), trophiles, oxidation promoted by a small release of bromine
23 (5%), 24 (15%), and25 (4%) (Scheme 6). The benzylation could also be operative.

of 17a at —30 °C affords similar results. Isolation of these The DAC—alkylation process was extendedNebenzylN-
compounds was achieved by flash chromatography (ethyl methyl-(2-naphthyl)phosphinamidec The lithiation with LDA
acetate:hexane, 1:3) Compound®2 and23represent the two  and subsequent addition of Mel &80 °C provides a mixture
possible diastereoisomers generated in the rearomatization off tetrahydro-H-naphtho[2,1€][1,2]azaphosphole 3-oxid&s,

17a The stereogenic centers of the major isoi22show the 28 and29in a yield of 89% and in a ratio of 30:42:28 (Scheme
same relative configuration observed for the major dearomatized7) 22 Compound£7 and28 arise from Mel attack to both faces

products13 and 18. of anion 26 at the a-position with respect to the phosphorus.
The formation of heterocycle24 and 25 can be explained  The regioisomer29 represents the product of methylation

by the action of the excess of reagents used2@nor 23. through they-position of the allylic anior26. Heterocycle7—

Successive Ngdeprotonatiorbenzylation of22 (alkylation 29 were purified through flash column chromatography.

with inversion of configuration) 023 (alkylation with retention Synthesis of Naphthalenyly-Aminophosphinic Acids. We

of configuration) leads t@4, whereas compourb results from have previously shown that intramolecular anionic dearoma-

the NoAr process consisting of the addition eBulLi to the tizing processes oN-alkyl-N-benzyldiphenylphosphinamides
ortho position of the naphthyl ring ok2, activated by the  constitute a useful strategy for synthesizing conformationally
phosphinamide moiety, fqllowed by protonation. As far as we gnstrained functionalizeg-aminophosphinic acids:12These
know, heterocycle5 constitutes the first example of a tandem 516 compounds of a great interest due to the relevance of their
process on a diaryl system in which one aromatic ring undergoesbio|ogica| propertied328 To ascertain the utility of the present
an!qnic cyqlization while the other is dearomatized by nucleo- metholodology for the synthesis of-(N-alkylamino)(dihy-
philic addition? Although only small amounts of heterocycles  gronaphthalenyl)phosphinic acids, the dearomatized compounds
24 and25 are generated, their presence may help to shed light 135 16, 185 and 27 were submitted to acid hydrolysis. In

on the rearomatization process. The synthesis of these twoggntrast to benzazaphosphoBand4 (Scheme 1), which are

compounds implies that rearomatization occurs prior to workup. readily hydrolyzed upon treatment with dilute hydrochloric acid
Aromatization byproducts have been previously detected in the

DA.% relallgtcllon ﬁ_nd SUbser?uent alkylatl?lmgfhenylphos.ghln_ (26) (a) Andijar-Sanchez, C. M.; Iglesias, M. J.; Rez-Alvarez, I. J.;
amides.**“In this case, the presence O. - may contribute Lopez-Ortiz, F.Tetrahedron Lett2003 44, 8441. (b) Andjar-Saichez,

to accelerate the departure of a hydride anion necessary forc. M.; Iglesias, M. J.; GaferLopez, J.; Peez-Alvarez, I. J.; Lpez-Ortiz,
rearomatizatio® However no additives intervene in the forma- F. Tetrahedron200§ 62_i(34r?_8- . - Wad

tion of 24 and25. We suggest that the distribution of alkylated ., &7)!mamoto, T.; Kikuchi, S.-1.; Miura, T.; Wada, Y0rg. Lett. 2001,
dearomatized products and rearomatized compounds result from" (2g) (a) Logusch, E. W.; Walker, D. M.; McDonald, J. F.; Franz, J. E.;
a balance between competin@- vs O-alkylation of the Villafranca, J. J.; Dilanni, C. L.; Colanduoni, J. I.; Li, B.; Schineller, J. B.

i i _ i ; ; Biochemistry199Q 29, 366. (b) Kukhar, V. P.; Hudson, H. R., Eds.
intermediate phosphorus-stabilized anions formed in the DAC Aminophosphonic and Aminophosphinic Acids. Chemistry and Biological

step. C-Alkylation leads to St"f‘ble dihydro?-romatic SYStems, - activity; John Wiley: New York, 2000. (c) Kafarski, P.; Lejczak, Burr.
whereas th@®©-alkylated derivatives evolve via rearomatization Med. Chem-Anti-Cancer Agent2001, 1, 301.
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at ambient temperatufé2?. rupture of the P-N bond of
compoundd 3aandl18arequired heating under reflux a solution
of the heterocycles in a mixture of dioxane and 4.5 N aqueous
H,SOy (1:1) during 8 K In this way,y-aminophosphinic acids
30and31 (dp (DMSO-ds) 26.25 and 36.60 ppm, respectively)
are guantitatively obtained as the corresponding sulfdtes.
Neutralization of31 by treatment wit 1 N NaOH allows the
isolation of the free amino acid as zwitteri@2 (Scheme 8).
Hydrolysis of16 and27, however, could be smoothly achieved
by reaction wih 2 N aqueous HCI in acetone at room
temperaturé? After neutralization wih 1 N NaOH the respec-
tive y-aminophosphinic acid33 and34 are isolated in quantita-
tive yield (Scheme 832

Preliminary antitumor studies reveled that naphthalenyl
y-aminophosphinic acid32 showed promising growth cell
inhibition levels against five human tumor cell lines. The in
vitro Glso (uM) values obtained are as follows: prostate (LN-

Ruiz-Gamez et al.

Experimental Section

For general experimental and X-ray data, see Supporting
Information.

Synthesis of Dichlorophosphinamines 10a,bTo a solution of
N-methylN-benzylamine (13.5 mmol) d¥,N-dibenzylamine (10.1
mmol) in THF (50 mL) was added a solution oBuLi (8.44 mL/

6.30 mL of a 1.6 M solution in hexane, 13.5 mmol/10.1 mmol) at
—30°C. After 30 min of stirring at this temperature, a solution of
phosphorus trichloride (2.70 mmol/20.2 mmol) in THF (5 mL) was
added. This reaction mixture was stirred-a80 °C for 45 min.
Then, the generated LiCl was filtered under inert atmosphere, and
the THF and the excess of BQVere distilled under vacuum. The
reaction crude thus obtained is dried, ang-30 mL of dry toluene

or diethyl ether was added. Once the amine chlorhidrate was
eliminated by filtration, solvent evaporation in vacuum afforded
the phosphinamine$0ab with purity higher than 97% (NMR).
This allowed their use in the next synthetic step without further
purification.

caP) 0.85, breast (SK-BR3) 8.7, leukemia (K-562) 8.32, pancreas  Dichloro-N-benzyl-N-methyphosphinamine (10a) isolated

(PANC1) 9.39, and cervix (HELA) 2.76.

Conclusions

Optimized conditions have been found for the dearoma-
tization anionic cyclization oN-alkyl-N-benzyldinaphthylphos-
phinamides. DAC reactions of 1-naphthyl derivatives can be
achieved expeditiously by metalation witsBuLi at low

yield >97% (3.00 g);'H NMR 6 2.80 (d, 3H,3Jpy 9.5 Hz), 4.41
(d, 2H, 33py 12.5 Hz), 7.32-7.36 (m, 2H), 7.36:7.47 (m, 3H);
13C NMR 6 33.67 (d,2Jpc 10.2 Hz), 55.67 (BJpc 34.2 Hz), 127.97,
128.04, 128.77, 136.04 (&pc 6.6 Hz);3P NMR 6 164.08. Anal.
Calcd (%) for GH1o0NPChL (222.05): C, 43.27; H, 4.54; N, 6.31.
Found: C, 43.24; H, 6.30; N, 6.35.

Synthesis of Dinaphthylphosphinamines 11ac. To a solution
of naphthylmagnesium bromide in ethd¢oluene (1 equiv) was

temperatures. 2-Naphthylphosphinamides undergo anionic cy-2dded the dichlorophosphinamin&8ab (0.48 equiv) in THF (5

clization when the deprotonation is carried out with LDA. In
contrast to diphenylphosphinamides, the cyclization reactions
do not require the use of additives such as HMPA or DMPU.

mL) at room temperature for 1-naphthylmagnesium bromide or
0 °C for 2-naphthylmagnesium bromide. The reaction mixture was
stirred at room temperature for 1 h, and then the magnesium salts
were eliminated by filtration. The liquid was then poured into 0.08

Quenching the dearomatized anions with methanol, Mel, or \ Hcl, extracted with ethyl acetate (3 15 mL), and washed with
CRSO;Me affords tetrahydronaphthoazaphosphole oxides in 1 N NaOH (1 x 15 mL) and water (1x 15 mL). The organic

high yields and diastereoselectivities. Slight differences in the layers were dried over N8O, and concentrated in vacuum
performance of these transformations are assigned to theaffording compounddla—c in the presence of small amounts of
influence of the bulkiness of the substituent linked to the naphthalene, as syrups stable to air. These mixtures can be used
nitrogen. Electrophilic trapping with allylBr leads to a mix-  Without further purification in the next oxidation step, or in addition,
ture of dearomatized allylated products and rearomatized Naphthalene in excess can be eliminated by sublimation before the
naphthalenyl derivatives. The latter are exclusively obtained M€Xt Synthetic step. _ o .
when benzyl bromide is used as electrophile. The evolution . l;l-Beélnz_ylljj\lérzoe/th)él-lFZP-d|-1&r&?£hghgﬁ)gongm§g1mg éll_lla).

of the dearomatized anions through these two pathways is'S9 ated yie 6 (5.14 gJH 43 (d, 3H ey 5.2 Hz),

) . . . 4.48 (d, 2H33JpH 8.5 HZ), 7.28-7.94 (m, 17H), 8.35 (dd, 2
explained by the participation of competifig andO-alkylation 87 H(z,“ o 3. ‘mz);glp IllMR s 56.03‘ Anal. C)alcd (0/(()) for gglj;,H

processes. Although naphthylphosphinamides are lithiated yp (405.48): C, 82.94; H, 5.97; N, 3.45. Found: C, 83.01; H,

in the absence of coordinating cosolvents, productsrtio
metalation are not detected. This is a significant difference
with the DAC reactions of diphenylphosphinamides. Addi-
tionaly, the formation of some minor byproducts suggests that
intermolecular RAr reactions and sequential double de-
aromatization of both aromatic rings bonded to a phosphin-
amide moiety may be feasible. The new dearomatized pro-
ducts obtained are quantitatively converted ipt(N-alkylami-
no)phosphinic acids by hydrolysis of the—R linkage

5.95; N, 3.47.

Oxidation of Dinaphthylphosphinamines to 12a-c. To a
solution of dinaphthylphosphinamindda—c (8.23-4.05 mmol)
in THF or dichloromethane was added 30% v/v (0.63 mL, 6.17
mmol) hydrogen peroxide or 77%-chloroperbenzoic acid{CP-
BA) (6.17 mmol) at 0°C. Once the oxidation was complete (30
min), the reaction was poured into ice water and extracted with
ethyl acetate (3« 15 mL) and washed wit1 N NaOH (2x 15
mL) and water (1x 15 mL). The organic layers were dried over
N&SO, and concentrated in vacuo. Precipitation frorsCEafforded

present in the azaphosphole system. The connection of the; 531, a5 solids with a purity higher than 97%. Compouratwas
amino and phosphinic acid groups to a dihydronaphthalene gptained as white foam with a purity of 90% (NMR).

ring may contribute to reduce the conformational mobility
of the system. These motional constraints are important
features for applications in peptidomimetic chemistry.
The evaluation of y-aminophosphinic acid32 as an
antitumor agent shows promising results, withs@aValues
in the range of 0.859.39uM for five human tumor cell lines.

(29) Myers, A. G.; Gleason, J. L.; Yoon, T.; Kung, D. Am. Chem.
So0c.1997, 119, 656.

(30) (a) Harger, M. J. Rl. Chem. Soc., Chem. CommaA76 520. (b)
Harger, M. J. PJ. Chem. Soc., Perkin Trans.1D79 1294.
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N-Benzyl-N-methyl-P,P-di-1-naphthylphosphinamide (12a)
yield after precipitation from EO > 97% (3.47 g); mp 146
142°C;H NMR 0 2.62 (d, 3H2Jp4 9.6 HZz), 4.47 (d, 2H3Jp1 7.8
Hz), 7.26-7.46 (m, 7H), 7.527.53 (m, 4H), 7.54 (ddd, 2HJu
6.8 Hz,*Jyy 1.5 Hz,3Jpy 16.4 Hz), 7.91 (M, 2H), 8.03 (d, 2RJuH
8.2 Hz), 8.98 (m, 2H)XC NMR ¢ 34.76 (d,2Jpc 4.5 Hz), 53.06
(d, 2Jpc 3.5 Hz), 124.60 (d3Jpc 15.0 Hz), 126.74, 127.61, 127.63,
128.01 (dJpc 4.4 Hz), 128.57, 128.92, 129.24 (dpc 123.0 Hz),
129.43, 133.22 (RJpc 13.3 Hz), 133.29 (dJpc 3.5 Hz), 134.22
(d, 3Jpc 9.7 Hz), 134.31 (d2Jpc 8.8 Hz,), 137.84 (d3Jpc 3.5 Hz);
31P NMR 6 39.66; IR (KBr) 1196 cm*; MS (API-ES)m/z 422 (M
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+ 1). Anal. Calcd (%) for GsH,4sNOP (421.48): C, 79.79; H, 5.74;
N, 3.32. Found: C, 79.73; H, 5.76; N, 3.30.

General Procedure for the Dearomatizing Reactions on
Dinaphthylphosphinamides 12a,bTo a solution of the appropriate
phosphinamide (4.75% 104 mol) in THF (25 mL) was added a
solution ofsBuLi (0.91 mL of a 1.3 M solution in cyclohexane,
1.19 x 1072 mol) at —90 or —30 °C. After 30 min of metalation,
the corresponding electrophile (2.37 10-2 mol for protonation
and 1.19x 1072 for the other electrophiles) dissolved in THF (4
mL) was added. The reaction mixture was stirred-80 or —30
°C for t min (specified for each reaction in the main text). Then,
the reaction mixture was poured into ice water and extracted with
ethyl acetate (X 15 mL). The organic layers were dried over,Na
SQ, and concentrated in vacuufitd, H{ 3P}, and3!P NMR spectra

JOC Article

Hz), 70.08 (d,2Jpc 17.0 Hz), 120.47 (d?Jpc 8.0 Hz), 126.28 (d,
2Jpc 10.9 Hz), 126.78128.63, 128.76 (d3Jpc 4.8 Hz), 128.94,
128.99, 129.14 (fJpc 1.3 Hz), 130.52 (d3Jpc 11.6 Hz), 130.63
(d, Wpc 127.5 Hz), 131.90 (*Jpc 2.6 Hz), 132.63 (d3Jpc 13.8
Hz), 133.88 (d2Jpc 9.4 Hz), 134.83 (d#Jpc 2.3 Hz), 138.72 (d,
3Jpc 10.3 Hz);3P NMR ¢ 49.50; IR (KBr) 1259, 1180 cnt; MS
(API-ES) m/z 422 (M + 1). Anal. Calcd (%) for GgHsNOP
(421.47): C, 79.79; H, 5.74; N, 3.32. Found: C, 79.76; H, 5.76;
N, 3.27.

General Procedure for the Preparation of N-Methyl-y-
aminophosphinic Acids 28-29 (Procedure A) and 30-31
(Procedure B). Procedure A: A solution of the appropriate
benzazaphosphold 8a 189 (1.64 x 1074 mol) in a mixture of
dioxane (0.60 mL), water (0.53 mL), and concentrated sulfuric acid

of the crude reaction were measured in order to determine the (0.07 mL) was heated to reflux for 8 h. Then, the solution was
stereoselectivity of the process. The reaction crude was then purifiedcooled and optional pH was set to neutral by addinN NaOH.

by precipitation from E£O or flash column chromatography using
different mixtures of ethyl acetate/hexane as eluent.

General Procedure for the Dearomatizing Reactions on
Dinaphthylphosphinamides 12c.To a solution of LDA in THF
(1.19 x 10-3 mol) was added a solution dc(4.75 x 104 mol)
in THF (15 mL) at—85 °C. The mixture reaction was stirred for
1.5 h and allowed to reach30 °C. After 1 h at—30 °C, MeOH
(2.37 x 1078 mol) for protonation or Mel (1.19x 1079 as
electrophiles dissolved in THF (4 mL) was added at the same
temperature. The reaction mixture was stirree-80 °C for t min
(specified for each reaction in the main text). Then, the reaction

mixture was poured into ice water and extracted with ethyl acetate

(3 x 15 mL). The organic layers were dried over J8&, and

The resulting solution was extracted with ethyl acetate<(35
mL). The organic layers were dried over 88, filtered, and
concentrated in vacuo to afford aminophosphinic agidland32.
Procedure B: To a solution of the appropriated benzazaphosphole
(16, 27) (2.37 x 10~* mol) in acetone (10 mL)2 N HCI (1 mL)
was added at room temperature. The mixture reaction was stirred
2 h for 16 and 6 h for27 precursors. Then, the reaction mixture
was treated wit 1 N NaOH until neutral pH and extracted with
ethyl acetate (3 15 mL). The organic layers were dried over,Na
SO, filtered, and concentrated in vacuo to afford aminophosphinic
acids33 and 34.

1-Naphthyl-{ (1R*,2R*)-2-[(1R*)-1-(methylamino)(phenyl)-
methyl]-1,2-dihydronaphthalen-1-yl} phosphinic acid sulfate

concentrated in vacuum. The reaction crude was then purified by (30): yield crude reactior>97% (88 mg).'H NMR (DMSO-Us,

flash column chromatography using different mixtures of ethyl
acetate/hexane as eluent.
(1Rp*,3S*,3aS*,9bS*)-2-Methyl-1-(1-naphthyl)-3-phenyl-2,3, -
3a,9b-tetrahydro-1H-naphtho[1,2c][1,2]azaphosphole 1-oxide
(13a) 88% vyield after precipitation from ED (176 mg); mp 20+
203°C; ™H NMR 6 2.69 (d, 3H3Jp 7.8 Hz), 3.78 (dddt, 1HJnH
18.3 Hz,334y 7.1 HZ,3Jpy 2.5 Hz,3Jpn 4.6 Hz), 3.94 (dd, 1H3Juy
18.3 Hz,2Jpy 22.1 Hz), 4.77 (dd, 1Ky 7.1 Hz,33py 13.3 Hz),
5.83 (dt, 1H,23yn 9.7 Hz,33un 2.5 Hz,%Jpn 2.5 Hz), 6.24 (dd, 1H,
SJHH 9.7 HZ,4JHH 2.5 HZ), 6.72 (dt, 1H§JHH 7.5 HZ,4JHH 1.7 HZ),
6.89 (dt, 1H,3Juy 7.5 Hz,%Juy 1.7 Hz,53py 1.7 HZz), 6.96 (t, 1H,
3Jun 7.5 Hz), 7.35 (d, 1H3Jyy 7.5 Hz), 7.40 (dt, 1H3Jp, 7.1 Hz,
4JHH 1.7 HZ), 7.47 (ddd, 1H?JHH 7.9 HZ,SJHH 7.1 HZ,4JPH 2.7
Hz), 7.50 (t, 2H,3J4y 7.1 Hz), 7.61 (ddd, 1H3Juy 8.2 Hz, 33y
6.9 HZ,4JHH 1.2 HZ), 7.66 (dd, ZHJHH 7.1 HZ,4JHH 1.7 HZ), 7.78
(ddd, 1H,3Ju4 8.6 Hz,334y 6.9 Hz, 4y 1.7 Hz), 7.87 (ddd, 1H,
SJHH 7.1 HZ,4JHH 1.4 HZ,3JPH 15.7 HZ), 7.91 (dd, 1|_F1\]HH 8.2 Hz,
4Jun 1.7 Hz), 8.01 (d, 1H3Juy 7.9 Hz), 9.79 (d, 1H3J4y 8.6 Hz);
13C NMR 6 29.54 (d,2Jpc 3.9 Hz), 42.39 (d2Jpc 4.8 Hz), 43.31
(d, 1Jpc 92.8 Hz), 66.60 (d2Jpc 8.7 Hz), 124.38 (d3Jpc 14.1 Hz),
126.41, 126.57 (Jpc 21.3 Hz), 126.68, 126.80 (Jpc 99.1 Hz),
126.84 (d,%Jpc 6.0 Hz), 127.04, 127.16, 127.33, 127.56, 127.80,
127.98, 128.13, 128.84, 129.15, 130.22, 133.67Js; 3.3 Hz),
134.01 (d,2Jpc 9.0 Hz), 134.18 (d2Jpc 10.5 Hz), 135.62 (d?Jpc
11.1 Hz), 137.54%P NMR ¢ 45.74; IR (KBr) 1151 cm?!; MS
(API-ES) m/z 422 (M + 1). Anal. Calcd (%) for GgH.sNOP
(421.48): C, 79.79; H, 5.74; N, 3.32. Found: C, 79.75; H, 5.73;
N, 3.30.
(1R*,3Rp*,3aS*,9hS*)-2-Methyl-3-(2-naphthyl)-1-phenyl-2,3,-
3a,9b-tetrahydro-1H-naphtho[2,1<][1,2]azaphosphole 3-oxide
(16): yield after chromatography (ethyl acetate/hexane 1:1) was
72% (144 mg). Oil.™H NMR ¢ 2.48 (d, 3H,3Jpy 8.8 Hz), 3.39
(ddt, 1H,3J4y 8.5 Hz,%Jun 2.7 Hz,2Jpy 11.3 Hz), 3.56 (ddd, 1H,
3\]HH 9.8 HZ,?’JHH 8.5 HZ,4JHH 1.0 HZ), 4.34 (d, 1H§JHH 9.8 HZ),
6.13 (d, 1H,24y 7.4 Hz), 6.35 (dddt, 1H3Juy 12.2 Hz,334 9.8
Hz, 4\]HH 2.7 HZ,4JHH 1.0 HZ,BJPH 9.8 HZ), 6.77 (ddt, 1H3,JHH 9.8
Hz, 4Jun 2.7 Hz,%Jpy 2.7 Hz), 6.89 (dt, 1H3Jyy 7.4 Hz,%Jyn 1.8
Hz), 7.13-8.04 (m, 13H), 8.67 (d, 1HJpy 14.2 Hz);33C NMR 6
28.91 (d,2Jpc 2.4 Hz), 38.63 (diJpc 84.1 Hz), 48.41 (d2Jpc 1.2

75°C) 6 2.10 (s, 3H), 3.16 (d, 1HJpy 20.8 Hz), 3.67 (d, 1H,
3Jun 8.8 Hz), 4.15 (m, 1H), 6.04 (bm, 1H, ArH), 6.21(bs, 2H),
6.68-6.76 (m, 2H), 6.91 (m, 1H), 7.167.43 (m, 8H), 7.64 (dd,
1H, 33y 7.1 Hz,33py 13.2 Hz), 7.83 (d, 1H3J4y 8.2 HZz),7.90 (d,
1H 3Jyn 8.2 Hz), 8.37 (d, 1H3Juy 8.8 Hz); °C NMR (DMSO-ds,
75°C) 0 32.43, 37.33, 44.46 (dJpc 85.3 Hz), 67.59 (dJpc 18.0
Hz), 124.36 (d,3Jpc 13.2 Hz), 125.40, 125.94126.77, 126.85,
127.81, 128.32, 128.52129.04, 129.43 (BJpc 7.2 Hz), 131.37,
131.65 (bm), 133.39 (dlpc 9.6 Hz), 133.90 (dJpc 9.6 Hz), 134.14
(d,2Jpc 7.2 Hz), 135.60 (diJpc 3.6 Hz), 208.473P NMR (DMSO-
ds, 75 °C) 6 26.80; MS (API-ES)Wz 440 (M + 1 for y-amino-
phosphinic acid). Anal. Calcd (%) for JgH,6NO.P-H,SO,
(537.56): C, 62.56; H, 5.25; N, 2.61. Found: C, 62.52; H, 5.28;
N, 2.67.

1-Naphthyl-{ (1R*,2S*)-1-methyl-2-[(1S*)-1-(methylamino)-
(phenyl)methyl]-1,2-dihydronaphthalen-1-y} phosphinic acid
(32): yield crude reactiorr 97% (74 mg)H NMR (65°C) 6 1.81
(d, 3H,3Jpy 12.8 Hz), 2.66 (s, 3H), 3.23 (ddd, 1Py 4.4 Hz,
3Jun 2.8 Hz,33py 33.4 Hz), 4.77 (s, 1H), 6.11 (dd, 1RJ4y 7.5
Hz,4Jpy 1.9 Hz), 6.39 (t, 1H3J4y 7.5 Hz), 6.80 (dd, 1H3J,y 10.6
Hz, 4Jun 1.7 Hz), 6.93-7.16 (m, 7H), 7.35 (t, 1H3J4y 7.2 Hz),
7.51 (dt, 1H,3JHH 8.3 HZ,4JHH 1.9 HZ), 7.63 (d, 2H:,3JHH 7.8 HZ),
7.79 (d, 1H 334y 8.3 Hz), 7.96 (d, 1H3Jy 8.3 Hz), 8.17 (bs, 1H),
7.37 (bs, 1H), 11.56 (bs, 1H, OH), 13.12 (bs, 1H, NHE NMR
(60°C) 6 21.99 (d,2Jpc 1.8 Hz), 32.00, 46.27 (dJpc 82.9 Hz),
53.07 (d,2Jpc 3.0 Hz), 62.31 (d3Jpc 2.4 Hz), 123.94 (d3Jpc 12.6
Hz), 124.18-125.26, 126.06 (dJpc 2.4 Hz), 126.29 (dJpc 3.0
Hz), 126.46 (dJpc 3.0 Hz), 126.59 (dJpc 3.6 Hz), 127.43, 127.73,
128.48, 128.76, 130.51, 131.63 (Upc 3.0 Hz), 133.04 (dJpc
10.2 Hz), 135.14135.58, 133.59 (dJpc 7.2 Hz), 136.27, 137.91
(d, 2Jpc 3.0 Hz); 3P NMR (65°C) 0 34.34; IR (KBr) 3438, 1261
cm L MS (API-ES)m/z 454 (M+1). Anal. Calcd (%) for GoHog-
NO,P (453.51): C, 76.80; H, 6.22; N, 3.09. Found: C, 76.82; H,
6.24; N, 3.08.

2-Naphthyl-{ (1R*,2R*)-1-[(1S*)-1-(methylamino)(phenyl)-
methyl]-1,2-dihydronaphthalen-2-yl} phosphinic acid (33):yield
crude reactiorr 97% (72 mg); mp 292294°C (decomposed}H
NMR NMR 6 2.42 (s, 3H), 3.50 (m, 1HJpy 20.3 Hz), 4.35 (s,
2H), 6.00 (dt, 1H 33y 9.2 Hz,33un 2.3 Hz3JpH 9.2 Hz), 6.45 (d,
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1H, 334y 7.3 Hz), 6.57-6.66 (m, 2H), 6.9+8.06 (m, 13H), 8.61
(d, 1H,33py 12.3 Hz), 11.47 (bs, 1H), 12.62 (bs, 1HJC NMR 6
31.42, 42.08 (dXpc 95.2 Hz), 43.06 (d2Jpc 3.5 Hz), 61.47,
125.53-129.49, 132.59, 132.78 (&Jpc 3.5 Hz), 133.32 (d2Jpc
8.5 Hz), 134.42 (d%Jpc 1.8 Hz), 135.19 (dBJpc 14.0 Hz), 135.35;
31P NMR 6 33.77; IR (KBr) 3410, 1182 cni; MS (API-ES)m/z
440 (M+ 1). Anal. Calcd (%) for GgH2eNO,P (439.49): C, 76.52;
H, 5.96; N, 3.19. Found: C, 76.54; H, 5.94; N, 3.18.
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