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Ahctrart: Reaction of diamines with PClL; and Et:N in toluene, followed by water or hvdrosen culfide gawve 2
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series of cyclic phosphorous acid diamides (diazaphosphole oxides) and thiophosphorous acid diamides
(diazaphosphole sulfides), respectively. Similarly, reaction of diamines with phenyl dichlorophosphine gave
phenyl diazaphospholes. The synthesis, properties, and structure of these diazaphospholes are reported. © 1998

Elsevier Science Ltd. All rights reserved.

Introduction

We recently began to explore methods for the asymmetric synthesis of a hydroxy phosphonic acid
derivatives (phosphonamides and phosphonates).! Hydroxy phosphonic acid derivatives are most easily
prepared via the addition of a dialkyl phosphite to an aldehyde (the Pudovik reaction),” and we therefore sought
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associated with diastereoisomer separation. In the choice of auxiliary, we were encouraged by iiterature
precedent to examine the formation of cyclic phosphorous acid diamides (diazaphosphole oxides) derived from
C, diamines.® Several useful C; diamines are readily available, easily resolved and N-alkylated,’ and the a-
carbanions of related homochiral phosphonamides were known exhibit a large diastereofacial bias upon reaction
with electrophiles.®* Moreover, Modro and others had demonstrated the ease of P-alkylation of (Me;N),P(O)H
and (Et;N);P(O)H, and these results suggested that anion formation and alkylation should be possible with
more cnmplex diamides.” Furthermore. the P-H moiety allows access to a wide variety of reaction maniﬁ)ldsi8
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including, anion formation via deprotonation of the P-H bond, Pd-catalyzed arylation and vinylation, and
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synthetic strategy couid be applied to the synthesis of novel ligands for metal complex formation.” Herein we

report, in full, the results of our study on the preparation, structure, and reactions of diazaphospholes as

potential asymmetric phosphonylating agents and ligands for metal complexation.

*corresponding author; e-mail CSPILL@JINX.UMSL .EDU;: tel 314-516-5314; fax 314-516-5342
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Results

The disubstituted diamines 1a-f were prepared by the reductive alkylation of racemic or homochiral®® trans

1,2-cyciohexanediamine.  Addition of aldehydes to the 1,2-cyciohexanediamine in methanoi gave the
corresponding bis-imine, which was reduced in sity with sodium borohydride to give the diamines la-f.
Attempts to prepare the isopropyl substituted diamine 1g via bis-imine formation with acetone resulted in
monoalkylation. However, direct alkylation with isopropyl iodide in a refluxing two-phase mixture of PhMe
and aq. NaHCOs allowed access to the desired diamine 1g. Racemic N,N'-diphenyl-1,2-diaminocyclohexane
1h,* and the racemic N-benzyl substituted derivatives of 2,3-butanediamine 3i and stilbene diamine 3j* were
prepared by literature methods. The disubstituted diamines 1a-j were converted to dihydrochloride salts which
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Mosher's acid. The presence of signals for only one diastereoisomer indicated that the 1,2-
diaminocyclohexane had been resolved to >99% optical purity
Scheme 1
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Diamine R’ R X | Product | Yield(%) | °'P, 5, ppm m.p. (°C)
1a 1,2-cyclohexyl PhCH, (0] 4a 80 19.9 129-131
2c 1,2-cyclohexyl 2-CH;-Cot4CH, (8] 4b 85 223 oil
1c 12<cyclohexyl 1 2.4 6-(CH;)-CH,CH, | O 4c 62 17.7 173-178
1d 1,2cyclohexyl 1-NaphthCH, 0] 4d 93 227 waxy solid
1le 1,2-cyclohexyl (CH3)3CCH2 (0] 4e 90 32.9 100-102
1g 1,2-&.1.@!911:“1 (CH,),CH 0 dg 54 104 liquid
1h 1,2-cyclohexyl Ph o) 4h 95 13.3 waxy solid
1i Me PhCH; (0] 4i 62 14.8 108.5-110
ij Ph PhCH, O 4j 97 i5.1 134.5-136
1a 1,2-cyclohexyl PhCH, S Sa 40 626 122-123.5
le 1 1,2-cyclohexyl (CH5);CCH, S Seb 67 70.7 93.5-94.5
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resulting Ei;N.I C gave the crude chioro-diazaphosphoies 2a-j. Addition of one equivalent of water and one
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equivalent of Et;N to the toluene solution of the chioro-diazaphospholes 2 gave the phosphorous acid diamides
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(diazaphosphole oxides) 4 (Table 1). Alternatively, addition of hydrogen sulfide to a toluene solution of
shlaridas %a and 2a wialdad tha sanrraennnding thinnhnacnharane amid diamidac frl:gv-nhnmhnl. ailfidas) Ka and
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Se, respectively. The crude diazaphosphole oxides were purified either by trituration with diethyl ether, column
chromatography on sifica gei, or recrystailization from ethyi acetate in good yieid (Tabie i). Using a simiiar
procedure, the diamines 1a and le were condensed with phenyl dichiorophosphine to give the phenyi-

diazaphospholes 3a and 3e, respectively (Table 2)."

Table 2. Phenyl Diazaphospholes

Diamine s R | Y | Product | Yield(%) [ *'P, 5, ppm m.p. (°C)
1a 1,2<cyclohexyl PhCH; Ph 3a 91 101.9 oil
1e 1,2-cyclohexyl (CH,);CCH, Ph 3e 84 119.1 119.5 - 120

In the general, the diazaphosphole oxides 4 were solids and proved to be quite stable to storage.
However, the liquid diazaphosphole oxides 4g and 4h, and diazaphosphole sulfides 5 decomposed on storage,
presumably by hydrolysis or oxidation. The *'P NMR resonances for the diazaphosphole oxides were in the
range & 13-33 ppm, whereas, the sulfides 5a and Se were approximately 40 ppm downfield from the
corresponding oxides 4a and 4e at 62.5 and 70.6 ppm, respectively. The monocyclic butanediamine derivative
4i and stilbene diamine derivative 4j showed phosphorus resonances upfield of the corresponding bicyclic
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Figure 1. 'H NMR Spectrum of Diazaphosphole Oxide 4a
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The IH NMR specira of miZa’ipnuap ole oxides 4 uxap ayea somme inieresiing cnaracierisiics. The Prowoii
attached to phosphorus appeared as a charateristic doublet in the range 6.5 to 8.0 ppm, with a 'Jpy value of 550
to 600 Hz. The *H NMR spectrum of the benzyl substituted diamine 1a illustrates the characteristics typical of
the C, diamines 1 studied. The four N-benzylic protons are diastereotopic (pairs) and appear as an AB quartet
at 8 3.66 (Avas = 62 Hz, Jap = 13.4 Hz). However, in the 'H NMR spectrum of the diazaphosphole oxide 4a
(Figure 1), the four benzylic protons are unique and exhibit P-H couplings (Jex), and consequently appear as
two doublets of doublets and two apparent triplets (each integrating to one proton). The cyclohexyl methine
protons are also split into two multiplets, in contrast to one multiplet in the parent diamine. The 'H NMR

spectra of the phenyl diazaphosphole 3a show similar coupling patterns for the benzylic and methine protons.'!
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dominant effect on the stereochemical cutcome of the reactions studned For example the addition of

£

diazaphosphole oxide 4e [R = (CH;);CH,] to aldehydes proceeded with higher diasiereoseiectivity and with the
opposite induced stereochemistry when compared to the diazaphospholes 4a [R = PhCH;]. It was proposed
that the conformation adopted by the nitrogen substituents was a critical factor in determining the
stereochemical outcome of the reaction. The oxides 4c, 4e and 4i and the phenyl diazaphosphole 3¢'" gave
crystals suitable for structural analysis using X-ray diffraction, and therefore allowed a thorough investigation
of the conformations adopted by the nitrogen substituents (in solid).

Figure 2 (above) The molecular structure of diazaphosphole oxide 4e shown
with 50% probability displacement ellipsoids (peripheral H atoms have been
omitted for clarity).
Figure 3 (above). The molocular structure of
diazaphosphole oxide 4i shown with 50% probability
displacement ellipsoids.
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Figure 4. The molecular structure of diazaphospholc oxide 4¢ Figure 5. The molecular structure of phenyl-
shown with 50% probability displacement eiiipsoids. diazaphosphole 3e shown with 75% probability

displacement ellipsoids.
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-5) clearly show that the substituents on nitrogen (R')
have substantial effects on the preferred conformation of the overall molecule. The crystal lattice of all three
diazaphosphole oxides have a disordered oxygen atom, which led to structural refinement with two positions
for the oxygen atom attached to phosphorus (Figures 2-4). All measured bond lengths were in agreement with
the expected values for N-C, P-N, and C-C sp3-sp3 bonds."

The conformation and bond angles in the N-neopentyl diazaphosphole oxide 4e closely resemble the
structures of previously reported N-neopentyl'"'* and N-methyl"’ phosphonamides (2-alkyl diazaphosphole
oxides). The fused six membered ring clearly distorts the phosphorus containing five membered ring in
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comparison to 4i and related monocyclic phosphonamides.'® In the monocyclic system 4i, the phenyl rings lie
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above and below the piane of the five-membered ring. In 4¢, the mesityl groups are "eclipsed” and they lie in
nearly the same plane of the five-membered ring. Finally, the fert-butyl groups of the neopentyi system 4e are
anti to one another, but on opposite sides of the plane from their adjacent N-methylene carbons.
The geometries at the nitrogen atoms of the three diazaphosphole oxides are distinctly different. The
sums of the nitrogen bond angles (EN) indicate that the geometry of nitrogen is nearly planar for the
monocyclic system 4i [EN(1) = 357.5(6), ZN(2) = 354.8(6)], midway between planar and tetrahedral for the
neopentyl system 4e, [EN(1) = 344.5(9), ZN(2) = 343.6(9)], and intermediate for mesityl system 4¢. [IN(1) =
346. 8(6\ XN'( 2)=3514]. Asa result, the N-methylene substituents in each dmzxnhosnhole oxide were anti to
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plane of the five-membered ring and measuring the out-of-plane distances of the N-methylene carbons. The
differences in these out-of-plane distances was inversely proportional to the sums of the nitrogen bond angies:
4e > 4¢ > 4i. Out-of-plane distortions can aiso be considered from the perspective of a N-N line. A
comparison of the angles between the N-N line and the bond to the N-methylene carbon led to the same
conclusion as the measurement of out-of-plane distances: 30.4 and 30.8° in the neopentyl system 4e, 25.5 and

ece variations was determined bv calonlatine a mean
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22.6° in the mesityl system 4c, and 16.7 and 19.2° in the monocyclic system 4i.

Scheme 2
R R R
~N, base, RCHL,Br /\”{P/O base, RCHO /\’I{P'f'o
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T S n wn that diazanhosphole oxides 4 are excellent nucleonhilic nhosnhonvlatine reagants
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under mild conditions. The products of these reactions, the pnospnonaimues 6 and 10, and chiorides 8, aiso
is

refinement of diazaphospholes for future applications in asymmetric synthesis.
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Experimental

'H, C, and *'P NMR spectra were recorded on a Varian XL-300 spectrometer at 300, 75 and 121 MHz,
respectively. The 'H chemical shifts are reported in ppm downfield from Me,Si. The *'P chemical shifis are
reported in ppm relative to external H;PO,. The "C chemical shifts are reported in ppm relative to the center
line of C¢Dg (128.0 ppm) or the center line of CDCl; (77.0 ppm). Infrared spectra were recorded on a Perkin
Elmer 1600 series FTIR. Melting points were determined on an Electrothermal melting point apparatus and are
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uncorrected ()nhcal rotations were determined on a Rudolf Research Autonol II1 nnlarmwtpr Mase gpectra
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Inc. High resolution mass spectra were performed by Monsanto Company. Toluene and CH,Cl; were distilled
from CaH,, and THF and Et;O were distilied from sodium-benzophenone ketyl. Et;N was distilied twice from
KOH.

X-ray structure determinations were performed on a Siemens R3 automated single crystal x-ray

Q.
o

diffractometer using a graphite monochromated Mo Ka radiation. Data reduction and structure solution were
carried out using XDISK.® Structure solution and least-squares refinement for all compounds were achieved
by using SHELXTL.® Full matrix least-squares refinement was carried out by minimizing EW(F..Z-F,.Z”)Z The
non-hydrogen atoms were treated using an appropriate riding model (AFIX m3, SHELXTL). Crystal and
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hydrogen atoms, a iist of anisotropic displacement coefficient
observed structure factors, and a complete list of bond distances and bond angles have been deposited with the
Cambridge Crystallographic Data Base

r the non-hydrogen atoms, the caiculated and

(IR,2R)-N,N'-dibenzyl-1,2-cyclohexanediamine (1a). To suspension of (R, R)-1,2-cyclohexanediamonium-
(+)-tartrate (20 g, 100 mmol) in MeOH (60 mL) was added a solution of potassium hydroxide (11.2 g, 200

mmol) in MeOH (80 mL) over a period of 1 hour. When the addition was complete, the mixture was stirred for
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ed in vacuo and redissolved in eOH (160 mL) an
7 [ H )

benzaldehyde (21.39 mL, 210 mmol) was added via syringe. The reaction mixture was heated to reflux for 1

~ O

hour. The solution was allowed to cool to room temperature, then was cooled further to 0 x, and sodium
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borohvdrnide (11.3 ¢ 300 mmol) was added. The mixture was stirred at room temnarature avernioht and it
ettt Al =\ Ll - B SRESEENSSS TRV wwewe A anw AR BTGB E W WWT WLEL A WAE WV R WALFAES ler-“wv vv“lual“’ A AW
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to give a colorless oil (21.1 g), which contained product and benzyl alcohol. The oil was dissolved in MeOH
(100 mL) and a solution of conc. HCI (16.0 mL, 194 mmol) in MeOH (100 mL) was added slowly. The
mixture was concentrated in vacuo to give an off-white solid, which was recrystallized from MeOH/Et;0 to
give a white crystalline solid (22.7g, 62%). mp (2HCI salt) 241-244 °C; [a]p = -61.6°(2HCI salt, ¢ = 1.03,
H,0); IR (KBr/2HCl salt) 2945, 2760 (brd) cm™; 'H NMR (CDCl;) § 7.20 (m, 10 H), 3.66 (ABq, 4 H, Avas =
62.0 Hz, Jas = 13.4 Hz), 2.24 (m, 2 H), 1.96 (m, 2 H), 1.51 (m, 2 H), 1.04 (m, 2 H), 0.91 (m, 2 H); *C NMR
(CDCL) 8 141.1, 1283, 128.1, 126.7, 60.9, 50.9, 31.6, 25.1; MS(EI/DIP) m/z (rel. intensity) 294 (M* 93)

1240.J0;, 1£L0.1, 1459,/ 3 WV S A VIR A AL H& [ RRR. B2 ] =TT RETR y TA)

203 (100), 189 (93). Anal. Calcd for CxoHxN,Cly: C, 65.39; H, 7.68; N, 7.63. Found: C, 65.29; H, 7.69; N,

7T KK
51.OJ.

(IR,2R)-N,N'-Bis-[(2-methyiphenyl)-methyl]-1,2-diaminocyclohexane (1b).  Prepared according to
procedure for 3a. mp (2HCI salt) 211-213 °C (MeOH/Et,0); [at]p = -71.2 (2HCI sakt, ¢ = 1.02, H;0); IR
(KBr/2HCI salt) 3425 (brd), 2945, 2745 (brd), 2365 cm™; '"H NMR (CDCL) 8 7.25 (m, 2 H), 7.12 (m, 6 H),
3.73 (ABq, 4 H, Avap = 80.3 Hz, Jap = 12.9 Hz), 2.30 (s, 6 H), 2.24 (m, 2 H), 1.74 (br s, 4 H), 1.34-1.20 (m, 2
H), 1.00-1.12 (m, 2 H); ®C NMR (CDCl) & 138.7, 136.2, 130.0, 128.3, 126.9, 125.7, 61.4, 48.9, 31.7, 25.1,
19.0; MS(EI/DIP) mvz (rel. intensity) 322 (M™*, 17), 217 (29), 105 (100), 104. Anal. Caled for C»HaN,Ch:
C, 66.83; H, 8.16; N, 7.08. Found: C, 66.79; H, 8.20; N, 7.13.

-—,_...

(I1R,2R)-N,N'-Bis[(1-naphthyl)-methyl]-1,2-diaminocyclohexane (1d). Prepared according to the
procedure for 3a, (39%). mp (2HCI sait) 227-230.5 °C (EtOH/E(20); {ajp = -99.0 (¢ = 1.0, 95% EtOH); IR
(KBr/2HCI salt) 3425 (brd), 2940, 2720(brd), 2365, cm™; *H NMR (CDCls) & 7.97 (m, 2 H), 7.80-7.69 (m, 4
H), 7.42-7.19 (m, 8 H), 4.17 (AB, 4 H, Av,p = 86.1 Hz, Jas = 13.0 Hz), 2.42-2.29 (m, 4 H), 1.79 (m, 2 H),
1.40-1.10 (m, 4 H); 13CNM:R(CDCh;) 5 133.6, 133.5, 131.2, 128.5, 128.1, 126.3, 126.2, 125.5, 125.0, 123.0,
60.4, 47.7, 30.3, 24.7, MS(EI/DIP) m/z (rel. intensity) 253 (37), 157 (40), 156 (37), 141 (100),. Anal. Calcd

for CosHyN2Cly: C, 71.94; H, 6.90; N, 5.99. Found: C, 71.79; H, 6.97; N, 5.92.

(IR YR\ N N'_Rief? ¥V _dimaothuvinranvl.1 2_ovelnhavanadiaming (10} Pronarad seecardine tn tha nracadira
\KARg XX JTLNgt N TAS g "UBRRARN AR Y ARFR VLI Y K )T R g TN Y CAVARCAGIIVALAIIRELIEL AV ) L IWpPAi VU QAR WS B oIv plUvveuuL v
£ 2. £70720/\ e FVTTC 14} ALY ALY O, T — ET7Q MMHLIM e . 1 AT IT AN T /I 2212 A1
101 24 (0J270) I LEINE 1} 401-400 u, []p — =2/.7 (&Il dadll, € — 1.Vi, V), IR (LIILI3) 2310 (viu),
2950 (brd) cm™; 'H NMR (CDCi;) 6 2.55 (d, 2 H, J = 11.0 Hz), 2.10 (d, 2 H, T = 11.2 Hz), 2.10 (m, 2 H), 2.02

(m, 2 H), 1.69 (m, 2 H), 1.50 (s, 2 H), 1.20 (m, 2 H), 0.98 (m, 2 H), 0.90 (s, 18 H); *C NMR (CDCL) 5 63.2,
59.9,32.1, 31.7, 27.9, 25.3; MS(EL/DIP) m/z (rel. intensity) 197 (100), 112 (67). Anal. Caled for C¢HysN2Cly:
C,58.70; H, 11.08; N, 8.56. Found: C, 58.65;H, 11.14; N, 8.57.

(1R,2R)-N,N'-Bis-(3-methylbutyl)-1,2-diaminocylohexane (1f). Prepared according to the procedure for

3a, (60%). mp(2HCI salt) 241.0-243.0 °C (EtOH/Et;0); [alp = -55.7 (2HCI salt, ¢ = 0.95, H,0); IR (CHCL)
3415 (brd), 3020, 2930, 2400 cm™; 'H NMR (CDCl;) § 2.79-2.68 (m, 2 H), 2.47-2.36 (m, 2 H), 2.14-2.02 (m,
4 H), 1.75-1.55 (m, 4 H), 1.50-1.40 (m, 1 H), 1.40-1.28 (m, 4H) 1.28-1.15 (m, 3 H), 1.05-0.90 (m, 2 H), 0.89
(d, 12 H, T = 6.7 Hz); ®C NMR (CDCl ) 5 62.0, 45.1, 39.7, 31.8, 26.1, 25.2, 22.8, 22.6; MS(CI/GC/CH ) m/z
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(rel. intensity) 255 ([M+1]*, 100), 253 (84), 197 (62), 168 (91). Anal. Calcd for CisHseN;Cl+0.5H:O: C,
57.13; H, 11.09; N, 8.33. Found: C, 57.00; H, 11.06; N, 8.33.

(£)-N,N'-Bis[(2,4,6-trimethylphenyl)-methyl]-1,2-diaminocyclohexane  (lc). To a solution of
mescitvialdehuds 2. 80 mI. 17.0 mmol) in toluene 25 ml) cogled toc 0 °C was addad (+)-Fans-12

1IRARL YIRSV ) WV \ .oV BEkks, oV RAMAIVAJ  BAA iV (&0 Hilg) WWuilu W v RO GUUSA LTS

sateemmernloabhawana N QL mol) vig svringe T ool oAb _at . __

dxﬁummyu\nww (A 969 mL, 8.1 mm ) via byuugc The ice bath was removed and the reaction mixiure
was heaied to refiux for 1 hr. The mixture was then concentrated by distiliing off toiuene (20 mL). After
cooling to room temperature, methanol (15 mL) was added and the mixture was cooled to 0 °C. Sodium
borohydride (0.916g, 24.2 mmol) was added and the ice bath was removed. After 2 h, the reaction mixture
was poured into water (100 mL) and extracted with CH,Cl, (4x50 mL). The extracts were combined, dried
(Na;SO,), and concentrated in vacuo to give a white solid. The solid was triturated with diethyl ether to give a
white crystalline solid (2.3 g, 74%). mp 139-140 °C; IR (KBr) 3425 (brd), 3290, 2925, 2855, 1660 cm™ 'H
NMR (CDCls) 6 6.80 (s, 4 H), 3.63 (AB, 4 H, Avap = 111.5 Hz, Jup = 11.2 Hz), 2.35 (s,2H),2.28 (s, 12 H),
224 (s, 6 H), 218 (m, 2 H) 1.78 (m, 2 H), 1.50 (s, 2 H), 1.30 (m, 2 H), 1.08 {m, 2 H); ®C NMR (CDCL,) 8

W ALy . A \siky & nij, - il R Y AV \Ridy e k), A.VO 3k o BAYy N ANLVRIN \\Aaf) U

136.7, 136.0, 134.0, 128.7, 62.0, 45.1, 32.0, 25.2, 21.0, 19.6; MS(EI/DIP) n/z (rel. intensity) 133 (100), 132

0\ A___1 _ QN AQ. IT 1N

(29). Anal. Calcd for CpgHigNa: C, 82.48; H, 10.12; N,

o oM RO, YT 1A 18, \1’ - -

A _ -~
40. Found: C,82.28: H, 10.i5; N, 7.32.

(1R,2R)-N,N'-Bis(2-propyl)-1,2-cyclohexanediamine (1g). (R R)-1,2-cyclohexanediamonium-(+)-tartrate
(10.01g, 50.0 mmol) and H,O (10 mL) were added and a solution of NaOH (4.00g, 100 mmol) in H2O (25 mL)
was added (to the resulting suspension) via addition funnel over a period of 30 min. After the addition was
complete, toluene (60 mL), sodium bicarbonate (15.12 g, 180 mmol), and lastly isopropyl iodide (14.96 mL,

150 mmol) were added, each in one portion. The addition funnel was replaced with a reflux condenser and the
as diluted with toluene (100 mlL)

RRNRIN AV YRRy

reaction mixture was heated to reflux for 1 hour. Upon cooling, the mixture w

n
2

-
-

e agueous laver wae discarded. The toluen
A% -‘.‘ J Y UMP WEROW WMwhd. A 13w VWi W.

g

3 23
o manbwandmd d2e vewnesn All e, 31
1

d
.
anAd A ~ T | Aacito 1
ana concentratea in vacuo to SIVC a ycl OW Ol Nis Oil was vacuuin aistiuéa to g,lve a Omuness Dll

(3 2, 36%). Bp 54 °C at 10 millitorr; [a]p = -82.3 (ZHCI salt, ¢ = 0.99, H;0); IR (CHCl;) 3300, 2925 (brd)

L. '"H NMR (CDCls) & 2.87 (m, 2 H), 2.13 (m, 2 H), 2.08 (m, 1 H), 2.03 (m, 1 H), 1.68 (m, 2 H), 1.23 (m, 4
H), 1.05 (d, 6 H, J = 6.4 Hz), 0.99 (d, 6 H, J = 6.1 Hz), 0.95 (m, 2 H); *C NMR (CDCl) & 59.1, 45.5, 32.6,
25.1, 22.7, MS(EI/DIP) m/z (rel. intensity) 91 (100). Anal. Calcd for C,;Hz¢N,: C, 72.66; H, 13.21; N, 14.12.

Found: C, 72.52; H, 13.19; N, 14.07.

-
=
-
C
Qe
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-
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filtered through MgSO4. The solution was again cooled to -60 °C and Ei;N (3.85 mmol) and water (3.50
mmol) were added. The cooling bath was removed, and after 1 h. the mixture was filtered through MgSO,.
The solvent was removed in vacuo using a mechanical pump to yield the crude product. Crude and isolated
yields and method of isolation for each compound are given below. NMR spectra were recorded in C¢Ds
solution (unless otherwise indicated).

-
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(3aR.7aR)-2.3.32.4,5,6,7,7a-Octahydro-1,3-dibenzyl-1H-1,3,2-benzodiazaphosphole-2-oxide (4a).

Trituration from Ft.0 (80%). mp 129-131 °C: [gls = <555 (¢ = 1. 0. CHCLY IR (KRBr) 2040 23110 1450
A ALVISLISANAR A WREE Aviwlws \WV SV  RAAp AdwSTAw a Ny (WA ared (A ANy NSRANVEYJy AAN \AWAFL J WSV, Ml AV, LTIV,
1990~ HYWMD S 78474 11T T = S01 T 79K 7 INTN A2 744 1 L7 T =T — 1€ £ LT\ 4 NO
1akUVIEL , KR ANIVARN O 7,77 (U, ) 13, JPH JZL.1 X4, §.4L0 (}, 1V X1), T.40 (Ul 1 IL JPH ™ JHH —™ 17.V ILW), 9.VO

(
(dd, 1 H, Jpu = Jim = 15.6 Hz), 3.97 (dd, 1 H, J = 15.4, 10.5 Hz), 3.72 (dd,
H), 2.46 (m, 1 H), 1.48 (m, 2 H), 1.19 (s, 2 H), 0.70 (m, 4 H); *C NMR (CDCl;) § 138.2, 138.0, 128.4, 128.3,
128.0, 127.8, 127.2, 127.1, 63.1 (d, ZJpc = 8.5 Hz), 62.8 (d, Jpc = 5.7 Hz), 46.6 (d, *Jpc = 3.2 Hz), 46.0 (d,
%Joc = 6.4 Hz), 29.4 (d, *Jpc = 7.9 Hz), 28.7(d, *Jpc = 7.9 Hz), 24.2, 24.1; *'P NMR & 19.9; MS(CI/GC/CH,)
m/z (rel. intensity) 355 (M+Me)*, 297 (32), 281 (100). Anal. Calcd for CoHasN;OP: C, 70.57; H, 7.40; N,

8.23. Found: C, 70.34; H, 7.47; N, 8.18.

hnn-.ntl-«mhmnknl-_"_nvndn {(dhY (Crada
P Lo e e ANEW ‘1 l.l}o \\./ A AV

t1)-4 I y}.vlu oy Lcynpu, dlv? . 1
PLIO AT 878/ N1 Tl — &7 fa=N0A CLIFAIN TD /0OIIO1 ) 102 AOE ArNEn 1Ann -1 Irr
VOOV VIBUILJ, \J/770). Ui, |[GJp = =3/.2 (€ T U.74, CIIUI3J, LN (LILI3) JULD, &P3D, 440U, 1L Cm |, 1
NMR (CDCl3) 6 7.48 (m, 1 H), 7.39 (m, 1 H), 7.32 (d, 1 H, Jpu = 605.8 Hz), 7.25-7.10 (m, 6 H), 4.43 (dd, 1

H,J=15.6,11.6 Hz), 427 (dd, 1 H,J=15.7, 13.4 Hz), 414 (dd, 1 H, J=16.1,93 Hz),3.93 (dd, | H, J =
15.4, 13.0 Hz), 3.15-3.05 (m, 1 H), 3.00-2.90 (m, 1 H), 2.34 (s, 3 H), 2.34 (s, 3 H), 1.90-1.65 (m, 4 H), 1.10-
1.30 (m, 4 H); ®C NMR (CDCL) 5 136.2 (d, *Jpc = 4.4 Hz), 136.0 (d, *Ipc = 4.4 Hz), 135.8, 135.5, 130.2,
130.0, 128.4, 127.8, 127.1, 127.0, 125.9, 125.7, 64.5 (d, *Tec = 5.2 Hz), 64.0 (d, 2Jpc = 6.3 Hz), 44.7 (d, Jpc =
2.9 Hz), 44.2 (d, Zpc = 6.6 Hz), 29.6 (d, *Jec = 10.0 Hz), 28.9 (d, *Joc = 7.2 Hz), 24.3, 24.2, 19.4, 19.3; *'P
NMR (CDCL) 8 22.3; MS(EUDIP) m/z (rel. intensity) 217 (20), 105 (100), 104 (25). Anal Calcd for

w13 A RIMESR

CHzsN;0P-H,0: C, 68.37; H, 8.08; N, 7.25. Found: C, 68.62; H, 7.75; N, 7.27.

N Z2AA2iNINI R B

(+)-2,3,31,4,5,6,7,7a-Octahydro-1,3-bis-[(2,4,6-trimethylphenyl)-methylj-1H-1,3
2-oxide (4c). Recrystallization from EtOAc (62%). mp 173-178 °C; IR (KBr) 2925, 2855, 350, 1235 cm™;
'HNMR 6 6.79 (d, 1 H, Jpu = 597.0 Hz), 6.74 (s, 2 H), 6.66 (s, 2 H), 4.08 (dd, 1 H, J = 12.5, 5.7 Hz), 381
(dd, 1 H, Y= Jeu = 10.7 Hz), 3.70 (dd, 1 H, J = 12.7, 7.6 Hz), 3.60 (dd, 1 H, Juu = Jeu = 10.9 Hz), 2.83-2.75
(m, 1 H), 2.59-2.50 (m, 1 H), 2.48 (s, 6 H), 2.32 (s, 6 H), 2.08 (s, 3 H), 2.03 (s, 3 H), 1.74-1.59 (m, 2 H), 1.40
(br s, 2 H), 1.20-0.85 (m, 4 H); “C NMR & 138.3, 137.8, 137.3, 137.0, 129.5, 128.3, 127.7, 66.0, 64.0, 43.1,
42.2,29.7,29.0,24.7, 21.2, 20.7; *'P NMR § 17.7, MS(EV/DIP) nv/z (rel. intensity) 133 (100), 132 (21). Anal.

Caled for C;Hy;N,OP«Q SH,O: C, 72,03; H, 8 83; N, 6,46, Found: C, 72.31; H, 874; N, 6.50,
(3aR,7aK)-1,3,31,4,5,6,7,7a-Octahyd ro-1,3-bis-{{1-naphihyi)-methyij- 1H-1,a,;-oéﬁi®ﬁ'lﬁiifriﬁiﬁhnie—£-
oxide (4d). Column chromatography (SiO, eluting with 99:1 CHCl:;/MeOH), (52%). Waxy solid; [a]p = -50.2
(¢ = 1.48, CHCL); IR (KBr) 2935, 2365, 1635, 1220 cm™; *H NMR (CDCl;) 6 8.10 (m, 1 H), 7.87-7.63 (m, 4
H), 7.61-7.37 (m, 5 H), 7.35 (d, 1 H, Jpu = 607.9 Hz), 7.28-7.08 (m, 4 H), 4.89 (dd, 1 H, J = 15.8, 11.4 Hz),
4.76 (dd, 1 H, Ju = Jeu = 16.1 Hz), 4.59 (dd, 1 H, J = 16.1, 8.3 Hz), 4.46 (dd, 1 H, J = 15.3, 13.7 Hz), 3.27-
3.18 (m, 1 H), 3.10-3.02 (m, 1 H), 1.93 (br s, 1 H), 1.78 (br s, 1 H), 1.70-1.60 (m, 2 H), 1.30-1.10 (m, 4 H);
3C NMR (CDCls) § 133.6, 133.5, 131.2, 131.0, 128.7, 128.6, 128.0, 127.9, 126.3, 126.2, 126.0, 125.7, 125.6,
125.5, 125.3, 125.2, 123.04, 123.00, 64.9 (d, 2Jpc = 5.2 Hz), 64.1 (d, *Joc = 7.8 Hz), 44.7 (d, *Jpc = 3.0 Hz),

<ty A&SD, &S5, 14L0 2L£I VY & 134) 2140,

44.2 (d, Jpc = 6.9 Hz), 29.6 (d, *Joc = 9.9 Hz), 29.0 (d, *Jec = 7.3 Hz), 24.3, 24.2; *'P NMR (CDCk) 5 22.7;
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MS(CUDIP/CH,) m/z (rel. intensity) 741 (38), 601 (100), 567 (35), 301 (42), 283 (34). HRMS(CI/CH,),
(M+1)* caled for CzsHssNOP: 441.2096. Found: 441.2148.

(3aR,7aR)-2.3.32,4,5.6,7,7a-Octahydro-1,3-bis(2,2-dimethylpropyl)-1H-1,3,2-benzodiazaphasphole-2-

A ol e v 4 T Y TF ¥ 2 ¥ =7 C2ae ul rJd =7 b ik 4 t o i

oxide (4e) Trituration avanae (Q0%) mn 100102 °C- Iyl = . 103 6 (r =1 0 CHCLY TR (ZRr 20
VAIY ‘ ’- AL WRER BAWIRRALLWEG \Iv IUI lll.’ ANV AT b V’ l\h_‘u AeS \v &.V, ‘.-‘wl’ F o \.:w ’ -’Jv’
”A0TN 7121& 192€ ael. HITAMMAD S 72174 11T T = ROT7T 2T 2 K7 /A 11T T 1817 14200\ N £2 744 1
207U, 23335, 1350 , KLINMING /.31 40, 1 1L, JpH T 20/.3 11Zj, 3.3/ (00, 1 11, F 13.3, 18.4 ILj, 4.0 (UG, 1
H,J =178, 14.5 Hz), 2.51 (m, 1 H), 2.29 (m, 1 H), 2.26 (dd, 1 = 14.5 Hz), 1.96 (dd, 1 H, Jip =

IF
5
I
?

Jun = 14.4 Hz), 1.56 (m, 2 H), 1.40 (m, 2 H), 1.14 (m, 2 H), 0.97 (s, 9 H), 0.91 (s, 9 H), 0.85 (m, 2 H); °C
NMR § 65.5, 64.1, 64.0, 55.8, 55.0,32.6,31.2, 30.2, 28.5, 28.1, 24.6, 24.5; P NMR § 32.9, MS(EI/DIP) mv/z
(rel. intensity) 243 (100), 197 (99), 112 (63). Anal. Calcd for Ci¢HssNoOP: C, 63.97; H, 11.07; N, 9.32.
Found: C, 63.79;H, 11.10; N, 9.41.

(3aR,7aR)-2,3.3a,4,5,6,7,7a-Octahydro-1,3-bis(3-methylbutyl)-1H-1,3,2-benzodiazaphesphole-2-oxide

(4f). Column chromatography (SiO; eluting with 99:1 CHCl;/MeOH), (63%). Oil, [a]p = -72.0 (c = 0.56,

CHCLY TR (CHCL) 2055 2870 2350 2255 1210 el lHNMR (CDCLY S 732 (d 1 H L. = 5020 I-Iw\

ANy AN \NABNATJ daF ddy O Iy LTIV, badedd RdaiV GLE , XL INIVIN \\ds/Na3) U 7.J& \\8, 3 X3, JPH The. 7 KAki)
[s7a) e NE 1 0A (e DI 1 00 1 774 {0ne D LIV £ m](’)| ‘l‘)(l'\‘

.) LU'L LI ‘lﬂ, 0 ﬂ}, ‘ Uo~1.7% (111, < 11}, 1.00"1./V \Ull, & 11), 1 UO‘J. ovJ \Hl, L i1}, 1.22 l (ll.l, '1 I'l), DI=1. L%

(m, 3 H), 1.19-1.09 (m, 1 H), 0.90 (m, 12 H); *C NMR (CDCls) & 62.7 (d, 3Jpc = 5.5 Hz), 62.3 (d, *Jpc = 8.2
Hz), 40.9 (d, ZJpc = 2.2 Hz), 40.4 (d, *Jpc = 5.6 Hz), 38.5 (d, “Tpc = 2.0 Hz), 37.8 (d, *Jpc = 2.1 Hz), 29.3 (d,
$Jec = 10.3 Hz), 28.4 (d, *Jec = 7.8 Hz), 26.1, 24.2 (d, *Jec = 6.7 Hz), 22.7, 22.6, 22.5, 22.4; *'P NMR (CDCl)
8 21.5; MS(CI/DIP/CH,) m/z (rel. intensity) 301 ([M+1]* (100), 298. HRMS(CI/CH,), (M+1)* calcd for
C1eH3:N20P: 301.2409. Found: 301.2423,

(3aR,7aR)-2.3.32.4.5.6.7,7a-Octahydro-1.3-bis(2-propyl)-1H-1.3.2-benzodiazaphosphole-2-oxide  (4g).
Column chromatography (SiO; eluting with 99:1 CHCl;/MeOH), (54%). Liquid, [a]o = -133.4.(c = 0.95,

AL Y- TD 7DD 20268 224N 171N A SITAMAD S 747 /A 1T T =&K7L 2 17 {eme D IIL 20N {2 1
Cnlis), i ABDI) £535, 459V, 11V 0l , M1 INVING 7.0/ (G, 1 11, JpH = J /0.4 112}, 5.17 \{li, 2 11}, .U (I}, 1
T -~ S a4 T L B o N -~ TT\ h 1 AF 73 AN TY Y LN TT_N 1 AN 7 ~ TTN T AN 3 ~ TT T " NTTY_N T ma s ~
H),2.50{m, 1 H), 1.62{m, 2H), 1.45(4,3 H, ] =65 Hz), .43 (m, 2 H), 1.30 \u, 3H,i=70Hz), 1.24(q, 3
H, = 6.5 Hz), 097 (d, 3 H, J = 6.6 Hz), 0.94 (m, 2 H), 0.75 (m, ZH), C NMR 3 61.2, 59.9, 45.3, 44.6,

+
P
~~
o
S
V
O i
~
~3
d
v

J
9.2, 24.5, 22.9, 21.2; *'P NMR 3 10.4; MS(CI/DIP/CH,) nm/z (rel. mtensny) 5 ((M+1]
I‘IRMS(CUCI‘L), (M+1)+ calcd for CqusNzOP. 245.1783. Found: 245.1784.

(#)-2,3,3a,4,5,6,7,7a-Octahydro-1,3-diphenyl-1H-1,3,2-benzodiazaphosphole-2-oxide (4h). (Crude yield
95%) not isolated. Waxy solid, IR (KBr) 3035, 2945, 2865, 2385, 2250, 1600, 1250 cml '"HNMR § 7.52 @,

1H T.,.._KIRAI—I—’\ 736(d 2 H I—Rﬁl—b\ 7.25-7.05 (m SH), 700—600(m 2H)L. 677 (m 1 H) 340

i X3y vPH vao,'s T Wy e iR, v [0S 8 ¥ A v 23y A & 125 % LCLL .. <27

(m, 1 H), 3.13 (m, 1 H), 2.18 (m, 1 H), 1.99 (m, 1 H), 1.79 (m, 1 H), 1.32 (m, 2 H), 1.00-0.80(m,3H), B¢

1m0 n r1 27

NMR (CDCh) 6 138.9 (d, “Jpc = 5.6 Hz), 138.6 (d, Joc = 1.9 Hz), 129.3, 125.3, 125.
124.41, 124.39, 122.14, 122.09, 62.5 (d, Zpc = 7.3 Hz), 62.4 (d, ZTec = 6.6 Hz), 28.9 (d, *Jec
(d, *Toc = 6.0 Hz), 24.22, 24.16; 'P NMR & 13.3; MS(CUDIP/CH,) m/z (rel. intensity) 313 ([M+1]+ (39), 267
(88), 266 (57), 245 (82), 174 (100). HRMS(CUCH,), (M+1)* caled for CisHyN,OP: 313.1470. Found:

313.1474.



A. De la Cruz et al. / Tetrahedron 54 (1998) 10513--10524 10523

(+)-2,3.4.5-Tetrahydro-1,3-dibenzyl-4,5-dimethyl-1H-1,3,2-diazaphosphole-2-exide (4i). Trituration from

Et,0 (62%). mp 108.5-110 °C; IR (KBr) 3100 (brd), 2970, 2345 1220 m" I NMR (CDCL)8762(d, 1 H,

ANATERN \ Nvas

Jeu = 606.0 Hz), 7.46 (m, 2 H), 7.38-7.23 (m, 8 H), 4.39 (dd, 2 H, = 15.9, 9.2 Hz), 4.33 (dd, 2 H, J =

’
10.2 Hz), 4.12 (two overlaping dd, 2 H, Ju. = 14.5, 11.9, 7.8 Hz), 299234(m4n),1ww,3ﬁ,}ﬁ61
Hz), i l(d,3i’i,J=62Hz},"CNM'R(LUL13) 6 137.5, 128.6, 127.9, 127 .4, Sﬁi(d,'hc-xouz),ﬁs

(d, %Jpc = 9.0 Hz), 46.0 (d, Jpc = 3.2 Hz), 45.4 (d, ZTpc = 6.0 Hz), 18.4, 17.8; >'P NMR & 14.8; MS(EUDIP)
m/z (rel. intensity) 314 (60), 134 (76), 91 (100). Anal. Caled for CisHxN;OP: C, 68.77; H, 7.37; N, 8.91.
Found: C, 68.57; H, 7.42; N, 8.85.

(+)-Tetrahydre-1,3-dibenzyl-4,5-diphenyl-2,3,4,5-1H-1,3,2-diazaphosphole-2-oxide (4j). (97%). mp
134.5-136 °C (EtOAc/hexanes); TR (KBr) 3060, 3025, 2930, 2870, 2400, 1600, 1210 cm™; '"H NMR & 9.00 (S

0.5 H). 7.09 (m. 20.5 H). 4.37-4.26

{ A 7 k3 fvn D
Voo ERfy 7.7 \Riky baVS.of RhJy TF.I T . 214y ik o 11y Ehjy F.A 'y ALy Wy VoS RBdafy F T od ol de RARy e
. Bﬂ\nm £OTWEAR 1204 1207 12472 170 12707 1704 19019 170 1 197 4 177 1 L0 N £7 0 £7T17
I1j, WV IUVIR(LVAIUR3) O 1379, 130.4, 1303, 140.7, 140./, 1409, 140.4, 140.1, 1&1.9, 141,11, 00.4,V/.0, V1.1,
46.4, 45.8; *'P NMR 3 15.1; MS(EI/DIP) m/z (rel. intensity) 438 (M™) (15), 347 (52), 196 (34), 91 (100).
Anal. Calcd for CxHN,OP: C, 76.69; H, 6.21; N, 6.39. Found: C, 76.47,H, 6.27; N, 6.34

General Procedure for Thiophosphorous Acid Diamides (Diazaphosphole sulfides) (5). To a solution of
PCl; (3.85 mmol) and Et;N (7.70 mmol) in toluene (12 mL) cooled to -60 °C was added a solution of the
diamine 1 (3.50 mmol) in toluene (12 mL) over 30 min. The cooling bath was removed, and after 2 h. the

mixture was filtered through MgSO,4. The solution was again cooled to -60 °C and Et;N (3.85 mmol) was
added H,S gas was bubbled into th lution until the premmta Hon of tnethvlsmma hvdrnchhnde had ceaged.

UL 228322 22322 2% b ity L ik p54 b ]

€ §
Tha ranlineg hath wae ra rnﬂ and

LA VUV VUl Ve remo v, anu atier i.

wae ﬁltered fhrnnnh MaCN). Tha enluent waee

AR VREL LVARAINI 4. AL SRIATNA TVES
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removed in vacuo using a mechanical pump to yield the crude pro

of isolation for each compound are given below.

(3aR, 7aR)-2,3,31,4,5,6,7,7a-Octahydro-1,3-dibenzyl-1H-1,3,2-benzodiazaphosphole-2-sulfide (5a).

column chromatography (SiO; eluting with 1:1 EtOAc/hexanes) (40%); mp 122-123.5 °C; 'H NMR (CDCL) §
7.54 (d, 1 H, Jpu = 591.7 Hz), 7.25 (m, 10 H), 4.23 (dd, 1 H, Jyu = Jyw» = 15.6 Hz), 4.08 (dd, 1 H, Jyy = Jip =
15.6 Hz), 3.97 (dd, 1 H, J = 15.4, 10.5 Hz), 3.72 (dd, 1 H, J = 15.9, 7.4 Hz), 2.72 (m, 1 H), 2.46 (m, 1 H),
1.48 (m, 2H) 119 (g 2 H), 0.70 (m, 4 H); 13¢ NMR (CDCl3) 6 128.7, 128.6, 127.4, 63.1, 62.8, 46.9, 46 4,

& =5 &= 22, =23/ ¥ 1£=0 YLD

29.4,29.3, 24.3; 31P NMR (CDCl;) 6 62.6.

(3aR, 7aR)-2,3,3,4,5,6,7,7a-Octahydro-1,3-bis(2,2-dimethyi-propyl)-1H-1,3,2-benzodiazaphesphoie-2-
sulfide (5b). Column chromatography (SiO, eluting with 1:1 EtOAc/ hexanes) (67% ). mp 93.5-94.5 °C; [a]o
=-110. (¢ = 1.0, CHCL); IR (KBr) 2962, 2332 cm™; 'H NMR (CDCls) 5 8.32 (d, 1 H, Jeu = 585 Hz), 3.52
(dd, 1 H, Jyms = Jup = 14.4 Hz), 3.22 (dd, 1 H, J = 11.0, 11.1 Hz), 3.07 (m, 1 H), 2.85 (dd, 1 H, J = 15.3, 15.1
Hz) 2.54 (m, 1 H), 2.32 (dd, 1 H, J = 14.4 and 14.3 Hz), 2.18 (m, 2 H), 1.99 (m, 2 H), 1.84 (m, 2 H), 1.25 (m,
1H), 0.97 (s, 9 H), 0.91 (s, 9 H); *C NMR (CDCl) 8 66.2, 64.1, 55.2, 53.0, 34.9, 32.5, 31.1, 30.9, 29.2, 29.0,
24.6; *'P NMR (CDCl;) § 70.7; Anal. Calcd for C;sH33N,PS: C, 60.72; H, 10.51; N, 8.85. Found: C,
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