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. Table 1. Synthesis of Phosphine Adducts of
Receied October 9, 1998 ponoisopinocampheylcyanoborane

The synthesis of enantiomerically pure phosphines and diphos- phosphine time (days) yield%) 1011 ratic?
phines, in particular those having a chiral phosphorus atam, 9a 3 70 50/50
currently the subject of great interest, since these compounds find 9b 3 62 65/35
application as ligands in catalytic asymmetric reactions. Several 9c 5 39 >98/Z

methods for their synthesis involve the use of borane adducts of
phosphorus compounds, in which the borane moiety serves mainly,[h
as a protecting groupWe reasoned that a chiral organoborane
bound to an achiral phosphine could, at the same time, deliver
an asymmetric induction in stereoselective processes, such as th
selective formation of produ@ from complex1, which would
serve as precursor to an enantiomerically enriched phosghine

aQverall yield from (IpcBH)» TMEDA. ° Determined by HPLC of
e purified product® Only one diastereomer observed and3C
MR spectroscopy.

?nonoisopinocampheylborohydrid@)( prepared fronb,* reacted
with mercuric cyanide in THF at reflux to afford® Treatment
of 7 with HCI in diethyl ether yielded monoisopinocampheylcy-

w2 w2 anoborane®), which was directly converted in the presence of
R1<B>R° 1) base R*észs deprotection R phosphine®a—c to the corresponding adducts. Two diastereo-
B, T L R AN mers, Rg)-10and &)-11, were produced at this stage. The ratio
AT AT Ve 3 of these adducts depended strongly on the substitution pattern of
1 2 the phosphine (Table 1).

] Mixtures were obtained from dimethylphenylphosphida)(

However, to the best of our knowledge, no synthesis of an and diphenylmethylphosphin@l), while a single compound0c
enantiomerically pure phosphorus compound containing a phos-was isolated from triphenylphosphird(. Pure diastereomédi0a
phorus-boron bond and a chiral boron atom has been reported. was isolated by recrystallization (4/1 hexaneiCH), while pure
In this communication are described the first examples of such 10bwas obtained by stirring the mixture #0band11bin THF
compounds. We also report experiments that provide direct at room temperature for 10 days. The structures0zf and10¢’
evidence of an & substitution at a boron atom. _ were determined by single-crystal X-ray analyses, allowing the

Since the preparation of enantiomerically pure comes attribution of theR configuration to the boron atom in both
well establishedwe chose (R)-(+)-a-pinene as the chiral source compounds. The conversion dfcto 10b (Li, THF, 4 h, room
in the synthesis of compound® and 11 (Scheme 1). Lithium  temperature, then Mel; 43%permitted identification ofLOb as
the major adduct fron9b.

T CEA-Saclay. . .
¢Uni_ver_s>|/t'e de Rennes 1. Author to be contacted regarding X-ray Thus, this method allowed us to prepare selectively several
determinations. enantio- and diastereomerically pure monoisopinocampheylicy-
o UniversiteLouis Pasteur. anoborane adducts having tReonfiguration at the boron atom
(1) (a) Pietrusiewicz, K. M.; Zablocka, MChem. Re. 1994 94, 1375 . . 9 A g " D
1411. (b) Kolodiazhnyi, O. [Tetrahedron: Asymmet4998 9, 1279-1332. To obtain selectively thess)-epimers, nucleophilic substitution
(2) (2) Imamoto, T.; Kusumoto, T.; Suzuki, N.; Sato, K. Am. Chem.
Soc 1985 107, 5301-5303. (b) Imamoto, T.; Oshiki, T.; Onozawa, T.; (3) (@) Brown, H. C.; Mandal, A. K.; Yoon, N. M.; Singaram, B.; Schwier,
Kusumoto, T.; Sato, KJ. Am. Chem. S0499Q 112 5244-5252. (c) Oshiki, J. R.; Jadhav, P. Kl. Org. Chem1982 47, 5069-5074. (b) Pelter, A.; Smith,
T.; Imamoto, T.Bull. Chem. Soc. Jpri99Q 63, 3719-3721. (d) Oshiki, T.; K.; Brown, H. C.Borane ReagentAcademic Press: London, 1988; p 424.
Hikosaka, T.; Imamoto, TTetrahedron Lett.1991 32, 3371-3374. (e) (4) Brown, H. C.; Singaram, B.; Cole, T. B. Am. Chem. S0d.985 107,
Imamoto, T.; Watanabe, J.; Wada, Y.; Masuda, H.; Yamada, H.; Tsuruta, H.; 460-464.
Matsukawa, S.; Yamaguchi, K. Am. Chem. S0d.998 120, 1635-1636. (5) (&) Emri, J.; Gyd, B. J. Chem. Soc., Chem. Comma®83 1303~
(f) Juge S.; Stephan, M.; Achi, S.; Génel.-P.Phosphorus, Sulfur, Silicon 1304. (b) Mills, W. J.; Sutton, C. H.; Libby, E.; Todd, L. horg. Chem.
199Q 49/50 267—-270. (g) JugeS.; Stephan, M.; Laffitte, J. A.; Gépel.-P. 199Q 29, 302-308. (c) Mills, W. J.; Sutton, C. H.; Baize, M. W.; Todd, L.
Tetrahedron Lett199Q 31, 6357-6360. (h) JugeS.; Stephan, M.; Merde J.Inorg. Chem.1991, 30, 1046-1052.
R.; Gerig, J.-P.; Halut-Desportes, 8. Chem. Soc., Chem. Commu993 (6) 10a crystal data: GH2sBNP; space grou2;2,2;; orthorhombic;a
531-533. (i) Kaloun, E. B.; Merdle, R.; Gefg J.-P.; Uziel, J.; Juges. J. = 8.445(3) A,b = 11.622(2) A,c = 19.465(4) AV = 1911(1) B, Z = 4;
Organomet. Chenil997 529 455-463. (j) Ramsden, J. A.; Brown, J. M.; final Rindices [ > 2.00(1)] Ry = 0.035,wR, = 0.033 for 1569 absorption-
Hursthouse, M. B.; Karalulov, A. Tetrahedron: Asymmeti3994 5, 2033— corrected reflections.
2044. (k) Muci, A. R.; Campos, K. R.; Evans, D. A.Am. Chem. S0d995 (7) 10ccrystal data: GH3z3BNP; space group2;; monoclinic;a = 9.844-
117, 9075-9076. (I) Nettekoven, U.; Widhalm, M.; Kamer, P. C. J.; van  (2) A, b = 14.396(3) A,c = 9.842(2) A,p = 114.22(6Y, V = 1272(1) A,
Leeuwen, P. W. N. MTetrahedron: Asymmetr§997, 8, 3185-3188. (m) Z = 2; final R indices | > 2.00(l)] Ry = 0.039,wR, = 0.037 for 2284
Stoop, R. M.; Mezzetti, A.; Spindler, FOrganometallics1998 17, 668— absorption-corrected reflections.
675. (n) Wolfe, B.; Livinghouse, TJ. Am. Chem. Sod 998 120 5116— (8) Gourdel, Y.; Ghanimi, A.; Pellon, P.; Le Corre, Metrahedron Lett.
5117. 1993 34, 1011-1012.
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Table 2. Substitution of10c by Dimethylphenylphosphinedg) Table 3. Diastereoselective Alkylation of AddudiOa
PMe,Ph H CN 1) s-BuLi, THF H CN
H CN % NG, H H ON BT Ph 2h,-78°C ~BiPh
Bl B + B+ Ipc P\ Ipc /P\
lpc” PPhy lpc” “PMe,Ph * Ipc”  PMe,Ph / 2) electrophile R
10¢ 11a 10a 10a 30 min, -78°C 12412
(diastereomers)
_ _ conversion  11a10a
entry solvent (equiv) time rate* (%) ratio* Electrophile R Products Yield of De
1 THF (1) 20h 87 53/47 12+12'° (%) (%)
2 THF (1) 45 h 100 51/49 B
3 CeDs (1) 15 days 88 62/38 CH,l CH, 12a,12'a 85 49
4 CeDs(10) 40 h 35 82/18 PhCH,B PhCH 12b, 12'b 77 60°
5  CDs(10) 4 days 71 75125 Man CH,Br vae ' .
6 CsDs (10) 9 days 98 75125 12¢,12'c 92 51
7 pure phosphin®a  2.5h 75 92/8
8 pure phosphina 7 h 98 90/10 OMe' oM
9 pure phosphin®a  20.5h 100 80/20
Ph,CO Ph,(HO)C 12d, 12'd 84 74"

a Evaluated from HPLC chromatogram integration. - - .
9 9 a Determined from the amounts of diastereomers after separation by

. . chromatography®? Determined by*H NMR spectroscopy in the pres-
of the (Re)-adduct of one phosphine by other phosphines was ence of Eu(FOD) ¢ Determined by HPLC of the purified product.

then considered. Kinetic studies on the substitution of Lewis base ; ;
e conversion) to 49/51 after 1 day (91% conversion) and to 26/74
adducts of boron derivativesuggest that both\3-B and $2-B after 2 day)s (100% conversiongl.( ? )

pathways may be involved in such processes. However, only 1 gyajuate the synthetic potential of the substitution at boron

achiral or racemic chiral adducts were used in these works, SO atom. 11a was prepared froniOc (pure 9a, 7 h, 59% after

that the §2 mechanism, when assumed, could not be proven by purifi(':ation by HPLC). '

simply establishing that a Walden inversion had happéfete Preliminary results on the alkylation df0a are reported in

reactions of the triphenylphosphine addd€c with 9a under Table 3. CompoundOain THF was treated witls-BuLi at —78

various conditions are summarized in the Table 2. _ °C. Then, after 2 h, the electrophile was added, and stirring was
The reaction in THF (entries 1, 2) using 1 equiv of phosphine qntinued for 30 min at78 °C.

was complete after 45 h, according to HPLC monitoring, but — The adductsi?2 (major isomer) andL.? were all stable and

nearly eqwmolar amounts of epimers were obtained. This outcomepuriﬁed by column chromatography. In several cases, the dia-

was attributed to an\3-B process. In deuterated benzene, a less giereomers were separated. The best diastereomeric excess was

dissociative solvent, the substitution with 1 equivlaf(entry 3) observed in the reaction of benzophenone (74%). These results

was very sluggish; it was possible to accelerate it a little using gy that the monoisopinocampheylcyanoborane moiety acts as
10 equiv of nucleophile (entries—=6). The final diastereomer 5 good chiral auxiliary.

ratio 11a10a was 75/25 in that case. The occurrence of both Adduct 12a was converted, in two steps (treatment with

mechanisms may account for this result igDe ) DABCO, followed by oxidation of the resulting phosphine with
The reaction in pur8a proceeded much faster, being complete hydrogen peroxide), to the knowiR)ethylmethylphenylphos-
after 20.5 h (entries-79). More |mportantly, a highi1a10aratio phine oxide'? Therefore,12a has theS-configuration at the P
was observed after 2.5 h, and it was still 90/10 after 7 h, when atom. Some racemization occurred during the removal of the
98% of the starting material had been conveHesince the major  chiral auxiliary with DABCO in THF at reflux, but not when the
isomerllahas anS-configuration at the boron atom, and since  reaction was performed at 4C. In this case, the phosphine was
it was obtained fromRe)-10c it clearly resulted from an \2- converted to the corresponding borane adduct, which was
type substitution at the boron atom. The ratio decreased to 80/20enantiomerically pure (ee 99.5%, chiral-phase HPLC).
after 20.5 h probably because of an equilibration due to the excess | conclusion, we have prepared enantiomerically pure phos-
of phosphine. . _ o phorus compounds containing a phosphetiisron bond and a
The reaction ofl0c with 9b was then studied under similar  chiral boron atom, and showed that the substitution @ with
COﬂ_dItIOI’]S. In aII cases, the equ'lbratlon of the addUCts proceededdimethy|pheny|phosphine proceeded with Walden inversion, thus
rapidly, favoring the epimerRg)-10b; for example, in pure  providing direct evidence of an,8 substitution at the boron atom.
phosphine, the ratid1/10b changed from 78/22 afte h (45% Chiral induction was observed in the alkylationlfawith several
electrophiles. Conversion to an enantiomerically pure phosphine

(9) (&) Cowley, A. H.; Mills, J. L.J. Am. Chem. Sod.969 91, 2911~

2915. (b) Budde, W. L.; Hawthorne, M. B. Am. Chem. So2971, 93, 3147 was performed from a purified diastereomeric adduct.

3150. (c) Walmsley, D. E.; Budde, W. L.; Hawthorne, M.JF.Am. Chem.
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Am. Chem. Socl971, 93, 3156-3160. () Milier, E.; Birgi, H.-B. Hely. chiral-phase HPLC.

Chim. Actal987 70, 499-510. (f) Toyota, S.; Oki, MBull. Chem. Soc. Jpn.
(1:%%%Ggoil%sﬁéé7%0(ngzn£gg%tgh§§_ggé%walgabi&érlge&%’ grgocl;lhe% Supporting Information Available: Experimental procedures and
1096 61, 8378-8385. ' T ' characterization data for new compounds; X-ray structure determination
(10) Previous studies in our laboratory had shown that the treatment of an and crystal data fotOaand10c (PDF). See any current masthead page
enantiomerically pure alkylcyanoboranamine adduct (of unknown absolute  for Web access instructions.
configuration) with an excess of a second amine led to a nonracemic adduct
of the second amine: Charoy, L. Ph.D. Thesis, Univerdééaris VI, 1995. JA983566K
(11) It was checked by HPLC that complexation of monoisopinocamphey-
Icyanoborane & with pure 9a afforded initially an equimolar mixture of (12) Korpiun, O.; Lewis, R. A.; Chickos, J.; Mislow, KI. Am. Chem.
epimerslOaandlla S0c.1968 90, 4842-4846.




