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Caution! This procedure should be carried out in a well-ventilated hood
because of the stench of pyrrolidine and 2,2"-bispyrrolidine. The hood doors
should be covered with an opaque sheet to shield the UV light.

1. Procedure

A. (R*R*) and (R*S*%)-2,2"-Bispyrrolidine.”> A three-necked, 500-
mL flask equipped with three quartz refluxing columns and three water
condensers (Figure 1) is charged with pyrrolidine (160 mL) and a drop of
mercury (Notes 1 and 2). The water condensers are equipped with gas inlets
connected to a single nitrogen source leading to an oil bubbler. The flask is
placed in a Rayonet Photoreactor fitted with 14 x 8§ Watt low pressure Hg
lamps (254 nm). The reaction mixture is heated to reflux with a heating
mantle. The lamps are turned on, after which the mixture is heated at reflux
for 7 days. After the lamps are turned off, the system is allowed to cool to
room temperature (Note 2). The liquid is then carefully decanted to a
distillation flask and the mercury is recovered. Unreacted pyrrolidine and
side products are removed by distillation at atmospheric pressure (Note 3).
The residue is distilled to provide 67.6 g (50%) of a mixture of (R*,R*) and
(R*,8%*)-2,2'-bispyrrolidine as a clear, light yellow liquid (bp 79—81 °C at 3.0
mmHg) (Note 4). The product is of sufficient purity to be used in the
resolution step (Note 5)
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Figure 1. Apparatus for photodimerization of pyrrolidine.
B. Resolution of 2,2"-Bispyrrolidine”™*

1. Preparation of (R,R)-2,2'-bispyrrolidines(L)-tartrate. To a solution
of a 1/1 mixture of d,/- and meso-2,2'-bispyrrolidine (67.0 g, 479 mmol) in
H,O (240 mL) is added (L)-(+)-tartaric acid (36.0 g, 240 mmol, 0.5 equiv)
and acetic acid (27.4 mL, 479 mmol, 1.0 equiv) (Note 6). The mixture is
heated to 90 °C and the homogenous solution is allowed to cool to room
temperature slowly before it is placed in an ice bath. After the solid
precipitates (Note 7), the mixture is kept in an ice bath for another 2 h. The
precipitate is then filtered and is washed with ice-cold water (20 mL). The
mother liquor is saved for the recovery of the (§,5)-2,2'-bispyrrolidine. The
collected solid is dried under high vacuum (0.5 mmHg) at 80 °C for 2 h to
give 31.6 g of a light yellow powder. This solid is dissolved in hot water (90
mL) and the solution is allowed to cool slowly to room temperature before it
is placed in an ice bath for 1 h. The precipitate is filtered and the solid is
washed with ice-cold water (10 mL). The solid is dried under high vacuum
(0.5 mmHg) at 80 °C for 2 h to give 23.0 g of white crystals. This
recrystallization process is repeated using water (50 mL) to give 21.4 g (62%
based on isomer content) of (R,R)-2,2'-bispyrrolidinee(L)-tartrate as white
prismatic crystals (Note 8).

2. Preparation of (R,R)-2,2'-Bispyrrolidine. To a mixture of the
tartrate salt (9.1 g) in water (15 mL) at 0 °C are added KOH (20 g) pellets
(Note 9). The mixture is then stirred at 0 °C for 10 min before diethyl ether
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(80 mL) is added, whereupon the solution is stirred at 0 °C for another 30
min. The aqueous layer is then separated and extracted with diethyl ether (6
x 50 mL) (Note 10). The diethyl ether extracts are combined, dried (K,COs3)
and then are concentrated under vacuum (Note 11). The residue is
transferred to a dry 25-mL, round-bottomed flask. To this is added a small
piece of sodium (Note 12) and the mixture is stirred at room temperature
under nitrogen for 30 min. The residue 1s distilled under vacuum to give
3.61 g (83%) of (R,R)-2,2’-bispyrrolidine as a clear colorless oil (bp 97-98
°C at 8.0 mmHg) (Note 13). The enantiomeric purity of product is
determined by CSP-SFC and CSP-HPLC analysis of the corresponding
dibenzoyl amide derivative (Note 14).

3. Preparation of (S,S)-2,2'-bispyrrolidines(D)-tartrate. The mother
liquor from initial resolution is cooled to 0 °C and KOH pellets (80 g) are
added slowly. The mixture is stirred vigorously at 0 °C for 10 min (Note 15).
To this solution is added diethyl ether (500 mL) and the mixture is stirred at
room temperature for 20 min. The aqueous layer is separated and then is
extracted with diethyl ether (4 x 500 mL). The diethyl ether extracts are
combined, dried (K,CO;), and then are concentrated under vacuum to give
48.4 g of a yellow oil. The oil is dissolved in H,O (150 mL), then (D)-(—)-
tartaric acid (34.5 g, 230 mmol) and acetic acid (27.0 mL, 473 mmol) are
added (Note 16). The mixture is heated to 90 °C and the homogenous
solution is allowed to cool to room temperature slowly before it is cooled in
an ice bath. After the solid precipitates, the mixture is kept in an ice bath for
another 2 h. The precipitate is filtered and the solid is washed with ice-cold
water (10 mL), and then is dried under high vacuum (0.5 mmHg) at 80 °C
for 2 h to give 23.5 g of a light-yellow powder. The solid is dissolved in hot
water (60 mL) and the solution is allowed to cool slowly to room
temperature before it is placed in an ice bath for another 2 h. The precipitate
is filtered, washed with 10 mL of ice-cold water, and dried under high
vacuum (0.5 mmHg) at 80 °C for 2 h to give 20.16 g of white prismatic
crystals. This recrystallization process is repeated using water (55 mL) to
give 18.4 g (55% based on isomer content) of (S,5)-2,2'-bispyrrolidine(D)-
(—)-tartrate as white prismatic crystals (Note 17).

4. Preparation of (S,S)-2,2'-Bispyrrolidine. To a solution of the
tartrate salt (9.3 g) in water (15 mL) at 0 °C are added KOH pellets (20 g).
The mixture is stirred at 0 °C for 10 min before diethyl ether (80 mL) is
added, whereupon it is stirred at 0 °C for another 30 min. The aqueous layer
is separated and then is extracted with diethyl ether (6 x 50 mL). The
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diethyl ether extracts are combined, dried (K,COs) and then are concentrated
in vacuo (Note 11). The residue is then transferred to a dry 25-mL, round-
bottomed flask. To this is added a piece of sodium (Note 12) and the
mixture is stirred at room temperature under nitrogen for 30 min. The
residue is then distilled under vacuum to give 3.51 g (80%) of (S,5)-2,2'-
bispyrrolidine as a clear, colorless oil (bp 97-98 °C at 8.0 mmHg) (Note 18).
The enantiomeric purity of product is determined by CSP-SFC and CSP-
HPLC analysis of corresponding dibenzoyl amide derivative (Note 19).

2. Notes

1. The three quartz-refluxing columns are 34 cm long and 4.0 cm in
diameter. All joints are well sealed with high vacuum grease to avoid
leakage. Pyrrolidine (99 %) was purchased from Aldrich Chemical
Company, Inc., and was used without further purification.

Variables that are difficult to control relative to the photolysis include
the age and actual power of the Hg lamps, the actual length of the quartz
tubes receiving the UV light and the rate of reflux. All affect the overall rate
of photolysis. The checkers found it convenient to follow the progress of the
photolysis by periodically sampling the reaction and analyzing it by ’C-
NMR spectroscopy in CDCl;. The peak heights for the methylene groups for
pyrrolidine (47.1 ppm) and the bis-pyrrolidines (47.0 and 46.6) were used as
measures of the relative ratios of these species. When the pyrrolidine is
almost consumed in the photolysis, the reflux ceases. The submitters were
able to recover ~50% of the bis-pyrrolidines after distillation following a
seven-day photolysis (See Note 5). The checkers achieved the following
results: 39% in seven days; 60% in nine days; 72% in 11.4 days and 60% in
five days at half-scale.

2. The crude reaction mixture can be analyzed by 'H NMR. The ratio
of starting material to products can be estimated from the NMR spectrum.

3. The distillate contains 46.6 g of colorless liquid.

4. The distillation should be done carefully to avoid solidification of
the diamine in the condenser.

5. The crude material (67.6 g, approximately 50% based on the
pyrrolidine charged) contains a ca. 1/1 mixture of d,/ and meso isomers: 'H
NMR (500 MHz, CDCl;) d: 1.32-1.46 (m, 2 H), 1.61-1.92 (m, 8§ H),
.2.82-2.98 (m, 6 H). The checkers obtained 52.6 g from the seven-day
photolysis; 81.0 g from the nine day photolysis; 97.0 g from the 11.4 day
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photolysis and 41.5 g from the five day photolysis at half-scale.

6. L-(+)-Tartaric acid (99% GLC) was purchased from Aldrich
Chemical Company, Inc., and was used without further purification. Acetic
acid (glacial) was purchased from Fisher Scientific Company and was used
without further purification. In completing the checking of this procedure,
the subsequent reactions were scaled to reflect the quantity of
bispyrrolidines obtained in the distillations. The reactions checked at the
yields indicated.

7. The initial formation of crystals may take up to 16 h. The process
can be facilitated by stirring the mixture with glass rod or by addition of
small amount of seed crystals.

8. The analytical data for (R,R)-2,2'-bispyrrolidines(L)-tartrate are as
follows:* mp 212-216 °C; '"H NMR (500 MHz, D,O/DSS) d: 1.88—1.98 (m,
2 H), 2.08-2.28 (m, 4 H), 2.40-2.48 (m, 2 H), 3.51-3.55 (m, 4 H),
3.92-4.00 (m, 2 H), 4.43 (s, 2 H), 4.86 (br, 6 H); °C NMR (126 MHz, D,0)
d: 25.5, 31.0, 49.1, 63.2, 76.6, 181.4; IR (KBr) cm™: 3220, 2717, 2516,
1693, 1612, 1583, 1450, 1386, 1321, 1124, 1072, 709; [a]) +17.9 (c = 1.00,
H,0); Anal. Calcd for C;H,,N,Oq: C, 49.65; H, 7.64, N, 9.65. Found: C,
49.80; H, 7.63; N, 9.65. The checkers noted slight chemical shift variations
in the NMR spectra of this material, and attribute these to slight differences
in concentration and apparent pH in the different samples.

9. Potassium hydroxide (87.7%) was purchased from Fisher Scientific
Company and was used without further purification.

10. Diethyl ether was purchased from Mallinckrodt Inc. and was used
without purification.

11. The water bath is kept at 0 °C to avoid loss of (R,R)-2,2'-
bispyrrolidine.

12. The piece of sodium is about 0.5 cm’ and it is washed with hexane
before use. After distillation, the sodium was destroyed by the careful
addition of isopropyl alcohol.

13. The analytical data for (R,R)-2,2’-bisyrrolidine are as follows:™"
'H NMR (500 MHz, CDCl;) &: 1.31-1.38 (m, 2 H), 1.65-1.84 (m, 6 H),
2.06 (br, 2 H), 2.82-2.97 (m, 6 H); °C NMR (126 MHz, CDCl;) &: 25.4,
29.0, 46.4, 63.8; IR (KBr) cm™: 3270, 2956, 2867, 1282, 1118, 1076; MS
(FAB) (m/z): 141; HRMS (m/z) CgHsN, (M+H): Calc.: 141.1386; Found:
141.1375; [a]2 —14.91 (¢ = 1.03, MeOH); Anal. Calcd for CgH ¢N: C, 68.52;
H, 11.50, N, 19.98. Found: C, 68.38; H, 11.64; N, 19.92. The free diamine 1s
extremely hygroscopic, oxygen sensitive and absorbs CO, rapidly in air.
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14. Procedure for derivatization is as follows (eq 1)**: To a solution of
(R,R)-2 (140 mg, 1.0 mmol) in 1.0 mL of methylene chloride (purchased
from Fisher Scientific Company and distilled from P,0Os) at 0 °C is added
triethylamine (278 mL, 2.0 mmol, 2.0 equiv, purchased from Aldrich
Chemical Company, Inc., and distilled from CaH,) and benzoyl chloride
(232 mL, 2.0 mmol, 2.0 equiv, purchased from Aldrich Chemical Company,
Inc., and distilled before use). The mixture is stirred at room temperature for

HH
H H O -
: Et;N N N
NHHN CHyCly 00
(R.R)-2 (RR)-3

4 h and then EtOAc (50 mL) and H,O (10 mL) are added. The aqueous
layer is separated and then is extracted with EtOAc (3 x 15 mL). The
organic layers are combined, washed with 15 mL of saturated, aqueous
sodium bicarbonate solution, dried over Na,SO, and then concentrated under
vacuum. The residue is purified by column chromatography (SiO,,
hexane/i-PrOH, 6/1) to give 295 mg (85%) of (R,R)-3 as a white solid. The
analytical data for (R,R)-3 are as follows:* 'H NMR (500 MHz, CDCl5) §:
1.76-2.05 (m, 6 H) 2.20-2.28 (m, 2 H), 3.19 (dt, J = 10.3, 7.8, 2 H), 3.79
(ddd, J=10.5, 8.8, 5.1, 2 H), 4.59-4.64 (m, 2 H), 7.22-7.36 (m, 6 H), 7.38—
7.42 (m, 4 H); °C NMR (126 MHz, CDCl;) &: 24.1, 28.2, 49.1, 58.8, 127.1,
128.2, 129.5, 137.2, 164.5; IR (CHCl;) cm™': 2997, 2881, 1624, 1576, 1427,
700; MS (EI, 70 eV): 348, 175, 174, 105; HRMS (m/z): Calc. C,,H,5N,0,
(M+H): 349.1911; Found: 349.1900; Supercritical Fluid Chromatography:
(R,R)-3 2.86 min (100 %); tr (S,S5)-3 3.26 min (0 %) (Chiralpak AS, 40 °C,
150 bar, 15 % MeOH in CO,, 3.0 mL/min, 220 nm); HPLC: #% (§,5)-3 8.2
min (0%); tr (R,R)-3 13.2 min (100%) (Chiralpak AD, i-PrOH/hexane, 95/5,
0.7 mL/min)

15. The submitters initially used 40 g of KOH pellets for the
neutralization. The checkers found that the use of 80 g was necessary to
assure extraction of all of the diamine.

16. D-(—)-Tartaric acid (97% GLC) was purchased from Aldrich
Chemical Company, Inc., and was used without further purification.

17. The analytical data for (S,S)-2,2'-bispyrrolidinee(D)-(—)-tartrate are
as follows: mp 214-218 °C; '"H NMR (500 MHz, D,O/DSS) §: 1.88-1.99
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(m, 2 H), 2.08-2.29 (m, 4 H), 2.41-2.49 (br, 2 H), 3.52-3.57 (m, 4 H), 3.94—
4.01 (m, 2 H), 4.44 (s, 2 H), 4.84 (br, 6 H); °C NMR (126 MHz, D,0) 9:
25.5,31.0,49.1, 63.16, 76.6, 181.4; IR (KBr) cm™: 3384, 3242, 2997, 2885,
2717, 2517, 1693, 1610, 1583, 1387, 1124, 1072, 710; [a], —17.7 (¢ = 1.02,
H,0); Anal. Calcd for C;;H,,N,Oq: C, 49.65; H, 7.64, N, 9.65. Found: C,
49.98; H, 7.43; N, 9.37. The checkers noted slight chemical shift variations
in the NMR spectra of this material, and attribute these to slight differences
in concentration and apparent pH in the different samples.

18. The analytical data for (S.S)-2,2'-bisyrrolidine are as follows: 'H
NMR (500 MHz, CDCl;) 6: 1.31-1.38 (m, 2 H), 1.65-1.84 (m, 6 H), 2.06 (br,
2 H), 2.82-2.97 (m, 6 H); °C NMR (126 MHz, CDCl;) §: 25.4, 29.0, 46.4,
63.8; IR (KBr) cm™: 3263, 2954, 2867, 2821, 1457, 1442, 1280, 1118, 1076,
892, 869; MS (FAB) (m/z) 141; HRMS (m/z) CsH;N, (M+H): Calc:
141.1386; Found: 141.1373; [a], 14.82 (¢ = 1.01, MeOH); Anal. Calcd for
CsHigN: C, 68.52; H, 11.50, N, 19.98. Found: C, 68.45; H, 11.64; N, 19.79.

19. For the derivatization procedure see Note 14. The analytical data
for (S,S)-3 are as follows: '"H NMR (500 MHz, CDCl5) &: 1.78-2.05 (m, 6
H), 2.20-2.27 (m, 2 H), 3.22 (dt, J=10.4, 7.8, 2 H), 3.80 (ddd, J = 10.6, 8.8,
5.1, 2 H), 4.60-4.64 (m, 2 H), 7.23-7.33 (m, 6 H), 7.38-7.44 (m, 4 H); °C
NMR (126 MHz, CDCl;) &:,24.3, 28.4, 49.3, 59.0, 127.4, 128.4, 129.8,
137.4, 171.2; MS (EIL, 70 eV): 348, 175, 174, 105; HRMS (m/z) Calc.
CyoHysN,O, (M+H): 349.1911; Found: 349.1917; Supercritical Fluid
Chromatography: tx (R,R)-3 2.86 min (0%); f (S,5)-3 3.26 min (100%)
(Chiralpak AS, 40°C, 150 bar, 15% MeOH in CO,, 3.0 mL/min, 220 nm);
HPLC: (§,9)-3 & 8.2 min (100%); (R,R)-3 tg 13.2 min (0%) (Chiralpak AD,
i-PrOH/hexane, 95/5, 0.7 mL/min)

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with “Prudent Practices in the Laboratory”; National Academy
Press; Washington, DC, 1995.

3. Discussion

C,-Symmetric chiral diamines have found extensive application as
additives, auxiliaries and catalysts in asymmetric synthesis.” (R,R)-2,2'-
Bispyrrolidine, initially developed by Hirama, has been successfully applied
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as a ligand for osmium tetraoxide in the asymmetric dihydroxylation of
olefins® (eq 2) and as a ligand in asymmetric hydrogenation.’

(L)

. 0
R, 10sOs N T8C Lo R,
R2 II) NaHSO3, THF R2 OH

Several syntheses of enantiopure 2,2'-bispyrrolidine have been
reported.*® The first synthesis described by Masamune and coworkers
requires only two steps, but produces a d,//meso mixture of isomers in a
sluggish and irreproducible heterogeneous hydrogenation.  This short
synthesis arrives as the final product by direct resolution of the d,l//meso
mixture of 2,2'-bispyrrolines.” The other routes produce enantiopure 2,2'-
bispyrrolines without resolution, but they require multiple-step syntheses
from chiral starting materials. For example, the synthesis developed by
Kotsuki and coworkers takes 11 steps from (D)-tartaric acid.® Most recently,
Alexakis reported a five-step synthesis of (R,R)-2,2'-bispyrrolidine by
asymmetric addition to a chiral imine.” In the procedure described herein,
the d,//meso mixture of 2,2'-bispyrrolidines is easily synthesized on a large
scale by the photodimerization of pyrrolidine developed by Crabtree.” The
previously reported resolution® has been modified such that both

enantiomers can be obtained.
N. Q /
Q/X N=X=N
: / Q

>N
N

(a) side view (b) front view
Figure 2: Stair-like structure of two pyrrolidine rings

This diamine possesses very interesting structural features that
impart useful characteristics as a bidentate ligand. When the two nitrogen
atoms function either in a chelate or are covalently bonded to another atom,
the two pyrrolidines adopted a stair-like structure, which creates a highly
asymmetric environment (Figure 2). This feature was recently exploited in
the development of a highly selective catalyst for asymmetric allylations
(Figure 3). The addition of allylic trichlorosilanes to unsaturated aldehydes
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can be catalyzed by chiral bisphosphoramide 4 derived from 2,2'-
bispyrrolidine to give homoallylic alcohols with excellent diastereo- and
enantioselectivities. Of particular note is the catalytic enantioselective
construction of quaternary centers by the use of y-disubstituted allylic

silanes. The unique structural features of this diamine together with the ease
of preparation bode well for further application in asymmetric synthesis.

1 .
R>:/7 SiCla O 1.4 (5-10 M0I%), CH,Cly, i-Pr,EtN, 78 °C OH
+
R2 R” "H 2. NaHCOs, KF R)Y\
R1 Ro
R= CGH5, 4'CH3006H4, 2-naphthy|,
2-furyl, (E)-CgHsCH=CH,
(E)-CeHsCH=C(CHy) HN-N,_ O O, N—~¢H
'P\ /(CH2)5\ ,P\ .
H N N N N H
CH; CH;
4
OH OH OH OH
R)\/\ R)\:/\ R)\l/\ R A
CHS CHs Hz;C CHj
yield: 84 - 92% yield: 57 - 83% yield: 54 - 91% yield: 70 - 89%
ee: 80 - 88% anti/syn: 99/1 syn/anti: >95/5 ee: 88 - 96%
ee (anti): 81 - 86% ee (syn): 88 - 95%
OH OH OH
Ph)Y\ ph)\(k ph)>(\
Me ”~ Y Me Me Ph
\\Q(Me Me 77//
Me Me
yield: 83% yield: 78% yield: 64%
anti/syn: 99/1 anti/syn: 98/2 anti/syn: 99/1

ee (anti): 94%

ee (anti): 98%

ee (anti): 93%

Figure 3. Enantioselective addition of allylic trichlorosilanes catalyzed by

2,2-bispyrrolidine-derived bisphosphoramide 4.
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

2,2-Bispyrrolidine; 2,2-Bipyrrolidine; (74295-58-2)
(R,R)-2,2"-bispyrrolidinee(L)-tartrate: 2,2'-Bipyrrolidine, (2R,2'R)-, (2R,3R)-
2,3-dihydroxybutanedioate (1:1)-; (137037-21-9)
(8,9)-2,2'-bispyrrolidines(D)-tartrate: 2,2'-Bipyrrolidine, [S-(R*,R*)]-, [S-
(R*,R*)]-2,3-dihydroxybutanedioate (1:1); (136937-03-6)
(R,R)-2,2'-Bispyrrolidine: 2,2'-Bipyrrolidine, (2R,2'R)-; (137037-20-8)
(§,9)-2,2'-Bispyrrolidine: 2,2'-Bipyrrolidine, (25,2'S)-; (124779-66-4)
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(NMR of photomixture in CDCly)
Pyrrolidine - 47.1 ppm
Meso-Bispyrrolidine - 47.0 ppm
(R,R & S,S)-Bispyrrolidine - 46.6 ppm
Peak heights used to calculate approx.
conversion



DU=C: /Eroke /3N IN-HIR, USRR=lab, WAME~?2656-16-RRT, EXANO=3, PRICHO=1
Fl=3.000ppoy F2=0.000ppm, Ml=0.245cm, BRXI=10000.00com, FC=1.000
F ADDRRS S FREQUENCY INTENSITY

[Hz) 228
1 8343.3 1959.722 4.8977 0.25
2 8992.2 1340.144 4.8488 88.31
3 9411.7 1772.130 4.4283 14.25
Corvent Data Paraoeters ] 9843.9 1599. 061 3.9964 0.23
HAME 22656-16-RAT 5 9861. 3 1592.030 3.9789 0.85
EXED H 6 9867. 8 1589.478 3.9724 1.46
FROCHD 1 ? 9§72.5 1587. 598 3.3677 0-83
] 9g78.1 1584. 943 3.9611 1.53
- g 9882. 0 1583.730 3.9582 1.78
;‘:“ m“*“ﬂos:;g‘“" 10 9885.1 1582.539 3.8551 1.57
Time 13.08 11 9891.7 1579.916 3.3485 0.83
I TRUM spect 12 9896.2 1578.084 3.3433 1.43
13 35302.8 1575.4564 3.3374 0-88
FROEHD 5 om QWP 1H 14 9320.2 1568. 485 3.9138 0.30
FULFROG 2g30 15 10286.2 1421.823 3.5537 5.84
32768 16 10301.1 1415. 925 3.5387 3.87
SOLVENT D20 17 10303.3 1414. B26 3.5359 4.55
LE] 32 18 10307-1 1413.552 3.5327 7.88
D3 2 13 10323.6 1406. 924 3.5162 4.54
IWH 6561.680 Hx 20 10333.1 1403.126 3.5067 0.26 ‘ ‘
FIDRRS 0.200247 He 21 11361.8 931.161 2.471 0-44
RO 2.4969716 gec 22 11370.0 987. B66 2.4683 0.57
ARG 23 11380.7 983. 568 2.4581 0.83 H H
™ 6.200 naee 24 11386.4 381.278 2.4524 0-80
DR 5.00 ngee 25 11388.7 380. 357 2.4501 0.76
™= 300.0 X 26 11394.3 g78.107 .4844 0.9%
D1 0.10000000 e 27 11397.1 976.997 2.8417 0.%0
28 11402.89 974. 695 2.4358 0.91 (R R')_BIS_PYRROLIDINE
CHANIEL €1 = 23 11405.7 973,570 2.4331 1.02 ”
ey m T 11413.6 970.415 2.4252 0.91 L-TARTRATE
Pl 10.00 vsee 31 11418.3 958.128 2.4135 0.91
i St 2o HEL: TR fanm o
arol 400.1322007 BH: 5, 11438.5 950. 407 2.4002 0.60
s 11558.2 912.467 2.2804 0.26
g TERTEESRC OB HERD B 1me
arF 400.1233401 BHz L] 11580.0 903.736 2.2586 0.43
wow ne EE] 11582.9 902. 602 2.2558 0.52
338 0 40 11591.5 899.138 2.2471 0-83
LB 0.00 He 41 11597.1 896.923 2.2416 0.66
B 0 42 11599.7 895. 874 2.2330 0.84
FC 1.00 43 11608. 6 832.282 2.2300 0.35
44 11613.0 B30. 556 2.2257 1.08
15 11616.1 B89.2391 2.2225 0.38
45 11621.1 B87.310 2.2176 0-34
47 11623.7 BB6. 240 2.2143 0.73
48 11630.2 BB3. 633 -2084 1.03
43 11637.7 BBO. 647 2.2008 0.88
50 11645.0 B77.735 2.1936 1.12
51 11653.6 §74.278 ~1850 0.55%
52 11665.3 B69. 539 2.1733 1.31
53 11667.6 868. 673 2.1710 1.04
54 11678.0 B64.492 2.160% 0.37
55 11688. 6 B60.255 2.1433 1.72
55 11698. 9 B56. 147 2.1397 0.73
57 117008 B55. 365 21377 0.58
58 11708.4 852.330 2.1301 1.38
59 11722.0 B4G. BEB 2.1165 0-31
60 11729.5 B43.8393 2.1080 0.60
51 11742.0 B38. 883 2.0965 0.76
52 11762.8 B30.534 20757 0-34
63 11858.2 792.326 1.3802 0.53
54 11864.7 7839.740 1.9737 0.32
65 11882.0 782.735 1.3564 1.18
66 11891.0 779.203 1.3474 0.78
57 11897.9 776.438 1.3405 0.64
58 11303.3 774.018 1.3344 1.12
59 11914.39 769. 637 1.1923 1.12
20 11320. 767.238 1.9175 .56
71 11927.6 764. 542 1.9107 0.53
72 11936.7 760. 307 1.3017 0.87 p—
73 113503 751.453 _E78 .
__j‘ _
—
——— ——— — — —T — T — —
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 z.0 1.5 1.0 0.5 LW



woeC: /Brokec/IRIN0ME, OSEP=lab, GAME=TZ705-5, KXOGO=)1, IROCEC=)
Timb. O30pEn, Y2=d.O0%En, WI=). 5o, WAXI=10353.83cn, IO=1.553
) AT X PR Y IS TTY
|ex) |73m)
1 £8ES.2 2071.245 7. 455 18.83
2 E8E8E 20E0_8ET T AZTY 12.2%
5 EHTD.5 2D £5.551 74165 4.76
S e e Tines e
N 372 4 )
FAEpent Iata mrioeters 3 EVIS1  2DZ7.8D6 = 1075
EXE80 1 % EDTE.D 2026.576 _538% 152
) 50818 2024411 75154 122 H H
FROCIO 1 v EDDA.T 2020416 T.5854 £.£4 |
13 E00E.8 2037.570 T.20E5 2.67 =
F2 - Reqoisitien Paraoeters 11 70545 2035.200 7.2D3E 502 =
Date_ 20020703 12 7058. 6 2035651 . 2BES X" =
S e oM opum o os <
Y] 27 - X X
::gm 5 om OHE 1; A5 78522 2084165 7. 2628 742
HLERE a0 A 7A56.4 2082650 7. 2503 15,25
g 1% A48, 5 8 T.2AEE 2.18 T~
TD 12768 18 7852 4 Z8DE_AE5 72425 5lor N N
SOLVENT el 10 TAET 6 Z805. 078 7.2575 2.62
W3 16 24 DESS.E 1658.78D 4.6485 a43
D3 2 21 DEST.8 1840862 4_£262 510
- SO BBl gm a8
& ST ke 21 DEAE 1854 4580 al4a COC6H5 coC 6H 5
- s 25 ABMAD.5 1552 %2 5.85)8 2.50
- 26 14622 1526875 38184 2.88
o 76.000 vaec 2% 1M7L 2 1525 241 59305 544
DR 6.00 naee 28 A5 6 1523 402 5.9353 342
TR 300.0 X 20 184848 1518585 57064 352 ' '
3 0.10000000 see 38 AMEE.3  1816.55D 37021 T N,N'-BIS-BENZOYL-(R,R")-BIS PYRROLIDINE
3 Mahan  asarcw  soe 308
— -1 e o ..
preweny CHAIMIL €1 35 2T A208.760 32855 268
Bl 10.50 naee 54 11862.1 1285 076 5.2168 4.20
- 55 11368 D 1265235 5,201 2.87
FL1 6.00 dB 56 13700 1278811 51081 5.28
sF01 399.8724592 Mz 37 11588.4 1275557 523800 3.as
38 11336.1 12 £8. 536 3718 2065
F2 - Prooossing pacaceters 50 110850 P15.018 2.2685 a.55%
81 16384 44 12036.8 DAE.ELS 2.26875 1.48
3p 399. 8700207 Mz pEO e i 28
WIee ne 43 A2A%6.8 #4580 2.2572 2.3
338 0 44 ADME.T 801812 2.2538 1,81
LB 0.00 He 45 A2A56.2 HEE.TTT 2.2377 2.67
B o 1€ 12865.2 885,101 22587 1,53
FC 1.00 47 124751 870202 2 3087 102
18 128065 879,608 2,375 a.ea
40 122802 825547 2.3E43 aez
54 12221 D 825,264 2.451% a.7E
53 \Z220_6 817171 2.3436 152
52 122485 812 848 2.8%28 1Da
55 122482 84D, 684 2,340 2.a3
54 12261.4 884566 2.8121 2.57
55 122735 853,815 2.0%z7 1005
56 \2Z70.6 7070 1-0034 y&T
57 12268 8 705,502 1-EBA) 1,53
58 12206.4 7D3.5AD A-GTED a.05
50 12553 8 758,584 10 pi2) 136
54 125774 78.A67 A58 138
61 12885 D 77443 A DSED 105y
£2 128503 775,210 A DEST 158
£5 125476 TED.TEA 10253 2.27
4 128564 TEE.261 A-DAES 2.7
£5 125686 TEL.SAE 1,034 5.86
66 12578.4 575718 1 85 2.40
67 12568_ 755208 A-68%E 2.5
58 A2500_6 748,030 - 720 1 85
£0 1247 A 45,75 1-8E5A 1,53
T8 12423.8 743,705 A.8524 a 93
T AZ4EA_8 124 526 18134 2.57
T2 A24£0.2 729, DEA 1.9353 2.3
75 12493_8 716336 1-7015 2.28
74 12403.4 112 562 A- 7823 35
5 125335 788,455 LT 1.76
76 128132 784181 A-7658 16D
T 125385 AL AET 1.7585 158
8 158627 482 EA4 .23 Py
w0 ASHTT.D 476.5)8 102037 130
", N . , )
T T T T T T T T T T T T T T 1
5.5 §.0 7.5 7.0 6.5 6.0 5.5 .0 4.5 S 2.0 .5 g0 1.5 1.0 PRM



DU=C: /Broker /XWIN-NMA, USER=lab, WAME=72705-23, EXfN0=1, PROCHO=1

Corvent Data Paraseters Fl=9.000ppm, F2=0.000ppm, MI=0.20cm, MAXI=10000.00cm, PC=1.000
WAME 2270%5-23 F ADDRRSS FRREQUENCY INTENSITY
EXF0 1 ] [ Fet)
FROCKO 1 1 BB55.1 1341.164 4.8498 55.89
2 9260.1 1778.547 4.4435 13.1319
F2 - Requisition Fraoeters 3 9689.4 1606.170 4.01239 0.27
Date_ 20020713 4 3707.1 1539.056 3.3951 0.78
Tioe 13.00 5 37135 1596.466 3.3887 1.50
INITRUM apect & 9727.7 1530.735 39745 1.91
FROEHD 5 o QWP 1H ? 3741.8 1585.123 3.8603 1.55 (’_
FULAROG 230 8 3748.1 1582.536 3.3540 0.82
™ 32768 3 9765.9 1575.464 3.39362 0.30
SOLVENT cDe13 10 10135.0 1427.221 3.5658 5.02
W3 32 11 10155.8 1418.836 3.5450 6.50
D3 4 12 10172.5 1412.134 3.5283 4.40
3WH 6578.947 Hx 13 10181.6 1408.506 35191 0.25
FIDRRS 0.200774 Hx 14 11210.8 995.230 2_4865 0.40
RQ 2.4304180 g6z 15 11218.39 991.982 24784 0.56
Rz 645.1 16 11229.1 387.851 2_4682 0.84
ed V6.000 uEee  gg 11235.4 985382 2.4613 0-85
] aaalhpaee  1s 11243.4 982.146 2.4538 1.02
o 0. 10000008 nea 19 11253.8 377.383 2.48434 1.05

- 20 11262.0 974.634 2.4352 0.35%

— 21 11268.2 972.135 2.4230 0.35% ' RR
oy :,1( 22 11278.6 958.023 2.4185 D.69 (S9S ) BIS-PY OLIDINE
Pl 10.50 pgee 23 11286.9 964.691 2.4102 0.56 D-TARTRATE
FL1 -3.00 4B 24 11407.3 916. 351 2.2894 0.23
= 400. 2522014 MHe 25 11415.7 912.956 2.2810 0.22

26 11424.0 909.638 2.127 0.41
F2 - Processing paraneters 27 11431.2 906.766 2.2655 0.52
31 16384 28 11440.5 903.026 2.2562 0.80
a7 400.2499939 MH2 23 11448.1 899.947 2.2485 0.82
WDW ne EL] 11456.8 B96.466 2.2338 0.97
33E o EBY 11462.4 834.215 2.2301 1.11
LB 0.00 He 32 11470.0 891.143 2.2265 0.34
B [ 33 11479.0 BB7.558 2.2175 1.08
FC 1.00 34 11486.2 BB4.663 2.2103 0.86
s 11493.89 BB1.578 2.2026 0.38
36 11502.1 878.282 2.1343 0.41
37 11514.8 873.178 2.1816 1.32
kL] 11527.1 B68.253 2.1693 0.31
g 11536.5 B64.463 2.1538 1.78
40 11548.1 859.802 2.1482 0.70
41 11557.5 B56.032 2.1387 1.35
42 11570.6 B50.776 2.1256 0.92
43 11578.3 B47.680 2.11719 0.52
44 11580.9 B42.613 2.10%2 0.73
a5 11611.5 834.367 2.0846 0.27
46 11705.4 796.637 1.3303 0.53
47 11711.6 794.156 1.3841 0.33
48 11728.3 787.188 1.8667 1.186
43 11737.89 783.587 1.9577 0.75%
50 11751.1 778.282 1.38445 1.13
51 11761.7 774.034 1.9338 1.13
52 11774.6 768.874 1.8210 0.58
53 11783.7 765.130 1.9118 0.88
54 11807.1 755.803 1.8883 0.32
B
_.JL_L .




IV=C: /B2 ORet/ XWIN-HMR, USER=1ab, HAME=72705-03, EXPHO=1, PAOCHO=1
Fl=3. 000pp, F2=0.000ppm, MI=0.84cn, MAXI=10000.002m, PO=1.000

F ADDRRSS FRECUENCY IWTEME ITY
Mz] [PR)

1 5409.7 2908.911 7.2633 3.4l

2 10705. 8 1188.358 2.9639 4.4

BTt Tata T rateAs 3 10720.0 1182.664 23557 a.08

sxmo Y 4 10724.0 1181.067 2.3517 5.11

rrcce Iy 5 10731.1 1178.182 2.3445 .02

5 10737.7 1175.546 2.37789 4.11

T2 = Acguimition Paranmtscs 7 10745.1 1172.592 2.330% 7,08

Data_ 20025745 ] 1074392 1170.357 2.9264 7.60

Tirm 16.01 g 10762.9 1165.452 2.9127 5.81

1IN mct 10 10792.1 1153777 2.883% 1.14

Froom 5 nn gar in 11 10809.1 1146.981 2.8665 B.46

= & 13 lnezcs  1laden FRHT 15200

Bs i 15 10837  1135.920 2 aas 510
sl 5EY CAE = 16 108445 1132.785 2.8310 6.69 (S,S")-BIS-PYRROLIDINE

T 2255247 Be 17 10850.4 1130.447 2.8252 4.80

a0 2. ADECTIE mmc 18 10853.3 1129.251 2.8222 4.190

by 128 18 10870.0 1122.583 2.8055 367

. 76.209 uamc 20 11284.9 955.422 2.3903 2.08

ox 5.53 namc 21 11833.4 736.737 1.8412 1.2

7= 3.8 & 22 11838.0 734.889 1.8366 0.84

D} 41505000 =mc 23 11845. 6 731.864 1.8291 2.15

24 11850.4 729.342 1.8243 2.15

= ————— COAGOEL £l 25 11855.0 728.081 1.8135 2208

aac) in 25 11859.3 926.358 1.8153 1.82

e 18- o 27 11862.9 724.923 1.8117 2.85

ot 480, 1325587 NEe 28 11867.1 723.245 1. 8075 3.%56

23 11872.1 721.249 1.8025% 3.30

. 3 T 11874.8 720,157 1.7938 3.23

12 = Tmcaming pasmsteca 1 11879.5% 718.269 1.7351 255

=r 4848, 1505956 MEx a2 11884.89 716.122 1.7837 4.34

= = 13 11890.9 713.730 1.7837 2.45

s=n a 34 11896.0 711.681 1.7786 .67

im 2.8 Bx s 11898.8 710.554 1.7758 4.31

e a 6 11803.3 708.739 1.7713 3.5

rc 1.9 37 11807. 6 707.045 1.7670 a.m

T 1811.1 705.641 1.7635% 3.45

T 11815.0 704.048 1.7535% iz

a0 11823.4 700.588 1.7512 4.28

41 11824.7 700.188 1.74389 4.z

42 11829.0 598.471 1.7456 4.18

43 11934.5% 696.254 1.7401 2.8

44 11841.2 693.577 1.7334 7.04

as 11846.1 591.614 1.7285% 4.65

46 11953.2 588.781 1.7214 2.48

a7 11954.9 588.084 1.7187 2.2

48 11859.1 586.391 1.7154 4.82

43 11360.8 585.704 1.7137 5.41

50 11954.1 584.410 1.7105% 4.7

51 11975.8 §79.710 1. 6987 5. 68

52 11980.8 677.718 1.6937 4.43

53 11982.8 676.921 1.6918 3.29

54 11984.7 676.133 1.6838 2.7

55 11967.8 674.923 1. 6868 1.67

56 11984.39 672.055 1.6796 3lal

57 11996.9 671.246 1.6776 EI )

58 12002. 3 663.093 1. 6722 2.49

59 12006. 5 667.413 1.6680 1.87

60 12012.1 665.165 1. 6624 1.85

61 12016.2 663.551 1. 6583 2.46

62 12026.3 553.434 1. 6482 1,122

63 12027.7 §58.930 1. 6468 1.3

64 12033.1 656.782 1.6414 1.m

65 12047.0 §51.186 1.6274 .93

66 12295.7 551.580 1.3785% 1.84

67 12300. 5 549._656 1.3737 1.06

8 12314.2 544.206 1. 3601 2238

T 12318.6 542_442 1. 3557 2.48

70 12325.4 539.535 1. 3488 m

71 12331.0 537.469 1.3432 2.85

72 12377.1 534.397 1.3771 3.46

73 12343.9 532_281 1.3303 3.93

74 12348.4 530.470 1.3257 285

75 12354.9 527.869 1.3182 2.50

76 12362.2 524.343 1.31119 2.2

77 12366.1 523.412 1.3081 2,65

78 12385.9 515_465 1.2882 0.38




