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Use of the Mitsunobu Reaction In 
The Synthesis of Polyamines 

Michael L. Edwards*, David M. Stemerick, and James R. McCarthy. 

Marion Merrell Dow Research Institute, 2110 E. Galbraith Road, Ciiinnati. Ohio 45215. 

Abstmcr. The Mitsunobu reaction has been used in the synthesis of polyamine analogues. The synthesis of the (R,R), 
(S.S) and meso- isomers of a tetraamine aze described. The chemistry was used to synthesize a flu* polyamine 
analog and a hexamine. 

INTRODUCTION 

Analogues of the naturally occurring polyamines spermine and spermidine inhibit tumor growth in 
experimental tumor modelsl. As a result of these observations we made a major commitment to the synthesis 
of this class of compounds. In the course of tbii work, we have developed a stereospecific synthesis of 
secondary amines which has proven particularly versatile for the pmparation of chiral as well as achiral 
polyamines. A preliminary commune ‘cation of this work has been published2; this report presents a full account 
of the application of this synthesis to prepare both chiral and achiral polyamines and compams our 
methodology with that reported by the Weimeb group3 for the synthesis of racemic secondary amines. 
Specifically, we report the stereospecific synthesis of all stereoisomers of the polyamine 1 &I (RR), Ib (S,S), 
and h (meso)], the synthesis of 24, a fluorine containing spermine analog and the synthesis of 31. a hexamine 
containing a repeating diaminobutane moiety. 

C!H$JH H(CH&NH(CH&NH(CH#XNHCH3 
F I 
C-H3 CH3 

1 

RESULTS AND DISCUSSION 

Qj&&&. The racemic target molecule (1) has broad spectrum antitumor activity in animal models. 
Since diastereomers of polyamine analogs often display differing biological activities4, it was of interest to 
synthesize the stereoisomers of 1. We rationalized that the Mitsunobu maction between an alcohol and an 
activated amine (see Scheme I) would provide a route to the desired chiml polyamines as well as a new 
mute to secondary amines. Mitsunobu repotted that alcohols react with carboxylic acids to give esters in 
the presence of triphenylphosphine (PPh3) and diethyl aaodicarboxylate (DRAD)g* This reaction was expan- 
ded to include a variety of acidic compounds including phthalimide., which provided a useful synthesis of 

protected primary amines from alcohols. When this work was initiated only primary amines had been prepared 
from alcohols via the Mitsunobu reaction, 5.6 but we felt that the methodology could be expanded to 
secondary amines to provide a route to the stemoisomers (la-c) of polyamine 1. 

Modifying the Mitsunobu reaction to include the synthesis of secondary amines (Scheme 1) would require 
the acidic component (2) to be an activated primary amine (where P is an electron withdrawing protecting 
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ROH + R’NBP =@D R’ 
m3 R 

scheme 1 

group), with a pKa of 11 or less. This minimum pKa value has been established; malononitrile @Ka 11.2) will 
react with alcohols but dicthyl malonate @Ka 13.3) will not under Mitsunobu reaction conditions7a, ( a recent 
mport by Tsunoda, et al has reported new reaction conditions under which malonate esters can be utiLizd7b). 
We reasoned that an activated primary amine with a relatively low pKa would provide the desired product in 
higher yield than one with a pKa closer to 11. N-Methyltrifluoromethanesulfonamide (TfNHCH3,3) pKa 7.57 
was selected and yields were compared with those obtained with the reagent N-methyl-p-toluenesulfonamide 
(TsNHCH3.4),pKa 11.78, used by Weinmb3. Interestingly, Mitsunobu reported an attempt to use ptoluene- 
sulfonamide as the acidic component for a modification of his reaction, but obtained the triphenylphosphine 
imine [TsN=P(Ph)3] as the only product6. 

BtO&r;i-NHCO$t .=a ROP+Pb 
R’NP 

- R\P 
kPh3 

TT’P - DEAD Adduct 

The importance of the pKa of the acidic component in the Mitsunobu reaction has been the subject of a 
group of mechanistic papers9, and a correlation between pKaa and yield has been reprted9cvd. The reaction 
sequence is shown in the figure above: the step most influenced by the pKa of the acidic component is 
reaction of the anion of the acidic component with the oxyphosphonium intermediate9b. At the pKa of 3 and 
4 this SN2 reaction is the rate determining step. The higher yield of product kom the more acidic 3 comes 
from the enhancement of the rate of this s 

2 
decmasiig the time for the oxyphosphonium intermediate to 

undergo side reactions such as elimination . 
The synthesis followed the sequence shown in Scheme 2, as shown for the (S,S)-isomer (lb). (R)-1.3- 

Butanediol(5)~~ was selected as the starting material for the proposed chiral synthesis.Benzoylation of 5 by 
the procedure of Seebach. et al.11 gave the moncFbenzoate (6) in 72 % yield Compound 6 was treated with 
N-methyltriflamide (3) under Mitsunobu conditions (PPh3, DEAD, THP) to provide 7 with inversion of 
configuration (vide infra). N-Methylaiflamide (3) was synthesized by reaction of triflic anhydride with 
methyhimk 

Debenzoylation of 7 provided 8. the four carbon unit of desired chirality for use in subsequent steps of the 
proposed sequence. The bistrifkmide of 1,7diaminoheptane (9) was prepared by reaction of the diamine with 
triflic anhydride as described for compound 3. In this case, however, the product contained compounds in 
which two trifluommethanesulfonyl groups had added to one nitrogen atom This mixtum was converted to 
the desii 1,7bistriflamide by the use of Claisen’s alkali as described by Musser, et al.12 Reaction of 8 with 
the bisuifbmkk (9) gave the fully protected tetraamine (10). The uiflate activating groups were removed 
from compound 10 with sodium / liquid ammonia. Isolation of the highly polar tetraamine from the reaction 
mixture was best accomplished by reaction of the tetraamine with di-L-butyldicarbonate to give the tetra-Boc 
derivative (11). which was readily purified by conventional flash chromatography. The Boc groups were 
removed with anhydrous HCl in methanol to provide lb as the tetmhyd~~~hloridc salt. Synthesis of the (R,R> 
isomer (la) began with (S>S while the meso compound lc required stepwise reaction of (R)- then (S)- 
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isomers of 8 with compound 9. The chirality of the products (la-e) was assigned based on the chirality 

BaCl , -9 
OH pyridine 

I’++ Dv 

5 
OBz CH#IHTf 

6 3 
CH3p 

DNH-NH-H 

7 

I 

KOH 
RtOH 

CH3NTf 
i 

PPq. DEAD -OH 
8 

11 lb 

of the terminal amine portion (see below and Scheme 3): 
N-Methyl-g-tduenesulfomnide (4). used by Weinreb3 for the synthesis of secondary amines, could be 

substituted for 3 in the Mitsunobu reactions illustrated in Scheme 2. but lower yields were obtained. For the 
conversion of 6 to 7, yields were 58% with 3 vs 48% with 4. and for the conversion of 8 to 10 yields were 
72% vs 35% respectively. The stereochemical outcome of these reactions was established by interconversion 
of model systems (Scheme 3) and was consistent with the inversion of configuration usually obsennd with the 
Mitsunobu reactionl3. The inter-conversions gave derivatives that were compared to the same compounds 

preparedfmmthe commercially available (R)-(-)-2-aminobutane (14). Intermediate 8, used in the synthesis of 
la was prepared from (S)-(+)-1.3~butanediol and was converted in two steps to (R)-(-)-2-(N-methyltrifluoto 
methanesulfonamido)butane (13). This was established unequivocally by preparing 13 from (R)-(->2- 
aminobutane (14). The two samples of-%3 gave optical rotation values of -13.1 and -15.0°, respectively. In 
addition, compound W was synthesized from (S)-2-butanol, which provided material with an optical rotation 
of - 14.5”. To demonstrate that removal of the triflate activating group did not cause mcemIzation. l3 was 
converted to the Boc derivative (17); 17 was also prepamd from (R>(->2-aminobutane. Optical rotations for 
the two samples of 17 were -16.0 and -15.1’. respectively. These data establish that inversion occurs at the 
chiral center and that the reaction conditions for removal of the activating triIlate group do not result in the 
loss of chirality at this center. 
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I 1) NOJH3 

2) Bod# 

13 

Boy JI+$x 

14 16 17 

scheme 3 

FLUORINATED SPERMINE ANALOG 

The difluoro spermine analog (24) was synthesized to determine the effect of fluorine substitution on the 
antitumor agent N1,N9diethylqermine (18)14. The synthesis followed the route outlined in Scheme 4. 
Treatment of N-ethylaifkmide (19) with excess 1,3-propanediol under Mitsunobu reaction conditions 

18 

gave acceptable yields of the monosubstituted product (20). Reaction of 20 with the bis-tosylamide of 
difluoroput~~~cine (21) gave the fully protected tetraamine (22). The tosylamide activating group, rather than 
the t&lam&, was utilized because maction of difluoroputrescine with txiflic anbydride. as described for the 
preparation of 3, did not give isolable amounts of the desired bistriflamide. The yields in this case were 
variable - in the case where two equivalents of 20 were utilized the naction gave a mixture of mono and di- 
substituted products in a ratio of 2: 1. Use of three equivalents of 20 resulted in improved yield of the desired 
di-substituted product (72%). Removal of protecting groups from 22 was accomplished with sodium- 
ammonia and the tetmamine was isolated as the ai-Boc derivative (23) in 29% overall yield 
Isolation of a t+Boc derivative is consistent with low reactivity at the poorly basic nitrogen atom beta to the 
ditluommethylene group. The teaahydrochloride (24) final product proved difficult to characterize due to 
contamination with aihydrochlotide, again illustrating the weakly basic nitrogen atom. The low yield reflects 
in part the repeated recrystallizations of 24 in an attempt to obtain pure tetmhydrochlotide. 
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pm 
CzHsNHTf + HO-OH - C,H,N-OH 

Tf 

I TsNH(CH,)$F,CH,NHTs 

PPb , DEAD 

Sckrne 4 

LINEAR REACTION 

Addition of 3-amin 
“p 

ropane groups to an amine can be achieved by the sequence of addition to acrylonitrile 
followed by reduction 5. A more complicated synthesis enabling introduction of 4aminobutane groups has 
been reported.16 However, a general procedure for introduction of the aminoalkyl functionality was 
unavailable. This section describes a process for introduction of a 4aminobutane chain that should be general 
for any chain length. The procedure utilizes N-Boc-p-toluenesulfonamide (25), reported as a reagent for the 
synthesis of primary amines. We used this reagent for the synthesis of teuaamine 32 and hexaamine 31 
(Scheme 5). 

For this synthesis a 4aminobutane group must be introduced to a central diamine. A useful synthon to 
effect this transfotmation through Mitsunobu chemistry would be a protected aminobutanol. Analogous to the 
synthesis of 28. compound 25 was reacted with 1,4-butanediol (PPh3, DEAD). Unreacted 25 was the only 
product isolated from this reaction, probably due to formation of tetrahydtofuran from the 1.4butanediol. 
Use of 4-chloro-1-butanol in the reaction with 25 yielded the product 26 which proved satisfactory for the 
synthesis of 31 and 32. Akylation of tosyl protected amines with alkyl halides by use of DMP/NaH has been 
reported to proceed in high yieldl6. These conditions were utilized in the reaction of 26 with the bis-p- 
toluenesulfonamide of 1.7diaminohexane (27) to give the fully protected tetraamine (28) in 51% yield The 
Boc and Ts protecting groups were removed from 28 to give the desired tetcaamine (32). 

The Boc protecting groups of 28 can be selectively removed3 and by treatment with TPA the tetra- 
tosylamide 29 was obtained. Reaction of this product with 26 gave the fully protected hexaamine (30) which, 
on treatment with 48% aqueous HBr, afforded the hexaamine 31. It should be noted that this sequence can be 
repeated to give extended polyamine analogs. 
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scheme 5 

in summary, a new synthesis of chiral secondary amines has been developed and applied to the synthesis of 
la, lb, lc. This chemistry was also used in the synthesis of the achiral compounds 24 and 31 and should 
prove useful as a general synthesis of a wide variety of secondary amines from alcohols. 

EXPERIMENTAL SECTION 

General Procedures. Melting points were determined in a Thomas-Hoover melting point apparatus and are 
uncorrected. Elemental analyses were performed by the Marion Met-tell Dow Research Institute Analytical 
department and, unless otherwise indicated, agree with theoretical values within ti.4%. NMR spectra were 
obtained on a Vatian VXR-300 or EM-360L spectrometer. Chemical shifts are reported downfield from TMS 
in spectra obtained in CDC13 and from DSS in spectra obtained in D20. IR spectra were obtained on a 
Perkin-Elmer 1800 FT IR spectrometer. Thin-layer chromatography (TLC) were developed on Merck silica 
gel F254 analytical plates, visualized with 12, UV light, phosphomolybdic acid or KMnO4. Optical rotation 
values were determined at 20” C. Where elemental analyses indicate solvent to be present , the values for 
amount of solvent present in the sample are supported by nmr (toluene, methanol) or loss on heating 
(hydration). 

JWbfethyltrifluoromethanesulfonamide. Methylamine (15.5 g, 0.5 mole) was added to chilled (-70’) 
CH2Cl2 (250 mL). A solution of triflic anhydride (28.2 g, 0.1 mole) in CH2a2 (20 mL) was added dropwise 
and the mixture was stirred at -70’ for 3 h. The mixture was washed with 1N HCl(2 x 250 mL) and the 
organic layer was separated and dried (MgS04). The solvent was removed at atmospheric pressure by slow 
distillation through a column (500 x 20 cm) packed with glass helices (ptoduct codistills with solvent, and 
evaporation of solvent on a rotary evaporator gives very low yields). The product was distilled to give 9.3 g 
(57%) of a clear liquid, bp 95 - 98’ C / 30 mm (lit7 bp 90 - 94’ C / 20 mm). lR (CHC13) 3332,1442, 1366, 
1234,851 and 608 cm-l. lH NMR (CDC13) 6 4.90 (broad s, lH), 2.97 (s, 3H) l9F (CDC13) 6 -77.54 (s). 
MS (CI/ClQ) 164 (M + H). Anal. Calcd for C2H4F3NO$I: C, 14.72; H, 2.47; N, 8.59; S, 19.66. Found: C, 
14.82; H, 2.92; N, 8.68; S, 19.64. 

Similarly prepared was 19, bp 95 - 97 ’ C / 0.3 mm. 
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-1.3). A solution of (R)(-)_1,3-but (Wake Chemical [aI: -24.0 (c = ___ - 

1.11, ethanol) (10 g, 0.11 mole) and pyridine (12.5 mL, 0.11 mole) in dichloromcthane (100 mL) was chilled 
to -40’ C and a solution of benzoyl chloride (12.9 mL, 0.11 mole) in dichloromethane (30 mL) was added 
dropwise over 1 h. The reaction tempetatum was maintained at -40’ C for 3 h, and the mixture was stirred an 
additional 18 h at ambient temperature. The mixture was diluted to 500 mL (CH2CIz) and extracted with 1N 
HCl and aq. NaHCO3. The organic layer was dried. evaporated, the residue was chromatographed and the 
product distilled to give 15.3 g (72%) of a clear liquid, bp 125 - 127’ C/O.5 mm. JR (film) 1718 cm-l. 1~ 
NMR (CDC13) 6 1.28 (d. J = 7.5 Hz, 3H). 1.8 - 2.0 (m, 2H), 2.12 (d, J = 7.5 Hz, lH), 3.9 - 4.05 (m, lH), 
4.32 - 4.42 (m. iH), 4.58 - 4.68 (m, HI). 7.4 - 7.5 (m, lH), 7.53 - 7.6 (m. 1H) and 8.01 - 8.05 (m. 2H). MS 

(CJ/CH4) 195 (M + H). OR: [a]: -18.1 (c=l.O8, CHC13). Anal. Cakd for Cl lHl403: C, 68.02; H, 7.27. 
Found: C, 67.98; H. 7.30. 

By the same procedure was prepared (S)-(+)-1,3-butanediol I-benzoate, bp 140-45’ C/ 1.0 mm, [a]: 
+21.7 (c = 1.02, EtOH). Anal. Calcd for CJlHJ403: C, 68.02; H, 7.27. Found: C, 68.18; H, 7.35. 

CS)_(+)_3_rM_Methvl_N_trifluomme~~~ol 1 _ _ butanol Benmate m A solution of DEAD 
(11.2 g, 64 mmol) in THF (40 mL) was added dropwise to a solution of R-(-)-a) (12.5 g. 64 mmol), 3 (10.9 
g, 64 mmol) and PPh3 (16.8g, 64 mmol) in THF (190 mL). The mixture was stirred 30 min. evaporated and 
the residue was chromatographed (toluene/hexane, l/l). The product (12.7 g, 58%) was utilized without 
further purification. Bp 165“ C / 0.75 Tour. IR (film) 1722,1388,1278,1186,1124,714 and 5% cm-l. 1~ 
NMR (CDC13) 6 1.34 (d, J = 7.5 Hz, 3H). 1.9 - 2.12 (m, 2H), 2.95 (s, 3H), 4.29 - 4.45 (m, 3H), 7.4 - 7.48 

(m, 2H), 7.55 - 7.6 (m. 1H) and 8.0 - 8.08 (m, 2H). MS (CUCH4) 236 (M + H). OR: [a]: +17.1 (c = 0.5, 
CHCl3). Anal. Calcd for CJ3Hl6F3N04S: C, 46.01; H, 4.75; N, 4.12. Found: C. 45.74; H, 4.73; N, 4.01. 

Similarly prepared was the (R)- isomer, bp 150 - 155’ C / 0.5 mm, [a]: - 17.2 (c = 1.05, CHC13). Anal. 
CalcdforCl3HJ6F3N04S: C,46.01; H,4.75; N, 4.12.Found: C, 46.01; H,4.75; N,4.18. 

(S)_(+)_3_r(N_.Mdhvl_N_td8uorl 1 buM - _ . Compound 7 (10.2 g, 30 mmol) 
was dissolved in ethanol (100 mL), a solution of KOH in ethanol (lN, 65 mL) was added and the mixture was 
stirred for 3 h. The mixture was poured into CH2Q2/H20 (500 mL each) and the organic layer was 
separated, dried and evaporated. The residue was chromatographed (toluene/ethyl acetate 4/l) and the 
product was distilled to give a clear liquid (3.8 g, 54%) bp 100’ U 1 mm. IR (film) 1386, 1374, 1227, 1184, 
1123, 1055,964 and 597 cm-*. lH NMR (CDC13) 6 1.28 (d, J = 7.5 Hz, 3H), 1.75 (m, 2H). 2.1 (bs, lH), 

2.91 (s. 3H), 3.7 (m, 2H) and 4.28 (m, IH). MS (CUCH4) 236 (M + H). OR: [a]: +19.0 (c = 1.0, CHC13). 
Anal. Calcd for C6Hl2F3N03S: C, 30.63; H, 5.14; N, 5.96. Found: C, 30.43; H, 5.W. N. 5.91. 

Similarly prepared was the (S)- isomer, bp 124 - 28 /0.8 mm, [a]: -18.8 (c = 0.97. CHC13). Anal. Calcd 
for QHl2F3N03S: C, 30.63; H, 5.14; N, 5.96. Found: C, 30.50; H, 5.25; N, 5.73. 

. . 
1.7 A solution of 1,7diaminoheptane (1.52 g, 11.7 mrnol) - _ 

in CH2CI2 (117 mL) was chilled to -70’ C. Dropwise, from separate funnels, was added di- 
isopropylethylamine (6.21 mL, 35 mmol) and triflic anhydride (10 g, 35 mmol) at a rate which maintained the 
reaction temperature below -70” C. Two hours after addition was complete. the mixture was warmed to 0’ C 
and 60 mL of Claisen’s alkali18 was added drupwise over 15 min, while maintaining a reaction temperature 
below 5O C. The mixture was stirred an additional 1 h, diluted with water (200 mL) and the aqueous layer was 
separated. The organic layer was washed with two 200 mL portions of 1N NaOH. The combined aqueous 
layers were acidified and extracted with CH2Cl2 (2 x 400 mL). The combined organic extracts were dried, 
evaporated and the residue was recrystallized (hexane / CH2Cl2) to give 2.0 g (43%) of a white solid, mp 
43.5 - 45.0” C. IR (KBr) 2942,1430,1368 and 1148 cm-l. 1 H NMR @MS@d6) 6 9.30 (br. s, 2H), 3.15 
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(t. J = 7.5 Hz, 4H). 1.50 (m, 4H). 1.30 (m, 6I-I). MS (CI/C!IQ) 395 @I + H). Anal: Calcd for 
C9Hl6F6N2O4S2: C, 27.41; H. 4.09, N, 7.10. Found C. 27.44, H, 4.21; N, 7.12. 

*A _ 
solution of 8 (2.35 g, IO mmol), PPh3 (2.6 g, 10 mmol) and 9 (2 g, 5 mmol) in THF (50 mL) was stitmd at 
ambient temperature while a solution of DEAD (1.74 g. 10 mmol) in THF (5 mL) was added dropwise. After 
one hour, tic (toluen~ethyl acetate 4/l) indicated reaction still contained significant amounts of mono-adduct; 
another 5 mmol of 10, PPh3 and DEAD were added and the reaction mixture was stirred an additional 18 h. 
The mixtute was evaporated and the residue was chmmatographed (toluene) to give the product (3g. 72%) as 
a thick oil. Distillation gave 2.7 g, bp 234 - 38’ C/ 0.015 mm. IR (film) 1388.1226.1186,1126,925 and 5% 
cm-l. 1~ NMR (CDC13) 6 1.3 (d, J = 7.5 Hz, 6H), 1.35 (m, 6H), 1.62 (m, 4I-I), 1.9 (m, 4H), 2.92 (s, 6I-I) 

3.35 (m, 8H) and 4.02 (m, 2H). MS (CIKH4) 829 (M + H). OR: [a]: +1.8 (c = 0.5, CHC13). Anal. Calcd 
for C2lH36;12N4CgS4: C, 30.43; H. 4.38; N, 6.78; S. 15.48. Found: C, 30.50, H, 4.46; N, 6.84; S. 15.24. 

Similarly prepared was the (R,R)- isomer, bp 230 - 34” C /0.015 mm, [a]: -1.4 (c = 0.7, CHC13). Anal. 
Calcd for C2lH36;12N40@4: C, 30.43; H, 4.38; N, 6.78; S, 15.48. Found: C, 30.31; H, 4.27; N. 6.69; S, 
15.50. 

Similarly prepared was the meso compou@ [a]: 0.0 (c = 1.2, CHC13). Anal. Calcd for 

C2lH36;12N4CgS4 l 0.1 C7H7 : C, 31.09; H, 4.42; N. 6.60. Found: C. 31.37; H, 4.42; N, 6.47. 

3-17_ A mixture of NH3 (106 mL), 2-methyl-2- 
propanol(53 mL), THF (53 mL) and 10 (2.48 g, 3 mrnol) was stirred at -70° C while sodium metal was 
added in portions until a persistent blue color was obtained. Water was added dropwise to decompose excess 
sodium and the mixture was evaporated. The residue was taken up in water (100 mL) and ‘D-IF (200 mL), di- 
I-butyldicarbonate (3.26 g, 15 mmol) was added and the mixture was stirred overnight. Ethyl acetate (500 
rnL) was added and the organic layer was dried and evaporated. Chromatography (20% ethyl acetate/hexane) 
gave the tetra-Boc derivative (11) (1.43 g. 68%) as a thick oil. lH NMR (CDCl3) 6 4.05 (br. m, 2H), 3.10 
(br. m, 8H), 2.70 (s, 6H), 1.68 (m. 4H), 1.28 (m. 6H) and 1.11 (d, J = 7.4 Hz, 6H). 
The tena-Boc derivative (11) (1.43 g, 2 mmol) was dissolved in methanolic HCl(40 mL, 0.5 N) and the 
solution was stirred overnight. The solution was evaporated and the residue was recrystallized 
(methanol/acetonitrile) to give the product as a white solid (0.5 g, 54 %), mp 241 - 43’ C. IR (KBr) 2964, 
2792,2742,1438 and 1020 cm-l. 1H NMR @20) 6 3.36 (m. 2H), 3.15 (m, 4H), 3.06 (m, 4H), 2.71 (s, 6H), 
2.17 (m, 2H), 1.94 (m, 2H), 1.69 (m. 4H), 1.38 (m, 6I-I) and 1.34 (d, J = 6.5 Hz, 6H). MS (CUCIQ) 301 (M 

+ H).OR [a]: -10.3 (c = 0.62, H20). Anal. Calcd for Cl7HqN44HCl. 3/4 H20: C, 44.39; H, 9.97; N, 
12.18; Cl, 30.84. Found: C, 44.43; H, 10.06, Cl, 30.69. 

Similarly prepared was the (R,R)- isomer (la), mp 241- 42’ C, [a]: +ll.l (H20. c = 1.0). Anal. Calcd 
for Cl7H40N4 l 4HC1 *l/4 H20: C, 45.28; H, 9.95; N, 12.43. Found: C, 45.05; H, 10.20; N, 12.36. 

Similarly prepared was the meso compound (lc), mp 237 -38“ C, 

[a]: 0.0 (c = 1.04, H20). Anal. Cakd forCl7I-L@4 l 4HCl l 0.1 CH3OI-I C, 45.68; H. 9.95; N, 12.46. 
Found: C. 45.51; H. 9.79; N, 12.32. 

fRl-4-m-2- & A solution of 8 (5.74 g, 24.2 mmol) 
and ptoluenesulfonyl chloride (4.65 g, 24.4 mmol) in pyridine (24 mL) was stirred overnight at ambient 
temperature. The mixture was evaporated and the residue was chromatographed (20% ethyl acetate/hexane), 
the product was distilled to give a clear liquid (2.27 g. 37%), bp 108 - 10” C/ 10 mm. MS (CI/CIQ) 254 (M 
+ H). 1H NMR (CDCl3) 6 4.25 (m, lH), 3.53 (m, 2H), 2.92 (s, 3H), 2.09 (m, lH), 1.94 (m, 1H) and 1.30 

(d, J = 6.7 Hz, 3H). OR: [a]: -11.7 (c = 1.10, CHCI3). Anal. Calcd for t&I-l1 lClF3NC2S: C, 28.41; H, 
4.37; N, 5.52. Found: C, 28.78; H,4.51; N, 5.38. 
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(R)2 A solution of compound 12 (0.8 g, 4 mmol) _ _ 
andLAH(l52mg,4mmd)inTHF(50mL)washeatedatrcfluxforl8h.TheLAHwas~~by 
addition of water and aq KOH, the mixture was flltemd and the precipitate was washed with THF. The filtrate 
was evaporated through a column packed with glass helices and the residue was distilled to give a clear liquid 
(0.64 g, 92%) bp 65 - 67’ c/12 mm. IR (CHCl3) 2978.1386 and 1126 cm-l. IH NMR (CDCl3) 6 3.95 (m, 
lH), 2.88 (s, 3H), 1.55 (m, 2H), 1.25 (d, J = 6.7 Hz, 3H) and 0.95 (t. J = 7.8 Hz, 3H). l9F NMR (CDC13) 6 - 

76.85 (s). OR: [a]: -14.5 (c = 1.07. CHC13). Anal. Calcd forQ,Hl2F3Nt&S: C, 32.89; H, 5.59; N, 6.39. 
Found: C, 32.79; H, 5.52; N, 6.08. 

__ __ aminobutane A mixture of (R)-2-aminobutane (1 .O g. 13.6 mmol), di-I-butyldicarbonate 
(2.9 g, 13.6 mmol) and CH2Cl2 (50 mL) was stirred at ambient temperature for 1 h. ‘Ihe solution was washed 
with aq HCl, dried and evaporated. Distillation of the residue gave 1.82 g (77%) of a clear liquid, bp 102-07” 
C/O.25 mm. IR (CHC13) 2970,1690,1366 and 1084 cm- 1. 1H NMR (CDC13) 6 4.32 (br. m, lH), 3.58 (br. 

m, lH), 1.45 (s, 9H), 1.42 (m, 2H), 1.12 (d, 3H) and 0.91 (t. 3H). MS (CI/CH4) 174 (M + H). OR: [a]: - 
11.2 (c = 1.03, CHC13). Anal: Calcd for CgHlgN02: C, 62.39; H, 11.05; N, 8.09. Found: C, 61.71; H, 
10.77; N, 7.10. 

__ __ m Compound 16 (1.6 g, 9.2 mmol) was dissolved in DMF (40 mL) 
and NaH (0.37 g, 9.2 mmol) was added. The mixture was stirred for 1 h. iodomethane (0.6 mL, 9.2 mmol) 
was added and the mixture was stirred an additional 18 h. The solution was evaporated and the residue was 
chromatographed (gradient, hexane to 20% toluene/hexane). The product was distilled (Kugelrohr) to give a 
clear liquid (0.96 g. 56%) bp 65 - 70’ U0.25 mm). IR (CHC13) 2972, 1694 and 1140 cm-l. lH NMR 
(CDC13) 6 4.08 (br. m, lH), 2.68 (br. s, 3H), 1.45 (s, 9H). 1.40 (m. 2H). 1.06 (d, J = 6.9 Hz, 3H) and 0.85 (t. 

J = 7.3 Hz, 3H). MS (CVCIQ) 188 (M + H). OR: [a]: -15.1 (c = 1.04, CHC13). Anal. C&d for 
Cl0H2lN02: C64.13; H, 11.30; N, 7.48.Found: C, 64.02; H, 11.31; N,7.35. 

3-EW_amino-l-pwand _ _ N tifluoromethanesulfonamide A solution of DEAD (15.6 g, 0.09 mole) in 
THF (30 mL) was added dropwise to a solution of PPh3 (23 g, 0.088 mole), 19 (15.6 g, 0.088 mole), and 
13-propanediol(l3.4 g, 0.176 mole, 2 eq) in THF (250 mL). The mixture was stirred for 18 h, evaporated, 
and the residue was chromatographed (toluene/ethyl acetate, 4/l). Distillation of the product gave an oil (6.1 
g, 29%). bp 95-97” C /0.3 mm. IR (film) 1384,1226,1190.1140,1128,1060,1008 and 596 cm-l. 1H NMR 
(CDCl3) 6 1.29 (t, J = 7.5 Hz. 3H), 1.75 (t. J = 7.5 Hz, lH, exch. D20). 1.83 - 1.92 (m, 2H), 3.48 - 3.55 (m, 
4H), 4.7 - 4.8 (m. 2H. becomes t, J = 7.5 I-Ix on D20 exchange). MS CI/CIQ) 355 (M + H). Anal. Calcd for 
Cd_Il2F3N03S: C, 30.63; H. 5.14; N, 5.96. Found: C. 30.95; H, 5.18; N, 5.75. 

rfluoro-N-N-his-p- A mixture of 2,2difluomputtescine dihydnxhloride 
(200 mg. 1 mmol) and triethylamine (410 mg, 4 mmol) in dichloromethane (4 mL) was stirred for 15 min. a 
solution of tosyl chloride (387 mg. 2 mmol) in dichloromethane (3 mL) was added dropwise, and the mixture 
was stirred 18 h at ambient temperature. The mixture was diluted with dichloromethane (20 mL). extracted 
with 1N HCl, water. The organic layer was dried, evaporated, and the residue was recrystallized 
(hexane/acetone) to give the product (290 mg. 65%) as a white solid, mp 144 - 45“ C. IR (KBr) 3288, 
1330,1306,1156,1092,704,666,560 and 552 cm- l. lH NMR (DMSO-Q) 6 1.95 - 2.15 (m, W), 2.39 
(closely spaced singlets, 6H), 2.85 (q, J = 7.5,2H), 3.17 (dt. Jl = 30 Hz, J2 = 7.5 Hz, 2H), 7.3 - 7.4 (m, 4H), 
7.6 - 7.7 (m, 5H) and 8.12 (t. J = 7.5 I-Ix, 1H). 19F NMR @MS@d6) 6 -101.88 - -102.10 (multiplet). MS 
(CI/CIQ) 433 (M + H). Anal. Calcd for ClgH22F2N204S2: C, 49.98; H, 5.12; N, 6.48. Found: C, 50.02; H, 
5.19: N. 6.50. 



5588 M. L. EDWARDS et ai. 

trifluoromthanesulfownidooctndecane A solution of DEAD (1.74 g, 10 mmol) in THF (20 mL) was 
added to a solution of PPh3 (2.6g. 10 mmol). 20 (2.4 g, 10 mmol) and a(2.16 g, 5 mmol) in THF (100 mL). 
The reaction mixture was evaporated and the residue was chtomatographed (toluen~ethyl acetate 9/l) to give 
the product (1.1 g, 25%) as a thick oil and a second material (2.2 g. 63%) determined to be the monoadduct. 
IR (film) 1384,1344,1226,1184,1162 and 1132 cm -1. lH NMR (CDCl3) S 1.2 _ 1.3 (m. 6H). 1.9 - 2.1 (m, 
4H), 2.25 - 2.4 (m, 2H). 2.46 (s, 6I-Q 3.08 - 3.2 (m, 4H), 3.32 - 3.55 (m. 12 H), 7.32 - 7.4 (m, 41-1) and 7.65 - 
7.78 (m, 4H). ~~;NMR (CDC13) 6 -76.573. -76.612, -101.037 and -101.078. MS (CVCIQ) 867 (M + H). 
Anal. Calcd for C30H42F2N408S4: C. 41.56; H, 4.88; N, 6.46. Found: C, 41.83; H, 4.97; N, 6.22. 

In a similar reaction, a solution of DEAD (2.84 g, 16.3 mmol) in THF (25 mL) was added to a solution of 
PPh3 (4.3 g, 16.3 mmol), 20 (3.8 g, 16.3 mmol) and 21(2.35 g, 5.4 mmol) in THF (60 mL) to give 22 as an 
oil (3.4 g, 72%). Anal. Calcd for C~OI-I~~F~N~D~S~: C, 41.56; H, 4.88; N. 6.46. Found: C. 42.02; H, 5.09, 
N, 6.18. 

3.7.12.16_Teaaaur Ammonia (60 mL) was distilled from _ _ 
lithium wire into a flask containing 22 (1 g, 1.15 mmol), THF (40 mL) and 2-methyl-fpropanol(30 mL). At 
a reaction temperature of -70° C, sodium metal was added until a blue color formed which persisted for 30 
min. The reaction was slowly heated to 60” C and maintained at this temperature for 90 min to remove NH3. 
To the residue was added THF (80 mL). H20 (80 mL) and di-l-butyldicarbonate and the mixture was stirred 
for 18 h. The THF was removed and the aqueous residue was extracted with CHC13. The extracts were 
evaporated and the residue was chromatographed (toluene/ethyl acetate l/l) to give 0.2 g (29%) of a thick oil 
which was found to be the tri-Rot derivative (23). IR (film) 2976,1694,1480,1418,1366,1288,1254 and 
1164 cm-l. lH NMR (CDU3) 6 1.1 (t, J = 7.5 Hz. 6H), 1.45 (s, 27H). 1.5 - 1.8 (m, lOH), 2.08 - 2.27 (m, 
3H), 2.65 (t, J = 7.5 Hz, 2H). 2.9 (t, J = 30 Hz. 2H). 3.1 - 3.3 (m. 1OH) and 3.3 - 3.4 (m. W). MS (CI/CIQ) 
595 (M + H). Anal. Cakd for C29H56F2N406 : C, 58.56; H, 9.49; N, 9.42. Found: C. 58.57; H, 9.84; N, 
9.17. 

Compound 23 (200 mg, 0.3 mmol) was dissolved in methanolic HCl(3 ml+ lN), the mixture was stirred 
overnight at ambient temperature and filtered. The precipitated hydrochloride salt was recrystallized three 
times from 2-propanol/H20/methanolic HC1 to give a white solid (46 mg, 30%), mp 305 - 07“ C. IR (KRr) 
2956,2774,2484 and 2428 cm-l. lH NMR (D20) 6 1.38 (t. J = 7.5 Hz, 6H), 2.1 - 2.23 (m, 4H), 2.45 - 2.65 
(m, W), 3.08 - 3.3 (m, 14 H). 3.4 (t. J = 7.5 Hz, 2I-I) and 3.75 (t, J = 22.5 Hz, 2H). MS (CWIQ) 295 (M + 
H). Anal. Calcd for Cl4H32F2N4.4HCl: C. 38.19; H, 8.78; N, 12.72. Found: C. 39.07; II, 8.78; N, 12.48. 

The product appears to contain some tri-HCl salt. 

_ _ - A solution of DEAD (17.4 g, 0.1 mole) 
in THF (20 mL) was added dropwise to a solution of 253 (27.1 g, 0.1 mole), PPh3 (26.2 g. 0.1 mole) and 4- 
chloro-I-butanol.(l0.8 g, 0.1 mole) (distilled to remove HCI) in THF (600 mL). After 4h at ambient 
temperature the mixture was evaporated and the residue was ctuomatogmphed (toluene) to give the product 
(29.4 g, 81%) as an oil. IR (film) 2980,172& 1456,1394,1356,1292,1186,1156,1088,1000,814,772. 
722,6764,598,576 and 546 cm-l. NMR (CDC13) 6 1.35 (s, 9H), 1.8 - 2.0 (m, 4H), 2.45 (s, 3H). 3.6 (t. J = 
7.5 Hz, 2I-I). 3.86 (t, J = 7.5 Hz, 2H), 7.33 (d. J = 7.5 Hz, 2H) and 7.78 (d, J = 7.5 Hz, 2H). MS (CI/CIQ) 
362 (M + Ii). Anal. Calcd for Cl6H2QQNoqS l l/8 Toluene: C, 54.28; H. 6.75; N, 3.75. Found: C, 54.39; 
H. 6.94; N, 3.70. 

1.7_hs A mixture of dichloromethane (609 mL), aq NaHCO3 (600 mL) ._ _ 
and 1.7diaminoheptane (25 g, 0.19 mole) was stirred while R-toluenesulfonyl chloride (109 g, 0.57 mole) was 
added in portions over 1 h. The layers were separated, the organic layer was extracted with 1N HCI and 
evaporated. The residue was triturated with toluene to give the product (58 g, 70%) as a white solid, mp 140- 
141“ C. IR (Rear) 3256,2942,2864,1430,1328,1306,1160,1094,1078,808,706,668,578,552 and 533 
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cm-l. 1H NMR @MSO+ 6 1.1 - 1.2 (m, 6H). 1.25 - 1.30 (m, 4H). 2.4 (s, 6I-I). 2.6 - 2.7 (m, 4H). 7.37 (d, 
J = 7.5 I-Ix, 4H). 7.45 (t, J = 7.5 Hz, 2H) and 7.75 (d. J = 7.5 I-Ix, 4I-I). MS (C.I/CH& 439 (M + H). Anal. 
Calcd forC2lH3ON204S2: C, 57.50, H, 6.89; N, 6.39. Found: C, 57.87; H, 7.13; N. 6.20. 

Sodium hydride (0.8 g of50% mineral oil dispersion, 16.8 mmol) was a&led in portions to a solution of 27 (3 
g, 8.4 mmol) in DMF (300 mL) and the mixture was stirred for 1 h at ambient temperature. Sodium iodide 
(0.1 g) and a solution of 26 (5.2 g. 16.8 mmol) in DMF (50 mL) were added and the mixture was heated at 55 
’ C for 18 h. The mixture was cooled, methanol (10 mL) was added to decompose any unreacted NaH, and 
the mixture was evaporated to dryness. Dichloromethane (300 mL) and water (300 mL) were added, the 
organic layer was separated, dried and evaporated. Chromatography (toluene/ethyl acetate 6/l) gave the 
product (4.4 g, 51%) as a thick oil. IR (film) 2980,2934,1726.1458,1394,1348,1306,1286, 1258.1186, 
1156, 1090, 1006,814,756,722, 674,654,598,576 and 548 cm-l. NMR (CDC13) 6 1.25 (s, 6H), 1.32 (s, 
18H), 1.42 - 1.53 (m, 4H), 1.55 - 1.65 (m, 4H), 1.7 - 1.8 (m, 4H). 2.55 and 2.56 (s, together 12H), 3.02 - 
3.18 (m, 8H), 4.82 (t. J = 7.5 Hz, 4H), 7.25 - 7.35 (m, 8H), 7.68 (d, J = 7.5 Hz, 4H) and 7.77 (d, J = 7.5 Hz, 
4H). MS (FAB) 1089 (M+). Anal. Calcd for C53H76N4012S4: C, 58.42; H, 7.03; N, 5.14. Found: C, 60.50; 
H, 7.25; N. 5.08. 

4.19-T-4.19-tetra-p A solution of 28 (20 g. 18 mmol) in 
a mixture of dichloromethane (500 mL) and TFA (20 mL) was stirred overnight at ambient temperature. The 
mixture was evaporated, toluene (400 mL) was added and the mixture was evaporated to dryness. The 
residue was chromatogmphed (toluene/ethyl acetate 3/l) to give the product (14.3 g, 89%) as an oil. IR (film) 
3286,2936,2864,1598,1454, 1426,133O. 1306,1290,1268,1158,1092,1040,816.736,704.656,570 
and 550 cm-l. NMR (CDC13) 6 1.25 (s, 6H), 1.45 - 1.60 (m, 12H). 2.42 (s. 12H), 2.86 - 2.95 (m, 4H),3.0 - 
3.1 (m, 8H). 4.88 (t. J = 7.5 Hz. 2H), 7.15 - 7.3 (m, 8H), 7.43 (d, J = 7.5 Hz) and 7.72 (d. J = 7.5 Hz, 4H). 
MS (CVCHq) 889 (M + H). Anal. Calcd for C43H~408S4*3/4 Toluene: C. 60.38; H, 7.15; N, 5.70. 
Found: C, 60.48; H, 7.17; N, 5.57. 

4.19-z A solution of 29 (12.2 g, 13.7 mmol) in 48% aq 
HBr (500 mL) was heated in a 100” C oil bath for 24 h, cooled and evaporated to dryness. The residue was 
recrystallized (ethanol/H20) to give the product (5.2 g, 63%) as a white solid, mp 303’ C. IR (KBr) 2952, 
2874 and 2810cm-1. NMR @20) 6 1.4 (s, 6H), 1.6 - 1.85 (m, 12H) and 3.0 - 3.1 (m, 12H). MS (CUCH4) 
273 (M + H). Anal. Calcd for Cl5H36N4.4 HBr: C, 30.22; H, 6.76; N, 9.40. Found: C, 30.60; H, 6.90; N. 
9.09. 

4.29-u - _ __ 1.29 bis t buhrloxvcarbonvl_1.6.11.19.2419-hexa m _ _ 

m Sodium hydride (0.5 g of 50% mineral oil dispersion, 10 mmol) was added to a solution of 29 (2.9 g, 3.3 
mmol) in DMF (100 mL) and the mixture was stirred at ambient temperature for 2 h. Sodium iodide (0.1 g) 
and a solution of 26 (3.6 g. 9.9 mmol) in DMF (20 mL) was added and the mixture was heated in a 60” Coil 
bath for 24 h. The mixture was cooled, methanol (20 mL) was added and the mixture was evaporated to 
dryness. The residue was taken up in ethyl acetate/water, the organic layer was isolated, dried and evaporated. 
The residue was chromatographed (toluene/ethyl acetate 6/l) to give the product (2,l g, 41%) as an oil. IR 
(film) 2934,1726,1340,1305.1286,1157,1090,815,731,674,654,566 and 548 cm-l. NMR (CDCl3) 6 
1.15 - 1.22 (m, 6H), 1.3 (s. 18H). 1.42 - 1.65 (m, 16H), 1.65 - 1.8 (m, 4H), 2.4 - 2.45 (m, 18H). 3.0 - 3.2 (m, 
16H), 3.8 (t, J = 7.5 Hz, 4H), 7.1 - 7.35 (m, 12H), 7.65 - 7.7 (m, 8H) and 7.75 (d, J = 7.5 Hz, 4H). MS 
(FAB-TG/DTT/DTR) 1561.5 (M + Na). Anal. Calcd for C75H106N6016Sg*Toluene: C, 60.34; H, 7.04, N, 
5.15. Found: C, 60.78; H, 7.20; N, 5.17. 

1.6.1 A mixture of 39 (2 g, 1.3 mmol) and 48% aq 
HBr (300 mL) was heated at 100’ C for 24 h. The mixture was evaporated and the residue was recrystallized 
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from aqueous ethanol to give the product (0.4 g. 34%) as a white solid, mp>31S’ C. IR (KBr) 2951,2872 
and 2815 cm-l. NMR @20) 6 1.2 (s, 6H), 1.6 - 1.82 (m, 20H) and 3.0 - 3.2 (m, 20H). MS (EI) 415 (M + 
H). Anal. Calcd for C23H54N6*6HBr: C, 30.68; H, 6.72; N, 9.34. Found: C,31.30; H, 6.77; N, 9.33. 
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