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passed directly into a reaction flask containing a stirred toluene 
solution of the starting diazo compound kept at -78 O C .  The 
operating pressure in the vacuum line was 0.02-0.05 Torr, but 
due to the Nz evolution a rise in preasure to 1-2 Torr was observed. 
The stream of CS2 vapor was, therefore, periodically interrupted 
(for ca. 1-2 min every 10 min) to allow reestablishment of the 
high vacuum. By the end of the reaction (after ca. 2 h for the 
experiments in this work) the mixture and the glass walls had 
turned black due to formation of polymeric carbon monosulfide. 
When the reaction was complete, the discharge was turned off 
and the stream of CS2 vapor stopped. The vacuum line was filled 
with nitrogen, and the reaction mixture was allowed to warm to 
room temperature, followed by the workup procedures described 
below. 

Di-tert-butylthioketene (5). A stirred solution of hydrazone 
312 (2.1 g, 14 mmol) in 70 mL of ether was treated with 8.0 g of 
nickel peroxide at room temperature Filtration and removal of 
the solvent in vacuo after 2 h gave crude 41° as an orange oil which 
was dissolved in 130 mL of toluene and treated with CS generated 
from 5.0 mL (83 mmol) of CS2 as described above. The black 
reaction mixture was filtered and distilled giving 0.6 g (30%) of 
56 as a violet oil (bp 69 "C (10 Torr)). All spectra (IR, 'H and 
lSC NMR, MS) were in agreement with the literature dahs  The 
'H NMR spectrum showed a slight contamination (<5 mol%) 
of unreacted 4. 

(Tetrahydro-3,3,5,5-tetramethyl-4H-thiopyran-4-ylid- 
ene)methanethione (8). A stirred solution of hydrazone 611 (2.3 
g, 12 mmol) in 70 mL of ether was treated with 9.0 g of nickel 
peroxide. Filtration and evaporation of the solvent after 3 h gave 
7" as low-melting orange crystals which were dissolved in 170 mL 
of toluene and treated with CS generated from 15 mL (250 mmol) 
of CS2 as described above. The resulting black reaction mixture 
was filtered and distilled to give 1.0 g (42%) of 8s as a violet oil 
(bp 60-61 "C (0.05 Torr)). All spectra (IR, 'H and 13C NMR, MS) 
were in agreement with the literature data! 
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Due to the *-excessive character of the indole and 
pyrrole ring systems, these compounds are impervious to 
nucleophilic reducing species such as hydride reagents.'S2 
However, partial reduction of these heterocycles can be 
accomplished but only under acidic conditions via a se- 
quence involving initial protonation (at C-3 for indoles and 
predominantly a t  C-2 for pyrroles), followed by reduction 
of the resultant iminium intermediates. Whereas indoles 
are susceptible to reduction by a variety of hydride sources 
under acidic conditions,3 these methods have apparently 
not been successfully extended to pyrroles despite the fact 
that 3-pyrrolines (2,5-dihydropyrroles) represent useful 
synthetic  intermediate^.^ To date, methods for the 

(1) For reviews on the reduction of indoles, see: (a) Remers, W. A. 
Heterocyclic Compounds. Indoles. Part One; Houlihan, W. J., Ed.; 
Wiley: New York, 1972; pp 163-177. (b) Sundberg, R. J. The Chemistry 
of Indoles; Academic Press: New York, 1970; pp 129-135. (c) Robinson, 
B. Chem. Reu. 1969,69,785. 

(2) For reviews on the reduction of pyrroles, see: (a) Jones, R. A.; 
Bean, G. P. The Chemistry of Pyrroles; Academic Press: New York, 1977; 
pp 238-243. (b) Gribble, G. W. In Comprehensive Organic Chemistry; 
Fleming, I., Ed.; Pergamon: Oxford; Vol. 8, in press. 

(3) Cf.: (a) Gribble, G. W.; Lord, P. D.; Skotnicki, J.; Dietz, S. E.; 
Eaton, J. T.; Johnson, J. L. J. Am. Chem. SOC. 1974,96,7812. (b) Gribble, 
G. W.; Hoffman, J. H. Synthesis 1977,859. 

(4) For a recent example and overview of the synthesis of 3-pyrrolines 
by the alkylation of amines, see: Ding, Z.; Turafiello, J. J. Synth. Com- 
mun. 1990, 20, 227. 
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preparation of 3-pyrrolines by the partial reduction of 
pyrroles have been limited to the use of zinc in acidic 
media: or in the case of some pyrrole-2-carboxylic acid 
derivatives, phosphonium iodide6 or hypophosphorus acid' 
in hydroiodic acid. In light of our recent finding that 
sodium cyanoborohydride (NaCNBH,) in trifluoroacetic 
acid (TFA)* represents a unique reducing system for the 
tandem reduction of the carbonyl group and the indole 
double bond of 2- and 3-acyl-l-(phenylsulfonyl)indoles to 
the corresponding alkyl-1-(phenylsulfonyl)indolines,' we 
have examined the analogous reaction upon N-(phenyl- 
sulfony1)pyrroles and now report the first reduction of 
pyrroles by a hydride reducing agent (Scheme I). 

The choice of the phenylsulfonyl protecting group in this 
study was predicated on the fact that 1-(phenyl- 
sulfony1)pyrrole undergoes Friedel-Crafts acylation reac- 
tions with a remarkable degree of regiocontrol,1° wherein 
acylation occurs a t  C-3 in the presence of aluminum 
chloride (AlCl,) but predominantly at C-2 when catalyzed 
by boron trifluoride etherate (BF3.Et20) or TFA." 
Moreover, while the analogous Friedel-Crafts alkylation 
reactions upon the same substrate do not occur with the 
same degree of regioselectivity,12 we have recently dis- 
covered that the selectively produced N-protected acyl- 
pyrroles can be reductively deoxygenated to the corre- 
sponding alkyl derivatives', without reduction of the 
pyrrole ring or loss of the protecting group using the bo- 
rane-tert-butylamine complex (tBuNH2-BH3) /A1C13 re- 
ducing system.14 By these means then, a variety of 1- 

(5) (a) Ciamician, G.; Dennstadt, M. Chem. Ber. 1882, 15, 1831. (b) 
Knorr, L.; Rabe, P. Chem. Ber. 1901, 34, 3491. (c) Andrews, L. H.; 
McElvain, S. M. J. Am. Chem. SOC. 1929,51,887. (c) Evans, G. G. J. Am. 
Chem. SOC. 1951,73,5230. (d) Hinman, R. L.; Theodoropulos, S. J. Org. 
Chem. 1963,28,3052. (e) Lemal, D. M.; McGregor, S. D. J .  Am. Chem. 
SOC. 1966,88, 1335. (f) Hudson, C. B.; Robertson, A. V. Tetrahedron 
Lett. 1967,41,4015. (9) Anderson-McKay, J. E.; Lawlor, J. M. Aust. J .  
Chem. 1988, 41, 1013.- 

(6) (a) Fischer, E.; Gerlach, F. Chem. Ber. 1912,45, 2453. (b) Rob- 
ertson, A. V.; Witkop, B. J. Am. Chem. SOC. 1962,84, 1697. 

(7) Scott, J. W.; Focella, A.; Hengartner, U. 0.; Parrish, D. R.; Valen- 
tine, D. Synth. Commun. 1980,10, 529. 

(8) Berger, J. G.; Davidson, F.; Langford, G. E. J. Med. Chem. 1977, 
20,600. 

(9) Ketcha, D. M.; Lieurance, B. A. Tetrahedron Lett. 1989,30,6833. 
(10) For a review on the synthesis of 3-substituted pyrroles, see: An- 

derson, H. J.; Loader, C. E. Synthesis 1985,353. 
(11) (a) Xu, R. X.; Anderson, N. J.; Gogan, N. J.; Loader, C. E.; 

McDonald, R. Tetrahedron Lett. 1981,22,4899. (b) Rokach, J.; Hamel, 
P.; Kakushima, M.; Smith, G. M. Tetrahedron Lett. 1981,22,4901. (c) 
Kakushima, M.; Hamel, P.; Frenette, R.; Rokach, J. J. Org. Chem. 1983, 
48, 3214. 

(12) Anderson, H. J.; Loader, C. E.; Xu, R. X.; Le, N.; Gogan, N. J.; 
McDonald, R.; Edwards, L. G. Con. J. Chem. 1985,63,896. 
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Table I. Reduction of 1-(Phenylsulfony1)pyrroles 
substrate R R' product R2 R3 mp, "C yield, % 

la H H 2a 
l b  COMe H 2b 
I C  COEt H 2c 
Id H COMe 2d 
le  H COPh 2e 
If Et  H 2b 

Product identical (IR, NMR) with that formed from lb. 

(phenylsulfony1)pyrroles precursors could be readily pre- 
pared in anticipation of their conversion to selectively 
functionalized 3-pyrrolines. 

As shown in Table I, when subjected to reduction with 
NaCNBH, in the presence of TFA, 1-(phenylsulfonyl)- 
pyrrole ( la)12 is reduced to l-(phenylsulfonyl)-3-pyrroline 
(2a),15 while a sampling of 2- and 3-acyl-l-(phenyl- 
sulfony1)pyrroles (I  b-e)"J3 undergoes tandem reduction 
of the carbonyl group and the pyrrole ring to provide the 
appropriately substituted alkyl-l-(phenylsulfonyl)-3- 
pyrrolines (2b-e) in good yield and without acid-catalyzed 
rearrangement of substituents.16 Although for practical 
purposes this tandem reduction effectively precludes the 
need for prior reductive deoxygenation of the carbonyl 
groups, we have also carried out this reaction upon 2- 
ethyl-1-(phenylsulfony1)pyrrole ( lf),12 thus demonstrating 
that an oxygen function adjacent to the ring is not a 
necessary requirement for reduction of the pyrrole ring. 

As 'in the case of the reductions of pyrroles using zinc 
in hydrochloric acid,5f complete reduction to 1-(phenyl- 
sulfony1)pyrrolidines (3a-e) can occur to some extent but 
usually less than 15%. Although these pyrrolidines were 
not characterized, they were observed (NMR and GC-MS) 
as contaminants of the crude reaction mixtures. As pos- 
tulated for the reduction of N-unprotected pyrroles,5f it 
is believed that 3-pyrrolines (2a-e) are produced via initial 
(and predominant) protonation of the C-2 position" of the 
pyrrole ring followed by hydride reduction of the resultant 
a-pyrrolenium species (Scheme 11). Formation of the fully 
reduced pyrrolidines (3a-e) can then be rationalized as 
resulting from an alternate pathway involving competing 
protonation at (2-3. In this case, however, reduction of the 
0-pyrrolenium species presumably affords a 2-pyrroline, 
which as an enamine suffers further protonation and hy- 
dride reduction. 

In light of this postulated mechanism, it is somewhat 
difficult to reconcile the success of the present method with 
the failure of other hydride or borane reagents to reduce 
the pyrrole ring under acidic conditions. Prior to this work, 
Maryanoff18 and co-workers reported that in contrast to 
the facile reduction of indoles to the corresponding indo- 
lines with borane-tetrahydrofuran complex (BH,-THF) 
in TFA, 1-methylpyrrole was recovered unchanged after 
treatment with the same reagents; conditions expectedly 
acidic enough to produce appreciable quantities of the 
protonated pyrrole. Moreover, in our hands, a number of 
reducing systems including BH,-THF/TFA, tBuNH,- 
BH3/A1C1,, and NaBH, in the presence of TFA3bJ9 or 

(14) (a) Leu, C. K.; Tardif, S.; Dufresne, C.; Scheigitz, J. J.  Org. Chem. 
1989,54,491. (b) Lau, C. K.; Williams, H. W. R.; Tardiff, S.; Dufresne, 
C.; Scheigitz, J.; Belanger, P. C. Can. J.  Chem. 1989,67,1384. (c) Ketcha, 
D. M.: Lieurance. B. A.: Homan. D. F. J.: Gribble. G. W. J .  Orp. Chem. 
1989,54,4350. ' 

(Eng 1466). 

1982.47. 3668. 

- 
(15) Levchenko, E. S.; Bal'on, Ya. G. Zh. Org. Khim. 1967, 3, 1509 

(16) Cf.: DeSales, J.; Greenhouse, R.; Muchowski, J. M. J. Org. Chem. 

(17) Cf.: Chiang, Y.; Whipple, E. B. J.  Am. Chem. SOC. 1963,85,2763. 
(18) Maryanoff, B. E.; McComsey, D. F.; Nortey, S. 0. J. Org. Chem. 

1981, 46, 355. 

H H 120-121 75 
Et H 49-51.5 76 
Pr H 80-83 73 
H Et oil 68 

Et H 49-51.5 72O 
H CHzPh 82-84 91 

BF,.Et2Om all fail to reduce representative 1-(phenyl- 
sulfony1)pyrroles. At present, it can only be surmised that 
the (acy1oxy)boron species, generated in situ from NaCN- 
BH3 and TFA under the conditions of the reaction, rep- 
resents a more efficient reductant than that derived from 
other reagents.21 The nature of this (acy1oxy)borohydride 
species is currently under investigation. 

Experimental Section 
Melting points were determined in open capillaries with an 

Electrothermal melting point apparatus and are uncorrected. 
Elemental analyses were performed by Midwest Microlab, In- 
dianapolis, IN. Infrared spectra were recorded on a Perkin-Elmer 
1330 instrument or using a Nicolet 5DX Fourier transform (FT) 
instrument. 'H NMR spectra were obtained on a Varian EM 360 
spectrometer and, in certain cases, 'H and '% NMR were obtained 
on an IBM NR/100 FT NMR spectrometer a t  100 MHz. 
Chemical shifts are reported in parts per million downfield from 
tetramethylsilane as an internal standard. Low-resolution mass 
spectra were determined using a Finnigan MAT INCOS 50 gas 
chromatograph-mass spectrometer. 

Representative Procedure for  the Reduction of 1-(Phe- 
nylsulfony1)pyrroles Using NaCNBH,/TFA. Preparat ion 
of l-(Phenylsulfonyl)-3-pyrroline (2a). To  magnetically stirred 
TFA (10 mL) at room temperature was added NaCNBHS (0.45 
g, 7.25 "01) slowly and in portions. (Caution: NaCNBH3 reacts 
with TFA with vigorous evolution of hydrogen. Minor explosions 
are possible.) The resulting mixture was stirred for an additional 
15 min, and la (0.50 g, 2.41 mmol) was added slowly as a solid. 
After 1 h, additional NaCNBH, (0.45 g, 7.25 mmol) was added. 
The mixture was stirred overnight, quenched with water, and 
extracted with methylene chloride (CHZCIz). The combined 
organic layers were washed with saturated sodium bicarbonate 
and water, dried with anhydrous sodium sulfate, filtered, and 
evaporated in vacuo. Chromatography on silica gel using hex- 
anes-CHzCl2 provided an oil (0.45 g), which slowly crystallized 
in vacuo. Recrystallization from methanol provided pure 2a (0.38 
g, 75%): mp 120-121 "C (lit.15 mp 116-117 "C); IR (KBr) 3130, 
2920, 1450, 1370, 1200, 1180, 1055, 765, 740,690, 600, 620, 570 
cm-';'H NMR (CDCL3) b 8.0-74 (m, 5 H), 5.6 (9, 2 H), 4.1 (9, 4 
H); '% NMR (CDC13) b 137.0,132.6, 129.0, 127.2,125.3,54.7; mass 
spectrum, m/z 209 (M+), 208,141,117,104,91,77,68 (100). Anal. 
Calcd for Cl&IllNO$: C, 57.39; H, 5.30; N, 6.70. Found C, 57.54, 
H, 5.40; N, 6.70. 
2-Ethyl-l-(phenylsulfonyl)-3-pyrroline (2b). The same 

procedure as described above but with l b  gave 2b (76%): mp 
49-51.5 "C; IR (KBr) 3320,2970,2880, 1450, 1340,1165,1095, 
760,750,690,630,585 cm-'; 'H NMR (CDC13) d 8.3-7.4 (m, 5 H), 
5.6 (s, 2 H), 4.5 (m, 1 H), 4.1 (s, 2 H), 1.8 (m, 2 H), 0.8 (t, 3 H, 
J = 7 Hz); 13C NMR (CDClJ b 137.8, 132.39, 129.2, 128.9, 127.1, 
124.7,68.1,55.6,28.5,8.3; mass spectrum, m/z 237 (M+), 236,210, 
209, 208 (loo), 142, 141, 125, 77. Anal. Calcd for Cl2Hl5NO2S: 
C, 60.73; H, 6.37; N, 5.90. Found: C, 60.72; H, 6.40; N, 6.01. 
2-Propyl-l-(phenylsulfonyl)-3-pyrroline (212). The same 

procedure as described above but with IC gave 2c (73%): mp 
78-83 "C; IR (KBr) 2950,2880,1445,1335,1155,1090,1055,795, 

(19) For a review on the use of NaBH, in acidic media, see: Gribble, 
G. W.; Nutaitis, C. F. Org. Prep. Proc. Int. 1985, 17, 317. 
(20) (a) Biswas, K. M.; Jackson, A. H. Tetrahedron 1968,24,1145. (b) 

Whitlock, H. W.; Hanauer, R. J. J. Org. Chem. 1968, 33, 2169. 
(21) For reviews of cyanoborohydride chemistry, see: (a) Hutchins, R. 

0.; Natale, N. R. Org. Prep. Proc. Int. 1979, 11, 201. (b) Lane, C. F. 
Synthesis 1975, 131. 
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706, 605 cm-'; 'H NMR (CDC13) 6 8.7-7.4 (m, 5 H), 5.6 (8, 2 H), 
4.5 (m, 1 H), 4.1 (s, 2 H), 2.5-1.3 (m, 4 H), 0.8 (t, 3 H, J = 7 Hz); 
mass spectrum, m/z 251 (M+), 250,208,141,125,108,91,77 (100). 
Anal. Calcd for C13H17N02S C, 62.12; H, 6.82; N, 5.57. Found 
C, 62.10; H, 7.03; N, 5.63. 
3-Ethyl-l-(phenylsulfonyl)-3-pyrroline (2d). The same 

procedure as described above but with Id gave 2d (68%) as an 
oil: IR (KBr) 3040,2970,2880,1460,1370,1170,1120,720,600, 
570 cm-'; 'H NMR (CDC13) 6 8.0-7.3 (m, 5 H), 5.3 (s, 1 H), 4.1 
(8 ,  4 H), 1.8 (4, 2 H, J = 7 Hz), 0.9 (t, 3 H, J = 7 Hz); mass 
spectrum, m/z  237 (M+), 236,208,141,125,96,77 (loo), 68. Anal. 
Calcd for CIZHl5NO#: C, 60.73; H, 6.37; N, 5.90. Found C, 60.77; 
H, 6.40; N, 6.00. 
3-BenzyI-l-(phenylsulfonyl)-3-pyrroline (2e). The same 

procedure as described above but with le gave 2e (97%): mp 
82-84 "C; IR (KBr) 3080,3050,2970,2930,2880,1615,1460,1340, 
1165,1095,760,750,690,630,585 cm-'; 'H NMR (CDClJ 6 8.M.9 
(m, 9 H), 5.2 (s, 1 H), 4.0 (s, 4 H), 3.2 (s, 2 H); mass spectrum, 
m/z  299 (M+, loo), 208, 158, 141, 131, 115,91, 77. Anal. Calcd 
for C17H17N02S: C, 68.20; H, 5.72; N, 4.68. Found: C, 68.00, H, 
5.77; N, 4.61. 
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The efficacy of any synthetic protocol to the potent 
immunosuppressive agent, cyclosporinel (l), would largely 
depend on how efficiently large quantities of the unnatural 
j3-hydroxy-a-amino acid, (4R)-4- [ (E)-2-butenyl] -4,N-di- 
methyl-L-threonine (MeBmt) (2), present in the molecular 
structure of 1, are made available. Many synthetic routes 
to 2 have been reported.2 The synthesis of 2 reported by 
Wenger,a involving the highly stereocontrolled transfor- 
mation of the key intermediate 3 into 2, is particularly 
interesting. However, the synthesis of 3 from diethyl 
(+)-tartrate required 18 steps including protecting-de- 
protecting of functional groups. Consequently we felt that 
an alternative but simple approach toward 3 could be 
derived, based on findings that Sharpless ep- 
oxidation3b of l-(benzyloxy)-3-buten-2-01 proceeds with a 
degree of efficiency. 

MeLeu - MeVal - MeBmt-Abu- Sar 

I 
MeLeu 

I 
D-Ala - Ala - MeLcu -Val - MeLeu 

Cyclorporinc 1 

The starting material (5) was earlier prepared3a in our 
laboratory by one-step isomerization of cis-butene-1,4-diol 
(4) in the presence of catalytic amounts of mercuric sulfate 

' IICT Communication No. 2609. 

Scheme I 

Me Me 

and sulfuric acid in refluxing water for 1.5 h (Scheme I). 
Interestingly, now we observed that this isomerization 
could be more conveniently and rapidly effected in a 
microwave oven4 in just 3 min (temperature of reaction 
mixture was -50 "C), providing 5 in 60-70% yield. How 
the rate of the above rearrangement is enhanced by mi- 
crowave irradiation could not reasoned with any proper 
explanation. However, we believe that due to high di- 
electric constant, water absorbs high microwave energy and 
being one of the reactants taking part in the reaction, 
concomitantly transfer this energy to the transition state 
to effect further reaction to occur r a ~ i d l y . ~  

The kinetic resolution of the derived benzyl ether 6 
(70%) under Sharpless condition3s6 with (-)-diisopropyl 
tartrate (DIPT) as a chiral auxiliary led to the isolation 
of (R)-l-(benzyloxy)-3-buten-2-01 (R-6) (75% of theoretical 
yield, 95% ee)3b and (2S,3S)-l-(benzyloxy)-3,4-epoxy- 
buten-2-01 (7). 

Stork' and Ueno8 have demonstrated that mixed bromo 
acetals derived from the allylic alcohols undergo stereo- 
selective radical cyclization to form the trans-tetra- 
hydrofuran derivative. Thus, compound R-6 was converted 
into the bromo acetal derivative 8 by the reaction with 

(1) Cohn, D. J.; Rolf, L.; Rubin, M. F.; Tilney, N. L.; Carpenter C. B.; 
Strom, T. B. Ann. Intern. Med. 1981, 101,667. White, D. J. G. Cyclo- 
sporine A;  Elsevier: Amsterdam, 1982. 

(2) For the total synthesis of MeBmt, see: (a) Rama Rao, A. V.; Yadav, 
J. S.; Chandrasekhar, S.; Rao, C. S. Tetrahedron Lett. 1989,30,6769. (b) 
Rama Rao, A. V.; Murali Dhar, T. G.; Bose, D. S.; Chakraborty, T. K.; 
Gurjar, M. K. Tetrahedron 1989,45,7361. (c) Aebi, J. D.; Dhaon, M. K.; 
Rich, D. H. J.  Org. Chem. 1987,52, 2881. (d) Schmidt, U.; Siegel, W. 
Tetrahedron Lett. 1987,28,2849. (e) Tung, R. D.; Rich, D. H. Ibid. 1987, 
28,1139; (0 Evans, D. A.; Weber, A. E. J. Am. Chem. SOC. 1986,108,6757. 
(9) Wenger, R. M. Helu. Chim. Acta 1983,66,2308. 
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T. Tetrahedron 1989,45,7031. (b) Walkup, R. D.; Cunningham, R. T. 
Tetrahedron Lett. 1987,28, 4019. 

(4) Bose, A. K.; Manhas, M. S.; Ghosh, M.; Raju, V. S.; Barakat, K. 
17th IUPAC Symposium on the Chemistry of Natural Products, 1990. 

(5) Evan, G.; Loupy, A.; Majdoub, M. Synth. Commun. 1990,20,126 
and references cited therein. 

(6) Kabuki, T.; Sharpless, K. B. J .  Am. Chem. SOC. 1980, 102,6974. 
(7) Stork, G.; Mook, R., Jr.; Biller, S. A,; Rychnovsky, S. D. J. Am. 

Chem. SOC. 1983, 105, 3741. 
(8) Ueno, Y.; Moriya, 0.; Chino, K.; Watanabe, M.; Okawara, M. J. 

Chem. SOC., Perkin Trans. 1 1986, 1351. 

0 1991 American Chemical Society 0022-3263/91/1956-1320$02.50/0 


