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Abstract: The Mitsunobu reaction of Vans-3-(2-hydroxycyclohexyl)indole wilh phthalimide 

results in the formation of Vans-3-(Z-N-phthallmldocyclohexyl)indole, presumably via indolyl 

participation in the displacement reaction. Involvement of symmetrical intermediate 7 IS evidenced 

by deutenum label scrambling. 

Recently Macor and Ryan described their efforts in the synthesis of 3-(2- 

amlnocyclaalkyl)methoxymdoles as conformationally restncted analogues of serotonm.1 We, too, 

have been interested in the synthesis and the properties of (amino-cycloalkyl)indoles and the 

Pfizer report prompts us to disclose some related observations at this time. 

Seeking stereoselective approaches to both the cis and trans ammes (2 & 8), we envisaged 

the known 3-(-2-oxo-cyclohexyl)indole 2 ,l, as a potentially useful starting material for their 

preparation. Subjecting ketone 1 to reductive amination under the conditions of Danheiser et 

al ,afforded an 8:l mixture of amines from which we obtained the pure trans amino mdole 2 as a 

crystalline HCI salt.3>4 Conflrmatlon of the trans stereochemistry was achieved by NMR analysis 

of the corresponding CBZ derivative in which the draxlal coupling of 10 4 Hz was observed.5 
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(a NH40Ac, NaBH3CN, iPrOH, 3A sieves, RT , 72 hr; EtOAc, HCI, 76%yield. b. NaHC03 

(aq.), benzyl chloroformate, CH2Cl2, 92% yield ) 
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With a practical preparation of trans amine 2 in hand, we sought a stereoselective approach 

to the CIS amine 6. Our plans called for the utilization of trans alcohol 4 as a potential precursor to 

the CIS amine via displacement (with inversion , in an SN2 fashion) on an activated form of alcohol 

4 with an appropriate nitrogen nucleophlle. We envisaged the Mitsunobu protocol to be the most 

direct method by which to implement thrs transformation 8. In turn, the trans alcohol was available 

by either of two routes. First, 4 could be stereoselectlvely prepared by reaction of 

lndolylmagnesium bromide with cyciohexene oxide II6 Alternatively a mixture of the trans and CIS 

alcohols 4 and 5 could be obtained by reduction of ketone 1 with a variety of hydride reducing 

agents The most selective of those tested was zinc borohydride (NaBHa, 1 trans.& 85% 

yield, Zn(BH4)2,4.2:1 transcis, 82% yield) 2%’ While the epoxide opening proved to be more 

efficient for preparation of quantities of alcohol 4, the reduction of ketone 1 was useful in that It 

allowed preparation of significant quantities of cis alcohol (readily separable from the trans by 

silica gel chromatography) as well as specrflcally deuterated alcohol derivatives (vide infra) 

Scheme 2 
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(c. EtMgBr, THF, cyclohexene oxide. d: NaBH4, MeOH, O~C,lS.l trans CIS, or Zn(BHq)2, 

Et20, 4 2.1 trans.cls.e’ NaBD4, MeOH, O’JC, 1 53 trans CIS ) 

We were gratified to discover that upon treatment of alcohol 4 under Mitsunobu conditions, 

a single phthalimido derivative 6 was isolated as the major product in 67% yleld.418 However, 

contrary to our hopes, the NMR data obtained was indlcatlve of the trans stereochemIstry (J = 10 4 

Hz), suggesting retention of configuration In the Mitsunobu reactlon! To conflrm this 

stereochemical assignment, the phthalimlde was cleaved (hydrazme, EtOH. reflux; EtOAc, HCI) to 

afford amine 2, identical In all respects to that obtained via reductive aminatlon (again analyzed as 

the CBZ derivative). Also noteworthy was the fact that the CIS alcohol, when subjected to identical 

Mitsunobu reaction conditions, only sluggishly afforded the identical phthalimide In low yield (12% 

isolated yield, 55% recovered starting material). 
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Scheme 3 

6 R=phthalimido 
2 R=NHZ HCI 
3 R=NHCBZ 

(f: PhSP, DEAD, THF, phthalimide, RT, 18hr, 87% yteld. g. as in 3, 12% yield, 55% 

recovered SM ) 

To account for these observations, we propose partrcrpation (Scheme 4) on the part of the 

indole nucleus m the Mitsunobu reaction of trans alcohol 4, leadmg ,vta a symmetrical (meso) 

spirocyclopropan-imrnium species such as 7, to the Vans phthalimido derivative, 6.6 The 

tnvolvement of such intermedrates has been well precedented in the chemistry of tryptophol and 

related derivatives9 Geometric considerations prevent the c/s alcohol from availing itself of this 

pathway and thus the Mitsunobu reaction proceeds via the expected SN~ process (as evidenced 

by inversion of stereochemtstry), again to provrde Vans phthalrmide 6, albeit in significantly lower 

Scheme 4 

The consequences of the symmetry exhibited by structure 7 suggested an 

expenmental rationale to validate its involvement m the Mitsunobu reaction Thus, the symmetry 

elements contained withm intermediate 7 render the rmg fusion carbons enantiotopic, and 

therefore chemically equivalent to an achiral nucleophrle such as phthalimide 18 To probe the 

involvement of a species such as 7, we prepared the deuterrum labelled (at cyclohexyl Cl) cis and 

Vans alcohols (4D & 5D) by NaBD4 reduction of ketone 1, and independently subjected each to 
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Mltsunobu reaction conditions as before. Whrle the cis alcohol afforded phthalrmrde 6 marntaining 

deuterium label solely at cyclohexyl Cl (implicating a more traditional SN2 process), the trans 

alcohol produced phthalimide 6 with scramblrng of deuterium label to Cl and C2 (as an 

approximately I:1 mixture), thus implicatrng the rntermedracy of a symmetrical species such as 

7.9,11 Further study of these systems and their application to the elucrdatron of the recognition 

requirements of neurotransmrtter receptors IS currently underway in our laboratories. The results 

of these rnvestrgatrons will be published In due course 
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