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Ahmtnc&Thc configurations of mono- and bir- adducrs ohtamed on reacrion of 3 and 2@. rcspccri\cly. with crhyl 
drazoaccrarc in RK presence of copper sulfate. were derermmcd .4rrack onfi. lo the imrdc ring is grearer rhan I~I 

ryn- lo il. 

This work serves to probe whether. analogously to the 
apparent situation In the relative courses of reaction of 
tctracnic propellanes I and 2.’ the imide carbonyl groups 

in 3 also cause greater preference for reaction from the 
top side. In an clectrophilic reaction of 3 and 4. 
cpoxidation of 3 is much preferred from the top leading IO 

the cpoxidc S as the major product and 6 (attack from 
bottom).’ In epoxidation a cationoid reagenr is involved in 

the reaction. 
In a reccnl series of papers Wulfman has reviewed the 

manifold reaction routes and mechanisms for attack by 
carbenoid species.’ Although WC appreciated this 
situation for what it is we used olehnic propellane 

subsuates IO probe whether 3 exhibits preference for 

attack from above also when a carbenoid rcagcnr is 
employed. 

0 

Scheme I summarizes the suucturcs of the various 

mono- and bir-adducts obtained when 3 was treated with 
ethyl diazoacetate in dichloroethane at 80’ in Ihe presence 
of copper sulfate.’ The relative yields are listed in Table I. 
The scheme also indicates results of cpimerization 
experiments, showing how various cpimers were cor- 

related (in 3 steps indicated by B’ in Scheme I). Further. 

+Propcllanes-XXXIII C. Amith. M Hackmeyer and D. 
Gmslnrrp. Termhcdrun 32. 1015 (1976). 

tDcdicared IO Prof. R. R. Woodward on ~hc occasmn of hrs 6&h 
hi&dab 

each of the pure mono-adducts isolated from the complex 
mixture of products obtained from 3 was subjected to 

separate reaction with the carbenoid reagent (indicated by 
A in Scheme I). II should be noted in this connection that 

I2 was neither found in nor isolated from the original 

mixture. Here, 100. yields of the separate reactions of the 
mono-adductc appear in Table I. 

‘Iablc I. 
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recovered 3 (9%) t monoadducrs 
(50%) Icomposed of 7. m p. 7L74’ 
llOQ1.8. mp IO’+-Ill’ (651.9 

fO%)- IO. m.p. M-13!” (19%) +bisa- 
dducrs 09%) [composed of II. m.p 
-96” 00%) - 13. m.p. 195’(48%) t 14. 
m.p. l!l” (23’k) t IS. m.p. I%l71p 
(7%) - 16. m.p. l37-IUP (ZLXL] 

7 + 7 (recovered. 405%) * biraddaducrs f(ofk) [composed of I1 
(77%) t 12. m.p. I I% 116’ f!3%)] 

. 
I+Rfrccovcred. 28%) t biradducrs ftsckr [composed of II 

fl4%)- I3 (71%) f I4 fI.c%)l 

10210 (recovered. 16%) + biraddwrs (67%) (compoxd of 14 
(‘4%) * IS (26%)) 

We admit that we were prejudiced by the fact that 3 

afforded much more of 5 than of 6 upon epoxidation and 
expected (and more than half-hoped) that attack by the 
carbenoid reaction from the lop side of 3 would again far 
exceed that from below. Nevertheless it was clear that WC 

needed an unequivocal frame of reference in order IO be 
certain of the configurations of the compounds listed in 

Scheme I. We first sent IO Prof. J. D. Dunitz crystals of 
11 and when it turned OUI that this would require 
measurement of come Rooo reflections we agreed that 
since the compounds in Scheme I were all interconnected 
it would be unreasonable to require so much work of the 
X-ray crystallographer. WC then submitted 13 which was 
rather disordered and had 4 molecules in the unit cell.” 
Finally. the acids 17 and 18 corresponding IO the esters 8 
and 10 were scnl to Prof. Dunitt who informed us that 17. 
m.p. 239”. corresponding to 8. albeit twinned. unravelled 
the secret of its slruclurc, as formulated. 

0n this basis taken together with symmetry con- 
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siderations as observed in NMK spectra all of the 

compounds. whether mono-adducts or his-adducts. have 

the configurations shown in Scheme 1. Thus attack in this 
case is preferred from below. no1 from above but the 

ester group prefers the exe- rather than the endo- 
configuration. 

We are aware of calculations by Prof. R. Gleitcr 
showing that : CH? attacks 19 from the direction onri with 

respect IO the anhydride ring.’ This corresponds, although 
the substrate and reagent arc not ctric~ly comparable, IO 

what is found for 3. in which there is more attack anri IO 

lhc imide ring as compared lo sy. 

Another his-adduct 16 was isolated from the original 
reaction mixture in only zc/c yield. fl has an unsymmetrical 

NMR spectrum and this rules out structures A and B. The 
only other possibilities remaining for 16 are C. D or E hut 

the assignment of the correct suuuclurc has not been made. 

ii 0 

C D 

0 
1, * m \ vc 

1 1: 
0 

E 

The methylimide-monoene 20 (dihydro3) was inciden- 
tally subjected IO reaction with ethyl diazoacctale under 
he tame reaction conditions as its dienic homolog 3. This 
affords a much simpler exercise in symmetry but probes 
whether here loo the carbenoid reagent prefers IO attack 
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Scheme 2 

the bottom face of the cyclohcxenc. Scheme 2 sum- 
marizes the results obtained. Here loo. no 24. the analog 
of 9 was obtained. 

We have shown that 3 in solution prefers conformation 
3a.’ This conformation t5r) is maintained in the crystal of 

& s 
E 

59 f: 
9a 9b 

5.’ Perhaps this rype of eno-exe- configuration is so 
preferred in 3 and its derivatives that 9 is the only one of 
the four possible mono-adducts which cannot form. 

Dreiding models clearly show that conformation h 
cannot exist because of the bulk of the ester group. The 
compound can exist in conformation 9b but this is an 
txo-endo structure. It should be noted that 5 exists as 5r 
even though unfavorable electrostatic interactions 
between electronegative atoms could be decreased in Sb. 
II was in order IO obtain information abut this structural 
aspect that we first submitted the unsymmetrical 11 for 
X-ray crystallographic investigation. Hut as stated above 
the expenditure of work required did not appear justified 
to furnish an answer IO this question in addition to (hc 

fundamental problem of above : below. 

The structures of 21. 22 and 23 were established 
through their preparation by catalytic reduction from 7.8 
and 10. respectively. 

IR spectra were measured on a Perkm-Elmer model 257 grating 

spcctrophotomcter. NMR spectra were measured on a Vanan 
T60 spectrometer. Mass spectra were measured either on an 

Atlas CH4 instrument using ~hc heated inkt sysrcm at 200”. 
mainlaming the rumration current al 20j~A and lhc ckclron 
encrp.) af 70eV or on a Varian 71 I spectrometer using the heated 
inlet system af Hxp and maintaming the electrun energy at 100 eV. 

Only the majnr fragments are listed .411 m.ps are uncorrected. 

Hwcrion of 3 virh ethyl diazoacciarr 
To a soln of 3’” (2.61 g) in 1.2dichloructhanc tfiltcrcd on Alor; 

40 ml) was added anhyd CuSO. (Fluka punss dried overnight at 
160’; 3 5 g) under dry SF (P,O,). To rhrs slurry was added with 
vigurous magnetic trirring during 4.~ hr a snln of ethyl 

diazoacetate” (6.0 g) m rhc same snlvcnr (20 ml). at 80-n? rbarh 

temp.). The brownish suspension was stirred for 36 min more at 

same temp. After coolmg IO room temp removal of CuSO. by 
filtration and removal of solvcnr in a vacuum, a dark viscous oil 

(7.Og) was obtained. This was chrnmatographed on a column of 
neutral .410x (Merck. dcactivarcd with 6% water. 14OpJ wrth 
mrxrurcs of hcxane-crhcr at U’.” 

Hcxanc+ther (9: I. 6OOmll clutcd impure 3 (631 mg) whkh 
afforded pure 3 afrcr crysrallization at (P (233 mg. 9%. m.p. 
IC6- Is?“). ldenlical in all respcfs 10 Ihc slartmg malerial. 

Hckanc-cthcr (9: I; addrrional IO0 ml) elukd 7 (205 mg. 011~). 
The armlyrical sampk had m.p. 7L74’ (hcxane) 

Compound 7. (Found: C. 67.40. H. 6%; N. 4.69; M W. 303. 
C,.H,,NO, rcquucs. C. 67.31: H. 6.98; N. 4.62%: M W. 303 3.0. 

tiMR (CCI.): I 4. IO (I. J - 3 Hr. 2 vinylrc H); 5.88 tq. J = 7 HI. 

oCH,t’H,J; 7.08 ts. SCH,); 7 30. 7.53 t2m. 2 HJ; 8 0 tm. 5 HJ; 
8.1-8.9 (m. 4 f0. X.72 (I. J r 7 Hr. O(‘H,CH,J.” 1RtCHCI.b 1765. 
168s. IJ6o.1430,1380.1320. I280.1160cm ‘. MS. (m/t): 303tM’. 
99). 256(70). 227tlOOJ. 17.5f511. 162r89). 14WSO. 13Of84). 

Hcxan+ther (8’2; 700ml) elu~cd a mixture of three mona- 
adducts 7.8. 10 t I..(43 g). II contained according IO integral of the 
SCH, ringlets. 7 ((IS mg). 8 (I. 16 8). IO (0.3 8). CrystaJliration at (P 
gave 8 (717 mg); m.p. IOtt- IOY (ether-hexanc). Recrystallicattin 
from same tolvenl mixlure gave lhc analyrkal sample: m.p. 
109-I I I’. 

Compound 8. (Found C. 67 06; H. 7 IX: S. 4.66%. M.W. 303). 

NMR (CU.)- I 4.09 (I. J = 3 Hz. 2 vmylic H): 5 93 (q. J - 7 Hz. 



OCH,CH,); 7.02 (J. NCij,,; 7.30. 7.54 (?m. 4 H); 8.13. 8.39 (!b\. 

2 HI: X.%9.0 (m. 3 H1: 8 77 (I. J = 7 Hz. oCH.CH,). 9.0-9 4 (m. 2 

c)clopropanc H). IR (CHCI,): 1770. 16%~: 1% 1325, i282. 

IlhOcm ’ MS (m/r): MHM’. 100). !C7(5C). !?g?x). 175(53). 
l6!(6?). 144(M). 130(33). 

Evaporaflon of rhc mofhcr liquor and crysIalhraIion from 
bcnrene-hcnane gabe IO (ICO mg). m p. IQ-133”. A ucond 

cry\IallizaIion gave rhc analytical sample. m.p. I.%IV” (clher- 

hcxanc) 
Compound IO. (Found. C. 6?.3!: H. 7.02. h’. 4.C%: M.W. 303). 

NMR (CCIl.: 7 4.09 (I. J = 4 117. ! bmylic H); 5.90 (q, J - 7 Hr. 

oClj,CH,);7.13(s. NClj,l:7.Ftl.I (m. 5 Hl:8.2-9O(m.! H~tI.73 

(I. J = 7 HI. oCH:CY,):9.0-9 3 (m. I cyclopropane H) US (m/r): 
.3(lUMt(‘. 100). 25?(99). X9(63). 2OU42). 172(<31. 162194). lU421. 
125(57). 95(90). 

Further clution wtfh ether-hcxanc (8: 2; 400 ml) gave a mlxIurc 
of 3 compounds (389mg). According IO chemical shif1 and 
mIcgraIion of P;Clj, sin&Is Ihrr compriud of the bir-adducr II 
(33 mg) and more of Ihc moncradducIs 8 (I8 mg) and IO (46 mg). 

Cr)sdhzaIron from benzene-hcxane afforded pure 11 (267 mgl. 
m.p. 9696”. 

Compound II. (Found. C. 65.01. H. 6.99; S. 362: M.W. 389 

C..,H,.NO. requires: C. 64.76. H. 699; S. 3.60%; !&W. 38943). 
NMR (CCI.): 7 5.90. 5 93 (2q. J = ? Hz. JCK’H,CH,l. 6.95 (s. 
SCy,);7,38(m. I H);‘l.Ql(m. I Hl;7.8-X 3 (m-4 &8.3-9.4(m)+ 
8.73 (I. J - 7 Hr) + 8 77 (I. J = 7 HI; tolal I4 Hl. IHtCHCLl: 1765. 
1690. 1460. 1430. 1380. 132s. ll6Ocm ’ MS. (m/r). 389(M’. 4). 
343(4!). M!( 100). 241(Y) 

Further cluIion uIIh cIhcr-hexam (8.2. lo0 ml) gave a mixIurc 
of 4 blJ.adducIs (176mg) According IO chemical shd1 and 
mrcgrattin of SClj, singleIs Ihic was a mixIurc of 15 (85 mg). II 

(42 mg). 13 (IO mg) and 16 (39mg. St). CrysIallicaIion from 
ether-hcxane gave 15 (!B mg). m.p. 172-17)‘. A second cryrral- 
IizaIion gave Ihe analytIcal sample. m.p. l77-l7k (elhcr-hexane). 

The morhcr liquor war chromaIographed on a prep Alox plate 

with cyclohexane+Ihcr (LI:!). rerun 3 times. Elution wiIh 
CH,CI, IO% M&H and crysIaJli7aIion a1 - I@’ gave I6 (15 mg). 
m.p. 128-131’ (clhcr-hexanc). The malyrical sample had m.p 
I37- Iw (cIhcr-hcxane) 

Compound 16. (Found: Hugh rcsoluIlon M W 389 l&Xl. 
C,,H,,NO, requires: M.W. ~.lX39). NMR (CU.). 15 91. 5.93 

(2q. J - 7 Hr. 4 oUj:CH,). 6 9x (s. XII,); 7 4. ?.6 (?m. 2 H): 
7.8-9.2 (compkx rn)~+ X.75 (I. lotal IX H) iR (CHCI,): 1765. 1690. 
1430, 1385. 1320. ll6Ocm ‘. MS. (m/r): U191M’. 41). 361(47). 

341100). 31X28). 287(17). 269137). 17X21) 
Compound I5 (Found: C. 64.94; H. 6.95. N. 3.74%. M.W 3ll9R9). 

NMR ((‘(‘I.): r 5 X3. 5.90 (2q. J 7 HI. 40CH,CH,): 7.07 (5. 
NClj,): 7.4-8.1 (m. 6 H); U-4 I (m) - 8 70 (I. J 1.7 Hz) t R.73 (I. 
J _ 7 HI. oCH,Clj,. IoIal I4 Hl IR (CHU,): 1760. l6fU. 1425. 

1380. 1285. ll4Ocm ‘. MS (m/r): 3nWM’. (8). 343tlOO). 3lS(2S). 
?69(41). 203(33). 

Further cluIion wiIh cIher-hcxanc (7: 3: IVXI ml) afforded a 
mixrure of 3 hl-adducls. Judging from E;MR as above IhIs 

contarned 13 (873 mg). 14 (410 mg) and I5 (S! mg). CrysIallizaIion 
from c&r-hcxanc gave 13 (902 mg). m.p. 17%IRO” Two 
rccryrIalltiaIcons gave pure I3 (3SJmgl. m.p. 19L194° bu1 Ihc 

analytIcal sample had m.p. 19s’ (ether-hexane). 
Compound 13. (Found: C. 65 00; H. 7 09; S. 3 67%; M(.W. 3ti9l. 

NMR KCI,). I 5.95 (q. J - 7 Hz. 4oClj,CH,l: 6.‘Xl (‘i. S(‘H.): 
7.27-7 50 (m. 2 H): i 50-7 77 (m. 2 HI; g.4-9.0 (m) 4 8.77 (I. 

J = 7 Hr. OCH,(‘!j,; lotal I! HI; 9 32 (dd. I,. - I4 Hz. I, = 
8 Hz. 4 cyclopropanc HI. IR ((‘HCI,); 1765. 1690. l4SC. 1425. 1365. 
1320. 1275. IlCScm ‘. MS. (m/c)- 389(M’. 17). 343flOO). 3lS(31). 

M?(lV. 26906). 241(?7). 
Evaporarion of rhc mother liquor and cryrlalliwIron from 

crher-hcxane gave 14 (21 I mg). m.p. 144% 145’. RccrystalhzaIion al 
IY afforded analyticall) pure 14. m p. 151’ (ether-hcxane). 

Compound 14 (Found: C. 60.78: H. 6 95; N. 3 60%. M.W. 389). 

NMR (CU.): T 5.91. 5.93 (2q. J - 7 HI. 40C&CH,); 6.98 (s. 
KClj,); 7 3-8.1 (m. 4 H): X.2-9 3 (m) - 8 72 (I. J - 7 Hz) * 8 75 (I. 
J = 7 H7. total 16 H) IR (CHCI,). 1765, 1690. 1425. I)IK). 1365. 
I3??, I-XI. 1170cm ‘. MS (mic). 3wWM(‘. 100). .34U98). 31((29). 
26’%39). 

Reaction of 1 with ethyl dia:oacttarr 
From 7 (57 mgl reacrcd ad worked up a\ above was oblamcd 

aflcr recovery of l(23 mg) by using hexane-ethcr (3: I). a mixlurc 

of bir-adducIs (36mg; S4R) consisfing of II (29mg) and a 
hercroforc unisolarcd bir.adducI I2 (7 mg). 

CrystalliLaIlon a~ 0’ afforded II (2Omg) dentical wilh an 
aulhcnlic spccunen. Chromalography of the moIhcr liquor 
(&rained from several runs ) on an Alor plalc wlIh cyclohcranc~ 
cIhcr (E:?) rerun .C Irmcs and clution wiIh CH:Cl.-McOH (9: I) 

followed by crytIaJlizaIion gabc Ihc analyrical sample of I2 
(IOmg). m.p. IICIID (hexanc). 

Compound 12. (Found: High rcsolulion M.W. 3E9.1871. 
C,,H,,SO, requires: 3R9 1839). KMR (CU.): 7 5.88 (q. J = 7 Hz. 

4 OClj+ZH,): 7 02 (s. NCtj,). 7 7-X.9 (complex m) - 8.72 (I. 
J -- 7 Hz. moral 2OH) IR (CHCI,). 1765. 1690. 1465. 14300. 1380. 
1285. 1160. 97Scm ‘. MS. (m!e): 38’%M’. 5). 344(25). 343(IEl. 
3lYl4). 303(19). 30!(100). 269(16). !41(24). !28(Ih). IK4(13). 

1!6t(!ll. 

Reaction o/ g nifh trhyl diazwcrtarr 
From I (5lOmg) as above was obtained from a column of 

ncuual Alox (65 g) a1 0’ wiIh hexanc-eIher (9: I; I liter) a mixture 

( I I2 mgl of I (38 mg) and 1 I (74 mg). Separation usmg 44 mg on an 
AJox plaIe with bcxanc-cIher (!‘I) and elulion with CH,Cl,- 
MeOH (9:l) gave 8 (llmgl: pure I (12mg). m.p II@-111’ 
(cIhcr-bexane) and II (I8 mg); pure Il. m.p. 97-913” idenlical with 
an authcnllc specimen. m.p. 94-96’; m.m.p. 97’. 

Ether-hcxane (1. I; NJ0 ml) cluIcd a mrxlure (398 mg) of 13 
(335 mg) and I4 (63 mg) as judged by NMH. RecrysIallizaIion 
several Iimcs gave 13 (2IJmg) m.p. I94-195’ idcnrlcal wtIh 

authentic 13. More c&r-hexane (I : I; 400 ml) elutcd impure 

I3 * I4 (I06 mg) which was rcchromalographed on neulral Alox 
(I! g) wiIh hcxanc-elhcr. (I : I) gave a purer mixIure of I3 * 14. 
CrysIallizrIion again gave 13 (21 mg). m.p. 192-193” (crhcr- 
hesane) whilst combming all of rhc morher liquors from I3 

afforded I4 aflcr crysralli?aIion (II rng). m.p. l51-1V (elher- 
hexanel idenrlcal wrIh authentic 14. 

Rtacfion uj IO virh rrhyl dia:oacaarr 
From 10 (I I8 mg) rcacIcd and worked up a5 above. IO was 

recovered (46mg) afIer elurron from ncurral Alox (35~) wrth 

hcxane-cther (9: I). HexanexIher (X:2) gave a mixlure of I4 

and 15 (76mg). Separation on a prepararcve Alox plate using 
cyclohcxane<Iher and rerun five rimes. gave afIer clution wIIh 
CH:CI,-M&H (9: I): 15 (IO mg; less polar zone). CrysIalliraIion 
a1 (P gave I5 (4 mg. m.p. l76- Ifpl IdcnIical wiIh an auIhenIic 
\pccImcn EluIion of the more polar zone wiIh rhc same solvcn1 
mrxurc gave 14 (40 mg) which on cvs1allizaIion gave pure 14. m p. 
l49- ICff idenIrcal with an auIhcnIic sample. 

(al A wln of 7 (87 mg) in a rIock soln made up of 90% aq formic 
acid conlaining 0.1 mole &SO,H per IO0 ml of 90% acd. (4 ml) 
wa\ healed under rclluxing during 4.5 hr a1 a baIh Icmp. of I IO’. 

The rcsulImg clear colorless soln was poured InIo waler 
(30 ml) and Ihc whole was exIractcd wiIh eIhcr-CH,CI, (9: I; 

3 x SO ml) The organic layer was drkd (MgS0.l and IRK s&en1 
removed m a vacuum affording a colorless solid (79 mg) This acid 
was crysrallizcd roving lhc ourc acid (62 mu; 79%). m P. 209-21 I’ 
(CHCII-hcxanc).~(Fo&: k;. 5.12. M.W. 27j. C,,H,,N& requires: 
N. 5.09%: M. W. 275.29). NMR (CDCI.): t I 20 (bm. CO,H): 4.07 
(I. J = 3 HI. 2 vinylic Hl: 7 00 (t. NClj,: 7 2L7 XI (2m. 2 HI; 
77-gR (m. 9H). IR (CHCU 1760. 16gO. 1430. 1380. 1320. 
Ill!cm ‘. (KBr): 1760. 1710. 1660. 1430. 1380. 1320. 1160. 
69Ocm ‘. MS. (m/cl: 27S(M’. 100). 257(M). 259(30). 17.((45). 
l62(74). 144(32). l34XS7). 

(b)To a suspension of Ihc acid (49mp; 0.17gmmol) m dry 
pxylcnc (fdIcrcd tbrougJ~ Alox. Sml) under dry N, (P.0,) was 
added .XK’I, (4cOd; 6.2 mmol) a1 room temp. wifh magneIic 
sIrrring and UK whole was Ihen heated (IO” for-2 hr [IR(CHCI,): 
176Ocm ’ (CoCI)l. The clear roln war then heated under rcflux 
for I.5 hr (barb ICI& Ice”) under a slow sIrcam of dry N, Afrcr 
cooling to room temp. abs EtOH (I ml) was added. Afrcr 
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standing overnight the yellow soln was poured inlo saluraled sdl 

soln and the whok was extracted with ether (2 x 50 ml). After 

drying (MgS0.) rhc solvent wil( removed in a vacuum. The SMR 

\pcctrum of ~hc crude product showed the presence of 7 and 8 
(1.3: SCY, sin&is at 1 i.(lR and 7.00. respectively). Chroma- 

tography on a column of neutral Alox (Merck, deactivated with 

6% water. log) wlrh hexanc-ethcr (I. I). clartmp with pure 
hcxane. gave Ihc pure mixlurc of 7+8 (?Xmg: 52%. I 3). 
(‘rystallilatron at U’ gave pure 8 (9 mg). m p IO.% 104’ (erher- 
hexant) whox NMR (CU.) and IR ((‘HCl,) were identical with 
thou of 1h.c analytkal umpk of 8. m.p lO9- I I I’ 

.4rrrmprtd rpplmmri:afion of 6 
(a) Compound 8 (100 mg) In stock soln (5.5 ml) as for 7 4.5 hr. 

Identical workup gave lhc corresponding acitf (96 mg); pure acid 
(g3 mg. 91%) by recryslallirallon had m.p. 234 (CHCI,-hexanc). 

(Found C. 65.14; H. 6 !I: S. 5.09%; M.W 275). h’MR (CfX’I,J r 
I 30 (hm. CO&f): 4.05 (I. J 7 3 Hr. 2 vmylic H); 6 98 (s. NCY,); 
7.07-7..U. 7.U-7.60 (!m. 4 H); X.oh. X.26 (2m. 2 H); X.37-940 (m. 

s HI. IR (CHCI,): 1760. 167g. 1430. 13X0. 1320cm ‘. MS (m/r): 
?i’(M’. 100). !57(30. 162((15). 144t30. 

(h) Acid (70 mg; 0 255 mmol). Socl, (7OOrl: 9.7 mmol) as 
ahose. including workup SMR spectrum showed Ihal only 6 was 
prc\ent. Chromatograpb (I? g Alox) as above gave 8 (61 mp; 79% ). 
then pure 8 (43 mg). m.p 10% IOf’ (cfhcr-hexane) identical with 

starting material. 

Arrrmprrd tpimrn:arion of 10 
(4 Compound 10 (IO? mg) in stock soln (5 5 ml) as above Same 

workup gave rhc corrcrpondmg crude at-id (9Omg); pure acid 
(66 mg: 7%). m p !!9-2300 (CHCI,-hcxanc) (Found: C. 65.35; 

H. 6.39; S. 4.95%. M W. ?7C). NMR (CCX’I,) I I40 (hm. 
(‘O,H); 4 0: (m. ! vinyhc H): 7.07 (5. SCY,); 7.2-g 4 (m. 7 If): 
X 5-9 3 (m. .‘H) IR (CHCI,): l?6C, INlC. 1430. 13X0. lZ9Ocm ‘. 

(KHr): 1760. 1680. 1440. 1371. IEN. 1210.690cm ‘. MS(m/r) ?7! 
(M’. 100). 25: (61). D(41,. 16!(7!). 1*4(41). IOS(5.c). 9116.c). 

(h) Acid (!Omg. 0.073 mmol). dry p-xyknc (3 ml). SOCI, 
(450&l. (6.2 mmol) as ah)ve. Afrer same workup NMR spectrum 

showed only IO IO be present. (‘hromatogrirphy (148 Alox) as 
ah)\c gave IO (IOmp. 45%). m.p. I?Ip; pure IO (8 mg. m.p. 
Iu)- 131’1 idcn!Kal with starting makrnl. 

Eptmrn:afion of II 
(a) .A ujln of II (IO? mg) In stock soln (6 ml) was healed under 

r&x for 4 hr (harh lemp I IO”) Afler coolmg IO room Iemp.. clhcr 
I4 ml) was added IO the clear colorless soln. Standing overnight al 
(F afforded colorless crv’stals which were removed. washed with 

cthcr (2 xlml) and dr’icd (h4mg: 72%). The diacid had m.p 
> 310” SSfR(py). I 6.vO (s. SCfj.). 7 l-X0 (m. 6H); X.1-9.! (m. 
8 II) IR (KRr) 1750. 171s. 16415. 1430. I?xo. 1160. IO?!, 69s cm ’ 

(h) The dlacld (!Omg: 0.15 mmol) m dry p-xylcne I6 ml) under 
dr) ti.. was treated with 400~1 (!.5 mmol) S(X‘I, al room temp. 
and heated IO X@ After Vo min more SOCI, (400 d) was added and 
hcafmg contcnucd af w for 90 mm more. lhcn heared under rctlux 

(bath lcmp 150”) under slow \Ircam of S: during 6hr. After 
cooling IO room temp.. ahs EtOH (I ml) was added. After standing 

4 hr the whole u-a\ poured into waler (30 ml). extracted with ether 
(2 * cOrnI). the organic layer was dried (MgSO.) and \olvcnt 
rcmobcd. Chromatography of the ody brown residue (97 mp) on 

nculr.rl Alox (I! gl a\ above gave a mixture of II and 13 (I I. 
39mg. 6?%) according IO SCH, \mgkls al r6.95 and 6 g9. 
(‘r>slalhratton pa\c pure 13 (Igmp. m p IRR-19oc) idcntlcal 

\pcctro\coplcally with analytccal I3 

.Afnmp/td epptmmrkafion 01 13 
(a) (‘ompc>und I3 (300 mg) m stock soln (I 5 ml) and workup as 

ah>bc for II The diacld (225 mg; 87%). m.p. >3lo” NMR (py): 
6 96 (5. S(‘H,); 7.30. 7 50 (2m.4 H); X.0-8.6 (m. 6 H); 8.7-94 (m. 
4H) IR (KBr): 1755, l7M. 1665. 1435. 1325. I?Ro. 1230. 1160. 
IWOcm ’ 

(h) Diacld (IO0 mg: 0.3 mmol). dry p-x)lcnc (5 ml). SOX‘I, t I ml: 
I4 mmol): then SOCI.. as for I1 (300 ~1) and pyridinc (25 d) for 
lolaI of ? hr al Ro” and ? hr 31 I5(P After add&on of EIOH (3 ml) 

Gmilar workup gave brown oil (I50 mg) whose NMR spectrum 

showed presence of I3 only. Chromafography as above (14~ 

ncurral Alox) gave pure I3 (.(Omg; 43%). m.p. 192”; purr I3 
(3n mg). m.p. 193’ (ethcr-hexanc) identical lo analylical specimen 

.4rrempred epimerkation a/ I4 
(a) Compound I4 (210 mp) in stock soln (I2 ml) as for 13; dtacid 

(144 mg: X0%). m.p. > 3l(P NMR (py): r 7.05 (s. NCH,); 7.2-7.9 
(m.4 H); 8.O-9.O(m. IO H). IR (KRr): 1755. 1710. 1660. 14.30. Iuu). 
1320. 1290. 1230. IIROcm ’ 

(h) I)lacld (IOOmg). other reagents as for 13. same workup. 
gave brown oil (I!! mp) whose SMR spectrum showed that only 
I4 was prcunt (only I Gnglct at I 7.03). Chromatography I IC g 

neutral Alox) a\ above gave I4 (45 mg. 3gR). pure 14 (33 mg). m.p. 
I.% ISI’ identical In all respects with analyTical sample. 

Epimtizalion of IS 

(a) Compound IS (71 mg) in stock \oln (6 ml) as for II. same 
workup. gave dlacid (!!mg; 116%) m.p. 257-!w. SMR (py): r 
6.9? (5. SCH,). 7.1-9.0 (bm. l4H). IR (KRr) 1760. 1670. 1430. 
IUtO). I?x!. 1230. IO20.970cm ’ 

(h) The dtactd (41 mg. 0.12 mmol). dry p-xykne (6ml). SOCI, 
(400 ~1. !.? mmol) a~ 8@ for 90 min S(KI, (400 4, added. 90 mOre 
mm a\ nc”. then 6hr at I5@. Workup as lor II gave brown oil 
(64 mg) whose NMR spectrum showed NCU, smgkrs al 7.03 and 

? 07 (I : 3) conc\ponding IO I4 and 15. Preparative separation on 
an Alox plate with cyclohcxane~lhcr (g:!). rerun 5 times. and 
clurion with CH,(‘I,-M&H (9: I) gave IS (24 mg) m.p. l7!-l?3’ 

then pure IS (?Omg) m.p. 1761F. &nIical lo analylical IS. 
Elurion of the second Lone with CH,U,-M&H (9: I) gave I4 

(C mgl. lhcn pure I4 (3 mg). m.p I5O-lsl’cthcr-)rexane. dcnlical 
In all respects with analytlcal 14. 

Rractron o/ M with ethyl dia:oactrarr 
To a soln of t) (?xC mg) in dichlorocthane (IO ml) was added 

CusO, t0 65 g) and a soln of ethyl dw~~ccrale (I.5 g) m (CHLYI), 
(C ml) was added with vigorous stirring at g&U during 90 mm 

Stirring was contmucd at this temp. 30 more min. Aflcr cooling IO 
room temp. and removing ~hc \olid and then fhe solvent In a 

bacuum. a dark CIXOU~ WI (I.IRg) uas ohlamed It was 
chromalographcd on a column of neutral Alox (.“g) af d with 
hexanc-crhcr (9: I, 30 ml) Impure 2-8 (32 mp) W;L\ recovered 
Further clution (60 ml) gave nearly pure 2I(Q mg) Separation on 

a preparalibc .Alox plak with hcxane-erhcr (8: 2) gave after 
cry\laflizafion al - lo”. 21 (IUmg). m.p. 6P. identical with 

producr prepared by reductmn of 7. More hcxanc-crher (9. I; 
300 ml) clutcd a mlxlurc (267 mg) judged from h’CH, smglels in 
NMR IO consist of 19 (154 mg) and 21 (123 mg). 

(‘r)slallizJlion gave 22 (37 mg. m p 1% 121’) identical with 
product of reduction of 8 Crystallization and recrystalhzalion of 
the product in the mother liquor gave pure 23 (63 mg). m p 
12% 1!6”(clher-hexanc) identical with the reduction product of IO 
(see helow for data on 21. 22. 23) 

Rrducrionr 
(a) A win of 7 (27 mp) in EIOH (IO ml) and PIO, (24 mg) was 

suhjectcd IO reductton for I hr Hz uptake (8.C ml) ceaKd after 
20 mm. Removal of catalyst and solvent gave a colorkss oil 
(to mg) (‘ryslalltialion al lo” gave Ihc analytical sample of 21 
(I9 mg: 7o’;c). m p h!? (hcxanc). (Foond: (‘.-66.9!: H..7 50; N. 
4.-4. M.W. 305. C,.H>,NO, reuuucs: C. 66% H. 7.59: N. 4.59%; 

M VI’. 305 ML NMR CCCI., I ).RR (q, J - 7 Hz. oC&CH,). 7.02 

(s. SCY,); ? 9-X.9 (m) + g 72 (I. J = 7 Hr. oCH,Cfj,. total 111 H). 
IR ((‘HCI,): 2940. 1765. 1690. 14.30. Iuu). I?Ro. IlEn. Io(ro. 
Wcm ’ MS. (m/r). 305 (M’. 63). !59(16). ?3l(lOO). 174(1?). 
16h(l5). I4qNI). l!?(llJ. 91(?7). 

(b) Reduction of 8 (5Ommg) in EtOH @ml) with Adams’ 
calalys~ (30 mg) during I hr (I! ml H, taken up withm 20 min) gave 
after similar workup 22 (49 mg). m.p. I lg- 119’ Crystalliration 
afforded purer 22 (32 mg: 63%). m.p. 121” (ethcr-hcxane). (Found 
C. 66.65; H. 7 45; N. 4 63%. M.W. 305). NMR (C:C’l.): 7 5.95 (q. 

J = 7 HI. oCY,(‘H,)): 6.96 (\.. SC&). 7 4 (m. I H): (7 6 (m. I H). 
80-94 (rn) * g77 (I. J - 7 Hz. O<‘H,C!(,. lotal 16 tt). IR 



(CHCI,): 2930. 1760. 1685. 1460. 1430. 13RO. 1320. 1280. II5.c. 
104Ocm ’ MS (m/r): 3OS(M’. 72). >~WlOO). 23lf49). 174(!8). 
1660J3). 146430. IZS(M). 91(!4). 

fc) Reducrron of IO (30 mg) m EIOH (20 ml) wrth PtO, (25 mp) 
during I hr (H, uptake 10ml withm !Omin) pave after wmc 
workup. 23 (32 mg) m.p. IZO- I!? The analytical sample (I7 mg. 
56%). had m.p. 125-126’ (ether-herant). (Found: C. 67.11: H. 
7.34; N. 4.8OS; M.W. 305). NMR (CCL): I 5.88 (q. J z : Hr. 
OCij,CH,). 7.07 (s. NCSj,); 7.63 (m. I H); ? X6 (m. I H); 8.0-9.1 
(ml +X.7! (I. J = 7 Hr. oCH,CH,. I& l6H) IR(CHCI,): 2940. 

176s. 1690. 1430. 1385. 1330; IjlO. 1285. 1170cm ’ MS (m/r,. 
305(M(‘. 37). ZCWIOO). !31(!8). 174(2X 166419). l46fZO). I!V37). 

91(B). 

Arlmod&mm~s-We are grareful IO Dr H. CXmewald for 
krndly placmg at our dlspoul approprrafc space In Angcrondrr 
C’hnh for a prelimmar) report of Ihr\ work. ca$t In Talmudic 

~ylc and format. provided that it met the approval of the refcrccr. 
(Since it did not rec&e such approval. footnote o m Ref. I4 i\ no 
longer conec~). WC thank Profc. Cornforth. Dunitc. Exchcnmow. 

Gkiter. Hotlmann. Jcpr. Luwenthal and Prclop and Mr. W. J 
W. Mayer for their aid in \ar~ous a<pcc!\ of the prchmmar) 

rcporl 

“M. Karat. D Tatarsky and D. Gutsburg. Trrmhedmn 28. 2315 

(IYI!). ‘D. Ginsburg. Ibuf. 30, 14R7 (19741; ‘fdem. Arcounfr 
Chcm. Rts. 7. 286 (19741. 

‘W. 1. W. Mayer. I. (ken and D. Gin\hurg. 7ifrohtdron 32. 1005 
(1976). 

‘I). S. Wulfman. ~timhrdmn 32. 1231 (1976): D. S. Wulfman CI 

ol.. Ibid. 32. 1241. 1251. I?.(7 (1976). 
‘H. Sozaki. S. Morruti. H Takaya and R. Noyori. Tetrohrdron 

f.tl/Crn 5239 (1966). 
“8. Low. (‘hem. Ind 193 (IS&l); ‘C. D. Poulrer. 0. 1. Musoo 

and R. 1. Goodfellow. J. Om. (*hem. 0. 139 ll970. 

“1. I). I)unnz and H. Schweirer. pribate communicahons. 
‘R. Gkrkr. pnvatc communicat&n 
‘C Amtrh. M Hacknwcr and D Ginsbum. Tcwuhtdmn 32.1015 
(1976). 

‘1. I). f)unrrr. M. Kafrorr and 0. S. MIII\. pribate corn. 

murucalronc. 
‘“E R Wagner and M Rudrik. J. AM. (‘hn 10. 607 (IW7). 
“S. E. Stark. 0~. Synfh. Coil. Vol. IV. p. 424 New York (IW3). 
“The column had a ma& with cuculafmg Ice-water in order 10 

keep the ether vapor pressure low. 

“The cjclopropanc protons arc often hidden under the tripkt of 
the methyl portion of ~hc ester group and thus thcu absorption 

cannot hc a\rlgncd. 
“I Kale. J M Pholls. 1.. A. Paqucrlc. E. Vogel and D. Ginsburg. 

7irrahrdmn 32. 1013 (IVi6). 


