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4,6-0-Bcnzylidene-~-g1~1cal has been prepared by the reaction of benzaldehyde with D - ~ ~ u c ~ I .  
The reaction of commercial methyllithium with methyl 2,3-anhydro-4,6-0-benzylidene-cr-n- 
allopyranoside produces the Cz-methylated 1,2-unsaturated compound 4,6-0-benzylidene-1,"- 
didehydro-1,2-dideoxy-2-n~ei1~yl-~-ribo-hexopyraose. Their structures have been proven by 
first-order analyses of their nuclear magnetic resonance spectra. 

INTRODUCTION 

4,6-O-Benzylidene-l,2-didehydro-1,2-dideoxy-~-arabino-hexopyra1ose (4,6-0-benzyli- 
dene-D-glucal, I) and 4,6-O-benzylidene-l,2-didehydro-l,2-dideoxy-~-ribo-l~exop~ranose 
(4,6-0-benzylidene-D-allal, 11) were required as reference compounds for some ~vorlr in 
progress in our laboratories. 
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Compound I1 has been prepared recently by the reaction of methyllithium \vith inethyl 
2,3-anhydro-4,6-O-benzylidene-cu-~-allopyranoside ( I ) .  However, to  our Itnowledge, no 
report exists describing the formation of compound I.  This paper shows a successful 
preparation of I and, as well, our results of a reexamination of the reaction of ~nethyllithium 
with methyl 2,3-anl~ydro-4,6-O-benzylidene-a-~-allopyranoside. 

RESULTS AND DISCUSSION 

4,6-0-Benzylidene-D-glucnl ( I )  
The reaction of freshly distilled benzaldehyde with D-glucal in the presence of anhydrous 

zinc chloride and anhydrous sodium sulfate gave I in a 30% yield (Reaction Schenle 1). 
The following evidence supported the structure assigned. 

The infrared spectrum in CHC13 showed a rather narrow band a t  3 590 cm-I (OH), and a 
sharp, intense band a t  1 645 cm-l. The latter agrees with the position (-1 650 cnl-l) and 
intensity (strong) of the absorption band that is found generally for glycals and which is 

I 
caused by their vinyl ether structural feature, -C-C=C-0- (2). The infrared spec- 

I I I 
truln in Nujol showed two broad overlapping bands with maxima a t  3 190 cm-I and 
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I 
3 290 cm-I (OH), a sharp, intense band a t  1 650 cm-I (-C-C=C-0-), and two sharp 

I l l  
bands a t  697 cm-I and 747 cm-I characteristic of the 4,G-0-benzylidene aromatic group (3). 

Integration of the 60 3'lc.p.s. nuclear magnetic resonance (n.111.r.) spectrum in CDC1, 
gave a ratio of aromatic protons to total protons of 5 to 14. The H l  and Hz signals appeared 
a s  an AB spectrunl consisting of a pair of doublets centered a t  T 3.67 and T 5.27 (J1,? = 6 
c.p.s.) and both split b ~ .  the allylic 1-13 ( J I , ~  = 1.8 C.P.S. and J 2 , 3  = 2.0 c.P.s.). The arornat- 
ic protons appeared as a nlultiplet betiyeen T 2.35 and T 2.83. The benzylidene proton 
sigllal Ivas a sharp singlet a t  T 4.43, and the 01-I proton gave a broad "singlet" a t  T 7.32 
(half \\-idth, 6 c.p.s.). The remaining proton signals appeared as a conlplicated multiplet 
bet~veen T 5.4 and T 6.3. In pyridine, the n.1n.r. spectrum a t  60 3Ic.p.s. (Fig. 1) gave a 
clearly separated signal for the I-13 proton centered a t  T 5.23 (multiplet), and signals for the 
I-Il and I-12 quartets a t  T 3.58 and T 4.98 (Table I). At 100 h'Ic.p.s., the H3 signal was clearly 
resolved into a pair of triplets each sho~ving additional small splitting caused by long-range 
coupling.? Double irradiation definitely showed that this proton \\;as coupled to both I-Il 
and I-I?, and thus identified it  as I-13. The spectrum (Fig. 1) was amenable to first-order 
analysis3 and gave the observed chenlical shifts and coupling constants shown in Table I. 
The large values of J 3 , 4  (7.5 c.p.s.) and J 4 , 5  (-9.0 C.P.S.) support the trans diaxial arrange- 
ment of the protons on C3 and C,I as  well as the half-chair I-I1 structure (4) shou-n in I.  

3" Vir t z~a l  cozlpli?zgM ( 1 .  I .  illrrsl~er and  E .  J .  Corey, Tetralzedron, 1 8 ,  7 0 1  ( 1 9 6 2 ) )  w i th  C,I-I ?nay  be respotzsible 
for the ~ ~ i i i l t i p l i c i t ~  of the signal for H j  beyond that of a pair o f  tl.iplets. 

3AltiortghfirsL-order aaa?s,is i s  pe?ze,rally aot recorziiefided z~ndcss t i c  ratio of t i e  clie~rrical sir@ differe7zce ( 6 )  
to tlre conp1i)ag co?zstant ( J  t s  >6 ( E  I). Ueker ,  J .  CIzer~r. Edzic., 4 2 ,  5 9 1  (1965) ) ,  a ) ~ r i n ~ b e r  of papers Iznoe 
appeared i n  u~ l z i c l~  reaso~zable t lal~ies o f  coz~pli?l.gs and cheirricnl s11i;fts I~ave  been ertractcd b y  zising first-order 
a?zalysis even thoz~glt i n  soure cases 6 / J  < 6 ( I ) .  E-Iorton and  1.V. N. Fzirner, J .  Ory. CI~eiil . ,  3 0 ,  $387 (1965);  
R. J .  A b r a l ~ a n ~ ,  I i .  11. ~ I l cLaz l c l~ lan ,  L .  D.  Hal l ,  a n d  L. Horrgh, Clte111. I7z.d. L O I I ~ O T Z ,  2 1 5  (1962);  R. J.  lierrier, 
11'. G. Overend, and  G. E-I. S a n k e y ,  J .  Cl te i~i .  Soc., 2830  (1.965); L .  11. Ha l l ,  i l d r ~ a ~ z .  Carbol~ydrale  Clzciia., 1 0 ,  5 8  
(1064.)). I n  tlze present work ,  tile co~zf igz~rat ion of t l ~ e  iriolecfiles ,is known .  T h e  sii~zilarities in  the strzrctrrr.es of all 
s i x  nzodecztles, and recognition of repetitin~e patterns of signals for s z ~ c l ~  k e y  positio?zs a s  I-I,, I-I&,, and  EIh, alo?r.g 
wit11 a corwpariso?~ of tlze t~lztltiplets zaith t l~ose  expected, c?rabled zis to  pick olrt a zi?riglre arrangenzent i n  eaclr case 
x l l~ i ch  agreed ~ i l i t h  the strlrctrtre. Tlrc ge?zeral agree~rrent i n  the first-order a?zalysis alllong tlze six spectra led 11s to 
belieoe 111.crt tlris approac l~  z2as reasonably so.z~?zd. 
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'I' 

FIG. 1. Kuclenr magnetic resonance spectr~ml a t  60 h'1c.p.s. of 4,6-0-l~e1~zylicle11e-1,2-dide11ydro-l,2- 
dideoxy-D-a~abino-hexopyra~~ose ( I )  in pyridine. Inset, 100 h1lc.p.s. spec t r~~ in  in pyridine. 

FIG. 2. Suclenr magnetic resonance spectrum a t  60 h1c.p.s. of 3-0-acetyl-4,6-0-be11zylidene-l,2-dide- 
h~~dro-1,2-dideox~~-~-arnbi~~a-hesop).r11ose (111) in pyridine. Inset, 100 Mc.p.s. spectrum ill pyridine. 

Xcetylation of I gave 111, \vhose infrared spectrum in Nujol showed no absorptioil for 

01-1. Strong bands appeared a t  1 Go2 cm-I (-C-C=C-0-) and 1 7+2 cm-I (C=O). 
I l l  

The presence of the 4,6-0-benzylidene group was indicated by bands a t  69s cm-I and 753 
cm-'. Uouble irradiation was used to locate the signals for specific protons in the 100 
3 [c.p.s. spectrunl oi 111 in pyridine (Fig. 2). A first-order analysis was possible and gave 
the observed coupling constants and chemical shifts ~1101~11 in Table I. The large values of 
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JgS4 (7.5 c.p.s.) and J4,j (9.0 c.P.s.) are in agreement with the trans diaxial arrangement of 
the protons attached to Cg, C4, and Cj. The signal for the proton on C3, upon acetylation 
of the C3-OH group, \\.as shifted markedly dolvnfield (froin T 5.3 (Fig. 1) to T 4.21 
(Fig. 2)), providing proof that the OH group a t  Cp \vas unsubstituted in I1 and hence that  
the benzylidene group involved the hydroxyl functions on C4 and C6. 

The above in forination leaves no doubt that 4,G-0-benzylidene-D-glucal has been formed 
by the reaction of D-glucal ivith benzaldehyde under our conditions. 

The Reaction of Methyllithiz~m with 23-Anhydro-4,6-0-benzylidene-or-D-allo~ranoside 
The reaction of comnlercial methyllithium4 xvith methyl 2,3-anhydro-4,G-0-benzylidene- 

or-D-allopyranoside (IV) according to the directions described in the literature ( I ) ,  or by 
adding the methyllithium to an ether solution of IV directly, gave a coinpound ~vhose 
analytical data showed i t  to be 4,G-O-benzylidene-l,2-didehydro-1,2-dideoxy-2-methyl-~- 
ribo-hexopyranose (V) rather than I1 (Reaction Scheme 2). 

The infrared spectrum in Nujol shelved a broad band a t  3 550 cm-I (01-I), a sharp, 
intense band a t  1 G7O cm-I (vinyl ether), and bands a t  698 CIII-' and 753 cm-1 (benzyli- 
dene). The n.1n.r. spectrum in CDC13, \\-it11 the aid of spin decoupling and resolution of the 
signals a t  100 hlc.p.s., \\?as amenable to complete first-order analysis (Fig. 3). The 
observed chemical shifts and coupliilg constants are listed in Table I.  The coupling 
constants J 3 , l  (3.5 c.p.s.) and J 4 . j  (9.5 c.P.s.) are in agreement with the half-chair 1-11 
structure V. 

Acetylation of 17 gave VI, \\.hose infrared spectrum shou-ed no absorption in the 01-1 
region ; strong absorptioil occurred a t  1 742 cm-I (C=O) and 1 GGS cin-I (vinyl ether) as 

Corporation nzcrica Bcacrly, 
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SHARMA A K D  BRO\VK: PRICP.-IRATION A N D  REACTION 2831 

\yell as a t  755 cin-I and 697 cin-I (benzylidene). First-order analysis of the i1.in.r. spectrum 
(Fig. 4) in CDC13 gave coupling constants and chemical shifts (Table I) in complete 
agree~nent with the half-chair H1 structure VI. Acetylation of C30H shifted the C3H 
signal inarliedly froin T 5.99 to T 4.48. 

FIG. ::. X ~ ~ c l e i ~ r  magnetic resonance spectrum a t  60 Mc.p.s. of 4,G-O-benzylidene-1,2-dideI1~~dro-1,2- 
didcoxy-2-methyl-1~-~ibo-hexop~~rit1~o~c (V) in  CIlCla. Inset, 100 Mc.p.s. spectrum in CIICla. 

FIG. 4. Xuclear magnelic resonallce spectrum a t  60 iv1c.p.s. of 3-0-;~cetyl-4,(~-0-b~1~zylidene-1,2-clidc- 
hydro-l,2-dideoxy-2-1~~etl~yl-u-ribo-hexopyr1ose (VI) in CDC13. Inset, 100 Mc.p.s. spectrum in CDC13. 
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The forination of V rather than I1 and the fate of the rest of IV are under investigation 
and will be reported upon later. 

Compound I1 could be obtained by the reaction of methyl2,3-anhydro-4,6-0-benzylidene- 
a-D-allopyranoside (IV) with methyllithium prepared according to the directions of Feast 
et al. (I) ,  or by the reaction of commercial methyllithium with the iodohydrin VII. The 
iodohydrin could be prepared according to published directions (5) by the reaction of 
ethylmagnesium iodide with methyl 2,3-anhydro-4,6-0-benzylidene-a-D-allopyranoside 
(IV), or more conveniently by treatment of an ether solution of IV with lithium iodide in 
fourfold excess to force the equilibrium towards VII. No doubt, the conversion of VII into 
I1 involved lithium-iodine exchange to produce the carbanion VIII,  which ~vould eliminate 
the methoxide anion to forin the a,p-unsaturated ether I1 (Reaction Scheme 3)."11e 
formation of I1 by the reaction of the 2,3-anhydroallopyranoside IV with methyllithium, 
as found by Feast et al. (I),  will be discussed in an early communication by R. U. Lemieux 
of our department. 

I! I! 

Excess LiI 
-- 

in ether 

C,H,MgI - 
Ether 

I 

- e ~ ~ ~ ,  
l'yridine 

H 0 

First-order analysis of the n.m.r. spectra of 11 (Fig. 5) and its acetylated derivative I X  
(Fig. 6) gave the coupling constants and chemical shifts listed in Table I. These, along 
with the infrared spectra, corroborated the structures I1 and IX. In both cases, the 
coupling constants J3.4 (3.5 c.p.s. and 3.0 c.p.s.) and J 4 . 5  (9.5 c.P.s.) support the "gauche" 
arrangement of H3 and H4 and the trans diaxial configuration of H4 and H5. 

6 T l ~ e  referee pointed out tlcat I X  tltifilzt be obtained via a concerted reaction such as 

OLi I 
'OCH, 
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FIG. 5. Nuclear magnetic resonance spectrum a t  60 Mc.p.s. of 4,G-0-benzylidene-l,2-didehydro-1,3- 
dideoxy-D-ribo-hexopyranose (11) in CDCIP. Inset, 100 Mc.p.s. spectrum in CDC13. 

FIG. 6. Nuclear magnetic resonance spectrum a t  60 h7c.p.s. of 3-O-acetyl-4,6-0-benzylidene-1,2-dide- 
hydro-1,2-clideoxy-D-ribo-hesopyranos ( I S )  in CDC13. Inset, 100 Mc.p.s. spectrum in CDC13. 

I t  is interesting that in compounds I and 111, where 1-13 and 1-14 are trans diaxial, the 
signal for I-I4 is do\vnfield from that for I-Is, whereas in compounds I1 and IX as well as V 
and VI,  \\-here Ha is "gauche" to I-14, the H4 signal lies upfield from that for I-15. This 
observation has been of some utility in locating both the I-14 and H5 signals in several 
compounds to be reported upon later. 

EXPERIMENTAL 
Melting points are uncorrected. Infrared spectra were obtained with a model 431 Perkin-Elmer spectrom- 

eter. Suclear magnetic resonance spectra were obtained with Varian Associates AGO and I-IR100 spectrom- 
eters. Ele~nental analyses were performed by Miss Darlene Roberts, Department of Chemistry, University of 
Alberta, Edmonton. Rotations mere found with a Perkin-Elmer rnodel141 polarimeter. 
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D-Glzrcnl 
The follo\r:ing modification of the published procedure (6) gave better results. 
Pure tri-0-acetyl-D-gl~rcal (5 g) (7) \vas stirred a t  room temperature for 18 h with anhydrous sodium 

carbonate (5 g) in dry methanol (75 ml). The mixture was filtered and the solid residue washed with dry  
methanol. 'The combined washings and filtrate were freed from methanol and the residue was extracted with 
hot ethyl acetate. When this extract mas concentrated under reduced pressure and allo\ved to stand in the 
refrigerator, 2.0 g (70%) of D-glucal slo~vly separated as  crystals. These were pure enough for the next 
reaction, 111.p. 57-59' (lit. m.p. 57-59' (6)). A mixed melting point gave no depression. 

~,6-0-Beneylidene-~-glz~cal ( I )  
A mixture of pure D-glucal (1 g), benzaldehyde freshly distilled under nitrogen (2 ml), freshly fused zinc 

chloride (600 mg), and anhydrous sodium sulfate (heated to drive off residual moisture) (500 ~ n g )  was stirred 
for 12 h a t  room temperature under nitrogen. (The presence of the dry sodium sulfate was thought to be 
necessary to remove water which might otherwise react with the glucal double bond. Later experiments 
showed that its absence made little differer~ce in the yield of product.) The solid materials, except sodiu~n 
sulfate, slowly dissolved, giving a pale-green solution. An aqueous solution of sodii11~1 carbonate (1096, 10 ml) 
\\,as stirred into the mixture, which then stood for 10 mill. The white precipitate of zinc hydroxide was removed 
by filtration, and washed with water and then with ether. The organic layer was separated from the c o ~ n b i ~ ~ e d  
washings and filtrate and the aqueous portion (-50 ml) extracted with ether (3  X 50 ml). 'I'he combined 
ether solutio~ls were washed twice with water and then dried (NauSO4). The ether was renloved a ~ ~ d  the residue 
was freed from benzaldehyde by passage of the material through a column of neutral alurnina (grade 11, 15 g) 
and elution of the colu~l l~i  with n-hewne until the eluent was free from benzaldehyde. The 4,6-0-benzylidene- 
D-glucal was removed from the column with diethyl ether. Evaporation of the ether gave a colorless solid, 
n1.p. 136-13S0, yield 31%. Crystallization from ether-hexane raised the melting point to 142-143'; [aIlp7 
-20" (c, 1 in CHClr). 

ilnal. Calcd. for C13H1.104: C, 66.70; 1-1, 6.02. F o u ~ ~ d :  C,  66.72; 1-1, 5.77. 

S-O-Acetyl-4,6-0-benzylidene-~-g~lrccll ( 1 1 1 )  
T o  4,6-O-benzylide1le-~-gl11cal (120 mg) in dry pyridine (2 ml) was added acetic anhydride (0.5 ml), and 

the lllixture was allowed to stand a t  room temperature for 12 h. It \\.as then poured illto ice water, iron1 which, 
after 1 h, was obtained a solid (100 mg, 707;). The solid \rras separated, washed with water, and crystallized 
from acetone-hexane, m.p. 136-13io, -85" (c, 1 in CHC13). 

.Anal. Calcd.forClsHlsOj: C,65.21; 1-1, 5.54.Found: C,65.19;1-1,5.50. 

~,6-O-Be~zzylidene-l,2-didelzydro-l,2-dideoxy-2-n1etAyl-~-ribo-lzexopyrenose ( V )  
T o  a suspensio~l of 2 g of methyl 2 ,3 -anhydro-4 ,6 -O-benzy l idene-a -~-~raos ide  (IV) (8) in a~lhydrous 

ether (50 ml) was added an ether solution of methyllithium (100 ml of a 4.5% solution, Lithiunl Corporatio~l 
of America) a t  0 to 5' under a nitrogen atmosphere. 'Ten minutes later the nlixture was refluxed for a period 
of S h, during which time the alloside slowly dissolved. The  yellow mixture was poured slowly, with stirring, 
into ice water (50 ml). 'The ether layer was separated and the aqueous portior~ extracted four times with 
ether. The combined ether layers \\-ere washed with water, dried (Sa?SO.%), and freed from solvent. The  
residual syrup, upon trituration with Ilexane, gave a crystalline solid, 1n.p. 12G122O (400 Ing, 22YG). Crystal- 
lization from ether-hexane gave 370 mg (20%) of material ~nelting a t  126-127'; [a]# + l i5"  (c, 1 in CI-ICI3). 

Anal. Calcd. for Cl.~I-IlsO.~: C, 67.73; H, 6.50. Found: C, 67.52; t i ,  6.25. 

S-0-Acetyl-~,6-0-benzylidene-1,2-didehydo-l,2-dideoy--zet1l-~-ribo-liexoyruose ( V I )  
Acetic anhydride (0.5 ~ n l )  was added to  a solution of V (120 ~ n g )  in dry  pyridine (2 ml). The tnixture was 

left overnight a t  roo111 temperature, and then poured into ice water. After 1 h, the crystalline product was 
separated by filtration, washed with water, and air-dried (120 mg, S5%), m . p  70-72". \Vhen crystallized from 
hexane it melted a t  74-75' (100 mg, 76%); +1SS0 (c, 1 in CI-1CI3). 

Anal. Calcd. for ClGI-11~0s: C, 66.20; 13, 6.25. 1;ound: C,  66.42; 1-1,6.16. 

~11etJz.yl 4 , 6 - O - B e ? a e y l i d e ~ ~ e - 2 - d e o x y - 2 - i o d o - a - ~ - ~ e  ( V I I )  
-4 mixture of illethyl 2,:~-anhydro-4,6-0-ber1zylidene-a-~-allopyr1oside (IV) (1.32 g) and dl-!; l i t h i~ rn~  

iodide (2.6 g) in anhydrous ether (60 ml) \\,as refluxed for 1 h. ?'he clear soIution was cooled, washed with 
water until neutral to litmus, and then dried (SanSO.1). Removal of the ether gave a syrup \vhich crystallized 
on trituration with hexane (1.5 g,  76YG), m.p. 102-104". Recrystallization from ether-hexane gave a 111eltiny 
point of 104-105" (lit. m.p. 105-106" (5)). A mixed melting point \\.as irndepressed. 

At te~)rp ted  dteth,ylntio,i of tlze 2-Iodonltroside V I I  
'To a solution of V1I (1.96 g) in 1,2-dimethoxyethnne (40 ml, distitled from potassil~~n metal) and nlethyl 

iodide (5 g) was added sodium hydride (0.5 g,  obtained as  a 5576 dispersiol~ in mineral oil, from \\-hich the 
mineral oil \\,as first renloved with dry h e x a ~ ~ e ) .  A white solid appyred  ilu~ilediately after the addition of the 
first portioil of the sodium hydride. After the addition of the hydr~de,  the ~nixture was stirred for 2 h a t  roo111 
temperature and hltered; then the residue (1 g) was washed with water. Crystallization from chloroforn~- 
ether gave methyl 2,3-a1thydro-4,6-0-be1~zylide11e-a-~-allopyra1oside m.p. 199-200". A further cluantit): was 
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recovered from the filtrate, total yield 89%. A rnixed melting point with a n  authentic sample (8) mas u ~ ~ d e -  
pressed. No rilethylated material mas obtained. 

4,6-O-Be?zzylide~1e-1,d-dideltydro-l,2-dideo.l-y-~-riDo-Iae~~opyranose (4,6-O-Be?azylide1te-~-nlla~, 11) 
iMelhod A 
'To a stirred solution of the 2-iodoaltroside VII (1.95 g) in dry ether (50 ml), cooled in an ice bath, was 

added moderately slowly and under nitrogen a solution of 72-butyllithium (10 ml of a 15y0 solution). The 
solution slowly became cloudy. It was refluxed for 2 h, cooled, and poured into ice water. The ether Iayer was 
separated and the aqueous portion extracted with ether. 'The combined ether solutions were \vashed with 
water, dried (NRzSOI), and freed from ether. The light-,ellow syrupy residue crystallized slo~vly as fine long 
needles. Recrystallization from ether-hexane gave a melting point of 84-85"; yield 1.1 g (93y0). i\ mixed 
melting point with an authentic sample (1) was undepressed. 

When methyllithium replaced n-butyllithium, similar results were obtained. 

illell~od B 
!\ misture of methyl 2,3-anhydro-4,6-0-benzylidene-ol-~-allopyrarioside (I\:) (3.5 g) and dry lithium iodide 

(6 g) i n  anhydrous ether (250 ml) was stirred and refl~~xed under nitroge~i for 1 h. 'The clear, light-yello\v 
solution was cooled in an ice bath; to this was added a n  ether solution of n-b~ltyll i thiun~ (40 ml of a 15% 
solution) a t  a moderate rate. After the addition, the clo~tdy solutior~ was refluxed for '2 h, cooled, and poured 
into ice water. The ether layer was separated artd the aqueous portion estracted with ether. 'The combined 
organic layers were washed with water, dried (Na?S04),  and freed from solvent. 'The sen~isolid residue 
(3.0 g, 94y0) was crystallized from ether-hexane, m.p. 84-85", yield 2.85 g (8!)7;). 

Similar results were obtained when methyllithium n7as added in place of n-butyllithium. 

Era?ilp/e of lhe n/lFlhod for llle Firsl-Order A?ralysis (wilh C O ~ I Z ~ O Z L ? ~ ~  I X )  
The signal a t  low field (T 3.54) is no doubt caused by 131. 'The signal for M 3  W;IS located by its change of 

position from T 5.81 (for compound 11) to T 4.57 on acelylation of 1 I to produce I S .  The signal for 1-1:: must 
then be that a t  T 5.01. 

Irradiation a t  T 3.54 (HI )  converted the triplet a t  T 5.01 (I<!) into a doublet (J2.3 = 5.7 c.p.s.). Irradiation 
a t  T 4.57 (H3) changed the triplet a t  T 5.01 (132) to a doublet (J, ,? = 6.0 c.p.s.). Irradiation a t  T 4.57 converted 
the quartet a t  T 6.0.5 illto a doublet with a coupling of 9.5 c.p.s. (/.I,:,), eliminating the two small couplings of 
3.5 c.p.s. (J3,.,) and thus indicating that the signal for 1-14 \\.as a t  T 6.05 and that I-I3 and IH4 have a n  equa- 
torial-axial (gauche) steric relationship. The large coupling of 9.5 c.p.s. is no doubt caused by coupling of 1-1 
with I-Is, thus indicating that these protons are lrans diaxial. 

'The quartet a t  T 5.53 is most likely that for [I,, since it agrees with the expected quartet for I<,,, and the 
triplet a t  T 6.18 \\pould be that expected for 1-16. if  this proton were c o ~ ~ p l e d  equally to I-I,, and 1~1;. 011 this 
assumption, 1-1: must be centered a t  T 5.80 with J.,,:, = 9.5 c.p.s. (as indicated above) and JjIGs = 9.5 c.p.s., 
giving a triplet \vhich, in turn, is split by coupling of 1-15 with 1-16, by 4.5 c.p.s. caused by their gauche arrange- 
ment. 

Irradiation a t  T 5.53 (M6,) caused a strong collapse a t  both the T 5.60 and T 6.18 regions. 
\\;ith the aid of this illformation, and the use of similar reasorling aIong \vith a careful c o n ~ p a r i s o ~ ~  of all of 

the spectra, the I-IR100 spectra of the remaining con~pourtds mere analyzed to give ~nultiplets \vliich agreed 
reasonabIy \yell with those expected. 
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